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Introduction and objectives. The aim was to
determine the usefulness of the hospital discharge
Minimum Basic Data Set (MBDS) for predicting in-hospital
mortality with coronary bypass surgery by using data from
a prospective observational study as a reference.

Methods. The observational study involved collecting
data on all patients undergoing first coronary bypass
surgery at 5 hospitals in Catalonia, Spain between
November 2001 and November 2003. In addition, data
covering the same period and hospitals were obtained
from the MBDS for procedure code 36.1. We investigated
the concordance between the information from the 2 data
sources and logistic regression was used to derive
predictive models for in-hospital mortality. The model
derived using MBDS data was validated using data from
the prospective observational study and MBDS data for
the years 2004-2006. Model validity was evaluated using
discrimination and calibration indices.

Results. Some 4.1% of cases in the observational
study could not be found in the MBDS. The concordance
between the two data sources was highly variable and
generally low (kappa values ranged from 0.16 to 0.79).
The discriminative ability of the MBDS model was
equivalent to that of the observational study model
(c=0.80 vs c=0.79), but when the validity of the former
was tested using prospective data and MBDS data for
2004-2006, the discrimination c-index decreased to 0.76
and 0.65, respectively, and the calibration worsened
significantly (P<.001).

Conclusions. The risk of in-hospital mortality following
coronary surgery cannot be accurately evaluated using
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MBDS data. However, our results indicate that their use
as a predictive tool could be improved.
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Predicción de la mortalidad hospitalaria en
la cirugía de derivación aortocoronaria
mediante datos administrativos: comparación
con un estudio observacional prospectivo

Introducción y objetivos. Este estudio pretende eva-
luar la validez del Conjunto Mínimo Básico de Datos
(CMBD) al alta hospitalaria para predecir la mortalidad
hospitalaria en cirugía coronaria, utilizando como referen-
cia los datos de un estudio observacional prospectivo.

Métodos. Entre noviembre de 2001 y noviembre de
2003 se recogieron prospectivamente los datos de los
pacientes sometidos a una primera intervención de deri-
vación aortocoronaria en cinco hospitales catalanes. Se
obtuvieron del CMBD los registros del mismo período y
los mismos centros con código de procedimiento 36.1. Se
analizó la concordancia de la información procedente de
ambas fuentes y se construyeron modelos predictivos de
mortalidad hospitalaria mediante regresión logística. Se
validó el modelo derivado de datos administrativos apli-
cándolo a los datos procedentes del estudio observacio-
nal y a los datos del CMBD del período 2004-2006 me-
diante los índices de discriminación y calibración.

Resultados. El 4,1% de los casos incluidos en el estu-
dio prospectivo no se localizaron en el CMBD. La concor-
dancia entre la información procedente de ambas fuentes
fue variable (kappa, 0,16-0,79) y globalmente baja. La ca-
pacidad de discriminación del modelo administrativo fue
comparable a la del modelo del estudio observacional 
(c = 0,80 frente a c = 0,79), pero al validarlo con los datos
prospectivos y los datos del CMBD 2004-2006, la capaci-
dad de discriminación disminuyó (c = 0,76 y c = 0,65) y la
calibración empeoró (p < 0,001).

Conclusiones. El CMBD es insuficiente para una ade-
cuada valoración del riesgo de mortalidad hospitalaria en
cirugía coronaria. Sin embargo, los resultados indican
que hay potencial de mejora en su uso como instrumento
predictivo.
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INTRODUCTION 

Low cost and speed of data extraction are 2 advantages
of using administrative databases to evaluate medical
interventions; nevertheless, they have important
limitations. First, there is the difficulty of adjusting for
confounding factors which cannot be coded. These factors
can include severity indicators such as functional class
or indicators associated with the care process, such as
whether the intervention is scheduled and its urgency. A
further difficulty is whether diagnoses correspond to co-
morbidities or to complications arising during the hospital
stay, and whether they occurred before or after the
procedure being evaluated. Finally, there are the problems
of inaccurate or missing data in the hospital discharge
reports. 

