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QUALITY CONTROL OF SOFTWARE IN DISSIMILAR SYSTEMS USING A 
COMMON CLINICAL DATA BASE 

Abstract: 

For a long tiime there has been wide spread interest in 
the quality control of diagnostic instrumentation. The 
increasing dependence on computational systems for clinical 
results makes it imperative that methods for quality control 
of diagnostic soft:ware be develop~!]. Tlil£ paper- pr-oposes a 
method based on the use a coll,,ection of patient studies for 
which the results have been corroborated by independent 
methods. The data set will be distributed in a format 
requiring no special handling by the system being tested and 
will appear identical to studies actually collected by the 
host system. An example of the use of a preliminary version 
of the data set for comparison of two systems is shown. The 
comparison shows that analyses performed on the two systems 
agree very well and can be reliably compared for follow-up 
studies of a patient. 

1. Introduction: 

It is important to establish quality control procedures 
for the evaluation of software because it is not uncommon to 
find that the results of clinical studies are reported soley 
on the basis of computer analysis and that no correlative or 
other substantiating information is available. For a long time 
there has been wide spread interest in quality control of 
diagnostic instrumentation. However, there has been little or 
no concern expressed about quality control of software used in 
the collection and analysis of diagnostic information. This 
problem arises from the fact that it is often a very complex 
and time consuming procedure to properly evaluate software as 
well as the attitude that "software never fails". However, 
this is not the case. In fact, software does fail and quite 
often fails in a most spectacular manner. 

2. Discussion: 

For purposes of this discussion software can be divided 
into four catagories: 

1) Operating Systems 
2) System Subroutines 
3) Maintenance Diagnostics 
4) User Application Programs 
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The first three of these are usually supplied by the 
system vendor while the fourth is implemented by the user who 
sometimes also contributes special routines to the system 
libraries represented by category two or obtains them from a 
users group which 1n turn obtained them from users of unknown 
expertise in program design and often whose only 
recommendation is that they are willing to take the time to 
fill out the submission documentation. All software can also 
be divided into two other groups; ie. "under development" ana 
"complete and in routine use". Unfortunately, the division 
between these two groups is often unclear and all too often 
one finds a third group--"under development and in routine 
use". 

The reasons for performing quality control evaluation of 
software packages are very similar to those given for hardware 
evaluat.ion. These are: 

1) to discover unknown changes in the system 
2) to evaluate the effect of changes in other 

portions of the system, e.g. system software 
3) to evaluate intentional changes in the system 
4) to evaluate and compare entirely new systems 

As stated above there is a prevailing attitude that 
software once developed and debugged never fails. To a 
certain extent this is true but there are a number of factors 
which affect software's ability to perform correctly. Most of 
these are hardware failures such as an error in loading the 
program from storage or· a memory error which changes a program 
step or variable value. While a computer is normally 
considered a "brittle system" in which any hardware failure no 
matter how small will bring the entire system to a crashing 
halt, it is possible for failures to go undetected and produce 
anomolous results. There are two ways to protect ones self 
against such failures. The simplest is to routinely run 
critical analysis programs using a fixed data set to ensure 
that the expected results are produced. The second is to 
routinely run hardware diagnostics on all the system 
components. While this latter method may seem a more elegant 
approach, it is not necessarily the desired one. In systems 
with components from several manufacturers one may not have 
good diagnostic routines for all the system parts. This plus 
the fact that it is well know among hardware experts that 
hardware diagnostic programs only tell you whether or not the 
diagnostic runs and not whether the user's software will run. 
It is virtually impossible to duplicate all the timing and I/O 
operations of a user program with a diagnostic and as such one 
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can only test a representative set of operations. The 
diagnostic program does give one some confidence in the 
hardware but it is by no means a gua!antee of continued 
operation of an application program. Thus, the first 
technique of routinely running a standard analysis would be 
preferred for quality control. 

Any operating system that is being actively supported by 
its vendor will undergo periodic updates. These range from 
small patches· which the user inserts in the existing system to 
wholesale replacement of the entire system. While the sm·all 
patches are normally issued to fix errors which have been 
discovered in the system and as such are relatively minor, the 
system must be tested after the patch is performed to 
determine that it has been properly installed as well as 
ascertain the fact that it doesn't alter existing program 
operation. Again, this is best done by running the analysis 
programs with a standard data set. The replacement of the 
entire operating system is another matter. Quite often the 
new version incorporates all of the patches issued for the old 
as well as implementation of new options. It is not unusual 
for many of the library routines to also be rewritten to 
provide faster or enhanced execution. The installation of the 
new operating system often requires the user to recreate the 
load modules used to run the collection and analysis programs. 
In this case, it is imperative that the programs be tested 
before they are used on patient data. 

Software under development is an area which requires very 
tight quality control·to ensure that a program designed to 
perform a given analysis or control function does in fact 
perform that function when implemented. Included in this 
class of software are not only new programs but also old 
established routines to which new functions are being added. 
With true patient data in which the "answer" is not known a 
priori, it is difficult to ensure proper operation. All to; 
often proper operation is assumed after the analysis of one or 
two sets of patient data with the production of answers that 
"seem right". 

