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ABSTRACT 

Objective: We analyzed availability and usability of the electronic patient data 

required for assessment of medical practice for a specific patient group. 

Design: Case study in which physicians defined performance indicators and 

additional exploratory information. Data availability in the hospital information 

system was determined. Data usability was evaluated based on reason for 

recording, administrative procedures and comparison with paper data. 

Setting: A 155 bed pediatric department in a public academic medical center. 

Study participants: Pediatricians and children with suspected meningitis. 

Main outcome measures: Availability and usability of electronic patient data. 

Usability criteria were standardization, completeness and correctness. 

Results: A total of 14 performance indicators were defined. Of 39 data items 

required for indicator quantification, 29 were available, and 19 were usable without 

manual handling. Completeness and correctness of registration of reason for 

admission and discharge diagnoses were insufficient, leading to problematic patient 

selection and complication detection. Time-points of patient events were incorrect 

or not available. Data regarding outpatient diagnosis, signs and symptoms, 

indications for test ordering and medication administration were missing. Test 

result reports were not adequately standardized. Based on electronic patient data, 

five out of 14 performance indicators could be quantified reliably, but only after 

patient selection problems were overcome. For exploratory information, 16 out of 

25 required data items were available and 13 were usable. 

Conclusions: Availability and usability of electronic patient data are insufficient 

for physician-led and detailed assessment of medical practice for specific patient 

groups. Extended registration of reason for admission will improve patient 

selection and assessment of diagnostic process. 

Keywords: Data Collection, Data Quality, Hospital Information System, 

Meningitis, Outcome Measurement, Pediatrics, Process Measurement 
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2.1 I(TRODUCTIO( 

Assessment of medical practice for clinically defined patient groups may be used 

for improvements in quality of care 
(1)
. Medical practice is the diagnostic, 

therapeutic and follow-up decisions and services of physicians. Performance 

indicators may assist medical practice assessment 
(2-4)

. Performance indicators are 

systematically developed quantitative measurements that can be used to assess 

appropriateness of specific health care decisions, services and outcomes 
(5)
. Using 

performance indicators, aspects of care can be quantified and the resulting values 

can be compared to standards 
(5)
. A standard is a chosen level of performance that 

has to be met or surpassed. 

For quantification of performance indicators, reliable data about patient 

characteristics, care process and outcomes are a prerequisite 
(6, 7)

. Correct 

interpretation of performance indicator values requires insight into case-mix 
(8, 9)

. If 

indicators point to below standard care, additional information should be retrieved 

for further exploration. For practical reasons, the required data should be in 

electronic and standardized form 
(10)

. Hospital information systems (HIS) may be 

appropriate as data source 
(11-13)

.  

In the present case study we analyzed availability and quality of patient data in 

HIS, for assessment of medical practice for a specific patient group. We were 

interested in the following:  

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

should be selected for medical practice assessment?  

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

assessment? 

2.2 MATERIALS & METHODS  

2.2.1 Study Design, Setting and Materials 

In 1996, a case study was performed at the Department of Pediatrics of the 

Academic Medical Center (AMC) in Amsterdam. The AMC is a university hospital 

with an integrated HIS 
(14)

. This means that from a central patient module, 

electronically available patient data can be examined. Workstations are available in 

every important clinical workplace. The clinical use of this HIS is limited to 

examination of test results and patient history. This history consists of earlier 
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diagnoses and discharge letters. For other documentation the paper medical record 

is the main source. Furthermore, the system is used for administrative and billing 

reasons, e.g. diagnosis and procedure registration. An outpatient diagnosis registry, 

medication prescription system and order management system are under 

construction. The AMC is quite unique in the sense that, besides discharge 

diagnoses, reason for admission is also coded and recorded. Reason for admission 

is defined as diagnosis, symptom, sign or injury that, at the time of admission, was 

considered as reason for admission. 

The pediatric department is a tertiary center with 155 beds. The case study 

concerned the assessment of medical practice for children with suspected or proven 

meningitis and who were not premature neonates or patients with cancer. Nine 

pediatricians and two medical informaticians were involved in the medical practice 

assessment process. We retrieved patient data from the HIS and paper medical 

records retrospectively. 

2.1.2 Methods 

The pediatricians formulated performance indicators for local use and assessed 

their medical practice during four meetings. Before each meeting the pediatricians 

were asked to provide pre-specified input. To support pediatricians, the medical 

informaticians searched and summarized literature, extracted and analyzed patient 

data, prepared the meetings and structured the results. The meetings led to 

consensus regarding: 

1. A flow chart of the care process; 

2. A set of performance indicators; 

3. The accompanying standards; 

4. Data availability and usability, plus quality of medical practice. 

Our method is further elaborated below. 