The hospital discharge Minimum Basic Data Set
(MBDS)1 is a population level registry which records
information on pathologies treated in Spanish acute care
hospitals using the international classification of diseases
codes (ICD-9).2 Specific codes are used in the hospital
discharge report for each diagnosis and procedure and
for each admission. All public and private health care
centers in Spain have to provide these data. Because of
this, it has been possible to compile an exhaustive and
valid database on health care activity and morbidity. The
database is intended to be useful for health care planning,
as well as in assessing and purchasing health care
services. The MBDS has proven useful in epidemiological
studies where it has been used to estimate population
incidence and procedure performance rates, and to assess
raw outcomes such as mortality.3-6 It has also been used
to study variations in clinical practice.4,7 Using it to
evaluate the outcomes of therapeutic procedures is,
however, more controversial.8 Although it has been used
to predict hospital mortality in cardiac surgery,9 the
results were not compared with data from prospective
studies to determine their reliability. Though several
studies have analyzed agreement between administrative
and clinical databases or specific registries, most such
comparisons were carried out in the USA10-12 and
Canada13 where the systems for recording and coding
data may differ from that used in Spain. A study
performed in the UK14 recently showed that
administrative databases can be used to predict the risk

associated with 3 important interventions (coronary
artery bypass graft, repair of abdominal aortic aneurysm,
and colorectal excision for cancer). The administrative
databases used showed similar properties of calibration
and discrimination as a series of clinical databases. 

The objectives of the present study were: a) to evaluate
the capacity of a MBDS to predict in-hospital mortality
after first coronary bypass surgery without associated
interventions. Reference data for the analysis came from
the same group of patients who were included in a
prospective study designed specifically with this aim in
mind and which employed several quality controls (the
ARCA study15); and b) to analyze the agreement between
the 2 sources of information in terms of the most relevant
variables in predicting surgical risk. 

METHODS 

The Prospective, Observational Study
Database

Between November 2001 and November 2003, data
were collected prospectively for all patients with an
indication for first coronary bypass surgery without
associated interventions who were treated in 5 hospitals
in Catalonia. Three of these hospitals were publicly
managed and 2 were privately managed. The private
centers accept patients referred from public health centers.
In each center, a member of the operating team or someone
from the cardiology department reviewed the schedules
for heart surgery and completed the data collection form.
Following procedures set out in the study manual, data
was collected through patient interview and a review of
medical records and hospital discharge reports. 

Data collection quality was tested through an external
review of a random sample of 10% of medical records
and through comparison with the hospital discharge
MBDS. 

The Administrative Database 

The MBDS includes clinical data collected at discharge
from hospital and coded using the International
Classification of Disease, 9th Revision, Clinical
Modification (ICD-9-CM).2 Until 2002, the diagnosis
considered as the primary motive for admission and up
to 3 secondary diagnoses could be recorded, together
with the primary procedure and up to 3 secondary
procedures. From 2003 on, it is possible to record the
main diagnosis and up to 9 secondary diagnoses as well
as the primary procedure and up to 7 secondary
procedures. 

The hospital discharge database (MBDS) for the 
5 participating centers was requested from the Catalan
Health Service for patients included in the prospective
study and in which the code 36.1 appeared (bypass
anastomosis for heart revascularization). In order to make

ABBREVIATIONS

MBDS: Minimum Basic Data Set



record selection comparable with inclusion criteria in
the prospective study, records were excluded if they
mentioned procedures with codes v45.81 (postsurgical
aortocoronary bypass status) and 35 (operations on valves
and septa of heart). To be included in the prospective
study, patients had to receive a first isolated coronary
bypass without associated interventions. 

The MBDS for the 5 participating hospitals was also
requested for the period 2004-2006 to provide external
validation data for the predictive model derived from the
earlier cohort. The same selection criteria for procedure
codes were applied for the second period.

