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XPS Analysis 
The XPS analysis confirms successful grafting of HPG from each of the substrates, albeit to differing degrees across the various materials. The 

concentration of carbon and ultimately the concentration of etheric carbon, indicated by the 286.6 eV peak in the high-resolution C1s peak, is a good 

indicator of polymer thickness in these instances. As reported previously, the grafting of HPG films in this fashion results in ultra-thin coatings of 

generally sub 10 nm thickness. This is based on the detection of residual substrate peaks in the survey spectra. As the depth of detection for XPS is 

generally accepted as being approximately 10 nm, it can be surmised from the atomic ratios in the survey and high-resolution C1s spectra that all 

films produced fall below 10 nm. Residual silicon peaks observed in the HPG-coated SS mesh, nitinol stent and nitinol sheet are due to contamination 

from the plasma activation step but do not affect the biological results since this contamination sits underneath the HPG layer.   

 

SI Table 1. Summary of the atomic ratios of the 5 substrates used following HPG grafting. Expected values for etheric carbon (C-O-C) fall between 

60% and 90%, with variations arising from substrate material and topography. The stainless-steel mouse stents were too small to be analysed by XPS 

so a stainless-steel witness sample produced at the same time under the same conditions was analysed to confirm the presence of HPG. 

 

 XPS Survey (%) High Resolution C 1s (%) 

Sample C 1s O 1s Ti 2p Si 2s Fe 2p N 1s C-O-C C-C C=O 

HPG-PS 70.1 29.7       0.2 61.8 34.8 3.4 

HPG-SS Mesh 55.7 36  8.3   86.1 7.1 6.8 

HPG-Nitinol Stent 60.5 30.3  9.2   63.1 28.2 8.7 

HPG-Nitinol Sheet 45.1 45.3 8.9 0.2 0.4  65.8 20.2 7.1 

HPG-SS Stent Witness 48.1 50     1.9   61.5 21.8 16.7 

 

a) HPG-coated PS 

 

b) HPG-coated SS mesh 

 

 



c) HPG-coated nitinol stent 

 

d) HPG-coated nitinol sheet 

 

e) HPG-coated SS witness sample in mouse stent experiment 

  

 

 
SI Figure 1 a)-e) Example Survey (left) and high resolution C1s (right) XPS spectra for substrates used throughout study. 



 

Chandler Loop 
 

In general, a Chandler loop consists of lengths of blood compatible tubing (Tygon ND-100-65, Saint-Gobain) which the device to be studied is inserted 

within. Each sample is loaded into a separate tube, which is then closed into a loop with hose connectors that are placed either internally or externally 

around the hose. Heparinised whole blood is then injected into the closed loops and rotated at 37 C for a length of time. The design of our Chandler 

loop consisted of components produced in-house that enabled the tight seal of two end of the hose with an external joining sleeve. This ensures there 

was no extra turbulence produced within the loop as the blood flows through. Some Chandler loop designs rotate the loops through a water bath set 

to 37 C to maintain the temperature, our design involved placing the entire apparatus into a 37 C incubator. Generally, the literature has reported a 

range of values for the amount of heparin that is used in the assay and the length of time run.(ref) We decided on a relatively low quantity of heparin at 

0.5 U/mL of blood. This enabled time to take the blood and assemble the apparatus but did not artificially prevent clotting for an extended period of 

time. All blood used was collected fresh from healthy donors into preloaded syringes containing heparin in 1 mL of PBS. The blood was loaded into the 

loops within 5 minutes of collection and the assay was run for 2.5 hours.  

Upon completion of the assay, the loops were cut open and the contents poured into plastic petri dishes. Stents with clots had excess liquid blood 

blotted away with paper towel and then placed into pre-weighed screw cap tubes. Stents that contained little or no visible clot were lightly rinsed in 

PBS before being blotted dry and placed in pre-weighed screw cap tubes. Weights of the stents plus clot were recorded. Images were also taken of 

each stent side by side for visual comparison (figure Xb). Finally, the stents were preserved in paraformaldehyde and prepared for scanning electron 

microscopy (SEM). 
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SI Figure 2: Photographic outline of Chandler loop assay 
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SI Figure 3: Representative images of Chandler loop assays run for 2.5 hours. 
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SI Figure 4: Image of Chandler loop assay run for 3 hours. 
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SI Figure 5: Image of Chandler loop containing two HPG-grafted stents. One 

HPG stent and the control were removed at 2 hours and the second HPG 

stent was kept in the Chandler loop for 4.5 hours. 
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SI Figure 6: Images of Chandler loop assays run over a period of 12 months to determine the stability of HPG-grafted nitinol stents 

either stored in methanol or dry and in ambient conditions. All HPG-grafted stents were produced in a single batch. 
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SI Figure 7: Images of Chandler loop assays run over a period of 12 months to determine the stability of HPG-grafted 

nitinol stents that have been packaged and ethylene oxide (EO) sterilised. Control 1 = 6 mm x 40 mm packaged and 

EO sterilised nitinol stent equivalent to HPG 1. Control 2 = 6 mm x 80 mm nitinol stent that has been cut in half to 

make a 6 mm x 40 mm stent that has not been packaged or EO sterilised. Control 3 = 6 mm nitinol stent cut into a 

4-strut section that has not been packaged or EO sterilised. HPG 1 = 6 mm x 40 mm nitinol stent that has been HPG-

grafted then packaged and EO sterilised. HPG 2 = 6 mm nitinol stent cut into a 4-strut section then HPG-grafted at 

the same time as HPG 1 but not packaged and sterilised. HPG 3 = 6 mm x 80 mm stent that has been HPG-grafted 

then re-crimped onto the catheter and EO sterilised then deployed and cut into 4-sturt sections. Exposing small 

amounts of bare nitinol as the HPG-coated stents were cut, resulted in a significant increase in thrombosis triggered 

by the stent. Control 1 and HPG 1 were both deployed directly from the catheter into the tubing of the Chandler loop. 

Control 2, Control 3, HPG 2 and HPG 3 were all manually inserted into the tubing of the Chandler loop. 
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SI Figure 8: Images of Chandler loop assays where no heparin was added to the freshly 

collected blood. Experiments were started within 2 minutes of collecting blood and the 

Control stents clotted after 5 minutes. The first experiment was stopped after 10 minutes but 

the second experiment was allowed to run until the HPG stent became occluded. This 

occurred after 30 minutes in the Chandler loop.  
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SI Figure 9: Images following a 1-hour Chandler loop assay containing a 14 mm x 60 mm venous nitinol 

control stent along with a 14 mm x 60 mm HPG-grafted venous stent 4 months after HPG coating (left) 

and 44 months after HPG coating (right). Image on the left was taken immediately after removal from 

Chandler loop, image on the right was taken after fixation in 4% paraformaldehyde in PBS for 24 hours. 

The HPG-grafted venous stents had been re-crimped onto the catheter and ethylene oxide sterilised. 

Stents were deployed directly from the catheter into the 6.35 mm (1/4”) tubing of the Chandler loop. The 

control stents were completely occluded within 30 minutes of exposure to blood while the HPG coated 

stents remained 100% patent after 1 hour exposed to blood. All stents expanded back to 14 mm 

diameter once removed from the tubing. All packaged stents were stored at room temperature under 

standard atmospheric conditions. 
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SI Figure 10: Images of an HPG coated stent (left) and a bare control stent (right) following 28 days implantation overlayed 

using the measurement tool in NDP.view 2 software to determine intimal thickening and area of occlusion.   


