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Abstract 

Data quality is an essential prerequisite for a well functioning hospital financing system and all 
further use of the data. Therefore since the beginning of the Austrian DRG-project (called LKF: 
Leistungsorientierte Krankenanstalten Finanzierung) different strategies for data quality assurance 
of the MBDS have been implemented. The most important part is an integrated so-called “extended 
plausibility check” which examines the relation between procedures and diagnoses, the number of 
procedures, the gender and age of the patient. This IF-THEN-rules are integrated in the scoring 
program and produce warnings automatically if the necessary conditions are not fulfilled.  

Beside systematic analysis of the precision of the documentation expressed by the percentage of 
diagnoses with only three digits, the completeness can be evaluated by the number of additional 
diagnoses and procedures. But this is not sufficient to identify suspicious or wrong data sets and 
especially the number of additional diagnoses has a high variability between hospitals. Therefore 
statistical procedures for the identification of uni- and especially multivariate outliers have been 
developed. Whereas the identification of univariate outliers is very easy this procedure does not 
have a high sensitivity to suspicious data sets because an outlier my be caused by some other 
factors. In similarity to distance functions in cluster analysis the multivariate distance for a mixture 
of nominal, ordinal and metric data has been developed to identify an outlier in many dimensions. 
The evaluation of this procedure has shown a very high sensitivity to identify not well documented 
or wrong documented data sets. Also this multivariate procedures can be integrated in a 
documentation program to work as a online tool for data quality assurance. 



18th PCS/E Conference 
Innsbruck/Austria 

2-5th October 2002 
 
 

pl 

The Austrian Case Mix Experience 

Page 399 

1. Introduction 

Data quality assurance is an essential prerequisite for all kinds of documentation and it is of very big 
importance in the field of medicine, for individual patient treatment as well as for epidemiological 
analysis or management information. For a structured documentation like the Minimum Basic Data 
Set (MBDS) for the different items documentation rules have to be defined. But this is not sufficient 
to guarantee a high data quality. Furthermore there are many incentives for upcoding because of the 
link to a financing system. Coding and documentation rules can help to improve the correctness of 
documentation but they should be stated in a way that an automatic examination of the rules is 
possible and they should support correct medical documentation at the point of care. Coding can 
also have a very big influence on the results of the grouper and therefore the case groups have to be 
defined in a way to reflect the medical documentation of diagnoses and procedures and not the other 
way round to form coding rules as recommendations to come to the “best” case group.  

The aim of the data quality control system in the Austrian DRG system (LKF) is to develop a 
system which automatically produces “Warnings” and “Errors”, if some data quality criteria are not 
fulfilled. Whereas for a single coding system, like a catalogue of procedures or a catalogue of 
diagnoses it is more or less simple to define some plausibility criteria. Usually in standardized 
coding systems, like ICD-10, some plausibility checks regarding the relations between diagnosis 
and age or sex or type of discharge are included. But this is not sufficient for an automatic data 
quality check and therefore the redundancy of the whole MBDS has to be used for a broader data 
quality analysis. This has lead to another approach which is a probabilistic one using the 
information content of the data base and evaluates the probability of the combination, in some form 
the consistency of items. 

Because of the large number of data sets computer based automatic procedures have to be used for 
the examination of data quality. On the other side the correctness, precision and completeness of 
coding can only be evaluated by a direct comparison of the health record and the MBDS. This is a 
very time consuming work and one has to decide between a pure random selection of records and 
the selection of suspicious data sets. Whereas random selection allows an over all estimation of the 
error rate for different items, like diagnoses or procedures the “success-rate” may be rather low and 
the advantage of the examination of suspicious data is, that more erroneous data sets may be found 
and reasons for miscoding may be identified. For this reason algorithm have been developed to 
identify suspicious data set. 

