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Abdominal adhesions are common byproducts of abdominal surgeries

and can oftentimes result in serious complications. The goal of this design

project is to decrease the reformation of abdominal adhesions in surgical

patients through a minimally invasive method. The team's design solution

involves administration of the fibrinolytic agent plasmin to inhibit the

adhesion formation process. A PEG-DA hydrogel crosslinked in vivo will

be used to administer plasmin to adhesion sites during laproscopic

surgeries. Testing revealed plasmin's ability to degrade fibrin gels in an ex

vivo environment. Future work will focus on refining testing conditions to

more accurately reflect body levels of plasmin and fibrin.

Figure 6b. Image of fibrin gel

• Fibrin testing demonstrated that over a 30 min. incubation period, 

there was approximately 30% degradation of fibrin

• Potential problems with hydrogel testing

• PEG-DA gel pore size too small

• Photobleaching of fluorescent agent caused by UV crosslinking

• Formation of hydrogel only on circumference of well

1. Development and Identification of ideal PEG-DA hydrogel

• Photobleaching of fluorescent testing 

• Use different fluorescent agent to test diffusion rates and 

crosslinking

• Develop an accurate method to measure the concentration via 

volume

2. Use knowledge of the fibrin degredation pathway to test other 

preventative agents (i.e. tissue plasminogen activator)

• Identify agent with lowest systemic effect and greatest local effect

3. Future testing to connect fibrin degradation by plasmin ex vivo to 

the prevention of fibrin formation in vivo

• Determine optimal concentration of plasmin in PEG-DA hydrogel to 

balance prevention of fibrin formation and limit systemic effect
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• Must be FDA approved and sterile (FDA Articles 820.25, 70, 50, 72)4

Biocompatibility:

• Maintain normal blood homeostatic conditions: pH 7.4, concentration 

of fibrinogen 200-400 mg/dL5

Ease of Use:

• Should not hinder surgical efficiency

• Should be compatible with current surgical technology
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Hydrogel Drug Release 

Testing
Testing release of PEG-DA hydrogel using 

fluorescent molecule to model plasmin

Fibrin Degradation Testing
Testing to determine amounts of 

plasmin that will degrade fibrin

• Methods: PEG-DA gels were 

crosslinked with a fluorescent 

molecule and supernatant was 

tested at t=24 and t=48 hours for 

fluorescence

• Testing was inconclusive, 

fluorescence measured was 0

Figure 2. Adhesion formation flow chart3

Problem Statement

• Methods: Differing amounts of 

plasmin were added to 100 uL

fibrin gels and weighed after 30 

mins incubation

• Plasmin testing showed statistical 

significance between control and 

plasmin groups, but not between 

plasmin groups

Methods and Testing

Abdominal Adhesions

• Bands of scar-like tissue 

connecting tissues not 

normally connected 1

• Caused by upper and 

lower abdominal 

surgeries1

• Form after 67-100% of 

abdominal surgeries 1

• 15-18% cause further 

complications (i.e. bowel 

obstruction, infertility)1

• Formation involves fibrin 

proliferation and 

maturation into a 

collagenous matrix2

Figure 1. Image of abdominal adhesion

Goal

• Design a solution to decrease recurrent adhesions following abdominal 

surgery

Following laparoscopic procedure:

1. PEG-DA and plasmin combined in solution and injected into body via 

laproscopic probe and UV crosslinked

2. PEG-DA gel swells in the first 24 hrs and begins release of plasmin

3. Plasmin is released via the hydrogel linearly with over time (Eq. 1) to 

prevent fibrin formation in the first 72 hours6

4. After all plasmin is released, PEG-DA remains in vivo and serves as a 

physical barrier to prevent further adhesion reformation7

Figure 4. Mass of fibrin gels after 30 minute incubation with varying
amounts of plasmin. All plasmin treated groups are statistically
significant from the control, but not from eachother.

Figure 5. Percent degradation

calculated in reference to

average control fibrin gel

mass. No values are

significantly different from the

others.

Figure 6a. Creation of fibrin gels

Figure 3. A solution of PEG-DA and plasmin 

will be injected and UV crosslinked in vivo 

following the severing of existing adhesions.

Equation 1. c = c(x,y,z,t), D = diffusion coefficient. Model is simplified by 
assuming D is constant


