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Statement of Purpose: Computer simulations were 
generated to develop an understanding of the performance 
of Safeguard™, an adhesive pad with an inflatable bulb 
used for maintaining femoral artery hemostasis after a 
percutaneous coronary intervention procedure.  Proper 
application of the device requires manual compression to 
be applied to the puncture site until bleeding has stopped.  
The inflated bulb then maintains pressure on the site 
thereby reducing the required manual compression time.  
The finite element simulations were performed to 
investigate the potential for arterial occlusion to result 
from the device application.  The study also provided a 
means to predict external arterial pressure as a function of 
various parameters in an effort to evaluate the 
performance of future designs of the device and to 
provide guidance on its clinical use. 
Methods: Finite element techniques were employed to 
simulate the response of nearby anatomical structures to 
the inflated bulb.  The LS-DYNA explicit dynamics finite 
element code was employed to analyze the large 
deformations of biological tissue.  Two different finite 
element models were generated: an anatomical model for 
understanding the general behavior, and an idealized 
model for performing parametric studies.  The models 
consisted of the bulb, skin, fat, muscle, and artery.  
Biological material properties were obtained from a 
collection of sources from the literature.  The fat and 
muscle tissue were modeled with two-parameter Mooney 
Rivlin models.  Application of localized pressure to the 
anatomical model at the bulb location revealed that the 
majority of the tissue deformation was in the fat layer.  
Minimal deformation was apparent in the muscle layer, 
and only slight displacement of the bone (Figure 1).  This 
led to the development of the idealized model in which 
adhesive pad bonding to the skin and inflation of the bulb 
were accounted for.  Flexible shell elements were used to 
model the bulb.  The bulb itself was assigned relatively 
stiff properties making it much stiffer than the underlying 
tissue to simulate full inflation.  When fully inflated, the 
bulb took on a roughly hemispherical shape 41 mm in 
diameter.  The bottom surface was fully constrained to 
simulate the rigidity provided by the femur.  During the 
analysis the blood pressure was ramped up slowly, 
followed by slow inflation of the bulb. The compressive 
stress in the anterior/posterior direction and the 
deformation of the artery was monitored.  A total of 15 
separate runs were made, accounting for three different 
blood pressures (70, 100, and 130 mmHg), three different 
fat tissue depths (20, 30, 70mm) and three different 
alignment conditions (aligned, 20 mm longitudinal offset, 
and 20 mm medial offset).  For each analysis, the external 
arterial pressure was compared to the blood pressure to 
give an indication of vessel occlusion. 
Results: Depicted in Figure 2 is a typical compressive 
stress calculation result.  The parametric study revealed 
several findings.  For a worst case condition of 20 mm 

tissue depth and a low blood pressure of 70 mmHg, the 
femoral artery was predicted to be compressed by 50%.  
Increases in tissue depth rapidly reduced the amount of 
occlusion, as did bulb misplacement.  Medial/lateral 
offsets of 20 mm resulted in only 5% vessel compression. 
Similar reductions were predicted for external arterial 
pressure at the puncture site.    

Figure 1. Anatomical Model 
 

Figure 2. Compressive Stress (mmHg), Aligned Bandage, 
20 mm Tissue Depth, Blood Pressure=70 mmHg  

 
Conclusions:  The finite element predictions correlated 
with the history of clinical use in ruling out the risk of 
arterial occlusion with extended usage of the device.  
Such simulations can be used as a tool to investigate other 
bulb sizes and shapes including designs that may lead to 
elimination of initial manual compression.  Accurate 
positioning of Safeguard™ was found to be important, as 
was the depth of tissue layer above the artery for effective 
transmission of compression from the skin to the artery.   
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