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MARS is a radioloaic information management system, automating information access and flow in 
three d is t inc t  areas: I )  management 2) medical and 3) radioaraphic imaqe systems. The system's goal is to 
improve diagnostic patient care through fast information access and flow. 

Management information storaae, re t r ieva l  and display includes patient and f iscal  control data. 
Patient flow is assisted by compute~scheduling and expeditina to optimize the use of radiographic f a c i l i -  
t ies.  Fiscal control includes storaqe and ret r ieva l  of patient b i l l i n g ,  department accounts, and grant 
management information. 

The results from two years of c l in i ca l  use of the medical information automation program are pre- 
sented along with a discussion of system modification made when transferr ina this system to a DEC PDP-15 
department computer from the IBM 360-50 central processor. 

The image information system includes production, storage, transmission, re t r i eva l ,  display, 
information extraction and evaluation modules. Status of current research is reported for the radiographic 
evaluation module and for information extraction and automated diaanosis of rheumatic and congenital heart 
disease. 

Introduction 

One begins increasingly to hear the phrase "out of control" in reference to r is ing health care 
costs. Whether or not the health care system is out of control, cost projections are beginning to approach 
10% of the gross national product. A very small percent of health care costs represent the application of 
technology in medicine; computer automation techniques of fer  the promise to both increase the qual i ty  of 
health care and reduce costs. Our e f fo r t  has been to apply these techniques to an entire department of 
Radiology and thus to test the cost effectiveness of automated health care in the c l in ica l  context. I am 
reporting today on modules of our system that involve the use of computer graphics. 

I should l ike f i r s t  to make a philosophical point. The concept of a total  hospital information 
system is log ica l l y  pr ior  to that of any par t icu lar  department. We begin by postulating that such'a system 
w i l l  include a central f i l e  with select ive access. By constructing a system that meets the needs of our 
department we w i l l  ( I )  have quaranteed the peripheral specif icat ion necessary to any system; 2) demon- 
strated a model for information processing applicable to other departments with s imi lar  information require- 
ments; and 3) be ready to aid in the integration of intra-department information systems when they are 
ready. 

This paper is concerned I)  with the medical information system being transferred to a small 
stand-alone computer; 2) with the system test of a 35 mm radiographic imaging system; 3) computer assisted 
diagnosis and 4) direct  computer diagnosis from chest radioaraphs. 

Medical Information Processing 

A USPHS survey** comparing the years 1964 and 1970 indicates that demand for radioloaical care is 
increasing much more rapidly than the supply of trained medical personnel. I t  is estimated that the aver- 
age radiologist  is experiencing a 20% increased demand on his time every year. The t rad i t ional  radiology 
report is generated by a dictat ion and correction process relying on a typing pool and manual information 
processing. With increase of patient t r a f f i c  there is often direct conf l i c t  between information flow and 
patient flow. Figure 1 depicts such a radiology department, over crowded and badly in need of automated 
information flow techniques. 

In our department we have had an on-l ine c l in ica l  radiologic reporting system for over two years. 
Over I00,000 reports have been generated via this system. Figures 2, 3, and 4 show s ta t i s t i cs  acquired in 
c l in ica l  usage. I t  is seen that under the computer system over 75% of the reports reach the referr ing phy- 
sician in about six hours whereas in the previous system the majority of reports were received the fol low- 
ing day. 

* Research supported in part by: USPHS-HSO0646; GM17729 and CA06263 
** Preliminary estimates of the USPHS 1970 X-Ray Exposure Study. Charts for oral presentation at the 

session sponsored by the American College of Radioloay at the Roentgen Ray Society Meeting, Boston, 
September 29, 1971 
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Figure I. A RADIOLOGY DEPARTMENT IN NEED OF AUTOMATEDTECHNIQUES. As health care fa- 
c i l i t i e s  become over-crowded we may face a breakdown in the quality of health 
care i f  not of the entire system. Computer mediated information management 
can aid greatly in expediting information and patient flow in crowded fac i l i t i es .  

