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Chapterr 4 

Abstract t 
Too be useful, for example for assessment of quality of care, data in medical 
registriess must be of good quality. The aim of this study is to analyse the quality 
off  data used to measure severity of illness in the Dutch National Intensive Care 
Evaluationn (NICE) registry, after implementation of quality improving 
procedures. . 
Dataa from a random sample of admission to nine Dutch ICUs were re-abstracted 
fromm the paper patient record or the Patient Data Management System and 
comparedd to the data contained in the registry. The re-abstracted data were 
consideredd to be the gold standard. 
Thee mean percentages inaccurate and incomplete data, per hospital, over all 
variables,, were 6.1%  4.4 (SD) and 2.7%  4.4 (SD) respectively. The mean 
differencee in severity-of-illness scores between registry data and re-abstracted 
dataa was 0.4 points for APACHE II and 0.2 points for SAPS II. The mean 
differencee in predicted mortality according to APACHE II and SAPS II between 
registryy data and re-abstracted data was 0.36% and 0.04% respectively. 
Wee concluded that the current data quality of the NICE registry is good and 
justifiess evaluative research. These positive results might be explained by the 
implementationn of several quality assurance procedures in the NICE registry, 
suchh as training and automatic data checks. 
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Introduction n 
Severityy models are increasingly used to compare patient outcomes between 
intensivee care units (ICU). Quality assessment of ICU's can be performed by 
comparingg observed mortality in the ICU population with the estimated overall 
riskk of hospital mortality in that population. To ascribe differences in mortality 
ratioss (observed mortality / predicted mortality) between ICU's to true 
differencess in the quality of intensive care practice, we must be certain that they 
cannott be explained by insufficient accuracy and consistency of the data used 
forr calculation of the predicted mortality. Inaccurate registration and variability 
off  the data can have a number of causes. Fery-Lemonnier et al. [1] discussed 
somee of the problems causing inaccurate APACHE II data collection, including 
complexx calculation methods and lack of unambiguous definitions. In addition 
Chenn et al. [2] mentioned lack of clear instructions concerning the timing of 
APACHEE II data collection as a source of error. To optimise the quality of 
medicall  registry data the centers that participate in a registry should follow 
certainn procedures that aim to minimise the occurrence of erroneous and 
missingg data [2-15]. Common errors in data collection should be avoided by 
providingg unequivocal data definitions, clear procedures for data collection and 
trainingg of the data collectors [1-8,15-17]. Furthermore, database quality can be 
improvedd by automatically verifying whether data are complete and within the 
definedd range of values, and by applying consistency checks. 

Thee Dutch National Intensive Care Evaluation (NICE) registry [18] was set up 
inn 1996 to gain insight into and to improve the effectiveness of Dutch intensive 
caree medicine. The NICE registry contains 96 data items for each patient that 
hass been admitted to one of the participating ICU's. Based on data from the first 
244 hours of ICU admission a scoring system, APACHE II [19] APACHE III 
[20],, SAPS II [21], MPMo/24 II [22], or LODS [23] assigns a score to each 
patientt to quantify his severity of illness. This score can be turned into a 
probabilityy of hospital mortality by a logistic regression equation. NICE has 
adoptedd a framework of measures to obtain reliable data with clear data 
definitions,, local and central procedures to collect data, automatic evaluation of 
completenesss and quality of the data, and obligatory training of data-collectors 
off  every participating center. This study was undertaken to determine the 
reproducibilityy of critical care data after institution of a framework of measures 
aimedd at improving quality of the data. 
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Materialss and methods 
Thee NICE dataset contains 96 variables representing characteristics of the 
patientss and the outcome of ICU treatment. It includes demographic patient 
data,, admission and discharge data and all variables necessary to calculate 
mortalityy risks according to the prognostic models APACHE II, APACHE III , 
SAPSS II , MPMo/24 II, and LODS. 
Dataa collection in the NICE registry takes place manually or automatically. 
Manuall  data collection implies that the data are manually entered into a local 
registryy database, possibly preceded by fillin g in a specially designed case 
recordd form. In case of automatic data collection the registry data is 
automaticallyy extracted from the electronic patient record or Patient Data 
Managementt System (PDMS) [24] and placed in the local registry database. 
Eachh month the data from the local databases is transferred to the central 
registryy database at the NICE co-ordinating center. To assure quality of the data 
inn the NICE registry several quality assurance measures have been 
implemented.. The NICE registry has developed a data dictionary, containing 
clearr definitions of all NICE data items. Some of these definitions are 
mentionedd on the case record forms or on the data entry screens. All participants 
off  the NICE registry are obliged to attend a training in collecting the data 
accurate,, according to the stated data definitions. In the NICE registry both the 
lowestt and the highest values for physiological and laboratory data over the first 
244 hours of ICU admission are registered. The worst values, required for 
prognosticc scoring models, are selected automatically when the prognostic 
scoress are calculated. Both locally and centrally the data are automatically 
checkedd for range and consistency. Detected data errors are reported back to the 
locall  centers, so they can correct the data. The NICE co-ordinating center 
continuouslyy maintains intense communication with local participating centers. 

