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7.1 ITRODUCTIO 

Analysis of delivered medical care can be helpful in the pursuit of high quality of 

care. The electronic capturing of patient data offers the possibility of using the 

computer to acquire relatively easy insight into the quality of the delivered care for 

a group of patients with similar clinical characteristics, for example by reporting on 

the basis of performance indicators. Diagnostic data are critical for analyzing and 

assessing medical care: many treatment options are diagnosis specific and 

diagnostic data involve co morbidities and complications. Thus, diagnostic 

information is important for the interpretation of the delivered care and its 

outcomes. 

This thesis contributes to the discussion of the question whether electronically 

captured patient data are sufficiently reliable to provide insight into the delivered 

care. In this thesis the attention was especially focused on electronic diagnostic 

data as part of the hospital discharge data that are collected in many countries for 

almost all hospitalizations. 

In this chapter we discuss the findings of the studies presented in the chapters two 

till six and answer the main research questions of this thesis stated in chapter one. 

Further we place the findings and conclusions in the context of present 

developments within the field of medical informatics. 

7.2 FIDIGS FROM THE STUDIES 

7.2.1 Availability and usability of patient data  

In chapter 2 we analyzed availability and usability (defined as availability of 

complete and accurate data in a standardized form) of patient data in the hospital 

information system of the Academic Medical Centre (AMC), Amsterdam, for the 

assessment of medical practice concerning children with suspected meningitis for 

use by the pediatricians themselves. We were interested in the following questions:  

1. Which performance indicators, case-mix and exploratory information are 

needed by physicians for medical practice assessment? 

2. Are the required data electronically available and usable for medical 

practice assessment? 
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In chapter 2 it is explained which performance indicators, case-mix and exploratory 

information were selected, based on consensus among pediatricians. Pediatricians 

of the AMC define quality in terms of appropriateness and timeliness of 

interventions, and in terms of patient outcomes 
(1)
. In general, this means that 

patient conditions and interventions and the times that these conditions were 

observed and the interventions were carried out need to be recorded. The 

pediatricians needed detailed information to assess their own medical practice. 

They defined 14 performance indicators plus case-mix, and exploratory 

information. Of the 39 data items needed for patient selection and indicator 

quantification 29 were electronically available and 19 usable without manual 

handling. Reason for admission and diagnoses were incompletely and incorrectly 

recorded. This seriously hampered patient selection and detection of complications. 

Time-points of clinical events and interventions were either not available or 

incorrect. Outpatient diagnosis, signs and symptoms, indications for tests and data 

about medication administration were missing. Many test result reports were not 

adequately standardized. In total the value of 9 performance indicators could be 

determined, but only if it were possible to select patients reliably. For case-mix and 

exploratory information, 25 additional data items were needed, of which 16 were 

available and 13 usable. Data about severity of illness, medication prescription, 

reasons for deviation from the protocol, no show and care provided elsewhere were 

particularly likely to be missing.  

Assessing patient groups defined by established diagnoses limits the possibility of 

assessing the diagnostic process. It leads to a situation in which patients admitted 

with a suspected disease, but who are eventually found to have another disease, are 

not taken into account when assessing the diagnostic process. Especially for serious 

diseases that have to be ruled out in case of suspicion, assessment of the diagnostic 

process can only be done meaningfully if all patients with the suspected disease are 

included.  Therefore, a reliable registration of reason for admission is necessary. 

Not many hospitals did register the reason for admission and if they did, the 

completeness and correctness of the information was questionable. 

Although information supply was a problem, the participation of physicians in this 

quality of care project led to better awareness of important aspects of care and did 

uncover possibilities for improvement. 

The overall conclusion is that at the time of study not enough usable data items 

were electronically available to determine the performance indicators needed for 
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assessing the quality of medical practice. Since the assessment was for internal use 

the performance indicators were more detailed than when used for public reporting 

of the performance of hospitals, or individual physicians. Some of the data not 

available or usable at the time of the study are available or even usable today, e.g. 

outpatient diagnoses and medication prescription. However, even today the overall 

conclusion will not be very different. 