AVERAGE NUMBER OF MARS AND DICTATED REPORTS PER WEEK, 
PLUS PER CENT DOWN TIME BY MONTH. 
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Figure 2. PHYSICIAN USE OF THE AUTOMATED REPORTING SYSTEM. Dictating system was 
used for backup. Central computer down time during cl inical hours has 
averaged I0%. Use of dedicated computer for the MARS system wi l l  allow 
exporting system to other users and is expected to greatly improve re l i ab i l i t y .  
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CUMULATIVE PERCENTAGE OF MARS AND DICTATED REPORTS VS. HOURS 
DELAY BETWEEN PATIENT ARRIVAL AND REPORT TRANSMISSION. 
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Figure 3. AUTOMATED REPORTING SYSTEM MAKES 
THE RADIOLOGIST'S REPORT MORE EFFECTIVE. 
Reports are typed at the wards and 
in f i lm room for glueing to f i lm 
jacket. Majority of reports are com- 
pleted within six hours of pat ient 's 
arr ival in department using computer 
system. 

Figure 4. DISTRIBUTION OF REPORT COMPLETION 
TIMES. The automated system pro- 
vides reports to the referr ing 
physician in time to be relevant 
for c l in ica l  decisions on patient 
disposit ion. 
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Cr i t i ca l  concepts of  the system include maximum use of c le r i ca l  personnel; dispersion of  informa- 
t ion access and entry points (recept ion, diagnosis, f i l e s ,  ward); computer mediated transmission of reports; 
computer re t r i eva l  of reports and computer mediated assembly and checking of  the report at i n te rac t i ve  
CRTs. 

Pr incipal  objections to the system stem from physician reluctance to enter data via a key board 
and in some cases to the terse non-verbose nature of the report .  I t  is  our experience that these objec- 
t ions are minimal i f  the system saves the rad io log is t  t ime, gets the report to the re fe r r ing  physician 
quicker and the computer operates cons is tent ly  and r e l i a b l y .  Correlat ion of computer d~wn time and use of  
d ictated reports is indicated in Figure 2. 

Transfer to Department Stand-alone Computer 

One of  the advantages of automated systems is the a v a i l a b i l i t y  of a continuous record of system 
performance. Our use of a central hospital  computer has been plagued with an average 10% downtime. Prob- 
lems have arisen with both hardware and systems software. Our current philosophy is based on the concept 
that  the person responsible for  health care must also be d i r e c t l y  responsible for  the means by which i t  is  
del ivered. Further, the use of  our software and graphics w i l l  now be exportable to other users. Indepen- 
dence of a large central CPU allows use of  any of  the MARS modules with a minimal hardware conf igurat ion 
keyed to the user's environment and needs. For these reasons we have implemented the t rans fer  of the cur- 
rent MARS system to a PDP-15 department computer. The MARS system was t ransferred from FORTRAN coding to 
i n te rp re te r  language (MUMPS) in less than s ix  months (with considerable add i t ions) ,  with the aid of the 
MUMPS operating system. The new system is cur rent ly  in the f i na l  debugging stage. Extensive use of  sta-  
t i s t i c s  on frequency of usage from c l i n i ca l  operation was made in assembling the terminology tables of the 
new system. 

The MUMPS system developed at Massachusetts General Hospital and documented and augmented by 
D ig i ta l  Equipment Corporation is an i n te rp re t i ve  language system with extensive s t r ing  manipulation and 
f i l e  st ructure a b i l i t y .  We have observed approximately a 3:1 e f f i c i ency  factor  in programmer output com- 
pared to FORTRAN coding. The system allows protected time shared use of core; our current hardware allows 
up to 16 simultaneous users (28K-18 b i t  core, two 8 por t ,  2400 baud terminal scanners, 20 m i l l i on  words of 
disk storage). 