Performance Indicators, Case-mix and Exploratory Information  

To obtain an agreed overview of relevant medical decisions and activities and to 

lay an unambiguous foundation for the rest of the project, the care process was 

modeled. Nine pediatricians filled out questionnaires about diagnostic and 

therapeutic activities in response to an exemplary clinical case of suspected 
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meningitis, and were subsequently interviewed based on local guidelines. For every 

pediatrician a flow chart 
(15)

 was constructed. The 19 aspects on which opinions 

differed were agreed upon by majority votes after thorough discussion during the 

first consensus meeting. In the resulting flow chart, 21 different patient states, 39 

decisions and 46 activities were made explicit.  

We then provided the pediatricians with summarized literature about performance 

indicators 
(16)

. Based on the flow chart, each pediatrician formulated performance 

indicators on special forms 
(17)

. We asked them not to take data availability into 

consideration. The pediatricians formulated 63 performance indicators, of which 29 

were unique: 20 process and nine outcome indicators. During the second consensus 

meeting, indicators were discussed and tested against the RUMBA criteria: 

relevance, understandable, measurable, formulated in behavioral terms, and 

acceptable 
(18, 19)

. This resulted in 14 performance indicators. The pediatricians also 

agreed on three case-mix parameters influencing interpretation of provided care. 

Subsequently, each pediatrician defined standards based on literature with 

quantitative clinical findings, and personal experience and knowledge about local 

circumstances and patient population. During the third consensus meeting, 

definitive standards were set for their own clinical setting. Pediatricians also 

defined exploratory information for each performance indicator, in case provided 

care deviates from the standard.  

Based on the defined performance indicators, case-mix, and exploratory 

information, necessary data items were listed. 

Availability and Usability of Data  

Subsequently, patient selection, quantification of performance indicators, gathering 

of case-mix and exploratory information, and presentation of results to the 

pediatricians took place. During these activities it was determined whether data 

items were available in the HIS, and whether they were usable for medical practice 

assessment. 

Patient selection is a first and important step in indicator quantification. Criteria for 

patient selection were; age ≤ 18 years, treatment by pediatricians, having 

(suspected) meningitis as reason for admission or meningitis as one of the 

discharge diagnoses, but not being a premature neonate or patient with cancer. 

Therefore, the following data items were required: birth date, admission date, 



Chapter 2 

22 

 

specialty of admitting physician, reason for admission, discharge diagnoses and 

ward. The HIS functioned as sampling frame. We selected all patients who had an 

ICD-9-CM 
(20)

 meningitis code as the reason for admission or discharge diagnosis 

and who also fulfilled the other criteria. The results will show that this selection 

strategy was not sufficient and that another, more laborious and less effective, 

strategy was necessary to continue the project.  

After patient selection, data for indicator quantification, case-mix, and exploratory 

information were collected from the HIS and, when not available, from paper 

medical records. During data collection, usability of electronically available data 

was estimated. Usability was estimated based on how data were collected at the 

source, administrative procedures for recording, original reason for which data 

were recorded, and comparison with paper data whenever possible. Insight into 

procedures for collecting and recording data was acquired by interviewing 

pediatricians, secretaries and a medical record coder. The paper medical record 

served as the gold standard only for reason for admission and diagnoses. Other data 

are recorded in either the HIS or in the paper medical record. Test results found in 

paper records are printouts of the HIS and could thus not serve as a gold standard. 

We determined standardization, completeness, and correctness of the data. 

Standardization refers to the use of a controlled terminology and structured 

recording. This makes automatic handling possible. Completeness is the proportion 

of true data that is recorded. Correctness is the proportion of recorded data that is 

true. With our method only rough estimations of completeness and correctness 

were possible. On the basis of these estimations we determined whether 

performance indicators could be quantified reliably. 

In the fourth consensus meeting, we provided information about availability and 

usability of data and about the provided care. During this meeting our 

interpretation about data quality was discussed and agreed upon by the 

pediatricians. Subsequently, with the data limitations in mind, the pediatricians 

assessed their own medical practice based on the quantification of performance 

indicators and in view of the defined standards, case-mix, and exploratory 

information. 
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2.3 RESULTS 

2.3.1 Performance Indicators, Case-mix and Exploratory Information 

Fourteen performance indicators with standards were defined. These cover 

important aspects of care from admission to outpatient follow-up. Ten relate to 

process and four to outcomes. Of the ten process indicators, five refer to diagnostic, 

three to therapeutic, and two to follow-up activities. The 14 indicators with 

standards are listed below. 