2. Data Base 

The data base of for the analysis of the data quality are all inpatients in all Austrian hospitals in the 
year 2000 and 2001 (approximately N=2.100.000 data sets per year) documented by the minimum 
basic data set [2]. Furthermore the data set contains all the information of the scoring process of the 
Austrian DRG-system. The data are stored in an ACCESS-data base. The data set consists of a key 
variable y(i), i=1,…,N and a set of dependent variables x(i,j), i=1,…N, j=1,…,M.  
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3. Methods 

3 . 1 .  E v a l u a t i o n  o f  t h e  D a t a  Q u a l i t y  

The most important data quality criteria are: 

• Precision 

• Completeness 

• Validity 

• Consistency 

• Unique definition. 

Standard evaluation procedures for the data quality (precision, completeness) in the Austrian DRG-
system are the computation of the percentage of main diagnoses with only three digits (out of the 
possible diagnoses with four digits), the number of additional diagnoses per  patient, the number of 
surgical procedures per patient, the number of conservative procedures per patient and the number 
of other procedures per patient. But this are only global criteria and this is not sufficient to guarantee 
a high quality or to identify upcoding. Especially the number of additional diagnoses shows a very 
high variability between hospitals and therefore until now the role of additional diagnosis for the 
classification of patients was handled very carefully in the development of the system. 

 

Further possibilities for global quality checks are the comparison of the frequency of the 4-th digit 
of a certain main diagnosis, the number of selected procedures per patient for a certain diagnoses or 
the number of selected additional diagnoses. This can be further restricted to certain age groups. 

 

A criterion which is very complicated to evaluate on a global scale is the unique definition of the 
main diagnosis. The comparison of the frequency distribution of main diagnoses, also on the level 
of the 4th digit, seem not sufficient. By the multivariate analysis of the relation between different 
items (see 3.3) in some sense validity and consistency of the data sets can be examined. 

Finally it seems necessary to check the quality of individual data sets by experts in documentation 
and coding. One possibility is to select a random sample of data sets and to check the coding. By 
this way one gets an information about the mean error of documentation but the “success rate” is 
hopefully rather low. Therefore another approach is to perform a pre-selection by  statistical 
identification of suspicious data sets. The following procedures show how to select suspicious data 
set and what already is done to avoid bad data quality.      
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3 . 2 .  A u t o m a t i c  P l a u s i b i l i t y  C h e c k  

Since the beginning of the Austrian DRG-project about ten years ago, data quality assurance was a 
central topic and the aim was to implement the rules in the Austrian DRG-software package. 
Therefore a rule based system was developed, which uses to small redundancy in the MBDS and 
which automatically checks the plausibility of the ICD-10-diagnoses by: 

• age, sex, type of discharge 

• and of  operative procedures by: 

• age, sex, maximal number of procedures, minimum length of stay. 

Furthermore there is a general rules which states that for each operative procedure at least one 
diagnose has to exist. There is no distinction between main and additional diagnosis.  

This information is stored in a matrix which has been developed empirically in a first step and was 
further developed by medical expert knowledge. Of course this combinations are not exhaustive 
because the number of possible allowed combinations can be rather big. For procedures an 
exclusion-list was developed, which includes the codes of other procedures which are not allowed 
to be documented with a certain procedure. It can also to modified e.g. according to the 
development of the length of stay or due to the introduction of new procedures. It would also be 
necessary to extend this rule system to relations regarding operative and conservative procedures. If 
the plausibility system produces a “Warning” it is possible to make a comment or remark in the 
documentation that the documentation has been considered to be correct.  

Further extensions consider the hospital type where it can be stated which procedures should not be 
done respectively documented in a certain type of hospital. In a broader sense data quality assurance 
is also part of the quality assurance program. 

All this information is available to the hospital and if a criteria is not fulfilled the scoring system or 
the hospital information system automatically produces an “error” or a “warning”. Furthermore the 
provincial funds which are collecting the data from the hospitals are performing this plausibility 
checks too. When the data come to the Ministry – which is the central data management 
organization – the data quality should be rather high.  