Too measure current data quality we visited ICUs from all 9 hospitals that had 
beenn collecting data for the NICE registry for at least one year. For each of 
thesee ICUs we randomly selected 20 patients that had been admitted in August 
orr September 1999. The data were re-abstracted from the paper patient record or 
thee PDMS by one of the authors (D.A.). To evaluate the accuracy (= the extent 
too which registry data are consistent with the original source data) and the 
completenesss (= the extent to which all necessary data that have been registered 
inn the original source are available in the registry) of all NICE data items 
(N=96)) the re-abstracted data were compared to the data contained in the 
registry.. The re-abstracted data were considered to be the gold standard. 
Percentagess inaccurate and missing data items were calculated for all data items 
clusteredd into four groups: admission & discharge data, diagnostic data, 
physiologicc and laboratory data and Glasgow Coma Scale scores. Registered 
dataa items were found to be inaccurate if (1) a categorical value was not equal 
too the gold standard value, (2) a numerical value deviated from the gold 
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standardd value more than acceptable, for example a deviation in systolic blood 
pressuree of more than 10 mmHG below or over the gold standard systolic blood 
pressuree was considered inaccurate (See the appendix for a complete list of the 
criteria)) or (3) a value caused a deviation from the gold standard APACHE II 
scoree or SAPS II score. A data item was found to be missing when it was not 
registered,, while it was available according to the paper-based patient record or 
thee PDMS. We specifically analysed the quality of the variables used to 
calculatee APACHE II and SAPS II scores. Here APACHE II and SAPS II data 
itemss were considered inaccurate, only if they caused a deviation from the gold 
standardd score. In addition we calculated kappa coefficients to determine the for 
chancee adjusted agreement in assignment of APACHE II and SAPS II scores. 
Wee also investigated the influence of the observed data errors on prognostic 
scoringg by calculating the differences between mean APACHE II and SAPS II 
scoress and mortality risks based on the registry data and based on the re-
abstractedabstracted data. A paired non-parametric Wilcoxon signed ranks test was 
performedd to assess whether or not the mean differences were different from 
zero.. A p-value < 0.05 was considered statistically significant. 

Results s 
AA total of 146 patient records from all ICUs were reviewed in this evaluation. 
Percentagess inaccurate and missing data items per ICU and per group of data 
itemss are displayed in figure 4.1. Of all 9 ICUs the mean percentages inaccurate 
andd missing data items were 6.1%  4.4 (SD) and 2.7%  4.4 (SD) respectively. 
Thee highest percentages inaccurate data items concerned physiologic data, such 
ass systolic blood pressure, and laboratory data, such as white blood cell count. 
Percentagess inaccurate admission and discharge data, diagnostic data and 
Glasgoww Coma Scores were low. 