Linking the Databases 

The 2001-2003 MBDS was linked with the ARCA
database using the key variables of center, medical record
number, and date of discharge. A difference of 1 (1)
month was allowed for the date of discharge. Due to
errors in entering the medical record number, a second
key was defined based on the center, the date of birth
and date of discharge. 

Analysis of Agreement 

In order to analyze agreement between information in
the 2 databases, diagnoses, and procedures with equivalent
definitions to those used in the ARCA study were selected
(Table 1). The way in which variables were defined was
not always identical between the 2 studies and the
definitions were often more precise in the prospective
study. For example, renal failure (codes 585: chronic
renal failure, and 586: unspecified renal failure) 
was defined in the prospective study as creatinine levels
≥1.5 mg/dL. In the prospective study, an urgent
intervention was defined as one which was performed
during the same period of admission in which surgery
was initially indicated. This variable does not exist in the
MBDS, although the circumstances of admission are
recorded (scheduled or urgent). 

The sensitivity and specificity of each diagnosis was
calculated using the presence of each in the ARCA
database as a reference. The kappa index was used to
assess agreement between the 2. Cases of non-agreement
were classified as: errors of omission (information
collected in the ARCA study but not in the MBDS) and
coding errors (diagnosis coded in the MBDS but not in
the ARCA study). 

At the same time, the overall percentage of agreement
between the data in each register was calculated and the
mean percentage of agreement was calculated by year
of discharge and center. 

Predictive Models 

Logistic regression methods were used to construct 2
predictive models for hospital mortality, one based on

ARCA study data (ARCA model) and one based on the
2001-2003 MBDS data (administrative model).
Discrimination and calibration parameters were calculated
for each model. 

Discrimination refers to the model’s capacity to
distinguish between patients with and without a specific
outcome. It was evaluated by calculating the C statistic,
which is equivalent to area under the ROC curve; c=1
indicates perfect discrimination, while c=0.5 represents
a zero capacity for discrimination; c≥0.7 can be considered
acceptable. 

Calibration refers to the degree of agreement between
predicted mortality (expected cases) and true incidence
(observed cases) in all risk strata. This was evaluated
using the Hosmer-Lemeshow goodness of fit statistic:
the data were grouped in deciles according to the
probability estimated by the model and observed and
predicted mortality were compared in each decile using
χ2. The greater the difference between the expected
and observed results, the higher the χ2 value and the
lower the P value. Low P values indicate poorer
calibration. 

The administrative model was validated using the
ARCA data as the gold standard by means of 2 procedures.
First, parameters were recalculated using the equivalent
variables from the ARCA study and validity was assessed
by calculating discrimination and calibration. Secondly,
the administrative model (predictive variables and
coefficients obtained from the administrative data) was
applied to the ARCA data. 

At the same time, the administrative model was
validated using data from the 2004-2006 MBDS cohort
and by applying similar procedures. 

RESULTS

The analysis was performed on a total of 1508 cases
which were recorded in both databases (95.9% of the
cases in the ARCA database). There were 65 (4.1%) cases
in the ARCA study which were not recorded in the MBDS.
Hospital mortality was significantly higher in these “non-
coincident” cases (12.3% compared to 4.5%). 

The proportion of cases with a recorded diagnosis was
higher in the ARCA database (Table 2), with notable
differences in variables which are important to the
evaluation of surgical risk, such as renal failure, previous
infarct, or peripheral vascular disease. 

