BBSI Research Proposal, Summer 2008
Development of a clinically relevant differential equation model for systemic inflammatory conditions with a focus on chronic wound healing

Cynthia H.T. Edwards, under the supervision of Dr. Tarynn M. Witten

Last summer my goal was to integrate equations and terms for systemic TNF-alpha into a revised Pitt model for systemic wound healing. This model describes the wound healing system in terms of the variables F (fibroblastic response), N (inflammation), D (damage), and P (pathogen). I added a T (TNF-alpha) equation to the model. 

 Systemic TNF-alpha has not been widely studied in relation to wound healing. However, the local effects of TNF-alpha are well known. Many local effects of TNF-alpha were mistakenly included in my version of the Pitt wound healing model (PWHM). Additionally, choosing to add an equation for TNF-alpha to the PWHM was unusual because, as a pro-inflammatory mediator, TNF-alpha is usually considered part of the inflammatory response. The effects of TNF-alpha on wound healing may have already been accounted for in the inflammation (N) equation. I did not fully understand the PWHM or I would not have proposed the addition of TNF-alpha to it. Instead, I may have chosen to elaborate on their oxygenation equations or work on the inclusion of an independent variable, such as sleeping habits, to the PWHM. 

The major shortfall of the PWHM lies in its clinical relevance. It would be difficult to decide how to measure general variables such as inflammation, damage, pathogen, etc. While there are many indirect ways of measuring these parameters, it might prove easier to construct a clinically relevant wound healing model from the ground up.


This summer I plan on developing a more clinically relevant model for systemic inflammation, focusing on chronic wound healing. The model will use variables that  clinical practitioners routinely measure, such as hematocrit, plasma concentrations of proteins and hormones, urine concentrations of inflammatory biomarkers, and mean arterial blood pressure(Dee Unglaub Silverthorn 2007). Designing the model around clinical specifications will potentially increase the usefulness of the model. The proposed model could be manipulated to describe many systemic inflammatory conditions after it is used to describe wound healing.

I have already written a rough system of four equations to describe changes in the concentrations of proteins, hormones, oxygen, and waste in the systemic circulation based on rates of cellular uptake and production, cardiac output, metabolic rate and other factors. In keeping with the original topic of chronic wound healing, I’ve also included a sixth equation describing changes in total white blood cell count. Other factors I have not yet taken into account in the proposed model are red blood cell count, blood pressure, and blood, lymph, and waste osmolarity. It may also prove useful in the future to expand upon the white blood cell count equation to include differential white blood cell count information (such as percentage of neutrophils). Neutrophil count is usually used by physicians as an indicator of progression of a systemic infection, and may prove useful to the model as an indirect indicator of pathogenic invasion in an immunocompetent individual(Dee Unglaub Silverthorn 2007). 
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The system for transport of proteins and hormones is defined as shown in Figure 1.
Figure 1. Compartmental diagram for systemic factor concentrations
Chronic wound healing is largely studied at the level of the wound. More information could be gained by analyzing the systemic inflammation that occurs during chronic wound healing. The proposed model focuses on the systemic circulation as a compartment through which inflammation is transmitted to bodily tissues. In addition to chronic wound healing, systemic inflammation is linked to many common conditions, including but not limited to: diabetes, erectile dysfunction, depression, rheumatoid arthritis, SIRS (systemic inflammatory response syndrome), and chronic obstructive pulmonary disorder(Wouters 2002; Danner, Kasl et al. 2003; Duncan, Schmidt et al. 2003; Jit, Henderson et al. 2005; Das 2007; Hancox, Poulton et al. 2007; Quint, Baghai-Ravary et al. 2008). It is also shown to be a risk factor for atherothrombosis (van Leuven, Franssen et al. 2008). Thus, the proposed model has many possible applications. 

At present, the model equations I have written include differential equations (generalized for any plasma protein or hormone A) for CAB (the concentration of molecule, hormone, or protein A in the blood), CAL (concentration of A in the lymph), CAO2SAT (Arterial oxygen saturation), CAW (concentration of A in the waste), and NWBC (white blood cell count). 

 The rough general equations are presented below:
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Definitions of terms are presented in Table 1 (see next page). 


Table 1. Definitions of Terms and Variables
	Differential Variable
	Term
	Definition

	CAB(t)
	
	Concentration of A in the blood as a function of time

	 
	kLB
	Rate of transport of A from the lymph to the blood (osmolarity dependent)

	 
	kAW
	Rate of clearance of A from the blood to the waste

	 
	kBL
	Rate of transport of A from the blood to the lymph (osmolarity dependent)

	 
	kDB
	Rate of degradation of A in the blood

	 
	kBT
	Rate of transfer of A from the blood to the tissues

	 
	kTB
	Rate of transfer of A from the tissues to the blood

	 
	CA(t)
	Consumption of A by the tissues as a function of time

	 
	PA(t)
	Production of A by the tissues as a function of time

	CAL(t)
	 
	Concentration of A in the lymph as a function of time

	 
	kTL
	Rate of transport of A from the lymph to the tissues

	 
	kDL
	Rate of degradation of A in the lymph

	CAW(t)
	 
	Concentration of A in the waste (urine) as a function of time

	CAO2SAT(t)
	 
	Arterial O2 Saturation as a function of time

	 
	CVO2SAT(t)
	Venous O2 Saturation as a function of time

	 
	MO2IN(t)
	Mass of available oxygen in the lungs as a function of time

	 
	OP(t)
	Cardiac output to the pulmonary circulation as a function of time

	 
	MO2OUT(t)
	Metabolic demand for oxygen by the tissues (mass/time)

	 
	OS(t)
	Cardiac output to the systemic circulation as a function of time

	NWBC(t)
	 
	Number of white blood cells in the blood as a function of time

	 
	PWBC(t)
	Production of new WBC's a function of time

	 
	DWBC(t)
	Death of WBC's as a function of time

	 
	MWBC(t)
	Migration of WBC's out of the blood stream as a function of time


While this model will take a significant effort to complete, I am confident that a substantial enough portion of the project will be finished that I will have results to present before I leave. As an engineer I would like to produce something applicable that I fully understand. I believe that working on this project will accomplish my goal. In addition, I will most likely be able to obtain help in further developing the model through the Bioengineering faculty at my home institution, Oregon State University, when I leave the BBSI program. 
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