7.2.2 Redesign of the diagnosis registration 

In chapter 3 we described a project at the AMC with the objective to improve the 

accuracy of the diagnosis registration on the one hand and to accelerate discharge 

letter writing on the other. The chapter describes the redesign process, especially 

the involvement of the pediatricians in it, the new registration procedure, and the 

evaluation of the coding performance of pediatricians in the new situation. In the 

chapter we addressed the questions: 

1. How can the diagnostic discharge registration be incorporated into the care 

process? 

2. What is the effect of the physicians’ involvement on the quality of 

diagnosis coding?   

We linked diagnostic coding to discharge letter writing 
(2)
. After implementation in 

routine practice, pediatricians provided diagnoses with codes in a special heading 

of the discharge letter. The medical record coder checked and corrected this 

diagnosis heading. A list of diagnoses for pediatrics, based on ICD-9-CM, was 

developed and alphabetically ordered into a booklet and was used by pediatricians 

when dictating discharge letters. Within the information infrastructure of hospitals, 

the discharge letter-linked diagnosis registration appeared feasible in routine 

practice, but the contribution of the pediatricians to coding was limited due to the 

low priority given to it. If the physician views the diagnosis registration as having 

only an additive role in the communication with other health care providers after 

discharge, the correction function of the medical record coder appears to be 

indispensable. 

The quality of the diagnosis registration appeared difficult to manage. Continuous 

attention from both the physician and medical record coder seemed necessary.  



Discussion 

155 

 

7.2.3 Evaluation of diagnostic data quality 

In chapter 4 we tested our hypothesis that integration of the diagnosis registration 

into the communication process with GPs combined with physician encoding 

would improve diagnostic data quality. The research question was:  

1. Would physician coding and the integration of the diagnosis registration 

with the communication process, improve completeness, correctness, 

specificity and timeliness of diagnostic data? 

Our hypothesis that increased influence of the physician would be beneficial and 

would improve the quality of diagnostic data could not be corroborated 
(3)
. 

Completeness of the form-based diagnosis registration was 51% (95% CI, 44-58%) 

and of the discharge letter-linked diagnosis registration 54% (95% CI, 47-60%). 

Correctness was 65% (95% CI, 58-72%) and 67% (95% CI, 60-74%) respectively. 

That the readily-accessible diagnostic data have a communication and reminder 

function, and possibly a function in quality assessment, management and research, 

was apparently not a sufficient incentive for the physicians to improve data quality. 

Maybe it is the case that diagnostic data recorded after discharge of patients are not 

suitable for the assessment of the medical practice of patient groups. Probably the 

only way to improve the quality of diagnostic data is to incorporate the registration 

in the daily care process. We suggested that the appearance of computerized patient 

records would provide the opportunity to improve the quality of the diagnosis 

registration. However, early studies indicated that computerized patient records are 

a valuable but insufficient addition for obtaining high quality data. We concluded 

that if we wish to evaluate daily care with routinely collected patient data we 

probably have to accept that these studies do not meet the high standards required 

for scientific clinical research.  

In the hospital discharge registry of the AMC, per admission one reason for 

admission had to be recorded. During the re-abstracting process it appeared that 

often more than one reason for admission is relevant, e.g. a complex of signs and 

symptoms or a list of differential diagnoses. We therefore advocated the possibility 

to record more than one reason for admission. 

