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INTRODUCTION

RESULTS

• Over 1 million people with diabetes rely upon an insulin pump
and continuous subcutaneous tissue insulin infusion (CSII)
through an infusion set with indwelling cannula for adequate
blood glucose control.
• Patients are educated to insert a new CSII set every 2–3 days
because insulin absorption from the subcutaneous tissue into
the circulation becomes increasingly variable and unreliable over
time; leading to an increased risk for developing hyperglycemia,
hypoglycemia, glycemic variability, and diabetic ketoacidosis1-4.
• Previous studies from this group identified a layer of inflammatory
tissue surrounding implanted CSII cannulas which becomes thicker,
denser, and more continuous as duration of implant increases.
• Initial insertion of a CSII cannula through the skin into the 		
subcutaneous tissue damages cells, connective tissue and 		
extracellular matrix.
• A layer of thrombus and inflammatory tissue develops acutely
around the cannula due to insertion trauma, motion induced
trauma, and the pro-inflammatory effects of excipients in the
insulin formulation.
• This layer consists of coagulated blood, edema fluid, damaged
connective tissue, cellular debris, neutrophils, macrophages, and
fibroblasts.
• This layer of inflammatory tissue may change over time from thin,
sparse, and discontinuous to thick, dense, and continuous5.
• This layer may function as a mechanical barrier, slowing or 		
inhibiting the movement of insulin into adjacent subcutaneous
tissue containing capillary and lymph vessels.
• Insulin infused through the CSII cannula moves into the 			
inflammatory tissue and adjacent healthy vascular tissue along
the path of least resistance.
• The dose-to-dose, site-to-site variability and overall trend of 		
decreasing insulin absorption as a function of the duration of
infusion set wear time in CSII therapy may be related to the 		
location of insulin molecules relative to functioning capillary 		
and lymph vessels, variable capillary blood flow, variable rate of
insulin transport across the endothelium, variable lymph flow,
degradation by proteases within the wound and/or lymph nodes,
and insulin movement upward onto the skin surface.

Figure 1a. Channel from a CapBio CSII cannula after 6 days
indwelling with inflammatory layer thickness measurements.

Figure 1b. Channel from a Teflon control cannula after 6 days
indwelling with inflammatory layer thickness measurements.

THICKNESS OF THE INFLAMMATORY LAYER

TOTAL SURFACE AREA OF INFLAMMATION

• There was a statistically significant difference (p<0.001) between
the 2 groups in the mean inflammatory layer’s thickness over
the 14-day period. Analysis of the histology images revealed 		
significantly (p<0.001) thinner inflammatory tissue around the
CapBio CSII cannulas compared with the commercial CSII Teflon
cannulas for Days 4–14 post insertion.
• The thickness of inflammatory tissue around the CapBio
cannulas stabilized after two days, but continued to increase
around the commercial CSII cannulas until Day 6. The observed
difference persisted from Days 8–14.

• The internal consistency of the scores from the 2 raters was high
as assessed by a Cronbach’s Alpha coefficient of 0.986.
• There was a statistically significant difference (p<0.001) between
the 2 groups in the total surface area of inflammation over the
14-day period.  Teflon cannulas’ surface area of inflammation was
significantly (p<0.05) higher than CapBio for Days 10–14 days
post insertion.

• Finally, repeated trauma of insertion contributes to scar tissue
formation and may result in infusion site loss.
• Capillary Biomedical, Inc. (CapBio) has developed a prototype
kink-resistant infusion set cannula using a soft polymer material
with coil reinforced and multiple ports.

PURPOSE OF THE STUDY
To compare the CapBio investigational CSII set with a 		
coil-reinforced soft polymer cannula to a commercial CSII set
with a Teflon cannula (Unomedical).
We hypothesized that use of the investigational soft, flexible
cannula (CapBio) would produce less tissue inflammation
compared to a standard Teflon set (Unomedical) over a
14 day period.