Table 3 shows the agreement and validity of the
diagnoses and procedures in the MBDS taking the ARCA
study for reference. For most of the diagnoses, specificity
was high (0.84 to 0.99) and sensitivity was very variable
(0.14 to 0.99), although it was generally very low (<0.60
in 77% of the diagnoses). The kappa results were very
variable, with almost perfect agreement in the case of
non-coded variables such as sex and mortality, moderate
for some diagnoses (arterial hypertension, diabetes, acute
myocardial infarct, chronic obstructive pulmonary
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TABLE 1. Equivalence Between Definitions in the Prospective Study and Data Collected From the MBDSa

Definition in the ARCA Study Definition in the MBDS ICD-9 Code (MBDS) Exclusions (MBDS)

Patient identification variables

Medical record number Medical record number NC

Sex Sex NC

Date of birth Date of birth NC

Procedure related variables

Urgent intervention (performed during the same Circumstances of admission: urgent NC

admission as the initial indication) or emergency 

(in the first 24 h after the indication)

Death during hospital admission Circumstances of discharge: death NC

Public or private management Center management NC

Clinical variables: diagnoses and procedures coded 

in the MBDS according to the ICD-9-CM

Arterial hypertension (diagnosed or in treatment) Essential hypertension 401.0-401.9 High blood 

pressure without 

diagnosis of 

hypertension 

(796.2) 

Hypercholesterolemia (diagnosed or in treatment) Alterations of the lipid metabolism 272.0-272.9

Diabetes mellitus (diagnosed or in treatment) Diabetes mellitus 250.0-250.9

Present smoker or ex- smoker for less than 1 year History of tobacco use V15.82, 305.1

or tobacco dependency

Antecedents of heart failure Heart failure 428.0-428.9 Post-operative 

(997.1) 

After cardiac 

surgery 

(429.4) 

Previous myocardial infarct and date Previous myocardial infarct 412 

Unstable angina (intravenous nitrate required in Intermediate coronary syndrome 411.1, 413.0

operating room) or angina at rest crisis in the 72 h or angina decubitus

prior to the intervention

Acute myocardial infarct as the reason for admission Acute myocardial infarct 410.0-410.9

or prior myocardial infarct and date (within the last 8 weeks or less)

Creatinine >1.5 mg/dL Chronic renal insufficiency or unspecified 585-586 Post-operative

renal insufficiency acute renal 

insufficiency 

(997.5) 

Chronic obstructive pulmonary disease, in treatment Chronic obstructive pulmonary disease 490-496

and associated diseases

Left ventricular aneurysm Cardiac aneurysm (wall) 414.10

Intermittent claudication Atherosclerosis of native arteries 440.2

of the extremities

Occlusion or stenosis >50% of carotid artery Occlusion and stenosis of the carotid artery 433.1

Cardiogenic shock Cardiogenic shock 785.51

Intraaortic counterpulsation Balloon counterpulsation (P) 37.61

Extracorporeal circulation Auxiliary extracorporeal circulation (P) 39.61

for open heart surgery

Number of mammary or radial artery, Simple or double internal mammary artery (P) 36.15/36.16

or saphenous vein grafts or internal coronary bypass

Immediate post-operative re-intervention Re-opening through recent thoracotomy (P) 34.03

Infectious complications Infectious and inflammatory reaction 996.6/998.3

(sternal injury, respiratory, nosocomial) to a prosthetic device, implant or internal 

grafts, or operating wound dehiscence

Bleeding Acute post-hemorrhage anemia 285.1/998.11

or procedure-complicating hemorrhage

aNC indicates not coded in the MBDS, included as a dichotomous or nominal variable. 



disease), procedures (surgery with extracorporeal
circulation), and complications (postoperative infection)
but <0.30 for other diagnoses important to the evaluation
of surgical risk such as unstable angina, heart failure,
renal failure, and peripheral vascular disease. In the
majority of cases, most of the disagreement with the
MBDS was due to omission of the diagnosis, but for
some variables there was a high proportion of codification
errors (smoking, prior infarct, use of extracorporeal
circulation). 

The percentage of agreement for all diagnoses and
procedures was significantly higher in the data from 2003
than in the data from 2001 and 2002. It was also higher
in data from publicly managed centers than in data from
privately managed centers (Table 4). 

Table 5 shows the odds ratios (OR) and 95% confidence
intervals (CI) for hospital mortality, as well as the
discrimination and calibration parameters for the ARCA
model and the 2001-2003 administrative model. Table 5
also shows the OR estimates for the same administrative
model applied to the ARCA data and to the MBDS data
from 2004-2006, as well as the discrimination parameters
for both validations. 