7.2.4 Long-term effects of the diagnostic coding redesign 

In chapter 4 we concluded that we could not corroborate our hypothesis that 

increased influence of the physician would be beneficial and would improve the 
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quality of diagnostic data. In chapter 5 we looked in a more detailed way to the 

data and investigated long-term effects of the introduction of the discharge letter-

linked coding procedure. Chapter 5 describes a time series study covering twelve 

consecutive years. In the first four years, the usual form-based encoding by the 

medical record coder was in use and in the last eight years, it was the discharge 

letter-linked encoding by pediatricians. In this study we investigated the influence 

of physician involvement in diagnosis encoding in the long run. Research questions 

were:  

1. Are diagnoses encoded more specifically?  

2. Does the number of coded diagnoses increase? 

3. Are any effects sustainable over time? 

There was a need for detailed encoding of diagnoses. Extension of the 

classification of diseases according to the wishes of pediatricians and easy access 

to this classification truly led to a more detailed encoding of the principal 

diagnosis, especially of  diagnoses that belong to the pediatricians’ own 

subspecialties 
(4)
. In combination with the discharge letter-linked coding procedure, 

this led to a long-lasting use of detailed codes. A substantial effect on the number 

of secondary diagnoses per admission could only be shown after a longer period of 

feedback and attention, but this effect gradually diminished on the long term when 

feedback and attention were lacking. The increase of secondary diagnoses did lead 

to added informational value.  

Especially the number of secondary diagnoses that do not fall under one’s own 

subspecialty fell back in the long term. Availability of a detailed and well-

structured discharge letter led to a better informed medical record coder. However, 

in the long run the medical record coder was not able to compensate for the 

diminishing contribution of physicians to the encoding process. The number of 

recorded secondary diagnoses fell back again to the initial level and with that the 

added value for medical practice assessment disappears. The level of detail of 

principal diagnoses remained stable because of the advantage pediatricians have of 

specific diagnostic codes falling under their own subspecialty. 

We concluded that the combined effort of pediatricians and medical record coder 

led to more coded diagnostic information than the effort of the medical record 

coder alone. 
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7.2.5 Systematic Review about diagnostic data quality 

Chapter 6 describes a systematic review investigating the quality of diagnostic 

inpatient hospital discharge data as reported in scientific journals in order to 

examine whether the results of our study correspond to those published in the 

literature. We investigated: 

1. Which gold standards and designs were used to assess data quality? 

2. What completeness and correctness values were reported? 

3. Which factors influence the data quality of studies?  

4. What are determinants of data quality reported in studies? 

5. What is the evidence about the consequences of data quality for medical 

practice assessment? 

6. Are diagnostic data appropriate for quality of care purposes? 

The observed data quality of diagnostic hospital discharge data is a function of the 

diagnostic process, diagnosis documentation, coding practice, characteristics of the 

disease, manifestation of the disease in patients, prevalence of the diagnoses, and 

the way data quality is measured 
(5)
. Studies were highly heterogeneous with 

respect to these factors and showed highly variable data quality. The effect of 

several forms of bias remained unclear.  

We concluded that the quality of diagnostic hospital discharge data leaves much to 

be desired. On average, completeness was about 67% and correctness about 76%. 

For some single diseases it was somewhat better, for comorbidities and especially 

complications it was far worse. In only 13% of the studies completeness and 

correctness were both at least 85%. Despite all the efforts to improve data quality, 

it did in general not lead to better data quality in the course of the years. The use of 

diagnostic hospital discharge data can easily lead to a biased idea of the quality of 

care. On the one hand cases selected for quality of care assessment possibly 

represent the more severe cases with a chance of overestimating sentinel outcomes, 

especially when comorbidities are also underreported. On the other hand, 

complication data are usually incomplete thus leading to an underestimation of 

sentinel outcomes. These shortcomings can differ between settings and thus 

complicates comparisons between hospitals or geographical areas. True variability 

in quality of care between settings can easily be overshadowed by the unknown 
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variability in data quality which makes it very difficult to interpret the observed 

variability in the quality of care based on diagnostic hospital discharge data. 

We can conclude that the quality of diagnostic encoding in Amsterdam is similar to 

that reported in the literature. 

7.3 MEAIG OF OUR FIDIGS I THE COTEXT OF TODAY 

The quality of diagnostic hospital discharge data is still an important issue given 

the fact that many scientific papers on this subject are published to date. They show 

that the diagnostic data quality is still problematic. Recently for example, 

Lindenauer et al 
(6)
 suggest that the decline in mortality rate of patients hospitalized 

with pneumonia as determined using data from the 2003-2009 releases of the US 

Nationwide Inpatient Sample represents a shift in diagnostic coding of pneumonia 

from principal to secondary diagnoses instead of a true decline in mortality rate. 

