
• The 60˚ print angle is optimal to achieve printed stent dimensions consistent
with CAD model dimensions.

• Preliminary results indicate that an IPA wash time of 20 min or 1 hr and a UV
cure time of 10 min at 40 oC produces Formlabs Durable materials that have no
significant level of cytotoxicity.

Introduction
With the increased availability and the improved resolution of 3D printers,
fabricating medical devices with 3D printers could enable physicians to tailor
device features and dimensions to fit each patient’s needs. Some polymers
commonly used in 3D printing such as polylactic acid, are considered
biocompatible by the FDA. For other materials, e.g. photo-reactive polymers used
in SLA 3D printers, the chemical composition, the UV-cure settings, and the post-
processing steps, can impact their biocompatibility.

We are working to develop a customizable, 3D-printed biliary stent. Biliary stents
are inserted into the extrahepatic bile ducts (EHBD) to alleviate cholestasis (Fig 1).
Cholestasis occurs when the bile ducts are inflamed or blocked, and bile is unable
to drain out of the liver. Several conditions can cause cholestasis including
gallstones, primary sclerosing cholangitis (PSC), and cholangiocarcinoma [1–3].

A

Cytotoxicity Testing
Materials
CAD models of cytotoxicity samples were generated in Fusion360 software. The
cytotoxicity material sample has a conical media-interface of 14.52 cm² (see Fig 3).
The samples (N = 3 per condition) were exposed to the following post-processing:

While there was no significant difference between control, a 20 min wash + 10 min
UV, and a 60 min wash + 10 min UV, the greater variability in the 20 min wash
samples requires further investigation. We will also determine if longer wash times
affect the mechanical properties of the Durable material.

Methods

Print Orientation impact on Stent Dimensions
Stents printed at a 0o angle to the print platform had the greatest difference in wall
thickness from one side of the stent to the other (see Table 1). We also found a
significant difference in length between 0o angle and 60o angle. Two out of four 0o
stents had cured resin residue in their lumens. Overall, stents printed at 45o angles
and 60o angles had the least variability in their dimensions; 60o stents were within
0.25 mm of the stent CAD model dimensions. Figure 5 contains representative
images of the stents evaluated.

Stent Design
A stent CAD model was created using Fusion360 software. The model was 60 mm
long with 3.3 mm outer diameter (~ 10 F) and 2.3 mm inner diameter. The stent
design file was exported as a .stl file for printing.

3D Printing and Post-Processing of Stents
The stent .stl file was imported into Formlabs PreForm software. Stents were then
arranged at 0-, 30-, 45-, and 60-degree angles to the print platform and supported
with 0.4 mm touchpoints at 70% density. Stents were printed with Formlabs
durable resin at 100 um layer height on a Formlabs Form 2 or Form 3 printer (N ≥
3 per angle). Printed stents were removed from the print platform with their
supports intact. They were then subjected to 20-minute wash in 95% IPA and UV
cured for 10 min at 40°C in a Formlabs UV Cure Station. After stents cooled to
room temperature, the print supports were removed, and stent dimensions were
measured (see Fig. 2). Statistical significance was determined via ANOVA single-
factor analysis.

Figure 1. Hepatobiliary Anatomy and Cholestasis Caused by a Biliary Stricture. (A) Anatomically the extrahepatic ducts
begin at the left and right hepatic ducts. They merge to form the common hepatic duct that connects to the gall bladder via
the cystic duct. Bile drains into the small intestine through the common bile duct. (B) A significant stricture of the CHD
viewed during an ERCP. The stent catheter has been threaded through the stricture. (C) A SEM stent was deployed to
open the stricture and alleviate the cholestasis. (Figure reprinted with permission from [4])

In this study we were interested in print parameters that can impact print quality as
well as the effect of post-processing and sterilization on the cytotoxicity of the stent
material. To this end, we evaluated the effects of stent orientation on the print
platform on the printed stent dimensions and the effects of varying the duration of
IPA wash or the UV cure time on the cytotoxicity of Formlabs Durable resin.

