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No Com puter No Life. That’s what se e m s to us 
now adays. W e c a n ’t think beyond com puter to­
day. Com puter is everyw here. W e all know how 
deeply it has ch anged the sh ap e of our life. But 
many of us don’t know what is its contribution to 
the medical scien ce, which sa v e s  our life. Here is 
a small attem pt of casting light on how attem pt is 
going on to use IT in m edical scien ce .

Creating The Digital Hum an:
H ow  would it b e  if th e re  is a  c o m p le te  digital 
rep resen tatio n  of th e  h u m an  b o d y ? O n e  would 
b e  a b le  to  u n d e rsta n d  d i s e a s e s  o r p ra c tice  
co m p lex  su rg e rie s  b efo re  doing th em  live. O ne  
could sim ulate th e  re a ctio n s  of th e  hum an body  
to  e x te rn a l stimuli like a n  e le ctrica l s h o c k  or  
vehicle c ra sh . T h e  a m o u n t of details o n e  would 
n e e d  of th e  h u m an  b od y for doing all this is 
e n o rm o u s . T h e  visible h u m an  p ro ject m arries  
s o m e  m a c a b re  “s u rg e r ie s ” with pow erful w ork­
sta tio n s  an d  s u p e r  c o m p u te rs  to  deliver this.

The first visible hum an w as created  by the 
US National Library of Medicine or rather the first 
visible human d ata b a se  w as created  there with 
work starting in 1 9 8 6 .T h e  im ages thus created  
represent a  huge d atab ase , which is not of much 
u se  a s  is. It is here that powerful workstations, 
visualling softw are and su p er com puters step  in. 
Many offshoots of this project have successfully  
created animations of the human body. A fully func­
tional, virtual human being could be just one big 
step  away.

S oftw are In M edical Im aging:
Imaging system s, particularly internal -im aging  
system s, play a  key role in modern medicine. O nce  
an im age is acquired, it can  be used to diagnose  
or decide the nature of intervention required. For 
exam ple, an X-ray of a  broken limb can  help d e­
termine the extent and nature of bone injury (diag­
nosis) while an MRI of a  tum or can  help decide

the details of the intervention (surgery) required, 
like w here and how deep.

O ne acquire such im ages of human internals 
X -rays, radio frequencies or m agnetic reson an ce  
(MR) depending on the organ being investigated  
and what the end u se  of the im age is to be.

O nce an im age h as been acquired using a sca n ­
ner or cam era , the rest of the work on it can  be 
done using softw are, at a  viewing station.

UNIX & W IN D O W S:
Unlike com m ercial P C s or servers, medical-im­
aging system s have a very long lifetime (ten to 
twenty years or m ore). Also, hardware and soft­
w are upgrades are  not frequent or e a sy  a s  with 
traditional computing system s. The software for 
m edical-im aging sy ste m s run on sy stem s that 
have traditionally run different flavors of UNIX, like 
Solaris and even Digital VAX. More recently, d e­
velopers have started  experimenting with the em ­
bedded versions of W indows.

From the traditional monolithic architecture 
of the softw are and hardw are, there is currently a  
m ove tow ards using off the shelf com ponents and  
com ponentized softw are.

Standards:
All softw are currently being written for m edical­

imaging sy stem s have to confirm to the DICOM 
(Digital Imaging in Com m unication in Medicine) 
standards to en su re that different system s from 
different vendors can  successfully sh are  informa­
tion. S o , one can , for exam ple, acquire the im age  
from a  S iem en s, and do the p rocessin g  on a  
Philips viewing station.

View ing  Stations:
Multimodal viewing stations (the sa m e  station be­
ing able to p ro ce ss  say  MRI a s  well a s  CAT scan  
im ages) are  already in com m on u se. Vendors are  
also able to send private information that only their 
own softw are and viewing stations can  read, so



a s  to enh an ce their equipment. For exam ple, a 
Philips im age-acquisitions system  can  acquire  
and transmit m ore information than prescribed by 
the standard. Such extra  information can  be deci­
phered only by a  com patible Philips station, while 
say  a  Toshiba viewing station would g et only the 
information prescribed in the standard.
Even though the b asic job is that of im age pro­
cessin g, the algorithms used in m edical softw are 
can  be vastly different from those say  used in other 
com m ercial im age-m anipulation softw are like 
movie software or Photoshop. The reason  behind 
this is that m edical sy stem s have to preserve a  
very, very high d eg ree  of accu ra cy  and detail, or 
there could be fatal results, while such constraints 
m ay not exist for com m ercial image-manipulation  
software.