 

Diagnostic process indicators (CSF, cerebrospinal fluid): 

1. 75.0
puncturelumbar  a having meningitis suspectedith children w ofNumber 

admission after  hours 3  puncturelumbar  a having meningitis suspectedith  children w ofNumber 
≥

<
 

2. 95.0
meningitis suspectedith children w ofNumber 

puncturelumbar  a having meningitis suspectedith children w ofNumber 
≥  

3. 1.00
puncturelumbar  a having meningitis suspectedith children w ofNumber 

 cytology   CSF having meningitis suspectedith children w ofNumber     
=  

4. 95.0
puncturelumbar  a having meningitis suspectedith children w ofNumber 

measured ratio glucose CSF/serum having meningitis suspectedith children w ofNumber 
≥  

5. 95.0
puncturelumbar  a having meningitis suspectedith children w ofNumber 

culture CSF having meningitis suspectedith children w ofNumber 
≥  

Therapeutic process indicators: 

6. 75.0
santibiotic receiving meningitis )(suspectedith children w ofNumber 

 arrivalafter  hours 3 santibiotic receiving meningitis )(suspectedith children w ofNumber 
≥

<
 

7. 1.00
santibiotic with started meningitis )(suspectedith children w ofNumber 

protocol  toaccording santibiotic with started meningitis )(suspectedith children w ofNumber 
=  

8. 80.0
mantibiogra having meningitisith children w ofNumber 

mantibiogra  toadjusted santibiotic having meningitisith children w ofNumber 
≥  

Follow-up indicators: 

9. 90.0
meningitisith children w ofNumber 

dischargeafter   weeks8  visit outpatient having meningitisith children w ofNumber 
≥

<
 

10. 90.0
meningitisith children w ofNumber 

dischargeafter   weeks12 and 4between  test hearing having meningitisith children w ofNumber 
≥  
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Outcome indicators: 

11. 75.0
meningitisith children w ofNumber 

days 21 stay  oflength  having meningitisith children w ofNumber 
≥

<
 

12. 20.0
meningitisith children w ofNumber 

simpairment neurologic residual having meningitisith children w ofNumber 
≤  

13. 25.0
meningitisith children w ofNumber 

simpairment hearing residual having meningitisith children w ofNumber 
≤  

14. 07.0
meningitisith children w ofNumber 

admission during dying meningitisith children w ofNumber 
≤  

 

The pediatricians selected severity of illness at presentation, pathogenic organism 

and age as necessary case-mix information. Table 1 shows the desired exploratory 

information. 

2.3.2 Availability and Usability of Data 

Patient Selection 

The selection of patients with suspected meningitis based on registration of reason 

for admission and discharge diagnoses failed for several reasons. According to the 

rules, the reason for admission should contain an ICD-9-CM meningitis code in 

cases of admission with suspected meningitis, even if the eventual diagnosis 

appears to be another disease (which is the case in approximately two third of the 

patients). However, as the medical record coder informed us, reason for admission 

in this situation is often, for the sake of convenience, equated with the most 

important discharge diagnosis. The fact that a child has been admitted with 

suspected meningitis is lost. Sometimes the non-disease-specific ICD-9-CM code 

V718 ‘Observation for other specified suspected conditions’ or an ICD-9-CM code 

for a symptom that contributes to the suspicion is recorded. In another study we 

have already shown that the registration of principal and secondary diagnoses was 

not complete and not correct 
(21)

. 

Because of the registration shortcomings, complete patient selection could not be 

obtained. Therefore, another additional strategy had to be applied. We also selected 

children who had the V718 code or an ICD-9-CM code for symptoms, relevant to 

the suspected disease in the reason for admission. Furthermore, we selected all 
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children who underwent a lumbar puncture but who were not staying on the 

neonatology and oncology wards. For the remaining children we verified the 

presence of (suspected) meningitis based on information in paper medical records. 

The selection procedure with resulting patient numbers is presented in Figure 1. 

Based on registration of ICD-9-CM meningitis codes alone, 39 instead of 102 

patients would have been selected. 

 

Table 1: Defined exploratory information related to relevant performance indicators. 