The index of discrimination for the administrative
model was acceptable (area under the ROC curve, 0.77;
95% CI, 0.71-0.83) when applied to the ARCA data, but
was lower when applied to data from the 2004-2006
MBDS cohort (area under the ROC curve, 0.71; 95%
CI, 0.62-0.81). Likewise, the administrative model
showed better external validity when applied to the
ARCA data (area under the ROC curve, 0.76; 95% CI,
0.70-0.82) than when applied to MBDS data from the
later cohort (area under the ROC curve, 0.65; 95% CI,
0.56-0.74). 

Figure 1 shows the number of expected deaths
compared to observed deaths for different risk deciles
(calibration) for the 2 models (administrative and ARCA)
as well as for the administrative model when applied to
the ARCA data. When the administrative model is used
with the reference data, it tends to considerably
overestimate risk, particularly in higher risk strata. 

Figure 2 shows the calibration of the administrative
model when applied to 2004-2006 MBDS data. It
indicates that the administrative model overestimates
risk in the second cohort, particularly in the higher risk
strata.
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TABLE 2. Percentage of Diagnoses and Procedures in the MBDS (2001-2003), the MBDS (2004-2006) and Their

Equivalents in the ARCA Study

MBDS (2001-2003) ARCA Database (2001-2003) MBDS (2004-2006) 

(n=1508) (n=1508) (n=2003)

Women 19.8 18.9 16.8 

Admission/urgent surgery 24.3 52.6 21.6 

Hypertension 39.1 63.1 57.8 

Hypercholesterolemia 33.6 66.4 51.5 

Diabetes 23.5 40 37.4 

Smokers 22.4 26 18.2 

Old infarct (>8 weeks) 15.6 48.8 22.2 

Infarct (<8 weeks) 19.8 16.4 18.7 

Unstable angina 25.9 38.6 21.5 

Heart failure 6.5 11.1 5.3 

Renal failure 3.4 10.2 3.8 

Chronic obstructive pulmonary disease 8.6 13.7 10.6 

Liver disease 0.5 2.8 0.3 

Left ventricular aneurysm 0.6 2.9 0.7 

Intermittent claudication 4.4 21.1 8.6 

Carotid ischemia 1 5 2.4 

Peripheral vascular disease 5.4 23.4 10.4 

Cardiogenic shock 0.7 0.9 1.1 

Balloon counterpulsation 1.4 1.4 2 

Use of extracorporeal circulation 51.1 55 57.1 

Mammary artery implant 75.3 94.6 85.3 

Re-intervention 1.3 3.6 1 

Post-operative infection 4.5 9.5 4.1 

Bleeding 4.8 6.6 7.5 

Cardiac complication 15.3 10.7 22.7 

Hospital death 3.9 4.5 2.2 



DISCUSSION

Several sources of data are available to evaluate medical
procedures, including administrative registries,
systematically completed clinical registries, and registries
designed for specific studies. Although the latter are much
more reliable (particularly if quality controls are enforced),
they are also more costly, which prohibits their being
permanently or exhaustively applied within a given region
or health care system. For that reason, it has been noted

on several occasions that administrative databases may
have great potential in assessing health care technologies.8

Nevertheless, they also have serious limitations,
particularly the fact that they are not designed with health
care technology assessment in mind. 