C olour or G rayscale:
Overall, the u se  of colour is less prevalent than  
the use of grayscale in medical imaging. But, there  
is a slow changeover to colour w here it adds value. 
For example, in MRI, colour can  better depict varia­
tions in internal tissue layers, and h en ce  using 
colour here can  add value. On the other hand, X- 
rays just provide a two-dimensional im age of the 
bone structure, and hence adding colour here may 
not be of any value. To g et colour, the acquisition 
system  need not be colour enabled. The p ro cess­
ing softw are can  subsequently add colour to the  
image.

The internet h as ca u se d  another major 
ch an ge that is happening in this field. On one side 
the equipment n eed s to be m ade capable of be­
ing used for rem ote diagnostics and telem edicine  
a p p lic a tio n s . On th e  o th e r  h a n d , In te rn e t  
enablem ent m ak es it possible to remotely diag­
nose, repair and even softw are upgrade the m a­
chines them selves! How much effort d o es it take  
to cre a te  such a  sy ste m ? It tak es up to a thou­
sand people y ears (a  hundred to a  hundred and 
fifty people working form about five years) to de­
velop an im age-acquisition and processing sy s­
tem , ground up. And the bulk of the work is in the  
softw are effort.

H ardw are in M edical Im aging:
W e all know that the im age processing and ren­

dering requirem ents of even elem entary gam es  
are huge That is why the graphics card s of today 
build in hum ungous am ounts of their own dedi­
cated  p ro cesso rs. But the volume of data they 
have to p ro cess  pale to insignificance when com ­
pared to the volume of data handled by a  medical 
im age-acquisition system .
Unlike a gam ing PC , w here there is no sep arate  
im age acquisition and w h ere p ro cessin g  and  
display hap p en  on th e s a m e  unit, a  m edical 
image-acquisition system  acquires the im age at 
one point, and then tran sfers it to another point 
(for exam ple, to a  viewing station) for p ro cessin g . 
And often, the acquisition and processing/viewing 
is real tim e, with th e physician  or tech nician  
adjusting the so u rce , according to what is being 
viewed. Thus, a  m edical im age-processing sy s­
tem  should be cap ab le  of not only processing  
hum ungous am ounts of im age information, but 
a ls o  of tra n sm ittin g  th e  s a m e  a m o u n ts  of 
information.

The computing sy stem s used in th ese  m a­
chines have to m atch processing and transfer re­
quirem ents, which far e x ce e d  that of traditional 
P C s  and w orkstations, ev en  though they are  
classified a s  em bedded system s, and many of 
them do not run anywhere near the gigahertz range 
of processor sp eed s that even entry-level P C s run.

M achines like a  CT scan n er run multiple 
em bedded system s, with e a ch  doing specific job. 
On top of this there a re  specific m icroprocessors  
that control the m ovem ent of the gantry and the 
patient table.

D ata that is acquired by system s like CT  
or MRI sca n n e rs  is sen t to processing equipment 
that are  really workstations. Medical-equipment 
vendors have their own workstations.

Another a re a  w here IT equipment com es  
into play is in sto rag e. Huge am ounts of data are  
acquired by th ese  imaging sy stem s and need to 
be archived. S to rag e  and archival system s start 
from hard disks and range through CD writers and 
different types of tap e  backup.

Many of th e se  sy stem s let service techni­
cian s’ a c c e s s , d iagnose and repair them remotely. 
S u c h  r e m o te  a c c e s s  is th ro u g h  s e c u r e  
connections over the Internet, using ISDN m odem s 
and the like.



Sim u lated  S u rg et7 :
S u rg ical sim ulation s im u la te s  th e  w orking e n ­
vironm ent of a  surgical p ro ced u re  using a  c o m ­
puter and puts d o cto rs  in th e  p ersp ectiv e  of th e  
c a m e ra  th at is a t  th e  point of o p eratio n .

The first major shift from ‘hand -eye con ­
n ect’ medical procedures w as with the advent of 
tiny ca m e ra s  and instrum ents that could be in­
serted  into a  patient’s  tract and monitored closely  
on a  video monitor. Modern day en d oscop ic sur­
gery relies on th ese  tools to perform surgeries  
faster and with minimal risks. This is called MIS 
(Minimally Invasive Surgery). D octors, however, 
found it a  little difficult to them ; hence, the surgical 
simulation. This con cep t is not restricted only to 
endoscopic procedures.

