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Abstract
Background: This study provides an In Vitro proof of concept evaluation 
of a gravity powered novel blood filtration device to effectively process a 
high viscosity whole blood analogue/particle mixture to rapidly produce a 
clear filtrate.

Methods: A novel proprietary gravity fed blood filtration system was used 
to process a particulate filled water/glycerol high viscosity whole blood 
analogue to determine the device’s ability to rapidly exclude foreign body 
and to produce a cleared filtrate.

Results: This study demonstrated 100% filtration of 2.3 mm, 63-75 micron 
and 355-425 micron spheres from a high viscosity blood analogue/particle 
mixture using a gravity fed three filter system.  Filtration rate using a clear 
solution that mimics high viscosity whole blood occurred at a rate of 100 
cc/4-7 seconds (> 500 cc/minute).

Conclusion: A gravity driven three filter device can rapidly process a high 
viscosity whole blood equivalent fluid/particulate mixture.  Results from 
this and prior In vitro studies indicate that such a device may prove useful 
for the reinfusion of autologous blood lost during invasive procedures.

Trial Registration: This article does not report the results of a health care 
intervention on human subjects.  .
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Introduction
The ability to efficiently and quickly filter and reinfuse autologous whole 

blood that is lost during surgical and interventional procedures may provide 
the opportunity to transfuse patients with their own non-fractionated blood.  
The authors’ have previously published a proof-of-concept study showing no 
cellular injury or coagulation changes when porcine and human blood was 
filtered using their proprietary gravity fed filtration system [1].  The study 
discussed below evaluated the system’s filtration reliability as well as its 
filtration rate.  

Methods
This study evaluated the ability for our three-filter system (Figure 1) to 

reliably exclude particles of various sizes from the final filtrate product that 
would be reinfused as an autologous whole blood transfusion.  Because the 
sequentially placed filters measured 2mm, 250 micron and 40 micron in 
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pore size, the filtered materials consisted of three different 
sized spherical particles each having a diameter of 2.3 mm, 
63-75 micron and 355-425   micron.  The 2.3 mm particles
were composed of stainless steel while the 63-75 micron and
355-425 micron spheres were composed of green and red
fluorescent microspheres, respectively (Cospheric, Somis,
CA, USA).  These round particles emit bright colors when
illuminated by UV light.

In order to better identify the presence of stainless steel 
and fluorescent microspheres in the final filtrate, a transparent 
high viscosity blood analog was used as opposed to whole 
blood [2, 3]. This substitute was composed of 50 cc water 
mixed with 50 cc glycerol (Himedia Laboratories Pvt. Ltd, 
Nashik, India). 

The stainless-steel spheres and fluorescent microspheres 
were added to the water/glycerol solution (Figure 2).  This 
mixture was infused into the top section of the filtration 
device, allowed to process through the sequential filters, and 
enter the bottom collection chamber. Five separate 100 cc 
samples of the mixture were processed.  

Results 
Five 100cc fluid/particle samples were tested. Filtration 

time to process each sample ranged between 4 -7 seconds. 
Following processing, the filter chambers and collection 
chamber were illuminated with UV light.  The five individual 
filtration trials yielded identical results.  All steel spheres 
remained proximal to the 2 mm filter as did a small volume 
of the smaller microspheres.  Both fluorescing microspheres 
sizes collected proximal to the 250 micron filter and only the 
smallest microspheres collected proximal to the 40 micron 
filter.  No particles entered the final filtrate in the collection 
chamber (Figures 3,4).  

Discussion
Evaluation of a novel medical device requires methodical 

documentation of safety and efficacy.  Design is aided by 
proof-of-concept studies that guide further development 
and modification.  Proof-of-concept studies also provide 

Figure 1:  Blood filtration device

Figure 2:  Mixture composed of 50/50 water/glycerol, 2.3 mm,  
63-75 micron (green) and 355-425 (red) micron spheres.

Figure 4:  Disassembled filter device illuminated with UV light.  
Each chamber has captured the spheres while the bottom collection 
chamber contains fluid only. Chamber A holds the 2 mm filter and 
has captured a mixture of 2.3 mm, 63-75 micron and 355-425 micron 
spheres. Chamber B holds the 250 micron filter and has captured the 
63-75 micron and 355-425 micron spheres.  Chamber C holds the 40 
micron filter and has captured the 63-75 micron spheres.  Chamber
D holds the final filtrate which is free of particulates.

Figure 3: Filter device illuminated with UV light following 
filtration process.  Fluorescing particles can be seen in each chamber 
except for the lower collection chamber which contains pure 50/50 
glycerol/water filtrate.
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developers with an opportunity to determine what parameters 
will require final verification in larger GLP (Good Laboratory 
Practice) studies.  Ideally, testing will not only answer critical 
questions regarding device efficacy and safety but will also 
provide information that clinicians need to determine if a 
device can meet their needs. Having published a prior study 
that indicated that the gravity fed three filtration system 
excluded formed thrombus from the final filtrate, did not 
damage porcine and human red blood cells and platelets, 
and did not disturb coagulation as measured by PT, PTT and 
INR we next chose to more specifically evaluate the filtration 
system’s ability to exclude manufactured metallic and 
fluorescent microspheres from the final filtrate.  To aid with 
visualization, a transparent solution consisting of glycerol 
and water was utilized as a blood substitute.  Based on Figure 
5, some will argue that our choice of a 50/50 water/glycerol 
mixture exceeded the actual viscosity of whole blood [4]. 
This may well be true.  We intentionally chose to use a blood 
analogue that exceeded the viscosity of whole blood and of 
PRBC so as to evaluate our filtration device under more rigid 
and strenuous conditions.   Despite using a higher viscosity 
model, time to completely repeatedly filter 100 cc of the 
experimental mixture took 4-7 seconds (5 trials using a total 
of 500 cc). This corresponds to a filtration rate of >500 cc/
minute.

This simple investigation has demonstrated, in a proof-
of-concept model, that the proprietary blood filtration 
system seen in Figure 1 can remove particulate matter in 
a rapid fashion.  Such information, combined with prior 
studies regarding the device’s atraumatic qualities helps 
the developer and end user better understand the system’s 
capability in enabling reinfusion of autologous whole blood 
in real life situations.

Conclusion
A gravity driven three filter device can rapidly process 

a high viscosity whole blood equivalent fluid/particulate 

mixture.  Results from this and prior In Vitro studies indicate 
that such a device may prove useful for the reinfusion of 
autologous blood lost during invasive procedures.
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