We are combining many of  the management information systems with the current c l i n i c a l  report ing 
system. Current ly ava i lab le  with the report generation program are teaching f i l e  programs, coded report  
lookup programs, mnemonic "canned" reports with allowance for  mnemonic use of ind iv idua l i zed  pet phrases, 
day sheet enquiry, pat ient  scheduling, terminology table updating, and a re fe r r ing  physician pat ient  sum- 
mary. These options are displayed in menu form to the user who signs in with the MARS program, i f  he 
repl ies with a ? to the options in ter rogat ion.  The system allows simultaneous developmental programming 
from remote CRTs; as modules are completed they are integrated under the MARS program. This is implemented 
eas i ly  with the c a l l ,  over lay and protect ive features of MUMPS. Each terminal user has a s l i ce  of  s l i g h t l y  
over I000 words of  core. The resident system u t i l i z e s  approximately 12K of core depending on the number of  
device handlers. 

A typ ica l  example, Figure 5, w i l l  serve to indicate how the f i l e  s t ructure and coding of the MARS 
system serve to o f f e r  the rad io log is t  aid in quick ly  construct ing a report .  Combination of  command and 
phrase codes allow most reports to be constructed and displayed from a s ingle l i ne  entry.  Maximal use is 
made of the physic ian's act ive memory and "menus" are displayed for  passive memory select ion only when he 
uses a four l e t t e r  (or greater) mnemonic for  which a terminology table search indicates there is more than 
one use of the term. In th is  case a l l  phrases using the term are displayed for  choice with the I ,  2, or 3 
l e t t e r  code designators which could have cal led the term or phrase to aid the act ive memory of the user for  
future use. Any report can be re t r ieved,  in pa r t i cu la r ,  by using the pa t ien t ' s  name or ID number, or in 
general, by a Boolean combination of  the key words of which the report is constructed. Hence one can 

EC/S UP LB L LNG/FCM--5.5 MSS "WITH SHAGGY BORDERS"/NCLC/ICA 

EXAMINATION: CHEST. PA AND LATERAL 
S ITE: UPPER LOBE OF THE LEFI" LUNG 
FINDING: 5.5 CM. MASS WITH SHAGGY BORDERS 

NO EVI DENCE OF CALC I FICAT ION 
IMPRESS ION: CARC INOMA 

Figure 5. EXAMPLE OF CODING USED TO CONSTRUCT REPORT. Most reports are constructed 
and transmit ted by typing a s ingle l ine .  The slash is used to force a 
new l i ne  in the output. I f  a physician does not remember a mnemonic code 
he types the f i r s t  four l e t t e r s  (or more) of  any word in the desired 
phrase. I f  the tables contain more than one such phrase a l l  p o s s i b i l i t i e s  
are displayed for  the user choice of the correct phrase. The bottom f i ve  
l ines resu l t  from entry of the top l ine .  
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search for any Boolean combination of diagnosis, s i te  or examinations and the search is specified using the 
mnemonic codes. Retrieval is fast because the code for the text is stored and not the text .  Free text  is 
allowed in constructing a report, but i t  is stripped when the report is permanently stored so that a l l  such 
reports contain only vocabulary from the basic tables. These tables are extensive, but need to be stored 
only once. Reports are held in a work f i l e  in fu l l  format during the period in which they are act ive ly  used 
in the department and automatically converted to coded form af ter  a f ixed time interval from the i r  inception. 
The MUMPS language allows fast recovery using only the pointers to the information. The MARS system is con- 
structed so that neither the tables nor the reports need to be searched but the report and the terminology 
contained are assembled as the Boolean search is sat is f ied.  

Patient scheduling presently u t i l i zes  only a simple computer mediated appointment book. Patient 
expediting, which involves computer checking of proper sequencing of examinations, the a b i l i t y  to block 
schedule for par t icu lar  f a c i l i t i e s  and to integrate emergency needs is currently in the planning stage. 
Planning is based on an extensive Industr ial  Engineering analysis of our department and i ts  relat ion to to- 
tal hospital patient flow. Using the basic structure of the MARS system i t  w i l l  be a straightforward 
exercise to expand patient scheduling algorithms as soon as the integrated goals and terminal locations for 
patient flow are evident. 