The best way of assessing the usefulness of the data
is to have valid and reliable parallel information, as in
the study by Aylin et al.14 This type of assessment has
not been carried out in our setting. However, the existence
of an earlier study15 which examined the outcomes of
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TABLE 3. Sensitivity, Specificity, Kappa Index, and Percentage of Coding Errors for Diagnoses and Procedures

in the MBDS (2001-2003) Using the ARCA Database as a Gold Standard

Sensitivity Specificity k Coding Errors, %

Women 0.99 0.99 0.98 —

Admission/urgent surgery 0.98 0.46 0.43 3 

Hypertension 0.59 0.95 0.49 6.1 

Hypercholesterolemia 0.46 0.90 0.31 8.2 

Diabetes 0.55 0.97 0.57 7.8 

Smokers 0.34 0.82 0.18 44 

Old infarct (>8 weeks) 0.28 0.96 0.34 23.5 

Infarct (<8 weeks) 0.62 0.88 0.53 42.6 

Unstable angina 0.41 0.84 0.28 24.4 

Heart failure 0.18 0.95 0.28 19.6 

Renal failure 0.16 0.98 0.20 17.5 

Chronic obstructive pulmonary disease 0.45 0.97 0.52 22.9 

Liver disease 0.14 0.99 0.24 2.7 

Left ventricular aneurysm 0.16 0.99 0.26 5.3 

Intermittent claudication 0.19 0.99 0.26 2.3 

Carotid ischemia 0.16 0.99 0.25 4.5 

Peripheral vascular disease 0.15 0.99 0.28 2.8 

Cardiogenic shock 0.15 0.99 0.16 45 

Balloon counterpulsation 0.38 0.99 0.37 50 

Use of extracorporeal circulation 0.92 0.87 0.79 66.2 

Mammary artery implant 0.78 0.76 0.21 5.9 

Re-intervention 0.30 0.99 0.44 7.5 

Post-operative infection 0.37 0.98 0.48 13.6 

Bleeding 0.35 0.97 0.38 36.6 

Cardiac complication 0.40 0.87 0.24 63.5 

Hospital death 0.99 0.99 0.92 8.3 

TABLE 4. Average Percent Agreement for Diagnoses by Year of Discharge and the Originating Center

No. Agreement, Mean (95% CI), % Interval, %

Year of discharge

2001 144 77.8 (76.1-79.5) 46-100 

2002 790 79.7 (79-80.4) 38-100 

2003 587 82.8 (82-83.5) 46-100 

Originating center

Public 1 429 82 (81.2-82.9) 46-96 

Public 2 391 83.5 (82.6-84.6) 46-100 

Public 3 407 81.5 (80.6-82.4) 46-100 

Private 1 191 72.8 (71.4-74.3) 38-92 

Private 2 103 76.1 (74.6-77.5) 62-92



Ribera A et al. Predicting Coronary Surgery Outcomes Using Hospital Discharge Data

Rev Esp Cardiol. 2008;61(8):843-52 849

TABLE 5. Predictors of Hospital Mortality According to the ARCA Derived and MBDS (2001-2003) Models, 

and Their Validity

MBDS Administrative
Administrative Model Administrative Model

ARCA Model
Model (2001-2003)

Applied to ARCA data Applied to MBDS Data

(2001-2003) (2004-2006)

Variables OR 95% CI Variables ORa 95% CI ORb 95% CI ORc 95% CI 

Age (in 1 year increments) 1.05d 1.02-1.09 Age (in 1 year increments) 1.06d 1.03-1.1 1.04e 1.01-1.07 1.02 0.98-1.06 

Urgent indication 1.99e 1.12-3.55 Urgent admission 1.42 0.8-2.5 1.46 0.78-2.71 1.2 0.57-2.52 

Emergency indication 6.45d 1.45-28.67

Severe ventricular 3.94d 1.77-8.74 Heart failure 4.27d 2.09-8.72 0.95 0.47-1.9 6.1d 2.96-12.5 

dysfunction

Creatinine >1.5 3.23d 1.79-5.86 Renal failure 6.95d 3.35-14.4 3.73d 2.08-6.7 1.4 0.4-4.99 

Recent infarct 1.88e 1.07-3.3 Recent infarct 2.32d 1.31-4.09 1.5 0.85-2.65 3.05d 1.52-6.15 

Chronic obstructive 1.82e 1.01-3.29

pulmonary disease

Peripheral atherosclerosis 1.69 0.98-2.9 Peripheral atherosclerosis 2.03 0.89-4.62 1.64 0.96-2.8 0.41 0.1-1.72 