For the further development of the data quality assurance system it is planned to develop a data 
model especially for the catalogue of procedures where the coding guidelines are included. This 
guidelines will be transformed to rules and they  will be formulated as “IF – THEN” rules and it 
should be possible to integrate them into the coding software. 
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3 . 3 .  I d e n t i f i c a t i o n  o f  S u s p i c i o u s  D a t a  S e t s  b y  
P r o b a b i l i s t i c  M e t h o d s  

As a key variable for the identification of multivariate outliers the three digit main diagnosis 
according to the iCD-10 is used. In principle all other variables which are a unique indicator in the 
data set can be used. One possibility is to use the case group called LDF (=Leistungsorientierte 
Diagnosenfallgruppe, the Austrian DRG) as the key variable. This can be of special interest if one is 
searching for inhomogenities within the case groups. The key element is the determination of the 
conditional probability of nominal or ordinal items in the form of P(X(i)/Y), where Y is the 
independent variable, like the main diagnosis with only three digits and X(i) is some dependent 
variable, like sex, additional diagnosis, number of additional diagnoses, procedure, fourth digit of 
the main diagnosis, stay at intensive care unit, lengthened or shortened length of stay, LDF-scores 
etc.. The result is a set of estimated conditional probabilities P(X(i),/Y), i=1,…,v. The next step is 
the determination of critical limits and an evaluation by a score V(i) of the resulting classes. In the  
examples shown below the following limits have been used: 

P(X(i)/Y) < 0.100: V(i)=1 
P(X(i)/Y) < 0.050: V(i)=2 
P(X(i)/Y) < 0.010: V(i)=3 
P(X(i)/Y) < 0.005: V(i)=4 
P(X(i)/Y) < 0.001: V(i)=5 

For continuous variables the frequency distribution F(X(i);Y) of an item  X(i), i=1,…,w for a 
selected independent variable Y can be estimated from the data base. The next step is the 
determination of limits for this distribution and the determination of a score. In our examples the 
following limits have been chosen analogous to the evaluation of nominal or ordinal values:  

F(X(i);Y) < 0.100 or F(X(i);Y) > 0.900: W(i)=1 
F(X(i);Y) < 0.050 or F(X(i);Y) > 0.950: W(i)=2 
F(X(i);Y) < 0.010 or F(X(i);Y) > 0.990: W(i)=3. 
F(X(i);Y) < 0.005 or F(X(i);Y) > 0.995: W(i)=4. 
F(X(i);Y) < 0.001 or F(X(i);Y) > 0.999: W(i)=5. 

 

If the distribution is a normal one or if by transformation the data have been performed 
approximately to a normal distribution limits calculated by mean and standard deviation can be used 
instead of the empirical quantiles. Of course other limits and other scores can be used, especially if 
one wants to increase the sensitivity for the detection of more suspicious data sets. For huge sample 
sizes it is recommended to start with limits of 0.010. Otherwise to many data sets will be marked. 
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This conditional probabilities can be estimated from a big data base, like the data of the all 
inpatients in Austria in one year. The resulting conditional probability respectively frequency 
distribution are of course data dependent an in this sense they may be biased by bad coded data sets. 
On the other side the data set is very big and the therefore the bias should be small. To eliminate the 
influence of single hospital H(k) for the determination of the frequency distribution P(X(i)/Y) and 
F(X(i),Y) the data of hospital H(k) will be left out.  

To evaluate a single data set, a weighted sum of the scores is computed: 
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The weights gv(j), gw(j) can be chosen to be different from 1.0 to evaluate the importance of each 
variable X(j). The default value is 1.0. If an item like an additional diagnoses or a procedure can be 
found in a data set more often then each item is evaluated and the sores are summed up. Further 
analysis is done now to determine optimal weights considering also the correlation of different 
items. 