Fiscal management programs are not yet integrated under the MARS program but are being developed 
and tested as submodules. They rely more heavily on menu selection and the a b i l i t y  of the user to cal l  for 
a menu with a question mark whenever his active memory f a i l s .  The basic charges accrued to each patient are 
of course kept with the stored report. The use of a common data base for a l l  programs allows testing of de- 
velopmental programs (which do not modify the data base) on-l ine with c l in ica l  operation. 

INFORMATION MANAGEMENT IN DIAGNOSTIC RADIOLOGY 
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INFORMATION SYNTHESIS, TRANSMISSION, STORAGE 
DELIVERY AND RETRIEVAL OF RAD OLOGY REPORT 

SCHEMATIC REPRESENTATION OF INFORMATION FLOW IN 
RADIOLOGY. Fiscal management information has 
been omitted for s impl i f ica t ion.  The MARS sys- 
tem goal is to automate information flow and 
ret r ieva l  for the ent i re department in modular 
form. 

Quantif ication of Diagnostic Content 

A basic flow diagram for our depart- 
ment is indicated in Figure 6. Among the 
paral le l  paths indicated is automated diagno- 
sis by computer. In order to ef fect  machine 
diagnosis and especial ly to ef fect  d ig i ta l  
transmission of images i t  was necessary to 
create an evaluation tool so as to allow con- 
t ro l  of image qual i ty  (diagnostic content) 
without the continuous intervention and atten- 
t ion of our research physicians. To accom- 
pl ish this a special test l i b ra ry  of 5,000 
cases was selected using the case ret r ieva l  
capabi l i t ies of the MARS system. This l ib ra ry  
contains 20% of normals and representations of 
a l l  radiographic abnormalities; also included 
are nuclear medicine scans and thermograms. 
Radiographs are graded for degree of d i f f i c u l -  
ty of perception and degree of d i f f i c u l t y  of 
diagnosis. Each f i lm is examined by a team of 
ten physicians working independently. I t  
would be impossible to accomplish such an ef- 
for t  in the busy c l in ica l  context i f  the in- 
formation storage and ret r ieval  were not 
automated. The terminology tables of MARS 
were used and the data base modified to allow 
this project a special subset of storage for 
compilation of separate s ta t i s t i cs  and rec- 
ords. 

We are currently using the library 
to evaluate a 35 mm radiographic storage and 
imaging system by direct comparison of diag- 
nosis with the original and with the projected 
35 mm image. The entire l ibrary is therefore 
now available in 35 mm format. Performance 
and grading stat ist ics for the 35 mm l ibrary 
wi l l  soon be available. In i t ia l  results are 
promising and i f  the statist ics continue to 
indicate the effectiveness of the new system 
we wi l l  in i t ia te clinical use for further 
evaluation. 

I t  is certain that without the or- 
ganization and communication offered by com- 
puter graphics such a study would be impossi- 
ble. Can you imagine the d i f f icu l t ies of 
manually selecting such a l ibrary, much less 
getting physicians to manually code their 
diagnoses for research in a clinical context? 
Even an in f in i te  clerical staff  would have 
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di f f icu l ty  coping with the problem of deciphering physician handwriting. 