Januel et al 
(7)
 found that in two teaching and one non-teaching hospital in 

Switzerland, the sensitivity of the 17 Charlson co-morbidities was only 36.5% in 

1999, 42.5% in 2001 and 42.8% in 2003 which means low completeness. Stein et 

al 
(8)
 found in two urban academic medical centers in the US that the sensitivity of 

ICD-9-CM codes for COPD exacerbations was very low and varied – dependent on 

the chosen set of codes – from 12% to 25%, and the positive predictive value 

varied from 81% to 97%. They concluded that relying on ICD-9-CM codes alone 

to identify patients hospitalized for COPD may be problematic. Burns et al 
(9)
 did a 

systematic review limited to Great Britain and principal diagnoses (and principal 

procedures) in which they found a median accuracy for principal diagnoses of 

80.3%. They also found that since the 2002 introduction of Payment by Results, 

principal diagnoses accuracy has improved from 74% to 96%. They did not 

measure data quality in terms of completeness and correctness, but in terms of 

percentage agreement between routine coding and gold standard. 

Given all the efforts made worldwide in the past to increase diagnostic data quality, 

one might well wonder whether trying to improve the quality with the current 

discharge registry system is not a dead end.  

Perhaps one should look at other opportunities to improve data quality. Besides for 

quality of care, quality of electronically captured diagnostic data is also important 

for other purposes. In direct care diagnostic information has to be recorded for 

information sharing and transfer to benefit coordination, cooperation and continuity 
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of care. This is also true for other patient data. Moreover, correct, complete and 

timely recording of the conditions of the patient is a prerequisite for automatic 

decision support. For the administration of a healthcare organization it can be 

important to know the size of patient categories. In case of financial reimbursement 

systems like DRG, the reimbursement is (partly) based on diagnostic data. 

It is a challenge to get physicians actually documenting all relevant patient data. 

The more favorable the balance between benefit and effort of documentation, the 

greater the chance of success. Those who are documenting are also those who 

should benefit. It is plausible that this is best achieved when physicians have to 

document patient data only once for the benefit of the direct patient care, for 

obtaining automated decision support and to automatically share information with 

other health care professionals. The added value for the care process of such things 

as information exchange and decision support could contribute to a complete, 

correct, timely and specific documentation. It would be very nice if management, 

reimbursement, research and quality of care data could automatically be derived 

from this one-time documentation. Then the likelihood that the completeness and 

correctness of electronic patient documentation is influenced in a negative way is 

reduced. After all, it is for the direct care itself of primary importance to sketch an 

accurate picture of the patient’s condition and the provided care which means that 

there is less room for data optimization for the secondary purposes (such as for the 

benefit of reimbursement or performance indicator optimization, also called 

‘upcoding’ or ‘gaming’) because it is soon at the expense of good clinical care. 

However, this ‘enter data once, reuse multiple times paradigm’ asks for a high 

level of standardization during data gathering in the clinical context 
(10, 11)

. Clinical 

archetypes such as detailed clinical models (DCM) can contribute because they 

specify care in such a way that the data content is consistent across the entire care 

chain with its many sites and applications 
(11, 12)

. Each Detailed Clinical Model 

includes all data attributes and potential terminology bindings that are useful to 

describe a single, discrete clinical concept for use in a broad range of clinical 

scenarios 
(12)
. Examples of DCMs include diagnosis, adverse reaction, medication 

order and symptom.  

In the case of the ‘enter data once, reuse multiple times paradigm’ it is a challenge 

to select automatically the necessary data for quality of care purposes from the 

systems that are primarily intended for patient care. The systems for direct patient 

care often have such a complicated data structure and offer so much room for 
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variation in patient documentation, that it might be desirable or even necessary to 

derive one or more new datasets for the secondary purposes. This probably needs 

human expertise in order to direct, monitor or rectify the automated data selection 

process. 