Defined exploratory information for process indicators PI1 

Time interval between arrival and first contact with pediatrician 1,6 

Percentage of children with contraindication for lumbar puncture (coagulation disturbance, intra-

cranial mass effect or cardio-respiratory instability); Percentage of children with lumbar puncture 

elsewhere provided 

2 

Percentage children for whom CSF2 cytology is ordered but not (successfully) performed 3 

Percentage children with only serum glucose; Percentage children with only CSF glucose; Percentage 

children for whom CSF and serum glucose is ordered but result not available; Percentage children 

with CSF and serum glucose but ratio not calculated 

4 

Percentage of children for whom CSF culture is ordered but result not available 5 

Time interval between arrival and result CSF cytology, and between prescription and administration 

of antibiotics 

6 

Reasons to deviate from antibiotic protocol 7 

Reasons not to adjust to antibiogram 8 

Percentage of no-shows; Percentage of children with follow-up in another hospital 9,10 

Type of hearing test related to age 10 

Defined exploratory information for outcome indicators PI 

Mean length of stay per pathogenic organism; Percentage and type of complications; Length of stay in 

preceding hospital; Mortality 

11 

Percentage of children with preceding hospital care elsewhere 11,14 

Severity of neurological impairments; Type of neurological tests; Percentage neurological 

impairments per pathogenic organism; Percentage neurological impairments per age category; 

Percentage neurological impairments early developed from onset; Percentage neurological 

impairments per severity of illness category 

12 

Severity of hearing impairments; Type of hearing tests; Percentage hearing impairments per 

pathogenic organism; Percentage hearing impairments per age category; Percentage hearing 

impairments early developed from onset; Percentage hearing impairments per severity of illness 

category 

13 

Mortality per pathogenic organism, per age category and per severity of illness category 14 
1 PI = Performance Indicator; 2 CSF = Cerebro Spinal Fluid 
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Figure 1: Selection procedure with quantities of children with suspected meningitis. 

 

Table 2 shows that of the 39 patients with an ICD-9-CM meningitis code, 31 did 

indeed have meningitis. Note that there is an overlap, e.g. some patients with 

lumbar puncture have relevant ICD-9-CM codes. 

 

Table 2: Number of patients selected from HIS based on selection criteria and their true 

status according to the paper medical record. 

 

Selection Criterion HIS1 

(n=283) 

Status according to paper medical record 

Suspected Meningitis 

(n=102) 

Meningitis 

(n=36) 

 

ICD code 

 

meningitis2 (n=39) 38 31 

V7183 (n=38) 7 2 

symptoms4 (n=92) 21 2 

Lumbar Puncture (n=166) 81 22 
1 HIS = Hospital Information System 
2 All ICD-9-CM meningitis codes (found in reason for admission or discharge 

diagnoses) 
3 ICD-9-CM code defined as: ‘Observation for other specified suspected conditions’ 

(found in reason for admission)  
4 Selection of ICD-9-CM codes for symptoms relevant for suspected disease (found in 

reason for admission) 

 

Suppose the selection was based on all possibly relevant ICD-9-CM codes. From 

Table 3 it can be derived that recall (or sensitivity) is 0.60 and precision (or 

166 patients with 
lumbar puncture 

38 patients with code 
V718

1
 for reason for 
admission 

92 patients with relevant 
symptom code as reason 

for admission 

102 patients with 
suspected meningitis, 

in 36 confirmed 
meningitis 

283 patients with 
possibly suspected 

meningitis 
39 patients with meningitis 

code in reason for 
admission or discharge 

diagnosis Verification based on 
paper medical record 

Union 

1
 ICD-9-CM code V718 ‘Observation for other specified suspected conditions’ 
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positive predicted value) 0.37. Lumbar puncture as a selection criterion leads to 41 

extra patients with true (suspected) meningitis. 

 

Table 3: Number of patients selected based on ICD-9-CM codes by patients’ disease status 

according to the paper medical records. 

  (Suspected) Meningitis1  

  + -  

ICD code2 + 61 104 165 

 - 41 6973 7014 

  102 7077 71793 
1 According to paper medical record 
2 ICD-9-CM meningitis codes (in reason for admission or discharge 

diagnoses), code V718 (in reason for admission) and codes for symptoms 

relevant for suspected meningitis (in reason for admission) 

3 Total number of admissions in sample frame 

----------- 

Using these data 

- Recall (or sensitivity) is calculated as 61/102 = 0.60 

- Precision (or positive predictive value) is calculated as 61/165 = 0.37 

 

If we evaluate the diagnosed meningitis patients only, then selection based on ICD-

9-CM meningitis codes alone, whether as reason for admission or discharge 

diagnosis, results in a 0.86 recall and 0.79 precision (Table 4). 

 

Table 4: Number of patients selected based on ICD-9-CM meningitis codes by patients’ 

meningitis status according to the paper medical records. 

  Meningitis1  

  + -  

ICD code2 + 31 8 39 

- 5 7135 7140 

  36 7143 71793 
1 According to paper medical record 
2 ICD-9-CM meningitis codes (in reason for admission or discharge 

diagnoses) 
3 Total number of admissions in sample frame 

----------- 

Using these data 

- Recall (or sensitivity) is calculated as 31/36 = 0.86 

- Precision (or positive predictive value) is calculated as 31/39 = 0.79 
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Table 5 is based on findings obtained during the selection procedure. As 

registration of reason for admission was inadequate, additional data were needed. 