Computer Assisted Diagnosis 

Figure 7 is an expression of Bayes' theorem applied to probabilistic determination of diagnosis 
based on frequency of symptom and disease. While a physician certainly normally does not perform such a 
mathematical exercise, nevertheless his diagnosis often reflects a probabilistic orientation. Our effort 
has been to use the computer directed terminal to allow the physician to code an in i t ia l  decision tree. 
Such a decision tree, provided i t  starts with the right questions, can be constructed so as to use informa- 
tion describing the abnormality to eliminate a large percentage of the possible diagnoses and display a 
subset for serious consideration. In use, this decision tree brings the physician to a l i s t  of possible 
diagnoses that must be considered given his reply to questions generated by his path through the decision 
tree. The analyzed physician-experience with a large number of cases can be reduced to a kind of public 
model of the disease. Bayesian mathematics can then be used to analyze the possibil i t ies provided at the 
termination of the decision tree and return the diagnosis with the higher probabilities. The computer as- 
sisted diagnosis programs available at the MARS terminal allow a resident to examine at each step of the 
decision tree the current probability for each relevant diagnosis. Hence the student of Radiology has an 
eff ic ient means of examining the weight of each of the parameters of his decision. Assuming that both the 
decision tree and the probabilistic model of the radiographic specialty in question are produced by a per- 
son with outstanding expertise in his specialty the program represents the codification of his expertise. 
The decision tree represents the correct approach to the problem, the public model a kind of state of the 
art of probabilistic coding of the significance of each radiographic parameter. The program is useful not 
only in training but especially for clinical reference in the more rare specialties of radiology, such as 
bone tumors, where the average radiologist may not accumulate sufficient experience to have the real ist ic 
"feel" for correct probabilities which he exercises in his normal practice. 

BAYES' THEOREM 

P (DilS=s) -- n 
P (D i) • P ( S=s / D i) 

ZZ [P (Dj) • P (S=slDj)] 
j=1 

The probability that a patient with symptoms s 

has a disease D i is directly proportional to the 

relative incidence of D i and to the frequency 

with which these symptoms occur in disease D i. 

Figure 7. COMPUTER ASSISTED DIAGNOSIS. By proper use of computer mediated decision 
trees and Bayesian analysis MARS terminals provide training in estimation 
of diagnostic probabilities, a means of codification of radiologic exper- 
tise and assistance for rare cases where experience is insuff icient to 
properly estimate disease probabilities. 
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Direct Machine Diagnosis 

The use of digital scanners and display allows the numerical representation of each picture point 
and the direct investigation in core of radiographs with the purpose of developing algorithms that locate 
portions of the anatomy, make significant measurements and then classify the measurements as normal or ab- 
normal. A large part of the radiologist's time is consumed by normal and "uninteresting" picture classif i- 
cation. We are attempting to develop automatic screening programs to relieve the burden of such cases. 
Our principal success to date has been with brain scans, rheumatic heart disease, and congenital heart di- 
sease. None of the programs are cl inical ly in practice but the three indicated are far beyond the basic 
research stage. They involve the use of large core machines and average about two minutes of 360-50 time 
per diagnosis. Results are presented in Figure 8 for a study of rheumatic heart disease comparing a team 
of radiologists with direct machine diagnosis. 

The computer algorithm f i r s t  "finds" the heart and outlines the area of consideration. Figures 9 
and lO show a case of congenital heart disease, an atrial septal defect, displayed on our Dicomed display 
terminal and the results of the computer search for the heart outline. After the heart is found, poly- 
nomials are f i t ted to portions of the le f t  and right boundaries and a set of measurements taken. Measure- 
ment discrimination algorithms are then used to classify the set of measurements as abnormal or normal. 
Abnormal measurements are further classified corresponding to a differential diagnosis. The results in 
columns A, B, and C of Figure 8 represent different measurement classification algorithms. Training re- 
sults represent success rate when the computer is allowed to adjust its own weighting functions based on 
the discriminating power of the measurements. Testing results are obtained with the weighting functions 
held constant on radiographs that the algorithm (in the fixed state) has not previously seen. The physi- 
cian statistics represent diagnosis by a group of physicians using both the PA and lateral views. Only the 
PA view was used by the computer. 

The results of Figure II were obtained by running the rheumatic heart program on a library o f  
over 300 congenital heart radiographs. The algorithms that locate the heart were not changed, the same set 
of measurements and type of polynomial f i ts  were used that successfully classified rheumatic heart cases. 
The higher success rate with ages of 0-4 years excluded points out that we have not yet adequately solved 
the scaling problems involved with the smaller radiographs. Results when all cases were excluded in which 
the computer missed the correct outline of the heart indicate also that a more general heart edge algorithm 
is necessary for congenital heart disease. 