Unstable angina 3.26d 1.82-5.85 Unstable angina 2.06e 1.15-3.68 2.83d 1.59-5.02 1.6 0.78-3.27 

Privately managed center 0.32d 0.13-0.76 Private management 0.56 0.23-1.33 0.34e 0.15-0.77 2.15e 1.07-4.32 

Area under ROC curve 0.79d 0.72-0.85 Area under ROC curvef 0.80d 0.74-0.86 0.77d 0.71-0.83 0.71d 0.62-0.81 

External validationg

Area under ROC curve 0.76d 0.70-0.82 0.65d 0.56-0.74 

aOdds ratio (OR) for administrative data obtained from MBDS 2001-2003 (ie, for the model obtained from these data).
bOR resulting from the application of variables obtained in the administrative model to data collected prospectively in the ARCA study.
cOR obtained by applying variables from the original administrative model to the administrative data (MBDS) collected in a later cohort (2004-2006). 
dP<.01.
eP<.05.
fDiscrimination parameters for both validations when maintaining the composition of predictor variables. 
gDiscrimination parameters for both validations when maintaining variable composition and coefficients (external validation).
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coronary bypass surgery within the same setting provided
a reference to assess the reliability of available
administrative data and its potential usefulness in
estimating risk in coronary surgery. We also evaluated
the predictive model derived from 2001-2003
administrative data by applying it to a later cohort (2004-
2006) for which administrative data was also available. 

The results of the present study show that data quality
in the MBDS was generally low. Approximately 4% of
cases identified prospectively were not registered in the
MBDS and hospital mortality in these unregistered cases
was significantly higher than in cases included in both
databases. This indicates that mortality in the MBDS is
likely to be underestimated. Agreement was only really
good for “hard” variables which were not coded, such
as gender and hospital mortality. As in other similar
studies,16 the specificity of the diagnoses coded using the
ICD-9-CM was high, but sensitivity was very variable.
Overall, agreement between the 2 databases was low,
with errors mainly attributable to the omission of
information in the MBDS. In other cases, however, there
was a high proportion of codification errors, ie, cases in
which the diagnosis in the MBDS was not confirmed by
the prospective study. It is striking that this was particularly
true in the case of relevant and easily identifiable clinical
variables, such as myocardial infarct, renal failure, chronic
obstructive pulmonary disease, or the use of extracorporeal
circulation. 

Paradoxically, the generally low quality of the data did
not prevent the model from achieving a reasonable
performance in predicting hospital mortality. In fact, the
predictive capacity of the model derived from the
administrative data was as good, in terms of discrimination
and calibration, as that of the model generated from the

prospective data (area under the ROC curve, 0.80; with
good calibration) and similar to that observed in other
studies.14,17 A possible explanation for this apparent
paradox might be that, in certain cases, coding is
“exaggerated” for some clinical variables which are
important in predicting risk. This would also explain why
the OR are higher in the administrative model (particularly
for heart and renal failure). 

This very rigorous coding may stem from different
causes: a) co-morbid conditions may be more likely to
be recorded in the discharge reports of patients who die
in hospital; b) as has been indicated in earlier studies,17

the MBDS may not always distinguish between post-
intervention pathology and antecedent complications,
even when it is possible to do so, as in the case of heart
and renal failure (Table 1). Such differentiation is not
possible for other factors typically related to prognosis,
such as recent myocardial infarct, which cannot be
distinguished from peri-operative infarct; and c) it is
likely that in the hospital discharge reports, and
consequently in the MBDS, co-morbidities are only
recorded when they are quite serious or of considerable
importance. An example would be renal failure with very
high creatinine values (ie, substantially above 1.5 mg/dL,
which is the criterion used in conventional risk scales
and the one used in the ARCA study). For that reason,
the MBDS tends to overestimate mortality associated
with these variables. 