However, signs, symptoms, and test indications were not recorded electronically. 

Although the activity ‘performance of lumbar puncture’ itself is not recorded, 

lumbar puncture was considered to be performed if we found evidence of CSF 

testing, the results of which are virtually always reported through the HIS. 

 

Table 5: Availability and usability of data needed to select patients. 

Data item(s) Available  

Standardized 

 

Complete 

 

Correct 

Usable 

Patient: birth date y y y y y 

Admission: date y y y y y 

Specialty of admitting physician:  

type 

y y y y y 

Reason for admission: type y y n n n 

Inpatient diagnosis: type y y n n n 

Inpatient ward: type y y y y y 

Sign/Symptom: type n - - - - 

Additional test: indication  

(lumbar puncture)1 

n - - - - 

Additional test: type  

(lumbar puncture) 

y y y y y 

1 Order management system under construction 

 

Performance Indicator Quantification 

Table 6 shows data needed to quantify performance indicators, without data 

exclusively needed for patient selection (birth date, specialty of physician, reason 

for admission, and ward). It is noteworthy that time-points of clinical events are 

either not recorded or are recorded incorrectly. Often when a time-point is 

recorded, it is an administrative time, which does not reflect the precise time-point 

of the event. A diagnosis date is equated with the discharge date, which probably 

does not coincide with the actual moment of diagnosis. As a result, we have no 

information about whether a diagnosis was a complication that originated during 

course of admission, or whether the diagnosis was already at hand at the moment 

of admission. Time and date of medication administration are not available. Of the 

neurological and hearing impairments found in the paper medical records (n = 6 

and n=2, respectively) none was present in the diagnosis registration. Many of the 
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result reports do not use standard terminology or are not structured, preventing 

automatic handling. 

Table 6: Availability and usability of data needed to quantify the performance indicators. 

Data item(s) For PI1 Available  

Standar-

dized 

 

Com-

plete 

 

Cor-

rect 

Usable 

Encounter: arrival date / time2 6 n - - - - 

Outpatient visit: date 9 y y y y y 

Admission: date 1,11 y y y y y 

Admission: time 1 y y y n n 

Discharge: date 9-11 y y y y y 

Inpatient death: date 14 y y y y y 

Inpatient diagnosis: type 8-14 y y n n n 

Inpatient diagnosis: date 12,13 y y y n n 

Outpatient diagnosis: type / date 12,13 n - - - - 

Medication: type 6-8 n - - - - 

Medication: administration date 6-8 n - - - - 

Medication: administration time 6 n - - - - 

Sign/Symptom: type / date 12,13 n - - - - 

Additional test: type 

 -lumbar puncture 

 -hearing test3 

 -neurological tests 

 

1-5 

10,13 

12 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

Additional test: performance date 

 -lumbar puncture 

 -hearing test 

 -neurological tests 

 

1-5,7 

10,13 

12 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

Additional test: performance time 

 -lumbar puncture 

 

1 

 

y 

 

y 

 

y 

 

n 

 

n 

Additional test: result 

 -CSF4 cytology 

 -CSF glucose; -Serum glucose6 

 -CSF culture 

  -virology 

  -bacteriology 

  -antibiogram 

 -neurological tests 

 -hearing test 

 

3,(8-14)5 

4 

 

(8-14)5 

5,(8-14)5 

8 

12 

13 

 

y 

y 

 

y 

y 

y 

y 

y 

 

y 

y 

 

n 

n 

n 

n 

n 

 

y 

y 

 

y 

y 

y 

y 

y 

 

y 

y 

 

y 

y 

y 

y 

y 

 

y 

y 

 

n 

n 

n 

n 

n 

Additional test: result date 

 -antibiogram 

 -neurological tests 

 -hearing tests 

 

8 

12 

13 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 
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1 PI = Performance Indicator 
2 Encounter arrival time is not necessarily equal to admission time. Arrival time is the time a patient enters the 

hospital whether or not he/she will be admitted. Admission time is the time a patient enters the ward where 

he/she will be admitted. When a patient first visit the emergency room or outpatient clinic followed by an 

admission, the two time-points can differ substantially. 
3 BAER (Brainstem Auditory Evoked Response) or Audiogram. 
4 CSF = Cerebro-Spinal Fluid 
5 To verify diagnosis; electronically only available for patients who underwent lumbar puncture in own hospital. 
6 CSF/serum glucose ratio not electronically available as these measures are done in two different laboratories 

with different information systems. Both measures are available electronically separately. 

 

For patient selection and quantification of indicators, 39 different data items have 

been considered for use; 29 were available and 19 usable. 