We learned that a new version of the ICD did not bring a substantial improvement 

in data quality. Often the ICD is criticized because of its limited possibilities to 

document patient data as specific as needed for the care process and because of its 

strict hierarchical structure without representing a rich medical knowledge 
(13)
. The 

Systematized Nomenclature of Medicine, Clinical Terms (SNOMED CT®) is 

considered the most comprehensive, multilingual clinical terminology in the world. 

When implemented in software, SNOMED CT represents clinically relevant 

information consistently, reliably and comprehensively as an integral part of the 

electronic health record 
(13)
. However, looking at the reasons for disagreement 

between gold standards and routine coding, another terminology system alone 

would probably not solve the problems completely. 

Although electronic health records, terminologies like SNOMED-CT and new 

developments like DCMs can stimulate, they still do not guarantee that 

comorbidities or complications are documented completely or correctly (since 

documentation of these items cannot be obligatory since not each patient has them) 

or that principal diagnoses are documented correctly. The quality of the medical 

record, be it electronic or paper, is a significant issue in the management of the 

quality of care. Perhaps ‘medical record keeping’ should be a performance 

indicator in itself. 

In the current situation where medical practice assessment is dependent on 

discharge data for the diagnostic information, the medical record coder is an 

indispensible factor in maintaining data quality. Physician engagement in 

diagnostic coding also contributes to data quality. Both are necessary, but not 

sufficient as this thesis shows. Should the necessary diagnostic data be derived 

from electronic patient documentation, we foresee another role for the medical 

record coder: the healthcare information specialist. He can play a role in the 

preparation of new datasets for the secondary purposes. This asks for human 

expertise in order to direct, monitor or rectify the automated data selection process. 

This new expert can also evaluate data quality and highlight gaps and inaccuracies 

in the primary health care professionals’ documentation and thus makes a 

contribution to the quality of the patient documentation. He is trained in patient 
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care, patient documentation systems, terminology (systems), and in reimbursement, 

management and quality of care. Creating a secondary dataset still introduces a risk 

of data-optimization (‘gaming’). Ethics would therefore be part of the training of 

the health information specialist. Of course, the clinicians stay responsible for 

adequate patient documentation. 

Further monitoring of the quality of the current diagnostic discharge data is needed 

in order to be informed about the data quality. However, clinically significant 

improvements can only be expected from developments as mentioned above. What 

data quality can be attained eventually, can only be uncovered empirically. In such 

a new situation the evaluation of data quality should be based on a review of the 

electronic medical record: are relevant diagnoses explicitly and correctly recorded 

as such and are the right data selected for medical practice assessment? An 

alternative method could be to compare the primary documentation with another 

prospective, parallel but independent data collection, e.g. a data collection for a 

scientific study. Another method could be the use of fake patients who visit wards 

and for which the associated data recording is checked afterwards. No matter what 

method is used for evaluating data quality in the future, we advocate periodic 

measurement over a longer period of both completeness (or sensitivity) and 

correctness (or positive predictive value) of the diagnostic data necessary for 

medical practice assessment. Blinding and recoding by experts should be the 

standard for gold standard construction.  

7.4 COCLUSIOS 

What this study has clearly shown is that electronic patient documentation is the 

work of men. In particular the registration of diagnoses which are interpretations of 

clinicians about what is going on with the patient depends on the completeness, 

accuracy and clarity with which the care provider captures this. Despite the 

promise of advanced terminology, documentation models, patient records and care 

process support systems, this thesis shows that data quality and usability of the data 

for several purposes will never be self-evident. The cooperation of the clinicians is 

necessary. Data quality will need never lasting attention, to begin with the training 

of junior healthcare professionals, but also by the monitoring of data quality in 

health care settings and the support by healthcare information specialists. 