4. Results 

Using the data base of all inpatients in Austria in 2001 the conditional probabilities P(X(i)/Y) and 
frequency distributions F(X(i);Y) have been determined for all 3-digit ICD-10 coded main 
diagnoses. Table 1 shows an example for some items. For the main diagnosis I70 – atherosclerosis 
N=17111 data sets have been found. 214 different procedures have been coded with main diagnoses 
I70. Out of them 36 have only be coded once and 16 twice. No fourth digit has been coded in 29 
data sets whereas in 99,87% a fourth digit was coded. Less than 0.1% of the patients were younger 
than 31 years. Further interesting items are the length of stay, the additional diagnosis, the transfer to 
an intensive care unit. Using this procedure some data sets have been evaluated to be very 
suspicious and a revision of the coding is recommended. 
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Table 1: Examples of the conditional probabilit ies and frequency 
distribution for diagnosis I70 – atherosclerosis.  

 

1 . 1 :  F o r  t h e  f o r t h  d i g i t  o f  I 7 0  
Main 

Diagnoses  
Absolute 
frequency 

relative 
frequency_I70_4th digit Score 

I70.-   29 0,17% 4 
I70.0   324 1,89% 2 
I70.1   389 2,27% 2 
I70.2   15728 91,92% 0 
I70.8   138 0,81% 3 
I70.9   503 2,94% 2 

 

1.2: Limits of the age distribution of main diagnosis I70 
Age Cumulative Frequency Score 
≤ 31 0.001 5 
≤ 39 0.005 4 
≤ 43 0.010 3 
≤ 50 0.050 2 
≤ 54 0.100 1 

 

1.3: Some examples of procedures with very low probability for main 
diagnosis I70. 

Code of 
procedure 

Procedure according to the Austrian catalogue of 
procedures 

Relative frequency with main 
diagnosis I70 

1031 Surgery for an epiduralhematom 1/17111 
1231 therapy of neuritic roots by surgery 1/17111 
2372 change of the aggregate of a permanent pacemaker 1/17111 
2647 radical surgery of varices, both sides 1/17111 

By this multivariate outlier detection procedure each data set gets a score depending on the 
probability distribution of the variables under consideration. The score is between 0 (=no suspicious 
item) and a maximal number determined by the number of items and the maximum score (usually 
5). To detect data sets with at least one very suspicious item the lower limit was 0.001 and a high 
score (=5) was given.  
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This was done mainly to detect suspicious combinations of main diagnosis and medical procedures 
for main diagnoses with a high frequency. 

For each hospital all data sets can be evaluated by this procedure and the data quality can be 
compared by the frequency distribution of the scores (Figure 1). The figure shows the percentage of 
suspicious data sets for each hospital. Whereas a some score of less than five may be caused by only 
one item higher scores must come from at least two suspicious items. The analyses of very high 
sum scores are mainly resulting from very complicated cases with many procedures, very high 
length of stay and  sometimes the main diagnosis can not be determined very easily.  

Figure 1: Frequency distribution of sum of scores for f ive different 
hospitals for the data base 2001. The maximum score per i tem 

was 3 using 6 different i tems. 

Using this data quality evaluation procedure for each hospital a list of suspicious data sets is 
produced. The next step is that experts in documentation and coding compare the data in the patient 
record with the coding in the MBDS.  
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5. Discussion 

Because of the large number of data sets computer based procedures are necessary to identify 
suspicious data sets automatically. Since the beginning of the Austrian-DRG-system a rule based 
system for the analysis of the plausibility of diagnoses and procedures has been developed. But 
univariate analysis is not sufficient to detects suspicious data sets because an outlier can be caused 
by many small deviations. To evaluate the individual items in the MBDS of the Austrian DRG-
system a weighted sum-score based on the frequencies of the different items was computed. The 
summary statistic also allows a comparison of the data quality of different hospitals. Furthermore 
for each hospital it is possible to find out which items or combination of items are considered 
suspicious and this feedback can help to improve data quality. 