ICUU A2 had a relatively high percentage inaccurate data items (15.8%»). In the 
ICUss where data was collected automatically (ICUs Al and A2) inaccurate data 
weree mostly due to programming errors in the extraction software. Both ICUs 
All  and A2 had relatively high percentages of missing data items (6.0% and 
13.3%% respectively). This was caused by the fact that the extraction software 
lackedd extraction queries for some data items or that specific variables were not 
registeredd in the PDMS, which caused the missing of these specific data items 
forr all patients admitted to that ICU. Comparison of the data in the electronic 
patientt record of hospital A2 to the data in the paper based patient record 
showedd that the data in the electronic record, the extraction source for the NICE 
data,, was incomplete. As a result of the incompleteness of the extraction source, 
manyy values in the NICE registry appeared not to be the real extreme values 
overr the first 24 hours of ICU admission. Glasgow Coma Scores at admission 
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andd after 24 hours were not registered in the electronic patient record for all 
patientss admitted at ICU A2. Whereas the lowest GCS scores over the first 24 
hourss of ICU admission, used for calculation of APACHE II and SAPS II 
scores,, were registered. 

AA utomotic 
datadata collection 

M22 M3 M4 M5 

ManualManual data collection 

 Admission & discharge data BDiagnoses 
^Physiologicc & laboratory data DGlasgow Coma Scale 

Figuree 4.1 - Percentages inaccurate and incomplete data per ICU, over all data items. 
TheThe bars represent percentages inaccurate or incomplete data per group of data items, 

forfor each ICU. ICUs are divided into ICUs that automatically collect the data (A 1 and 
A2)A2) and ICUs that manually collect the data (M1-M7). 

Inn ICUs where data were collected manually (ICUs Ml til l M7) most errors 
weree made during collection of the data on the case record forms. Only a very 
smalll  fraction of the data errors was made during the manual entering of the 
dataa into the database. Most of the erroneous physiologic and laboratory data 
concernedd data acquired before or after the first 24 hours of ICU admission. 
Anotherr relatively large source of error was the selection of the blood gas 
samplee for registration of blood gas values (Pa02, PaC02, FI02, pH) and 
calculationn of the alveolar-arterial oxygen difference (A-aD02). The sample 
usedd should be the one that results in the highest A-aD02. An incorrectly 
selectedd blood gas sample may result in multiple inaccurately registered values. 
Finallyy calculation of minimal urine production over 8 hours and total urine 
productionn over 24 hours resulted in a relatively large number of errors. 
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Tablee 4.1 displays for all APACHE II and SAPS II data items the agreement 
betweenn registry data and re-abstracted data. In this case, data were considered 
inaccurate,, if they caused a deviation from the gold standard score and mortality 
risk.risk. The agreement was very high (>90%) in most cases. The data item 
'Mechanicall  ventilation during the first 24 hours of ICU admission' showed 
relativelyy low agreement, probably due to frequent misinterpretation of the data 
definition.. Table 4.2 also displays a kappa (K) coefficient for each data item. 
Mostt variables show very good agreement (0.81 < K < 1.00). Kappa for white 
bloodd cell (WBC) count was good (K = 0.77) for APACHE II and moderate (K 
==  0.43) for SAPS II scoring. These relatively low kappa coefficients were to a 
largee extend caused by a programming error in the extraction software of 
hospitall  A2 (see figure 4.1). This error caused the value of zero to be recorded 
inn the registry when the WBC was not measured. In the assignment of 
APACHEE II and SAPS II scores this value was considered to be extremely low 
andd therefore unjustly generated the maximum number of score points. 

Tablee 4.1 - Percentage agreement between registry data and re-abstracted data in the 
assignmentassignment of APACHE II and SAPS I J scores. Kappa coefficients per variable. 