How  It W orks:
Surgery simulations are  manipulation of already  
existing 3D m odels of organ s. In e s s e n c e , a  sur­
gical simulator perform s three task s; model or­
gan s and deform ations, sim ulate actions like cut­
ting of tissue and calculate and g en erate  force  
feedback reactions. Models are  generated by 3D- 
modeling softw are from real im ages taken during 
actual procedures. D ata on the geom etric and 
elastic properties of organs is also fed into the 
simulator. S o  much so  that 3D model of vascular  
system  is also superim posed to simulate the blood 
flow. To iteratively calculate the actions and re a c ­
tions, FEM (Finite Elem ent Modeling) is used. The  
force feedback system  u se s  detach ab le surgical 
tools mounted on force-feed b ack  devices. Unto­
ward event scen arios and multimedia clips are  
incorporated to aid the p ro ce ss  of learning.

VR(Virtual Reality) is extensively used in 
simulations for surgical training. This exten d s the 
con cep t of MIS, which already u se  video monitors 
e x te n siv e ly . An MIS sim u latio n  in v o lv es a  
c o m p u te r -g e n e ra te d  3D  m o d el of su rg ica l  
representations like body organs. The doctor then 
inserts instruments into the model and performs 
the surgery virtually.

VR ensures that the organs look and behave  
like them. So, organs would m ove, reflect light and 
get com pressed when touched virtually. By m eans  
of VRML (Virtual Reality Modeling Language) and 
Ja v a , the simulation is e a s y  to model and imple­

ment. End u sers could even work on V RM L-ca­
pable brow sers. D octors could go through mul­
tiple iterations on the virtual model before carrying 
out the procedure on the live patient.

Existing, virtual surgery tables are  still in in­
fancy. T h ese  are  actual physical operating tables 
that have m ulti-user projection system s. They  
incorporate active and passive, high-resolution 
s tereo  projection system  to enable a  group of 
u sers to work on either side of the table on sam e  
or different se t of data.

C om puters and Dentist:

Filling of carious teeth, capping or crowing of teeth  
co m e s under restorative dentistry. Traditional re­
storative dentistry requires several visits by the  
patient, who m ust endure extensive drilling, the  
rubbery impression material in his mouth, a  fragile 
tem porary restoration, and a  two to four week wait 
for the laboratory to fabric the crown.

C E R C  (Chair side Econom ical Restoration  
of Esthetic C eram ics), a  com puterized dental-re­
storative system , takes a s  less a s  an hour. It allows 
dentist to quickly re sto re  d am ag ed  teeth  with 
natural-colored ceram ic (porcelain) filing, saving  
patient’s  time and inconvenience.

C E R C  u ses CAD/CAM technology, incorpo­
rating an intra-oral digital cam era , com puter and 
milling m achine in one instrument. The dentist 
u s e s  this sp ecial ca m e ra  to tak e an a ccu ra te  
p ictu re  of th e  d a m a g e d  to o th . T h is op tical  
impression is transferred and displayed on a  color 
com puter scre e n , w here the dentist u se s  CAD 
technology to design the restoration. Then CAM 
ta k e s  o v e r  an d  a u to m a tic a lly  c r e a t e s  th e  
restoration while the patient w aits. Finally, the  
dentist bonds the new restoration to the surface  
of the old tooth. The whole p ro ce ss  tak es about 
on e hour. T h e restoratio n s have been proven  
precise, sa fe  and effective.

C o sm e tic  dentistry. C o sm etic  im aging, 
Dental radiography. O rthodontics a re  the other 
su ccessfu l stories of using IT for dentists.

Rem ote M edicine:
Telem edicine is delivering m edical diagnosis and  
treatm ent over long d istan ces, either in real time 
(live) or store and forward m od es. In real time, a



patient consults the doctor over a telecon feren c­
ing system , \while the patient’s data is collected  
and transmitted to the consulting doctor. The data  
transmitted includes the patient’s medical history. 
In store and forward, clinical data is collected, 
stored and latter forwarded for interpretation. So, 
the patient and doctor are  not required to be avail­
able at the sam e time. Computing sy stem s used  
here have to capture and store still or moving digi­
tal im ages, audio and text.

W hat technology do such  techniques re­
quire? A secu re  (encrypted) telecom m unications  
netw ork  (high bandw idth ISDN or sa te llite  
co n n ectio n s), netw ork -con feren cin g sy ste m s, 
co d e cs  (to com p ress very large, moving digital 
im a g e s ) ,  s to r a g e  d e v i c e s  an d  d a t a b a s e -  
m anagem ent software all com e onto play to create  
a stable and recurring telem edicine system .

Most telem edicine units are  PC  based , c a ­
pable of transferring digital im ages over an ISDN- 
based WAN or LAN. High quality co d e cs  and audio 
s y s te m s  a re  im p ortan t, a s  th e re  c a n  a  lag  
between video and audio synchronization.

There are  also room  b ased  telem edicine  
system s with one or two large scre e n s . They may  
also have white-boarding featu res and scanner, 
printer and VCR interfaces.