This difficulty in evaluating a complex analysis package 
and assessing its ability to provide "correc;:t" answers results 
in an even more serious problem in the clinical evaluation of 
patients. There are at least 10 different commercial nuclear 
medicine analysis systems available in the United States plus 
an unknown number of user designed systems. It is not unusual 
to find systems from two or more manufacturers within the same 
clinical facility. Not only may these systems differ in the 
method used to implement a given analysis algorithm it is not 
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unusual for entirely different algorithms to be used to 
accomplish the same analysis. The use of phantoms and 
anatomical analogs is well accepted as a means of assessing 
the operation and physical characteristics of imaging and data 
collection systems. While it is possible in some clinical 
studies to construct phantoms which will adequately evaluate 
analysis algorithms· as well as the hardware operation it is 
not so in all cases. The complete evaluation of software 
routines in such instances as automatic edge finders for gated 
cardiac studies is very difficult, if not impossible, to do 
with phantoms. The reason for this is that most such 
automatic image analysis or pattern recognition routines 
depend heavily on the anatomical structures found in human 
studies. This is especially so in cardiac studies. Also it 
is becoming increasingly clear that different analysis 
algorithms operating on the same data set can often give 
widely varying results. When this sensitivity of the analysis 
routines is coupled with variations in collection protocols 
and hardware configurations it becomes all but impossible to 
validly compare and evaluate algorithms operating on 
non-compatible systems. 

The Biomedical Computing Technology Information Center 
(BCTIC) has designed and begun implementation of a clinical 
data base with the specific intent of providing a means for 
evaluation of new software, routine quality assurance of 
existing software and determination of the effects of 
modifications in both the operating system software and 
analysis programs. The data set is a collection of clinical 
studies acquired with a standardized protocol and completely 
unprocessed by the collecting system. When it is desired to 
use the data set to evaluate a software routine the data are 
written onto a magnetic media (at the present time magnetic 
tape) in a format compatible with the operating system to be 
tested. The format specifies such parameters as image size 
(i.e. 32 X 32, 64 X 64, etc.), frame rate, byte or word mode, 
etc. This format specification is important because it is our 
intention that the studies in the set should appear identical 
to studies actually collected on the host system and in a 
format completely compatible to the system being tested. This 
allows the unsophisticated user access to a well documented 
and verified data set with which it is possible to test the 
clincal software. 

A preliminary data set consisting of 13 gated cardiac 
studies was used to compare the operation of two dissimilar 
analysis systems. The two systems tested were the Digital 
Equipment Corp. GAMMA-11 and the Medical Data Systems 
MODUMED • 
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FIG. 1. Images of a typical study from the common patient 
study data base as displayed on the left in the MDS-MODUMED 
system and on the right in the Digital Equipment Corporation 
GAMMA-11 system. 
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FIG. 2. Results of analysis of the study shown in Fig. 1. 
The MDS system on the left indicates an ejection fraction of 
.70 while the GAMMA-11 system on the right gives .71 • 

liDS 
MODUMED 

.. 
FIG. 3. A plot of MDS 
ejection fraction deter
~ination versus GAMMA-11 
determination for 13 patient 
studies. The line is the 
least squares fit to the data 
and has a slope of 1.08 and a 
correlation coefficient of 
.97 • 
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In this case the thirteen studies were orginally 
collected on the MDS system and were transfered to the 
Gamma-11 system via magnetic tape. The analysis in both 
systems was performed by the routine clincal operator of the 
perpective systems. Fig. 1 shows one of the studies as 
displayed on both systems. The MDS display on the left shows 
both the end diastole and end systole. The higher contrast 
Gamma-11 image on the right shows only the end diastole. Fig. 
2 shows the results of the analyses of this same study on the 
two system~. For this particular study the MDS system 
determined the ejection fraction to be 71% while the Gamma 11 
measured 70%. The absolute values of the average and maximum 
dv/dt values for the analysis in the Gamma 11 are not correct 
because the information concerning frame length and heart rate 
were not available on the MDS data tape. Because the ejection 
fraction calculation in not dependent on a knowledge of these 
variables it is accurate. Figure 3 shows the correlation 
between the two systems. The line indicates the least squares 
fit to the data and has a slope of 1.08 with a correlation 
coefficient of .97. This test shows good agreement between 
the two different algorithms and provides a basis for 
comparison of repeat studies performed on patients using the 
different systems. 

It is the intention of BCTIC to make such a data base 
available to the general public for analysis on any system 
desired. The results that the user obtains can then be 
compared with the "true" values supplied with the test 
studies. "True" values are the averages of the results of 
independent analysis performed at Vanderbilt by several 
skilled technologists and clinicians and validated by 
independent measurement techniques. 

The important point in this procedure is that it provides 
the unsophisticated computer user with the means of validating 
the correct operation of the software portion of his analysis 
system in the same manner as a standard phantom allows 
validation of the hardware portion. 

A second use of this concept is also being implemented. 
This will consist of periodic distribution of a small group of 
studies whose results will be unknown to the recipient. After 
analysis the results will be returned to the Center for 
comparison with the other participating clinical facilities. 
The results of this analysis and an analysis of the 
individuals laboratory's performance in comparison to the rest 
of the participating centers will be returned to all 
participants • 
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3. Conclusion: 

The use of standard data sets for system intercomparison 
is not new. The IAEA sponsored a research project which was 
designed around such a concept in 1972 (1,2,3) for testing the 
effect of image processing. However, the success of this 
project and others likP. it depended on the ability of the 
participAting center to read and reformat the distributed data 
set. In some instances this forms a significant impediment to 
the use of the data. By distributing the data set in a system 
compatible format it can be used for quality control by 
nuclear medicine centers without any requirement for 
programming ability or detailed understanding of the operating 
system. 

The use of a data set such as this does not eliminate the 
need for phantoms and instrumentation to check the acquisition 
portion of the system. These are still very much a necessity 
for a complete quality control program. However, standard 
data sets do provide a user with capability of intercomparison 
and calibration of dissimilar systems without the uncertainity 
introduced by variations in collection protocols and 
techniques. 
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