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ABSTRACT 

 
The main goal of this research was to gain a better 

understanding of the extraction profile of medical devices 
containing silver, specifically nanosilver. Multiple silver 
containing medical devices were incubated in various 
extract solutions (water, 0.9% saline, human plasma) under 
multiple conditions (1 hour, 24 hours, 168 hours @ 37°C; 
72 hours @ 50°C). Inductively coupled plasma – mass 
spectrometry (ICP-MS) was used to determine the total 
amount of silver which had leached from the devices.  
Dynamic light scattering (DLS), ultraviolet-visible light 
spectroscopy (UV-Vis), nanoparticle tracking analysis 
(NTA) and transmission electron microscopy (TEM) were 
utilized to characterize the physical structure of the 
particulates released from the devices. Field emission 
scanning electron microscopy (FESEM), and corresponding 
energy dispersive x-ray spectroscopy (EDS) were used to 
image and analyze the elemental composition of the surface 
of each medical device.  

This research has provided insight into the both the 
amount and physical form of silver that is released from 
silver containing medical devices. The data from this 
research is currently being implemented into a risk 
assessment model which will be used to better assess the 
safety and efficacy of medical devices which contain silver 
nanoparticles. 
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1 INTRODUCTION 
 
The use of nanotechnology, specifically silver 

nanoparticles, within medical devices has dramatically 
increased over the past decade. Silver nanoparticles are 
antimicrobial, have a high surface area to volume ratio, and 
can easily be incorporated into medical device materials, 
e.g. polymers. Another benefit of silver nanoparticles is 
their ability to continuously release silver ions, the active 
antibacterial agent, which results in an extended 
antimicrobial effect. Silver nanoparticles have been 

incorporated into a broad range of medical devices 
including catheters, dental resin composites and wound 
dressings [1-3]. Due to the increased use of silver 
nanoparticles in medical devices it is important that the 
scientific and regulatory community develop an 
understanding of the biological interaction of silver 
nanoparticles in order to better assess safety and efficacy. 

 
2 METHODS 

 
2.1 Characterization of Medical Devices 

A small sample of each silver containing medical device 
was attached to a metal platform with conductive carbon 
tape.  Each of the samples were then sputter coated with 
carbon for approximately 1 minute. The samples were then 
imaged using FESEM (Hitachi SU-70 FESEM).  Operating 
voltage ranged from 5-15 keV.  EDS (Bruker Quantax 
XFlash Detector 4010) was completed on various parts 
(surface) of each of the medical devices to confirm the 
presence of silver. 

2.2 Characterization of Leachates 

 Small samples of silver containing medical devices 
were incubated in various extract solutions (water, 0.9% 
saline, human plasma) under multiple conditions (1 hour, 
24 hours, 168 hours @ 37°C; 72 hours @ 50°C).  Three 
separate trials were completed and analyzed (n=3).  After 
each respective time point a sample of the leachate solution 
was extracted and analyzed using ICP-MS (Thermo 
Scientific XSERIES 2), DLS (Malvern Zetasizer Nano ZS), 
NTA (NanoSight NS500), UV-Vis (Molecular Devices 
Spectra MAX 190) and TEM (JEOL JEM-1011) with 
corresponding EDS (Oxford Instruments X-MaxN 80 T). 
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3 RESULTS 
 

3.1 Characterization of Medical Devices 

FESEM, along with corresponding EDS analysis, was 
used to characterize the surfaces of the various silver 
containing medical devices investigated in the study.  
Figure 1 below contains surface images of 2 of the devices 
investigated in this study.  Both of the images (A and B) 
shown below in Figure 1 are types of wound dressings.  
Nanofeatures can clearly be seen on both wound dressing 
surfaces, but they are more prominent on wound dressing 
#1 (Figure 1A).  Nanofeatures on the surface of the wound 
dressing #1 (Figure 1 A) are approximately 20-50 nm in 
size.  EDS of each surface confirmed the presence of silver 
on each surface. 
 

 

Figure 1: A) FESEM image of a silver containing 
wound dressing (wound dressing #1).  B) FESEM image of 
a silver containing wound dressing (wound dressing #2).  

 
3.2 Characterization of Leachates  

As stated previously, small samples of different silver 
medical devices were incubated in various extract solutions 
(water, 0.9% saline, human plasma) under multiple 
conditions (1 hour, 24 hours, 168 hours @ 37°C; 72 hours 
@ 50°C).  After incubation the samples (leachate solutions) 
were analyzed to determine the total amount of silver (ICP-
MS).  Physico-chemical characterization (DLS, NTA, UV-
Vis, TEM) was completed to identify the type of silver 
species, e.g. ionic or nanoparticulate, released by the 
medical devices.  

