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• Thank you very much, {Chris Zarins}, and all the members of this long-standing and 
distinguished society.  It is an honor for me to be with you at this meeting and to have the 
opportunity to participate with you in this discussion about information technologies in 
medicine, and the kinds of improvements that we all wish to see them bring to it. 

 
As you heard in {Chris’} kind introduction, I am a computer scientist.  I am also extremely 
fortunate to have spent nearly 25 years being educated in philosophy.  About 18 years of that 
education came from my mother, who was a philosophy professor at (Beau, please fill in), 
and when she died six years ago, she was director of the Bioethics Institute at University of 
California, Los Angeles Medical Center.  Her enthusiasm for philosophy and medical ethics 
was catching, so when it came time for me to go to college, I majored in philosophy.  
 
But my deep appreciation for the field of medicine and my motivation to apply information 
technology to it is even more personal.  Today we are on the cusp of identifying the genes 
and developing the drugs targeted to those genes for breast cancer ⎯ the disease that killed 
my mother.  And today, cardiac bypass surgery ⎯ not available when my grandfather died of 
a heart attack just (Beau, please fill in) years ago, gives millions of people the gift of a longer 
and better life.   
 
I find it frustrating that so far, we have done a far better job of providing technology tools to 
accounting, finance, and stock trading than to the dilemmas of medicine.  

 
• My purpose today is to provide an overview of the emergence of informatics in medicine.  

When I’m finished, you’ll hear from Dr. Bowersox about the development of cybersurgery 
and from Father Hatzinikolaou about ethical issues in applying information technology to 
medicine, and later this afternoon you’ll see a demonstration of computer-aided surgical 
planning using interactive surgical decision-making technology.  

 
When we are finished today, I want you to have a crystal-clear understanding of the 
importance of medical informatics and be ready to take some personal action to deal with it.  
Because just as no businessperson today would consider doing a business plan without the 
use of a spreadsheet on a PC, I believe in the not-too-distant future, no surgeon will consider 
doing surgery without having previously done modeling and pre-operative planning using the 
tools of information technology.   
 
Today simulation of a business on a spreadsheet is du jour, and today we are perfecting the 
capability to simulate the results of a medical procedure.  I believe this will become a 
standard of care for all parts of medical practice.  For many of you, this will mean a change 
in the way you operate ⎯ literally and figuratively ⎯ and changes can be burdensome and 
arduous.  Many of you will have concerns about the ethical issues raised by what some see as 
the unbridled use of technology.  These certainly are understandable and justifiable concerns.   
 
But the promise of these technologies to transform health care and improve the quality of life 
for millions of people around the world hangs in the balance.  None of these concerns is a 
reason not to move forward.  
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• Let me set the context for medical informatics technology development by tracing some 
important history in information technology. 

 
• Nearly 30 years ago, innovators in Silicon Valley brought the microprocessor to the world.  It 

was heralded as one of the most revolutionary inventions in human history, and indeed, it 
spawned new products, new markets, new industries, and new institutions.   

 
Gordon Moore, founder of Intel, theorized 30 years ago that memory chip capacity would 
double every year with proportionate decreases in cost.  He was right. “Moore’s Law”, as it 
is now known around the world, proved to be the most accurate and influential measure of 
the development of the electronics industry.  

 
The microprocessor or "computer-on-a-chip" is ubiquitous.  It is in our watches, cars, 
kitchens, personal and office computers, telephones, and games.  It caused an information 
explosion and forever changed the way we work, play, think, communicate, and organize our 
lives.   

 
Moore predicted ever-evolving generations and applications of information technology, and 
today we are seeing technological applications that are ever more personal ⎯ in health care. 

 
• What is medical informatics?   
 
• It is the use of information technologies to create, shape, and share new medical knowledge 

⎯ and apply it to patient diagnosis and treatment.   
 

Why is it important?  I predict that in the 21st century, the study of informatics will be as 
fundamental to the practice of medicine as the study of anatomy has been heretofore.  

 
• Let’s take a look at some of the capabilities we have right now, today, and see how 

informatics can be applied to anatomy and medical practice. 
 