Case-mix and Exploratory Information 

Table 7 shows the data items regarding exploratory information needed when care 

deviates from standards. Data items for case-mix information are included. Data on 

severity of illness at the moment of admission are not available. Results regarding 

pathogenic organism can be obtained from laboratory results. Information on 

medication prescription, reason of deviation from protocol, no show and care 

provided elsewhere (important in case of transfer) were unavailable. A total of 45 

data items were needed, of which 29 were available and 20 usable. 

 

Table 7: Availability and usability of data to explain deviation from the standard. 

Data item(s) For PI1 Available  

Standar-

dized 

 

Com-

plete 

 

Cor-

rect 

Usable 

Patient: birth date 12-14 y y y y y 

Encounter: arrival date / time2 1,6 n - - - - 

Outpatient visit: no-show 9 n - - - - 

Admission: date 11-14 y y y y y 

Discharge: date 11 y y y y y 

Inpatient: place of origin 2,11 y y y y y 

Inpatient: disposition 9,10 y y y y y 

Admission: severity of illness3 12-14 n - - - - 

Inpatient death: date 11 y y y y y 

Specialty: first contact time 1,6 n - - - - 

Inpatient diagnosis: type 2,8,11-14 y y n n n 

Inpatient diagnosis: date 12-14 y y y n n 

Outpatient diagnosis: type / date4 12,13 n - - - - 
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Medication: type5 6 n - - - - 

Medication: prescription time5 6 n - - - - 

Medication: reason to deviate from 

protocol 

7 n - - - - 

Medication: reason not to adjust to 

antibiogram 

8 n - - - - 

Sign/Symptom: type 2,11 n - - - - 

Sign/Symptom: severity 12,13 n - - - - 

Sign/Symptom: date 2,12,13 n - - - - 

Additional test: type 

 -coagulation test; -CT6 scan; -ECG7 

 

2 

 

y 

 

y 

 

y 

 

y 

 

y 

Additional test: order date 

 -CSF8 cytology 

 -CSF glucose; Serum glucose 

 -CSF culture 

 

3 

5 

5 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

 

y 

y 

y 

Additional test: performance date 

 -hearing test9 

  -no show 

 -neurological tests 

 

13 

10 

12 

 

y 

n 

y 

 

y 

- 

y 

 

y 

- 

y 

 

y 

- 

y 

 

y 

- 

y 

Additional test: result 

 -CSF culture 

  -virology; -bacteriology 

 -neurological tests 

 -hearing test 

 -coagulation test; -CT scan; -ECG 

 

 

11-14 

12 

13 

3 

 

 

y 

y 

y 

y 

 

 

n 

n 

n 

n 

 

 

y 

y 

y 

y 

 

 

y 

y 

y 

y 

 

 

n 

n 

n 

n 

Additional test: result date 

 -CSF cytology 

 -coagulation test; -CT scan; -ECG 

 

6 

2 

 

y 

y 

 

y 

y 

 

y 

y 

 

y 

y 

 

y 

y 

Additional test: result time 

 -CSF cytology  

 

6 

 

y 

 

y 

 

y 

 

y 

 

y 

Care elsewhere before admission10 2,11 n - - - - 
1 PI = Performance Indicator 
2 Encounter arrival time is not necessarily equal to admission time. Arrival time is the time a patient enters the 

hospital whether or not he/she will be admitted. Admission time is the time a patient enters the ward where he/she 

will be admitted. When a patient first visit the emergency room or outpatient clinic followed by an admission, the 

two time-points can differ substantially. 
3 Severity of illness at the moment of admission. 
4 Outpatient diagnosis registry under construction 
5 Medication prescription system under construction 
6 CT = Computer Tomography 
7 ECG = Electro Cardiogram. 

8 CSF = Cerebro Spinal Fluid 
9 Lumbar puncture in another hospital; admission and discharge date of preceding hospital. 
10 To verify diagnosis, but electronically only available for patients who underwent lumbar puncture in own 

hospital. 
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Tables 5, 6 and 7 show availability and usability of data for patient selection, 

performance indicator quantification, and exploratory information. There is some 

redundancy, e.g. admission date is needed for patient selection, quantification of 

performance indicators and exploratory information. For case-mix and exploratory 

information, 25 new data items were added, of which 16 were available and 13 

usable. Combining all data items leads to 64 different data items, of which 45 were 

available and 32 usable.  

Based on availability and usability of data, the possibility of quantifying 

performance indicators reliably is presented in Table 8. Even if it were possible to 

select patients reliably, five of the fourteen performance indicators could not be 

quantified reliably. 

 

Table 8: Possibility to quantify performance indicators reliably. 