APACHEE II 
variables s 

Chron.. Diagnoses c 

WBCC counta 

Meann blood pressure 

A-aD022 / pao2 

Heartt rate 

pH H 

Hematocrit t 

Respiratoryy rate 

Temperature e 

Potassium m 

GCSS scores b 

FI02 2 

Sodium m 

Acutee renal failure 

Creatinine e 

Age e 

Admissionn type 

Agreement t 
% % 

91.1 1 
91.1 1 

91.1 1 
93.8 8 

94.5 5 

95.2 2 

95.2 2 

95.2 2 

95.9 9 

97.3 3 

97.3 3 

97.3 3 

98.6 6 

98.6 6 

99.3 3 

99.3 3 

99.3 3 

Kappa a 

0.74 4 

0.77 7 

0.84 4 

0.85 5 

0.91 1 

0.85 5 

0.91 1 
0.94 4 

0.94 4 

0.94 4 

0.80 0 

0.95 5 

0.86 6 

0.83 3 

0.98 8 

0.99 9 

0.98 8 

SAPSS II 
variables s 

Mechanicall  ventilation 

Pa02/FI02 2 

WBCC counta 

Bicarbonate e 

Systolicc blood pressure 

Potassium m 

Heartt rate 

GCSS scores 

Urea a 

Temperature e 

Age e 

Admissionn type 

Sodium m 

Bilirubin n 

Urinaryy output 

Chron.. Diagnoses d 

Agreement t 
% % 

84.9 9 
90.4 4 

92.5 5 

95.2 2 

95.9 9 

97.3 3 

97.3 3 

98.0 0 

98.6 6 

98.6 6 

99.3 3 

99.3 3 

100 0 

100 0 

100 0 

100 0 

Kappa a 

0.68 8 
0.84 4 

0.43 3 

0.88 8 

0.93 3 

0.82 2 

0.97 7 

0.85 5 

0.96 6 

0.89 9 

0.99 9 

0.99 9 

1 1 

1 1 

1 1 

1 1 

aa WBC = white blood cell, b GCS = Glasgow Coma Scale, c Cirrhosis, cardiovascular 
insufficiency,, respiratory insufficiency, chronic dialysis, immunological insufficiency, d 

Haematologicall  malignancy, neoplasm, AIDS 
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Tablee 4.2 displays the differences in mean APACHE II and SAPS II scores and 
predictedd mortality based on the registry data and on the re-abstracted data. 
Overalll  agreement regarding the APACHE II and the SAPS II scores and 
mortalityy probabilities was very good. The detected data errors had no impact 
onn the scores and the calculation of case-mix corrected mortality risks. Figures 
4.22 and 4.3 show for the APACHE II model and for the SAPS II model that the 
inn general individual predicted probabilities of in-hospital death based on the 
registryy data do not differ significantly from those based on the re-abstracted 
(goldd standard) data. Figure 4.3 displays a few outliers for the SAPS II model. 

Tablee 4.2 - Comparison of mean scores and probabilities based on the registry data and 
basedbased on the re-abstracted (gold standard) data, results of the Wilcoxon signed ranks 
test. test. 

Registry y Gold d 
standard d 

Difference e Wilcox x 

MeanMean MeanMean
Mean Mean 

(min-max) (min-max) 
p-value p-value 

SAPSS II score 29.6 1 

SAPSS II probability 16.6% 0 

APACHEE II score 14.2+5.6 

APACHEE II probability 13.8% 5 

29.99 4 -0.4 (0-16) 0.331 

16.6%% 3 0.04% (0-35.3) 0.907 

14.44 6 -0.17 (0-8) 0.275 

14.1%% 3 -0.4% (0-20.9) 0.197 
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Figuree 4.2 - Predicted mortality according to APACHE II based on registered data 
plottedplotted against predicted mortality based on re-abstracted data, for individual patients. 
TheThe line represents perfect agreement. 
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Figuree 4.3 - Predicted mortality according to SAPS II based on registered data plotted 
againstagainst predicted mortality based on re-abstracted data, for individual patients. The 
lineline represents perfect agreement. 