Today we are able to simulate on a computer screen the behavior of large pieces of anatomy 
under various circumstances, including various surgical scenarios. 
 
For example, Dr. Zarins’ group at Stanford is simulating and forecasting the results of bypass 
surgery using computers and software that combines the capability for 3D medical 
visualization and computational fluid dynamic analysis with real patient data.  In about two 
years, Dr. Zarins’ group expects is to have developed the technology so that it can be used in 
pre-operative planning. 
 
And at Johns Hopkins, (Beau, name of a person or group at Hopkins) is taking patient-
specific data from MRIs and analyzing it to glean information about whether surgical 
procedures will be required after a heart attack.  In the past, this decision-making process 
took days; now it takes about ten minutes. 
 



4 

Beau Vrolyk  / Emergence of Medical Informatics Page 4 of 6 

It’s interesting to me that in the field of engineering, engineers create a prototype before they 
build.  Today, there are hundreds of computer-aided design applications for engineering and 
architecture.  Why have we not yet applied computer-aided design to surgery?   
 
The capabilities we now have can give us more and better information that can be used to 
hone diagnosis for each unique patient.  It can tell us more about the risks involved in a 
particular surgery for that patient.  And it can tell us more about the surgical outcomes for 
that patient.  It can help us evaluate the best choices.  It could even potentially guide surgery 
itself in real time. 
 

• Now let me give you another example, and this time I’ll use the field of orthopedic surgery. 
 

Mrs. Jones has a torn knee tendon possibly in need of surgery, but it’s preferable to watch it 
for a while.  Today, if you were her orthopedic surgeon, you might mechanically manipulate 
her knee, check how much movement is possible, and attempt to quantify the problem.  In 
the 21st century, with computer-aided surgical planning, you could scan her knee and, given 
Mrs. Jones’ body weight, simulate the mechanical load on her knee tendon from climbing 
stairs and other activities.  In this way, you can measure the damage to the tendon and 
forecast the outcome of not having surgery, and if appropriate, have Mrs. Jones come in for 
periodic rescans to track if there is a healing process or if there is further degeneration. 
 

• I’d also like to point out that because we now have the capability to represent in digital form 
large pieces of a patient’s anatomy, we can also easily and quickly transport that digital 
representation.  So within seconds, we can send the entire model of Mrs. Jones’s torn knee 
tendon ⎯ or her heart, or her aorta, if the problem is cardiovascular ⎯ from any part of the 
world to Stanford Hospital, let’s say.  There, a specialist can have a look at her heart or her 
knee, and again, within seconds, transfer information back to her surgeon across the globe.  
Our ability to consult, to correctly diagnose, and to treat patients more rapidly has increased 
exponentially. 

 
• I would also like to take a moment to mention the very exciting developments in the field of 

genomics ⎯ the study of the information stored within the DNA of an organism.  Because 
here, too, medical informatics is playing a significant and important role. 

 
Historically, to understand the biology of debilitating human diseases, scientists have used a 
genetic determinism model — the linkage of a single gene to a disease or condition.  But a 
true-to-life study of how DNA functions in healthy or disease states requires an analysis of 
complex networks of thousands of interacting molecules.  It requires, in essence, a study of a 
dynamic biological information processing system.   
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So molecular biologists, biochemists, and computer scientists are working together to 
develop sophisticated bioinformatics tools — software that processes the massive amounts of 
genetic data from DNA and mines the data for clues about which genes are responsible for 
which diseases.  Key to understanding this biological information processing system is the 
ability to see the structure, or 3D shape of proteins, which helps to determine their functions.  
Thanks to these bioinformatics tools, scientists can see the molecular relationships more 
clearly, and integrate and interpret the massive and complex biological data generated by the 
Human Genome project and private sector sequencing projects.  They can study the biology 
of thousands of genes simultaneously, and in doing that, obtain a better understanding of 
disease, and therefore, a better chance to develop improved, more finely targeted medicines.  
 

• Now, instead of just telling you about the excitement and potential of medical informatics, let 
me show you what I mean. 

 
 [Cut to 3-5-minute video, showing 3D anatomical images and fly-through anatomy] 

 
• As you can see, the synthesis of information technology, mechanical engineering and 

medicine is giving us unprecedented insight into human disease and therefore the ability to 
develop better treatments.  

