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MATHEMATICAL MODELING OF 
ECHOCARDIOGRAPHIC ESTIMATION OF 

PULMONARY ARTERIAL SYSTOLIC PRESSURE AND 
ITS APPLICATIONS TO PULMONARY ARTERIAL 

HYPERTENSION SCREENING 
 

Timothy I. Anderson, Stanford University 
Randy J. Anderson, CSU-Fresno 

 
ABSTRACT 

 
The flow of research in the medical fields uncovers new treatments and new approaches 

for treatment of the scourge of disease.  Through extensive research in well know medical fields, 
new fields of study are discovered, allowing for the necessity of expanding the knowledge base of 
physicians.  These expansions are generally referred to as “sub-specialties.”   Unfortunately, the 
some subspecialties and their associated treatments are discovered only through autopsies of 
those who have died without complete explanation of the exact cause of death.   This paper has a 
two fold purpose:  (1) Help early discovery of the existence of a relatively unknown but a 
profoundly deadly disease (allowing for treatment of the disease) before mortality strikes using 
multiple nonlinear regression to determine the prediction function, and (2) Help to decrease the 
occurrence of false negatives (where patients who actually have the disease but are otherwise 
determined to be disease free), ensuring mortality. 

One of these new fields of study is pulmonary hypertension (literally, high blood pressure 
in the lungs).   Only a small number of pulmonologists are now dedicating their research (aided 
by both public and private funding) to this evolving field of study.  During the summer of 2011, 
data concerning pulmonary hypertension were collected at the University of California, San 
Francisco, Medical School, in Fresno, California through an internship offered to Tim 
Anderson, and supervised by Vijay Balasubramanian, M.D., the leading Pulmonary Arterial 
Hypertension (PAH) specialist for California’s Central San Joaquin Valley. 

The initial study of this internship was to try to develop a mathematical function which 
would be able to detect with some certainty the presence of the condition of pulmonary 
hypertension before the patient expired from associated complications.  The ability to predict 
this presence early on would allow for experimental treatments so that detection with treatment 
can lead to ultimately curing the disease, or at least managing the disease to extend the life of 
future patients.  The prediction function was generated through extensive trial and error using 
multiple nonlinear regression.  This resulted in a p-value of less than 1%. 
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The second part of the study was to decrease the existence of false negatives in medical 
treatment.  Due to the fact that imperfect information is used in developing the prediction 
equation, it is always possible to make an error.  Only with perfect information do we always 
make correct decisions in probability theory.  Of the two types of errors that occur (Type I error 
and Type II error), Type I errors are more egregious.  Consequently, if a more sensitive 
prediction function can be determined, it is then possible to decrease the occurrence of Type I 
errors. Due to the inverse relationship between Type I and Type II errors, if one error is 
minimized, then the other error has the potential to increase in occurrence.  Type I error is also 
called a “false negative” in medical testing.  What this means, that the patient has the 
undiscovered disease and the patient dies before treatment.  With Type II errors (“false 
positives”), the patient is treated for the disease even though the patient does not have the 
disease!  Unless the treatment itself is prohibitively expensive or causes severe injury to the 
body, it is conclusive that Type I errors (“false positives”) more catastrophic.   

A secondary improvement (or smoothing) to the original prediction function was tested 
against an unrelated data set.  In testing the reduction of Type I errors, 16 out of 17 originally 
reported Type I errors were eliminated. 

The following is a much more technical discussion of the paper to be presented: 
This study uses statistics to create a better correlation between Right Ventricular Systolic 
Pressure (RVSP) via Echocardiogram (ECHO) and Pulmonary Arterial Systolic Pressure 
(PASP) via Right Heart Catheterization (RHC) than the currently accepted correlation in order 
to better screen patients for Pulmonary Arterial Hypertension (PAH). PAH is a rare condition 
that often carries a grave prognosis. Accurately screening for PAH is a medical and economic 
concern. 

Medically, accurate screening for PAH is of the utmost importance: a false negative can 
have devastating effects on a patient’s health. Economically, accurately screening patients can 
reduce healthcare costs by detecting disease earlier in its onset. The goal of PAH screening is to 
reduce the number of false negatives to almost zero. The current method of screening for PAH is 
to estimate a patient’s PASP by measuring RVSP through echocardiography. The patient is then 
definitively diagnosed by direct measurement of PASP through RHC. Theoretically, RVSP per 
ECHO is equal to PASP per RHC. However, this accepted correlation is not accurate. This study 
develops a better correlation equation between RVSP and PASP.  

To create the regression model, RVSP per ECHO and PASP per RHC data on 33 patients 
from California’s San Joaquin Central  Valley was collected then statistically  analyzed. After 
performing a statistical transformation and regression analysis on the data, the final equation 
was  
 

PASPpredicted = (438*RVSP + 1390)(1/2.46). 
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Additional data on 31 patients was collected in order to test the different correlation 
models.  When each model was used to estimate PASP in patients, the original model 
(RVSP=PASP) yielded three false negatives while the new model produced none. Overall, the 
model presented by this study is a significantly more effective method of screening for PAH. With 
further work, it will be possible to virtually eliminate false negatives in PAH screening. 
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SOCIAL ENTREPRENEURSHIP IN HEALTHCARE 
 

Shawn M. Carraher, Indiana Wesleyan University 
Aaron Cecil, Indiana Wesleyan University 

Larry Dick, Rio Grande Bible Institute 
 

ABSTRACT 
 

In the current paper we examine the dimensional nature of the 11-item Social 
Entrepreneurship scale of Carraher (2012) with modifications as suggested by Dick (2012).  
Using a sample of 276 health care professionals we find that the 11-item scale has a coefficient 
alpha reliability estimate of .94 which is better than the .89 found for the original 6-item version.  
We find that the better individuals gets along with those who they work with the stronger their 
social entrepreneurship for the organization.  Suggestions for future research are included. 
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