An evaluation of selected suspicious data set by a data quality commission has shown, that very 
many of the identified data sets have coding errors but also some of them are very complicated 
cases and the coding was more or less correct but in total usually this have been patients with many 
procedures and problems with the selection of the correct main diagnosis out of some possible 
diagnoses. If the data base of the frequency distributions of the items is available it is also possible 
to include the evaluation procedure into a documentation system and to perform an on-line 
evaluation of each data set. And here the process of continuous data quality improvement starts: 
Improving the data base of the frequency distribution year by year will yield to better data quality 
and again to a better frequency distribution. 
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Mission statement:Mission statement:

High data quality is an 
essential prerequisite for a 
well functioning hospital 
financing system and all 
further use of the data!
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ContentContent

• Data base: Austrian MBDS

• Data Quality criteria
• Global evaluation of data quality

• On hospital level
• Integrated plausibility checks in the Austrian 
DRG-software

• On the level of individual data sets
• Multivariate, probabilistic identification of  
suspicious data sets
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• Precision
• 4th digit of the ICD-10

• Completeness
• All additional diagnoses, all procedures

• Validity
• Consistency

• No contradiction, integrity
• Unique definition

• Data dictionary
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Global Evaluation of Data Quality on 
Hospital Level
Global Evaluation of Data Quality on 
Hospital Level

•Number of records with 3-digit main diagnosis
•Number of additional diagnoses
•Number of procedures per patient

•Surgical
•Conservative
•Other

DB 2001, HD3: Rel.Frequency, 4th digit 
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Global EvaluationGlobal Evaluation DB 2001: Aditional diagnoses, 4th digit
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Integrated Plausibility ChecksIntegrated Plausibility Checks

• Using the redundancy in the MBD
• Setting up a knowledge base for relations between:

• Diagnoses:
•Sex
•Age
•Type of discharge

•Minimum length of stay
•Procedures

•Sex
•Age
•Maximal number of procedures

•Integration in the Austrian DRG software
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Integrated extended plausibility checksIntegrated extended plausibility checks

• For each procedure there must be
• at least one diagnosis

• Procedure: list of possible diagnoses

•For a certain surgical procedure there must be
• a certain diagnostic procedure

•Surgical procedure: list of diagnostic 
procedures
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Identification of suspicious data setsIdentification of suspicious data sets

• „Suspicious“ – low probability

• Univariate outliers
• Outside the 95% / 99% / 99.9% range of a 
distribution for a certain case group

• Length of stay
• Age

• Low probability of an item for a certain case 
group

• Sex
• Medical procedure
• Additional diagnosis
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Multivariate OutliersMultivariate Outliers

•Definition of a distance function
•Continuous variable: standardized distance

•E.g.: normal distribution

•Discrete variable: Probability of an item
•Empirical determination of the frequency  
distribution form a huge data set

•N>2.000.000 observations
•Transformation into „statistical significance“

•Scoring of the „statistical significance
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Empirical frequency distributionEmpirical frequency distribution

DB 2001: Main diagnosis I70
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I70 : Atherosclerosis
Empirical Frequency Distribution and Score
I70 : Atherosclerosis
Empirical Frequency Distribution and Score

4th digit of main diagnosis I70

Main 
Diagnoses 

Absolute 
frequency

Relative 
frequency
_4 th digit Score

I70.-  29 0,17% < 0.5% 4
I70.0  324 1,89% < 5.0% 2
I70.1  389 2,27% <5.0% 2
I70.2  15728 91,92% 0
I70.8  138 0,81% <1.0% 3
I70.9  503 2,94% <5.0% 2

Age distribution of main diagnosis I70
Age Cumulative 

Frequency
Score

< 31 0.001 5
< 39 0.005 4
< 43 0.010 3
< 50 0.050 2
< 54 0.100 1
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ResultsResults

•Evaluation of individual MBDS

•Evaluation of the global data quality of a hospital
•Frequency distribution of scores
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Evaluation of the Data Quality of 
Hospitals
Evaluation of the Data Quality of 
Hospitals

Data quality scores for hospitals
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SummarySummary

• Automatic, integrated and data quality analysis can 
help to improve data quality

• „Manual“ examination of suspicious data sets is 
necessary

• Multivariate distance functions allow the 
identification of „suspicious“ data set

• The success of the data based DRG-model 
depends on data quality

• Organize a continuous feedback about data quality!

• The total model cannot be better than data quality!


