
Research Activities:
An important goal in birth defects research is to derive the architecture 
and function of developing systems as biological networks. At the Birth 
Defects Center, Dr. Knudsen’s laboratory used genomic and systems 
biology to understand the developmental consequences of prenatal 
exposures to alcohol and environmental toxicants. With vast genomics 
data and bioinformatics tools now at hand, efforts are underway to 
reverse-engineer gene regulatory networks (GRNs) that underlie birth 
defects and developmental abnormalities. Dr. Knudsen’s research 
focuses on ‘virtual tissues’ whereby computational embryology and 
developmental computational techniques are being implemented to 
understand toxicity processes in complex biological systems. A long-
term goal of this new research is to develop a sophisticated computer 
model of a mammalian embryo that can be used to help scientists 
better understand the prenatal risks posed by chemicals and other 
environmental stressors. This project is using computers to develop 
models of GRNs and reconstruct embryonic tissues in silico (http://
www.epa.gov/ncct/v-Embryo/). ‘Virtual tissue’ technology enables 
researchers to interact with a computer-simulated environment of 
specific embryonic tissues. The ability to perform complex operations 
on simulated system gives insight to conditions hard to evaluate due to 
time, scale, and cost (monetary and animal). Challenges for technology 
development include a knowledgebase to extract, organize, and store 
data (database) and facts (literature) about the tissue in a computable 
form, and a simulation engine for multi-scale models to study how 
different mechanisms interact at one level and cause effects at a 
higher level. Validated computational (in silico) models of the embryo 
may someday help scientists integrate in vitro data at different scales 
molecules to phenotype as well as to help link toxicity pathways with 
prenatal developmental effects in vivo. 
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Research Activities: 
The Division of Maternal-Fetal Medicine 
includes 5 sub-specialty trained 
obstetricians along with their support 
staff of sonographers, medical assistants, 
counselors, and others that provide both consultative and 
direct patient care for women with a wide variety of medical or surgical 
complications of pregnancy.  Some of the conditions that might 
qualify a women to see a Maternal-Fetal Specialist include a prior 
history of preterm delivery, multifetal pregnancy (triplets or greater), 
pre-pregnancy diabetes (Type I or II), chronic hypertension, severe 
asthma, or advanced maternal age.  Additionally, complications 
that develop during the pregnancy such as inadequate fetal growth, 
suspected fetal anomaly, premature rupture of the membranes, preterm 
labor, antepartum hemorrhage, and preeclampsia often necessitate 
consultation with a Maternal-Fetal Specialist. 

Additionally, we provide teaching and oversight for the University 
of Louisville medical students and the Obstetric and Gynecologic 
residents-in-training. 

One of our primary fetal assessment tools is ultrasound imaging 
of the fetus. Using ultrasound we are able to visualize (if the fetus 

cooperates) and evaluate the 
major structures within the 
fetus. We are able to assess 
the fetus for major structural 
abnormalities and counsel 
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them regrading prognosis. 

Our research interests 
are varied and include 

vaccination protection, identification of patients at risk for preterm labor, 
hypertension management, prenatal diagnosis, patient safety initiatives, 
and various maternal outcomes. 
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