METHODS
• After approval from the IACUC at Thomas Jefferson University,
16 large farm swine were used for this investigation.
• An investigational set and a commercial CSII set were inserted
into the subcutaneous tissue of the abdomen every other day
for 14 days. The investigational set was inserted 10mm at an 		
angle of 30 degrees and the commercial CSII set was inserted
6 mm at an angle of 90 degrees. The resulting indwelling duration
of paired infusion sets were approximately 10 minutes, 2, 4, 6, 8,
10, 12 and 14 days post-insertion.
• A dilute solution of insulin lispro (U-5) was continuously infused
(7 µL/hour) through each CSII set using commercial insulin
pumps with an additional 70 µL bolus one or two times per day
with meals.
• On the final study day, a 70 µL bolus of insulin lispro (U-100) and
x-ray contrast agent (Isovue 300 Iopmidol) was infused through
each CSII set while measuring pressure within the tubing
(Animas Ping pump).
• The tissue surrounding each CSII set was excised 5 minutes later
under general anesthesia, gently frozen, and imaged using a
high-resolution micro-CT scanner.
• The tissue was then processed and stained to produce
high-resolution histology images.
• Quantitative gradings of 3 variables using imaging software 		
(ImageJ) were performed by two investigators: the “thickness” of
the inflammatory layer along the cannula channel, the total
“surface area” of inflammation around the cannula channel, and
total surface area of the “cellular void” along the cannula channel.
• The inflammatory spread (thickness) measurements were 		
performed at 0.5 mm intervals along the cannula channel. Only
cannulas with ≥50% view of the channel were included in this
analysis. Due to variability in the total channel length visible for
each cannula, the thickness measurement was standardized to 4
points (Upper Left and Right, and Lower Left and Right).
The measurements were obtained independently for the right
and left sides of the channel using the imaging software tools.
For the surface area measurements, those were repeated 5 times
by two analysts and averaged.
• Histology data were analyzed using ANOVA – GLM, and 		
Linear Mixed Models performed with the Systat software 		
(ver. 13). Post hoc analyses were performed using Bonferroni
correction. Internal consistency of the surface area measures 		
was assessed using Cronbach’s alpha. A p<0.05 was set for 		
statistical significance.

Figure 2. Means ± SD inflammatory layer’s thickness around
the cannula channel.  There was a statistically significant difference
(p<0.001) between the 2 groups in the thickness of the 			
inflammatory layer over the 14 days post insertion.

DISCUSSION

Figure 3. Means ± SD total surface area of inflammation around
the cannula channel.  There was a statistically significant difference
(p<0.001) between the 2 groups in the total surface area of 		
inflammation over the 14 days post insertion. Teflon cannulas’
surface area of inflammation was significantly higher than CapBio
for Days 10–14 days post insertion.

SURFACE AREA OF VOID COMPRISING
THE CANNULA CHANNEL

• The internal consistency of the scores from the 2 raters was high
as assessed by a Cronbach’s Alpha coefficient of 0.910.
• There was no statistically significant difference (p=0.574) between
the 2 groups in the surface area of cellular void over the 14-day
period.

• In general, the layer of inflammatory tissue around the commercial
Teflon CSII cannula became thicker, larger, denser, and more
continuous over time, leading to highly variable delivery of 		
insulin/x-ray contrast agent into the subcutaneous tissue.
• Compared with the commercial CSII set, the investigational CSII
set with a soft, flexible polymer cannula and wire-reinforced wall
and multiple ports resulted in less tissue inflammation over time.  
• We hypothesize the soft, flexible cannula on the CapBio
investigational set produced less tissue inflammation due to less
motion-induced tissue trauma, and greater reliability of insulin
delivery due to the wire-reinforced cannula that resists kinking
and the multiple orifices that produce redundancy.
• Despite the increased cannula length indwelling (10 mm vs. 6 mm),
the CapBio cannula did not result in a significant increase in tissue
damage as measured by the surface area of the cellular void.
• There is great clinical need for an insulin infusion set that 		
functions reliably, can be worn for more than 3 days and exhibits
improved consistency of absorption (PK).
• This variability of actual insulin delivery into the subcutaneous
tissue may be a major cause of variable insulin PK/PD in patients
managing their diabetes in the real-world. Results from this
research have guided the design and development of a nextgeneration insulin infusion set.
• PK/PD studies in humans will determine whether this lower 		
inflammatory response results in more consistent insulin
absorption from dose-to dose.
• Clinical translation of this investigational CSII set could result in a
more reliable insulin delivery system that significantly improves
blood glucose control, simplifies/reduces the burden of diabetes
management, improves the quality of life of people with diabetes
and benefits clinical outcomes.

Figure 4. Means ± SD void surface area of inflammation around
the cannula channel.  There was no statistically significant difference
(p=0.574) between the 2 groups in the void surface area of
inflammation over the 14-day period post cannula insertion.
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