In India, telemedicine has great scop e, par­
ticularly given that the exp erts a re  in cities, w here  
patients from far aw ay towns and villages will have 
difficulty in a cce ssin g  them . W hat started off a s  a 
social experim ent by a  few governm ent hospitals 
is slowly drawing the attention of larger private 
hospital networks also.

M edical Transcription:
Am ongst the serv ices being outsourced to India, 
medical transcription is a  well-known one. T h ere’s  
been a  lot of talk about the logic of outsourcing: 
the low co st of English-speaking labor in India and 
the fast turn-around tim e b e ca u se  of the time dif­
feren ce betw een India and the US.

Briefly, here is what medical transcription in­
volves. Doctors in the W est record their diagnosis, 
prescriptions and a  patient’s  m edical history and 
s e n d  th e m  a s  a u d io  f ile s  to  th e  m e d ica l  
transcription cen ter (usually over e-m ail). This 
m akes security and having broadband connection

important issues. Transcription equipment provid­
ers  usually offer encrypted transm ission over a  
network or the Internet, without the involvement of 
a third party.

At the transcriber's end, what hardware 
and softw are required? A PC  (with sound card), 
foot pedal (to rewind, forward, p au se and stop the 
audio files. This co m e s  with the U SB or serial 
connection), h ead set, line counter, medical dic­
tionaries and books, lists of m edical transcription 
referen ces and transcription p ractice tap es. In 
term s of the softw are, you need a  transcription 
application (one that can  play m ost audio files; 
M P3, True S p eech , Vox) and co d e c  support on 
on e’s  PC. Also important are  medical and pharma 
spell-check tools (like Spellex Medical); a  good  
spell ch eck er contains spelling of d iseases, medi­
cal procedures, surgical term s, medical acronym s 
and abbreviations. Peop le trained in medical tran­
scrip tion  and tran scrip tio n  ch eck in g  is a lso  
needed.

Enhancing M edical Equipm ent:
Com puters a re  being used to en h an ce  the func­
tionality of all types of m edical equipment. This is 
being done either m anufacturing p rocess itself, or 
later on a s  an add-on. Two c a s e s  in point are  two 
com panies called M aestros and MIST (Medical 
Information and Software Technologies). While the 
form er is into manufacturing of equipment for car­
diology, gynecology and imaging, the later is into 
developm ent IT solutions for the medical world. 
As for exam ple. M aestro h as developed a device  
called CardioVigil which using EPROM  chips con­
taining the controlling softw are can  monitor three  
m edical p aram eters, nam ely EC G , O xygen con­
tent in blood, and non-invasive BP m easurem ents  
(NIBP) of patients. The num ber of m easurable  
p aram eters can  go up to five by simply upgrading 
the EPRO M  chip. This device also has an R S 2 3 2  
interface for connecting it to a  PC , and there is a  
W in d ow s-b ased  softw are  for controlling. O ne  
CardioVigil device is kept to e a ch  patient’s  bed in 
a  hospital ICU and th ose are  connected to a  single 
PC  using a  hardw are interface box containing 
multiple R S 2 3 2  ports for connecting those devices 
on one side, and a  PC  interface on another. This 
way all the patients can  be monitored from a single



rem ote location outside the ICU. MIST h as many 
products, which can  be used in various applica­
tions, including ultrasound, endoscopy, pathology 
and digital radiography.

Hospital M anagem ent:
T h ere is a  hospital information system  called  

MEDICUS aimed at hospital & patient m an ag e­
ment. It sto res and p ro ce sse s  patient data, a c ­
counting information, hospital administration and 
inventory updates with a client-server approach. 
The interface is user-friendly and simple. 
MEDICUS co m es with a multimedia help feature. 
If the com puter has a sound card , the audio help 
instructs the user at every s tag e . The multimedia 
help can  be switched off at any stag e . The appli­
cation can  run in Internet Explorer or N etscape. 
But a s  more a s  we say  it will be too little about use

of IT in medicine. T h ere are  so  m any fields of 
medical aren a using IT now adays, is beyond of 
sco p e  to d iscuss in this article. And in many c a s e s  
it is in infancy. But, hope, the day is not far when IT 
will be indispensable in m edical scien ce.

Lastly, a  m atter to add, there is a flip side 
to the u sag e  of IT. The problem lies with the way 
we u se it. In a  w ell-established hospital at a given 
time several patients a re  fighting with their lives. 
T h ese  patients are  under constant monitoring. S o  
far so  good. Only, right around midnight, an old 
dot-matrix printer starts  its high-pitched screech  
som ew h ere inside the unit. M aybe they print bills 
or instructions for next shift. But, surely, the pa­
tients could have don e without this unpleasant 
sound right at the time they are  battling for life it­
self!