 
Later you’ll meet a very talented man, Charlie Taylor, who is ⎯ because of his unusual 
training and experience ⎯ the embodiment of the three disciplines of computer science, 
mechanical engineering, and medicine.  He’ll lead the discussion in this afternoon’s 
demonstration of computer-aided surgical planning. 

 
• As you may have gathered, I am passionate about the potential for doing good with medical 

informatics.  But clearly our newfound knowledge ⎯ however much opportunity it brings 
⎯ presents us with some knotty ethical questions.  So what is an appropriate response to 
such powerful technologies?  How should we respond? 

 
• To help answer that question, let me hark back to my previous point that information 

technology has changed the history of the world.  And it continues to do so at an unrelenting 
pace.  We’ve seen what the microprocessor has done.  Let’s zoom in for a moment to the 
field of communications. 

 
In 1815, the famous British banker Nathan Rothschild was aided in his transactions by a very 
efficient information service at the time ⎯ carrier pigeons.  As the story goes, the pigeons 
informed him on June 22 of that year of the allied victory at Waterloo. In a single day, 
Rothschild made a fortune and saved the London stock exchange from collapse by buying up 
all the shares sold by investors who feared that Wellington had lost the battle at Waterloo, 
and didn’t have the benefit of carrier pigeon technology.  That technology changed the 
course of British economic history.  
 



6 

Beau Vrolyk  / Emergence of Medical Informatics Page 6 of 6 

Roll forward to World War I.  There, Morse Code provided crucial transatlantic 
communications.  And just before World War II, telephones first began to work reliably 
across the English Channel.  What we’ve seen since World War II, is that roughly every ten 
years, our communications bandwidth has increased by a factor of ten.   
 

• Remember Moore’s Law.  Our communications technology capabilities have increased 
exponentially.  Likewise, our health care technologies are increasing exponentially.  
However, though we may today be able to get a stock quote in seconds over the internet, and 
we may soon have the capability to do cybersurgery, we are basically the same living, 
breathing, thinking human beings that were pondering the stock market during Rothschild’s 
time.  There’s no evidence that we’ve become any smarter.  Soon we may have identified all 
of the approximately 100,000 to 150,000 genes in the human genome.  But the question still 
remains ⎯ what should we do with this information? 

 
• I think we have an illusion that we can control this stuff.  We can’t.  Technology marches 

on.  Put yourself back in time just 100 years. If you believe you can still own and operate a 
successful livery stable no matter how many cars Henry Ford builds, you’re wrong.  Your 
horses simply won’t continue to pull those wagons, because people are, for good reasons, 
going to start driving cars.  And as much as we decry the changes around us, the changes are 
going to happen, and many of them are for the best.   

 
There is going to be a new population of young surgeons who emerge from medical school 
completely computer literate.  And my sincere hope ⎯ and I believe this will happen ⎯ is 
that we’ll see many more Charlie Taylors combining their talents in computer science, 
medicine and engineering, for better health care and an improved quality of life. 

 
• What I hope I have communicated to you today is that medical informatics is here, and here 

to stay, and is likely to change the face of surgery and all of health care as we know it. If we 
don’t embrace the changes around us, they will happen anyway, and they can and will be 
used by people who have less honorable agendas. 

 
• So my simple answer is, we should figure out how to make the most out of our technology; 

how to use it to improve the quality of life for people everywhere.   
 

And we can ⎯ and should ⎯ think about the science as well as do the science.  I was 
heartened to find out that about 5% of the $3 billion committed by the United States to the 
Human Genome Project is earmarked for ethical implications of genomic technology. 

 
• My challenge to you is to first, ask yourself: What do my patients stand to gain from medical 

informatics technology?  Second, support the education that will provide you and your 
students with the technical skills you need, as well as the ability to evaluate and discuss the 
societal impacts of new technologies, both good and problematic. Third, work to ensure that 
this vital public discussion continues.  And fourth, be involved.  It is, after all, a matter of our 
future, and the future is here. I hope I have adequately set the stage for our next two very 
distinguished speakers.  Thank you, very much, for your attention.  