PI number Quantifiable1 Explanation 

1 y  

2 y  

3 y  

4 y If CSF2-glucose and blood-glucose available, then glucose ratio is supposed 

5 y  

6 n Hospital arrival and administration time of antibiotics are not recorded 

7 n Administration of antibiotics is not recorded 

8 n Administration of antibiotics is not recorded 

9 y Only for children not referred to other hospitals after treatment 

10 y Only for children not referred to other hospitals after treatment 

11 y  

12 n Conclusions EEG3 are reported in free text; signs, symptoms and outpatient 

diagnosis registration is lacking; only for children not referred to other hospitals 

after treatment 

13 n Conclusions hearing tests are reported in free text, outpatient diagnosis 

registration is lacking; only for children not referred to other hospitals after 

treatment 

14 y  
1 Provided that suspected meningitis patients have been selected successfully. 
2 CSF = Cerebro Spinal Fluid 
3 EEG = Electro Encephalogram 

2.4 DISCUSSIO( 

We studied availability and usability of electronic data for medical practice 

assessment of children with suspected meningitis. Pediatricians defined 14 

performance indicators, case-mix, and exploratory information. Of the 39 data 
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items needed for patient selection and indicator quantification 29 were 

electronically available and 19 usable without manual handling. Reason for 

admission and diagnoses were incomplete 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. Therefore, even if it were possible to select patients reliably, five of 

the 14 performance indicators could not be quantified. 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 protocol, no show and care provided elsewhere were 

particularly likely to be missing.  

This medical practice assessment was meant for internal use only, contrary to some 

areas where performance of hospitals, managed care organizations or individual 

physicians are reported publicly 
(22-24)

. This local, internal use allows medical 

practice assessment at a specific and detailed level. On a larger scale, this detailed 

assessment is probably not possible. However, according to our pediatricians, only 

a detailed assessment does justice to the complex processes. Our study empirically 

supports Palmer’s conclusion 
(8)
 that “many different process-based measures are 

needed to comprehensively assess quality, and many process-based measures 

require detailed clinical data currently found only in medical records”. 

Our study has some methodological limitations. Most importantly, we performed a 

case study in one hospital, with a specific HIS, and based on one patient group. 

Therefore, our evaluation of data quality is specific to the chosen hospital. Another 

hospital may have a different pattern of data availability and usability. The choice 

for another patient group would have led to other performance indicators. Despite 

these limitations, we believe that our study demonstrates the practical difficulties in 

implementing ongoing performance measurements using available patient data. 

These practical difficulties are fairly universal. Many studies evaluated quality of a 

limited data set. Results of these studies are often consistent with our estimates. For 

example, we assumed quality of demographic patient data to be complete and 

correct. This is in agreement with findings of other studies 
(25-28)

. We assumed 

registration of admission and discharge date to be good. Horbar and Leahy 
(27)

 and 

Teikari and Raivio 
(28)

 reported an error rate of about 5 – 10%. We reported 
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problems with discharge diagnoses, as do other studies 
(26, 29-36)

. We evaluated the 

quality of procedural codes as being positive. Cooper et al 
(37)

 and Schwartz et al 
(38)

 

concluded that hospital-based procedural codes are a reasonably accurate source of 

data for process and outcomes analyses of gastro-intestinal hemorrhage and 

perinatal care, respectively. No studies evaluating quality of the whole data set 

needed for medical practice assessment have been found. 

Another limitation of this study is the determination of completeness and 

correctness of data. We estimated these quality aspects (as suggested by 
(39)

) based 

on procedures for collecting and recording data, and on original reason for 

recording. As with much data available electronically, a gold standard could not be 

constructed, and there were no other means to evaluate data quality in this 

retrospective study. Many data are available either electronically or on paper. The 

problem of constructing a true gold standard for electronic clinical data has already 

been mentioned by Brennan and Stead 
(40)

.  We could construct a gold standard 

only for reason for admission and for discharge diagnoses. Therefore, we attached 

great value to validation of our estimates by the pediatricians. For comparison 

between electronic and paper representation of reason for admission and diagnoses 

the term “concordance” is more appropriate than “gold standard” 
(41)

. However, we 

believe that in our hospital the paper representation gives a better depiction of the 

real status of the patient than the electronic representation, which has no function in 

daily patient care.   