On the basis of our own research and a systematic review of studies published in 

scientific journals, we conclude that the quality of these diagnostic data in terms of 
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completeness and correctness leaves much to be desired. The systematic review 

showed also that this data quality can differ significantly per setting. This makes 

the use of these electronically captured data in order to determine the quality of 

patient care debatable. Measured differences in quality of care between settings can 

be explained by true differences in delivered care as well as by differences in data 

quality. The problem is that the quality of the data in each setting is almost always 

unknown 
(14)
. In the interpretation of the measured differences it is difficult to take 

the data quality into account, making the comparison of settings an impossible task.  

Despite the moderate data quality, we think that the use of these data by physicians 

to assess their own medical practice is one of the least worse applications. Of all 

stakeholders physicians have the best insight into the quality of their diagnostic 

data and its implications for the interpretation of performance indicator reports. 

Physicians are able to compare the information with their own experiences and can 

reason about what the information means for the quality of their care. However, 

this will only work when they are also willing to critically reflect on their own 

medical practice. 

REFERECES 

1. Prins H, Kruisinga FH, Buller HA, Zwetsloot-Schonk JH. Availability and usability of 

data for medical practice assessment. Int J Qual Health Care. 2002 Apr;14(2):127-37. 

2. Prins H, Buller HA, Zwetsloot-Schonk JH. Redesign of Diagnostic Coding in 

Pediatrics: From Form-based to Dicharge Letter Linked. Perspectives in Health 

Information Management. 2004;1(1):1-10. 

3. Prins H, Buller HA, Zwetsloot-Schonk JH. Effect of discharge letter-linked diagnosis 

registration on data quality. Int J Qual Health Care. 2000 Feb;12(1):47-57. 

4. Prins H, Hasman A. Long-term impact of physician encoding on detail and number of 

recorded diagnoses. Support by a speciality specific list of diseases. Methods Inf Med. 

2011;50(2):115-23. 

5. Prins H, Hasman A. Appropriateness of ICD-Coded Diagnostic Inpatient Hospital 

Discharge Data for Medical Practice Assessment: a Systematic Review. submitted. 

2012. 

6. Lindenauer PK, Lagu T, Shieh MS, Pekow PS, Rothberg MB. Association of 

diagnostic coding with trends in hospitalizations and mortality of patients with 

pneumonia, 2003-2009. JAMA. 2012 Apr 4;307(13):1405-13. 

7. Januel JM, Luthi JC, Quan H, Borst F, Taffe P, Ghali WA, et al. Improved accuracy 

of co-morbidity coding over time after the introduction of ICD-10 administrative data. 

BMC Health Serv Res. 2011;11:194. 



Discussion 

163 

 

8. Stein BD, Bautista A, Schumock GT, Lee TA, Charbeneau JT, Lauderdale DS, et al. 

The validity of International Classification of Diseases, Ninth Revision, Clinical 

Modification diagnosis codes for identifying patients hospitalized for COPD 

exacerbations. Chest. 2012 Jan;141(1):87-93. 

9. Burns EM, Rigby E, Mamidanna R, Bottle A, Aylin P, Ziprin P, et al. Systematic 

review of discharge coding accuracy. J Public Health (Oxf). 2012 Mar;34(1):138-48. 

10. Goossen W. Representing knowledge, data and concepts for EHRS using DCM. Stud 

Health Technol Inform. 2011;169:774-8. 

11. Goossen W, Goossen-Baremans A, van der Zel M. Detailed clinical models: a review. 

Healthc Inform Res. 2010 Dec;16(4):201-14. 

12. Coyle JF, Mori AR, Huff SM. Standards for detailed clinical models as the basis for 

medical data exchange and decision support. Int J Med Inform. 2003 Mar;69(2-

3):157-74. 

13. Cimino JJ. High-quality, standard, controlled healthcare terminologies come of age. 

Methods Inf Med. 2011;50(2):101-4. 

14. van Walraven C, Bennett C, Forster AJ. Administrative database research infrequently 

used validated diagnostic or procedural codes. J Clin Epidemiol. 2011 

Oct;64(10):1054-9. 

 