The amount of silver released by each medical device in 
the first hour was far greater than the amount of silver 
released in the subsequent hours for each of the extract 
solutions (water, 0.9% saline, human plasma).  In most 
cases  greater than 80% of the total silver released by the 
device after 168 hours (7 days) of incubation was released 
in the first hour.  The data indicates that most silver 
impregnated or coated devices exhibit a burst release of 
silver upon initial introduction to an aqueuos solution.  This 
burst release of silver is most likely caused by two primary 
factors:  1) rapid dissolution (oxidation) of metallic silver 
into silver ions (Ag+) in an aqueous environment 2) silver 
is located on the surface of most of the devices tested 
(coating). 

ICP-MS analysis of the various leachate solutions also 
showed that the amount of silver released is highly 

dependent on the device.  The dependence of silver release 
on device type is mostly likely due to the varying amounts 
of silver incorporated into each device along with the fact 
that different materials will interact with silver differently.  
Previous research has shown that silver release is 
influenced by the material to which it is coated on, e.g. 
some materials having a stronger interaction/association 
with silver species resulting in less release [4].   

In addition to the total amount of silver released, 
physico-chemical analysis was completed to gain a better 
understanding of the species of silver leached from the 
devices.  DLS, NTA, UV-Vis and TEM/EDS were utilized 
to characterize the type of silver being released from the 
various devices, i.e. ionic or particulate.  Figure 2 below 
shows a representative TEM image of a leachate solution 
obtained after incubation of a silver coated wound dressing 
(wound dressing #1).  As shown in Figure 2 below, various 
shapes and sizes of silver nanoparticles were observed in 
the leachate solution of this particular wound dressing.  The 
nanoparticles ranged in size from approximately 5-100 nm.  
The presence of nanoparticles was supported by further 
analysis, specifically DLS and NTA.  Although it was 
apparent that silver nanoparticles were contained within the 
leachate solution it was unclear whether these nanoparticles 
leached, as a whole, from the wound dressing or whether 
they formed in solution via the reduction of released silver 
ions.  The reduction of silver ions in solution to form 
nanoparticles is a well known phenomonon and has been 
studied and documented in prior research within the 
laboratory. 

 

 
 

Figure 2: TEM image of leachate solution obtained after 
extraction of a nanosilver containing wound dressing 
(wound dressing #1).  Ten (10) µL of the leachate solution 
was added directly to a TEM grid and imaged accordingly.  

 
Similar to silver release (ICP-MS analysis), the 

researchers found that the type/species of silver released 
was highly dependent on the device.  In several of the 
samples the presence of silver nanoparticles could not be 
established.  ICP-MS analysis confirmed that all the 
samples did leach some amount of silver in either water, 
0.9% saline or human plasma.  The fact that nanoparticles 
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were only identified in a few leachate solutions suggests 
that the nanoparticles were actually released from these 
devices and not formed via ion reduction, yet this was not 
thoroughly investigated.   
 

4 CONCLUSION 
 
FESEM along with corresponding EDS analysis was 

utilized to characterize the surface structure of various 
silver containing medical devices.  In almost all cases, the 
presence of nanostructured silver features could be 
identified.  The medical devices were all extracted under a 
variety of conditions to better understand the amount and 
type of silver which would be released in a physiological 
environment.  ICP-MS analysis of the leachate solutions 
indicated that silver, in some form, was released from all 
devices under invetigation. The experimental results 
indicate that the amount and form of silver released is 
dependent upon the device along with the phyisological 
environment, i.e. incubation conditions.  Subsequent 
physico-chemical analysis of the solutions established the 
presence of silver nanoparticulates within the leachate 
solutions of some of the medical devices.  The fact that the 
nanoparticles were not identified in all leachate solutions 
suggested that the nanoparticles were being leached from 
the device(s) as a whole and not formed via reduction of 
silver ions in solution.  The results of the work are crucial 
to develop a better understanding of nano(silver) containing 
medical devices.  A better understanding of nano(silver) 
coated devices and how they interact with the body will 
allow the scientific community to better assess the safety 
and efficacy of products containing nano(silver). 

 
Disclaimer: The mention of commercial products, their 

sources, or their use in connection with material reported 
herein is not to be construed as either an actual or implied 
endorsement of such products by the Department of Health 
and Human Services. 
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