In the results section, problems with the registration of suspected meningitis are 

described. But there are other, more fundamental, problems too. Firstly, the ICD-9-

CM provides no possibility to describe ‘suspected meningitis’. Also the registry 

itself does not provide the possibility of indicating the status of selected ICD-9-CM 

codes. This means that no distinction can be made between patients admitted with 

suspected meningitis and patients admitted with proven meningitis. This last 

situation occurs frequently in a tertiary care hospital. Secondly, only one reason for 

admission can be recorded in our HIS. In case where suspected meningitis was part 

of a differential diagnosis but not the immediate working diagnosis, it will not be 

recorded as such. Not many institutions record reason for admission. We found no 

other study about data quality of reason for admission. Trepka et al 
(42)

 concluded 

that only 38.3% of the persons with an ICD-9-CM tuberculosis code as one of the 

discharge diagnoses did actually have tuberculosis. This was due to the fact that in 
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the registration no distinction could be made between suspected tuberculosis and 

diagnosed tuberculosis. 

Despite problems with data availability and data quality, the project still had clear 

benefits. The new idea to flowchart each physician’s process uncovered more 

practice variability than the pediatricians were aware of. Importantly, the indicator 

reporting showed, as far as we could measure, that the provided care resembled 

desired care, except regarding hearing follow-up. Only 31% of children with 

meningitis underwent a hearing test 4 - 12 weeks after discharge. 

Our method of developing performance indicators and assessing medical practice 

was comparable to the ten-step monitoring and evaluation process of the Joint 

Commission on Accreditation of Healthcare Organizations 
(2)
, but we organized the 

steps in four consensus meetings. This was done to minimize the time burden on 

pediatricians. In our experience, in four meetings, pediatricians are able to develop 

performance indicators and assess their medical practice, provided that they are 

supported by experts on medical practice assessment and patient documentation. 

To take data quality explicitly into account was important to improve the 

credibility of this quality of care project. 

We purposely started a study on a patient group defined by a suspected disease. In 

this way it was possible to analyze data availability and usability for the assessment 

of care from first contact to follow-up. The idea of assessing diagnostic processes 

by studying a patient group defined by a “suspected” disease has not been 

discussed previously in literature. 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. Defining 

patient groups by diagnostic procedure alone is not a good alternative. Firstly, not 

many diagnostic procedures are disease specific. This means that using it as a 

selection criterion will also lead to selection of not-intended patients. Registration 

of test indication can address this problem. Secondly, there can be a contra-

indication for the procedure, leading to not selecting intended patients. We did use 

lumbar puncture as a selection criterion, but in addition to the diagnosis-based 

criteria. This could have introduced selection bias. Patients with a contra-indication 
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or who (incorrectly) did not undergo a lumbar puncture could have been 

overlooked if the diagnosis registration failed for these patients. This means that 

the indicator depicting the performance of a lumbar puncture probably scores 

higher than its true value. From a methodological point of view it is not correct to 

use a dependent variable as selection criterion. 

It is difficult to define a direct relation between a diagnostic process and expected 

patient outcomes. In general, patients will benefit from a quick and adequate 

diagnostic process. Specific outcomes are highly dependent on the eventual 

diagnosis and chosen therapy. Therefore, the quality of the diagnostic process in 

our case study is defined in terms of timely and appropriate actions. Further, to 

keep the assessment manageable, we defined outcome indicators only for those 

patients with confirmed meningitis. 

Patients with suspected meningitis were not an easy group to study. Firstly, it was 

not always easy to establish whether the diagnosis was suspected meningitis. For 

this, we used explicit criteria during the medical record-based verification. 

Secondly, some of the patients were admitted with already proven meningitis. 

Furthermore, there was great variability in severity of illness and pathogenic 

organisms. In fact there were several subgroups. A solution could be to define 

more specific performance indicators, e.g. performance indicator 11: length of stay 

for meningococcal meningitis. This does not influence the total set of required data, 

but for performance indicators themselves, more data items are required. This can 

result in indicators that are even more difficult to quantify. Many of the defined 

exploratory information are performance indicators themselves, such as time 

interval between prescription and administration of antibiotics. However, most of 

them are only applicable in small subgroups.  

We conclude from our data that pediatricians define quality in terms of 

appropriateness and timeliness of interventions, and patient outcomes. In general, 

this means that patient conditions, interventions, and exact timing of both need to 

be registered. From the perspective of pediatricians, detailed information is needed 

to assess their own medical practice. Part of this information cannot be delivered 

from today‘s clinical information systems. The main problems are incomplete and 

incorrect registration of discharge diagnoses, time-points that are not or incorrectly 

recorded, some patient conditions that are not recorded and some test results that 

are not standardized. For assessment of the diagnostic process, a reliable 

registration of reason for admission is necessary. Not many hospitals do register 
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reason for admission and if they do, the completeness and correctness of the 

information is questionable. Besides clinical information systems, use of paper 

medical records is necessary for additional data and verification. Although 

information supply is a problem, participation of physicians in a quality of care 

project leads to better awareness of important aspects of care and may uncover 

possibilities for improvement. 
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