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Statement of Purpose: In order to mitigate the risk of 
late stent thrombosis, cardiovascular stents fabricated 
from fully absorbable polymers are being developed and 
evaluated in clinical trials.  Performance of these devices 
is highly dependent on degradation time and loss of 
mechanical properties.  While the primary mechanism of 
degradation is expected to be hydrolysis, cardiovascular 
stents are also exposed to continuous fluid flow and cyclic 
deformation from blood pressure in vivo.  Since 
mechanical forces can affect polymer degradation [1], 
exposure of stents to cyclic deformation may affect the 
degradation rate and transient mechanical performance.   
In this study, we developed a custom pulsatile flow loop 
to model cardiovascular stent degradation under 
physiologic conditions.  The degradation of an absorbable 
stent substitute in the loop was compared to static 
immersion conditions.   
 

Methods: A custom 8-channel pulsatile flow loop was 
designed to simulate physiologic coronary flow and 
pressure effects.  The loop was used as a model for 
degradation of fully absorbable cardiovascular stents by 
delivering phosphate buffered saline (PBS) at 37°C to 
stent substitutes in each channel.  The stent substitute 
consisted of a poly(L-lactide), i.e. PLLA (Purac PL38), 
extruded tube (3.5mm OD, 0.25mm wall thickness) in a 
silicone mock vessel (3.2mm ID, 3-5% compliant).  
Control PLLA tubes inside of a mock vessel (“MV 
control”) or without a mock vessel (“control”) were also 
degraded under immersion conditions in PBS at 37°C (Fig 
1).  pH was monitored and the PBS exchanged weekly; at 
no time did the pH drop below 7.2.  Samples (n=6/group) 
were analyzed for molecular weight using gel permeation 
chromatography and % crystallinity using differential 
scanning calorimetry after 2, 4, or 6 months of 
degradation. 
 

Results: The flow loop maintained an average flow rate 
of 120±2.8ml/min to each channel.  Similarly, the 
pressure pulse was consistent throughout the experiment, 
with an average systolic pressure of 131±5mmHg and a 
diastolic pressure of 87±3 mmHg, which is consistent 
with Stage 1 hypertension.   

At each timepoint, partially degraded control PLLA 
tubes (with or without a mock vessel) exhibited nearly 
equivalent changes in molecular weight and % 
crystallinity (Fig 2).  In contrast, PLLA tubes in the flow 
loop exhibited statistically slower loss of molecular 
weight than control specimens (Fig 2, p<0.05) at all 
timepoints.  Crystallinity was significantly reduced for 
tubes degraded in the flow loop as compared to controls.   
 

Conclusions:  The current study demonstrates that PLLA 
tubes degraded in a mock pulsatile flow loop exhibit a 
statistically different degradation pattern than tubes 
degraded under control conditions.  The slower loss in 

molecular weight for samples in the flow loop may be 
explained by the constant removal of low molecular 
weight oligomers from the interior tube surface, whereas 
the small volume of fluid inside the control tubes does not 
allow for constant removal of oligomers, thus creating 
potential for some localized degradation. This potential 
for localized degradation inside of the tube may occur 
even though the total volume of degradation solution for 
control samples aligned with ASTM recommendations for 
simulating degradation in absorbable medical devices [2]. 
The lower % crystallinity for specimens degraded in the 
flow loop may be explained by relaxation of the polymer 
chains in the presence of pulsating flow due to a 
sensitivity of PLLA mechanical properties to temperature, 
plasticization, and frequency.  In conclusion, the results 
suggest that the more physiologic degradation conditions 
incorporating pulsating fluid flow can significantly affect 
the degradation pattern when using tubes as a model for 
stents.    
 

 
 

 
Fig 2: Degradation in flow loop (“Loop”) vs specimens under 
immersion (“Control”) and in a mock vessel under immersion 
but not in the loop (“MV”).  *p<0.01, **p<0.05, #p<0.10 vs 
control and MV groups (ANOVA). 
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Fig 1: PLLA tubes 
were degraded in 
PBS (control), in a 
mock vessel in 
PBS (MV control), 
or in a mock vessel 
in the pulsating 
flow loop (Loop). 