Discussion n 
Thee value of medical registries, for example in the assessment of quality of 
care,, strongly depends on the quality of the data included in the registry. To be 
ablee to make reliable inferences, these data need to be accurate and complete. 
Thee NICE registry has implemented many procedures aiming to improve the 
qualityy of data. The results of the present study show that the data contained in 
thee NICE database are indeed of good quality and suggest that current data 
qualityy assurance procedures are effective. 

Thee primary goal of the NICE registry is the evaluation of quality of intensive 
caree by determining case-mix-adjusted mortality. For this, prognostic models 
suchh as APACHE II and SAPS II are used to calculate predicted mortality. Very 
highh agreement was found between registry data and re-abstracted data for 
APACHEE II and SAPS II scores and for predicted mortality based on these 
models.. High agreement was also found for the individual items that are used in 
thesee models with the exception of the SAPS II item "mechanical ventilation" 
whichh had a relatively low agreement rate of 84.9%. 

Thee criteria used for evaluation of the quality of APACHE II and SAPS II data 
impliedd that a data value was considered inaccurate, only if it would result in a 
differentt score than the gold standard score. Since APACHE II and SAPS II use 
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differentt threshold values in the assignment of scores, the number of inaccurate 
valuess for data items used by both models, such as GCS scores, WBC count and 
heartt rate, can be different. 
Ourr results differ somewhat from earlier reports in the literature. GCS scoring is 
aa well-known source of erroneous data, especially in the case of sedated patients 
[2,, 16, 17, 25]. The very low number of erroneous GCS scores in our study can 
bee explained by the explicit definitions for this item, including what to do in 
casee of sedated patients, that are given on every case record form as well as on 
thee electronic data entry module. Also, during the obligatory training of every 
participatingg center, much attention is given to this subject. Definitions on the 
casee record form are also given for other "difficult " items, such as diagnoses of 
chronicc illness, oliguria, highest A-aD02 and definitions of surgical vs. medical 
admissions.. Another source of errors reported in the literature is the use of 
physiologicc data from before or after the first 24 hours in the ICU [2, 15, 16]. 
Too avoid this type of error, specific attention is given to this point during 
trainingg sessions. Holt et al. [16] reported that 38% of errors occurred in 
choosingg the most abnormal from highest and lowest values. In the NICE 
registry,, both the highest and lowest values are recorded, the worst value is 
automaticallyy selected by a computer algorithm. Lastly, errors can be avoided 
byy letting physicians register all data necessary for calculations, rather than the 
calculatedd values such as A-aD02 themselves. 

Wee did evaluate the accuracy of all database items, not only the data used for 
calculatingg the APACHE II and SAPS II models. Whereas in most ICU's the 
numberr of errors was very low, some important outliers could be identified. 
Bothh ICU's that collect their data automatically from a PDMS had a relatively 
highh percentage missing data items due to the fact that the extraction software 
lackedd extraction queries for some items and because some items were not 
registeredd in the PDMS. For example one ICU had 66% missing GCS items, 
duee to the fact that the software only contained extraction queries for the most 
abnormall  GCS scores but not for the GCS at admission and at 24 hours after 
admission.. Both ICUs have resolved the errors in their extraction software, 
whichh caused the missing data items, and are now able to provide the data 
accuratee and complete. This clearly shows the importance of data quality 
evaluationn during site visits to detect systematic errors in local data collection 
procedures. . 

Inn conclusion, this study shows that overall data quality of medical registries 
cann be very good. The NICE registry data are of very good quality in view of 
thee intended use, severity-of-illness scoring. Very high agreement was found 
betweenn registry data and re-abstracted data for APACHE II and SAPS II scores 
andd for predicted mortality based on these models. 
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