However, diagnoses that are theoretically not related
to the seriousness of the patient’s condition
(hypercholesterolemia, high blood pressure, or smoking
status, for example) tend to be coded more often in patients
with lower risk (the code for hypercholesterolemia was
recorded for over 46% of patients in the EuroSCORE
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Figure 2. Calibration of the
administrative model (MBDS 2001-
2003) and of the administrative model
applied to the MBDS 2004-2006 cohort. 



low risk group compared to 19% of patients in the high
risk group; results not shown). This could be explained
by the greater space available to record codes for less
serious diagnoses in patients with lower risk who therefore
have a lower number of relevant or serious diagnoses. 

It should also be borne in mind that, in contrast to
specific studies, variables in the MBDS are often
imprecisely defined and probably have greater variability.
In general, a relationship between surgical risk and the
pattern of coding can be deduced, whereby the most
serious diagnoses are recorded in higher risk patients and
the less serious diagnoses are more frequently recorded
in lower risk patients. 

This relationship between surgical risk and the pattern
of coding would explain the loss of predictive capacity
and lack of calibration (over-estimation) when the
administrative model was validated with prospective data.
The loss of validity was even more marked when the
administrative model was applied to MBDS data from
2004-2006, with an area under the ROC curve of 0.65
(a value which is not very different from those observed
in previous studies9,10). Two facts might explain, at least
partially, this loss of validity. First, predictive models
lose validity when they are applied to cohorts other than
that from which they were developed and, secondly, they
lose discriminative capacity over time18 due to changes
in techniques and improvements in outcomes. The format
of the MBDS also changed in 2003, which might further
limit external validity. 

In spite of these limitations, the quality of registries
tends to improve over time. As an example, in Catalonia,
a further 6 fields to record diagnoses and 6 to record
procedures were added in 2003 which had a significant
impact on the quality of the information available (Table
4). Furthermore, in general, registries seem to perform
better in publicly managed centers, where there is likely
to be more pressure to enter information because of the
usefulness of registries in monitoring budgetary needs
and resource assignation, and in assessing the adequacy
of resources in relation to the services provided. 

In summary, some limitations of the MBDS stem from
design problems such as a lack of severity criteria, or a
lack of precision in the definitions used, but others arise
from bad management or poor data entry (errors in
codification, omission of codes for post-surgical
complications). As the quality of the coding is apparently
gradually improving, administrative databases may
become more useful, not only in estimating raw rates,
but in providing adjusted mortality rates. Fomenting the
use of administrative databases in research or outcomes
assessment should also help to improve their quality.8

For certain interventions, such as heart surgery, which
have a significant impact on health and are associated
with non-negligible levels of risk and considerable cost,
systems of continuous assessment would be
recommendable. These could provide periodically
adjusted results and act as a benchmark for outcomes

from individual suppliers. Such systems could be based,
in part, on administrative data,8 perhaps in combination
with data collected in systematic clinical registries or
specific studies, in a similar fashion to the system used
in Ontario, Canada.13 In this case, the administrative data,
which are based on ICD-9 diagnostic codes, are
periodically crossed with severity variables (ejection
fraction and urgent or emergency indication) from a
clinical data base designed for systematic completion.
Other authors10,12,19 have proposed an alternative, which
is used in administrative or clinical databases in a stand
alone fashion for risk adjustment. Hannan et al,12 for
example, added 3 clinical variables (ejection fraction,
reoperation, and narrowing of the left main trunk) to the
administrative data, to construct a model that accurately
predicted mortality with almost identical precision to
that obtained from prospective data. Aylin et al14 also
recently demonstrated that creative use of administrative
databases can efficiently complement clinical registries. 

CONCLUSIONS

This study has shown that administrative databases
are currently insufficient to adequately assess the risk of
hospital mortality associated with coronary surgery.
Nevertheless, some of our findings indicate that, if
information is entered correctly, they could play a role
in this endeavor. Even in that case, however, it is likely
that specific objectives would have to be stipulated, that
some clinical variables would need to be added, and that
variables would need to be more precisely defined. 
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