Figure 2. Measurements taken with 
calipers on each stent following post-
processing. Ideal dimensions, i.e. they 
matched the stent CAD model were Wall 
Thickness 1 = Wall Thickness 2 = 0.5 mm 
and Length = 60 mm. N ≥ 3.  

Media Exposure to Cytotoxicity Samples and Cell Culture
Cytotoxicity samples were incubated with 5 ml/well DMEM without phenol red
(Sigma Aldrich, USA) in 6-well plates at 37 oC and 5% CO2 for 72 hrs (See Fig. 3).
In parallel, mouse fibroblasts, (P5 – P15; 3T3-L1, ATCC) were cultured in DMEM
without phenol red (Sigma Aldrich, USA) at 37 oC and 5% CO2. After 72 hrs, cells
were passaged and seeded in a 96-well plate (100 ul/well) and 12-well plates (1
ml/well) with a 3:1 mixture of media exposed to cytotoxicity samples and fresh
media. All seeded plates were incubated at 37 oC and 5% CO2 for 48 hrs.

Light Microscopy
At 28 hrs and 48 hrs, photos of cells seeded in 12-well plates were taken on a
Nikon TMS inverted microscope at 10X. N = 3 per condition.

CellTox Green Cytotoxicity Assay
At 48 hrs, CellTox Green Cytotoxicity Assay (Promega, USA) was performed to
quantify dead cells in the 96-well plate. Maximum cytotoxicity controls were
generated by adding lysis buffer to designated wells. Following addition of the
CellTox reagents, the plate was incubated in the dark at room temperature for 15
min. The plate was then read on a BioTek Synergy HTX (ex 488, em 540).
Statistical significance was determined via ANOVA single-factor analysis.

DNA Quantification
At 48 hrs, Genomic DNA was isolated from the fibroblasts grown in 12-well plates
using a SV Wizard kit (Promega, USA). The genomic DNA samples were stored at
-20 oC and quantified within a week using a NanoDrop. Statistical significance was
determined via ANOVA single-factor analysis.

Figure 3. Cytotoxicity Sample and Media Exposure Set Up
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Figure 6. Cytotoxicity of Durable 
resin A) CellTox Green Assay 
results from fibroblasts cultured in 
Durable-exposed media for 48 hrs. 
* = P < .01, ** = P < .005. N ≥ 5 per 
condition. B) Genomic DNA of 
fibroblasts cultured in Durable-
exposed media for 48 hrs. N = 3 
per condition.

Cytotoxicity of Formlabs Durable Resin
Qualitative visualization of fibroblasts grown in
Durable-exposed media showed no obvious changes
in cell number or cell morphology due to treatment at
28 hr or 48 hr (see Fig 4).
We saw no significant difference in cell death in control
compared to Treatment 1 and Treatment 4 (see Fig
6A). A small but statistically significant increase in cell
death was observed in Treatments 2 and 3. As a
control and measure of cell growth, we quantified
genomic DNA from fibroblasts grown in Durable-
exposed media for 48 hours. We found no significant
difference in concentration of genomic DNA between
treatments (see Fig 6B).

à Treatment 1 – 20 min wash in ≥
95% IPA, 10 min UV cure at 40°C, and
30/30 gravity autoclave cycle
à Treatment 2 – 20 min wash in ≥
95% IPA, 20 min UV cure at 40°C, and
30/30 gravity autoclave cycle.
à Treatment 3 - 20 min wash in ≥ 95%
IPA, 30 min UV cure at 40°C, and
30/30 gravity autoclave cycle.
à Treatment 4 - 60 min wash in ≥ 95%
IPA, 10 min UV cure at 40°C, and
30/30 gravity autoclave cycle.

Table 1. Printed Stent Measurements
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Figure 4. Fibroblasts Grown in Media Exposed to Formlabs Durable resin samples. All Durable samples were UV cured 
at 40 oC and sterilized via 30/30 gravity autoclave cycle.  Media was exposed to respective Durable samples for 72 hours. Cells 
were seeded at an initial density of 12,500 cells/well. N = 3 per Durable sample.

Figure 5. Stents Printed at Different Angles on Print Platform 
Vary in  Dimensions. 
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