I t  must be emphasized that this study is not complete and the data is presented only to indicate 
usefulness of the digital display in creating and testing such automated programs. I t  is hard to forecast 
when such programs wil l  be available for aid at the clinical level. We have taken an unlimited core, brute 
force approach to the problem. We are currently researching the means to automatically quantify the amount 
of pulmonary vascularity. I t  is impossible to specify at this point what is the minimum core size and 
practical hardware for a mass screening machine. I t  does seem safe to say that ful l  resolution capabili~es 
of our equipment wil l not be necessary. 
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Class 3MI, MS-MI 

Class 4 Bivalvular 
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33 
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50 
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RHEUMATIC HEART DATA 

Radiologist 

83 % 

50 % 

54 % 
29 % 

76 % 

Overall Percent 
Correct Classification 62 % 

Testing ! Training 

A B C A B C 

89% 85% 88% 95% 94% 94% 

56% 24% 21% 82% 33% 33% 

24% I0% I0% 72% 14% 29% 

83% 72% 72% 82% 75% 70% 
59% 46% 48% 78% 62% 60% 

281 cases 282 cases 

73% 61%162% 85% 69% 68% 

Figure 8. PHYSICIAN DIAGNOSIS COMPARED TO MACHINE DIAGNOSIS OF RHEUMATIC HEART 
DISEASE TEST LIBRARY. Computer t ra in ing  resul ts  re fer  to resul ts  on 
radiographs used to t ra in  or determine coef f i c ien ts  in decision algo- 
r i thms. Testing resul ts  are for  radiographs not seen by the algorithm. 
A, B, and C re fer  to d i f f e ren t  s t a t i s t i c a l  d iscr iminant algorithms. 
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Figure 9. ATRIAL SEPTAL DEFECT DISPLAYED ON 
DICOMED DISPLAY. Congenital heart 
disease l i b ra ry  currently contains 
over 300 cases. Patient is 20 
year old male. 

Figure I0. HEART OUTLINE FOUND BY COMPUTER. 
Same data as Figure 9 with out- 
l ine of heart found by computer 
superimposed on display. Meas- 
urements are normalized with 
respect to thoracic width found 
by computer and taken with re- 
spect to midline of mediastinum 
found by computer. 
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Figure I I .  PRELIMINARY CONGENITAL HEART RESULTS WITH UNMODIFIED RHEUMATIC HEART 
ALGORITHM. Younger patients present scaling and normalization problems. 
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Conclusion 

I t  is safe to say that advances in medical radiant image management are now underway which during 
the next decade, w i l l  revolut ionize the practice of radiology. These involve extensive changes in the me- 
thods of producing images, transmitt ing, storing and ret r iev ing images, developing and evaluating images, 
extract ing in te l l igence from images, and recording and del iver ing image information. These technological 
advances are coming on qu ie t ly ,  a l i t t l e  out of phase with each other, somewhat unsuspected by the medical 
profession, but they wi l l  come into bloom with a s ta r t l ing  impact. They w i l l  permit bet ter ,  faster ,  and 
more accessible medical diagnoses, and conceivably at less cost. Certainly the i r  impact w i l l  be to change 
the patterns of radiological health care; yet beyond th is ,  they w i l l  have an impact on industr ia l  produc- 
t ion and processing, in the sense of automated inspection and qual i ty  control. I t  appears that for the 
foreseeable future imaging w i l l  continue to be heavily dependent upon f i lm as the most e f fect ive storage 
mechanism, although new laser technology could modify this as wel l .  Much of this new technology is being 
developed and tested at Missouri, where already we are looking forward to the planning and execution of a 
new kind of health care f a c i l i t y  which wi l l  optimize the application of these new technologies. 
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