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Introduction and objectives. Previous studies suggest
that the effectiveness of coronary surgery is influenced by
the type of management at the healthcare centre where
the intervention is performed. The present study
assessed the risk-adjusted hospital mortality of coronary
surgery in the Catalan healthcare system in hospitals
under either private or public management.

Methods. We carried out a prospective study of all
consecutive patients receiving a first coronary artery
bypass graft, with public financial support, in a period of 2
years at 5 hospitals under either public or private
management. Preoperative risk was assessed using the
EuroSCORE and Catalan Agency for Health Technology
Assessment (CAHTA) predictive models.

Results. Overall, 1605 patients underwent
interventions, 21% of which were at private hospitals. The
percentage of patients undergoing non-elective surgery
was higher at private hospitals (64% vs 50%), as was the
percentage needing intravenous nitrates (17% vs 11%)
and the percentage in functional class IV (20% vs 11%).
The odds ratio for in-hospital mortality in private
compared with public hospitals was 0.56 (95% CI, 0.29-
1.06) when adjusted for EuroSCORE, 0.56 (95% CI, 0.29-
1.07) when adjusted for CAHTA score, and 0.43 (95% CI,
0.21-0.87) when adjusted for patient characteristics. The
mortality observed, 4.8% (95% CI 3.8-5.6), was not
significantly higher than that predicted.
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Conclusions. a) Hospital mortality was equivalent to or
lower than that expected after adjustment for the 2 risk
scores; b) after adjustment for baseline patient
characteristics, the results favored privately managed
centers; and c) comparison with previous results suggests
that coronary surgery effectiveness has improved in
recent years.

Key words: Coronary artery bypass graft. Hospital
mortality. Risk assessment.

Evaluación de la mortalidad hospitalaria
ajustada al riesgo de la cirugía coronaria 
en la sanidad pública catalana. Influencia 
del tipo de gestión del centro (estudio ARCA)

Introducción y objetivos. En estudios previos se
señala que hay diferencias en la efectividad de la cirugía
coronaria según si la intervención se realiza en centros
de gestión pública o privada. Este estudio evalúa la
mortalidad hospitalaria de la cirugía coronaria en ambos
tipos de centro, ajustada al riesgo preoperatorio, en
pacientes de la sanidad pública catalana.

Métodos. Se incluyó prospectivamente a todos los
pacientes intervenidos de un primer bypass coronario
durante 2 años, con financiación pública, en 5 hospitales
de gestión pública y privada. Se evaluó el riesgo
mediante el EuroSCORE y el modelo de la AATRM.

Resultados. Se intervino a 1.605 pacientes (el 21% en
hospitales privados). En centros privados se operó a más
pacientes no electivos (el 64 frente al 50%), con angina
inestable (el 17 frente al 11%) y grado funcional IV (el 20
frente al 11%). La odds ratio (OR) para la mortalidad
hospitalaria en centros privados frente a públicos fue de
0,56 (intervalo de confianza [IC] del 95%, 0,29-1,06) tras
ajustar por el EuroSCORE, y de 0,56 (IC del 95%, 0,29-
1,07) tras ajustar por la escala de la AATRM. La
mortalidad observada (el 4,8%; IC del 95%, 3,8-5,6) no
era significativamente distinta de la esperada. Al ajustar
por las características basales de los pacientes, la
gestión privada del centro se asoció con una menor
mortalidad (OR = 0,43; IC del 95%, 0,21-0,87).

Conclusiones. a) La mortalidad hospitalaria es
equivalente o inferior a la esperada según 2 instrumentos

SEE EDITORIAL ON PAGES 414-7



de ajuste de riesgo; b) el ajuste según las características
de los pacientes indica que hay una diferencia favorable
a los centros de gestión privada, y c) la comparación con
resultados previos evidencia una mejora de la efectividad
de la cirugía coronaria en los últimos años.

Palabras clave: Injerto aortocoronario. Mortalidad hospi-
talaria. Evaluación del riesgo.

Full English text available from: www.revespcardiol.org

INTRODUCTION

The use of risk prediction systems is becoming
routine practice in many medical care procedures,
particularly cardiac surgery, thus allowing an adequate
assessment of results in actual clinical practice.
Randomized clinical trials have shown that coronary
surgery improves survival, symptoms, and quality of
life,1,2 and interest is now increasingly focused on
factors that affect its effectiveness. Hospital mortality
risk prediction tools are also a good way to assess
risk/benefit and healthcare quality, as is shown by the
proliferation of models for this purpose and their
widespread use.3-6

In Catalan public health, coronary surgery is
performed primarily at publicly managed hospitals,
although a considerable percentage of patients are sent
to privately managed centers. The CIRCORCA
study,7,8 conducted in 1997, found that the mortality
associated with this type of surgery was high at that
time and significantly higher in publicly-funded
healthcare than in private care. However, it was not
possible to rule out that this difference might be
attributable to variations in the baseline characteristics
of the populations treated in these two systems of
healthcare funding. When patients from public
healthcare were analyzed separately and the results
compared between publicly and privately managed
centers, the difference was small and not significant, in
keeping with another study conducted by the Agència
d’Avaluació de Tecnologia i Recerca Mèdiques
(AATRM, Medical Technology and Research
Evaluation Agency).9 Nevertheless, since the aim of
that study was not a comparison by management type,
the sample was not large enough for that purpose and
specific methods were not applied for risk adjustment.

The purpose of the present study was to compare
hospital mortality rates adjusted for the surgical risk
and the preoperative risk characteristics of patients
seen in the Catalan public health system who
underwent isolated coronary bypass surgery for the
first time in publicly or privately managed hospitals.

METHODS

Data Collection

From October 2001 to October 2003, data were
prospectively collected for all patients covered by the
public healthcare system in whom a coronary artery
bypass graft (CABG) was indicated as first surgery
with no other associated procedures. This was done at
three publicly managed hospitals (the other 2 hospitals
where CABG is performed were not included for
logistic reasons) and 2 privately managed hospitals in
Catalonia (the only 2 private centers in Catalonia
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ABBREVIATIONS

AATRM: Agència d’Avaluació de Tecnologia 
i Recerca Mèdiques (Medical Technology 
and Research Evaluation Agency of Catalonia).

ARCA: Avaluació del Risc de la Cirurgia Coronària 
a Catalunya (Coronary Surgery Risk Assessment
in Catalonia).

AMI: acute myocardial infarction.
CCS: Canadian Cardiovascular Society.
CI: confidence interval.
OR: odds ratio.
SMR: standard mortality ratio.

TABLE 1. Structural Characteristics for Participating Centers During the Study Period

Center 1 Center 2 Center 3 Center 4 Center 5

Number of coronary bypass surgeries* 579 479 518 267 353

Management type Public Public Public Private Private

Type General General General General Specialist

Resident teaching program Yes Yes Yes No No

No. of beds 715 638 634 270 63

No. of surgeons 5 5 5 1 2

Median wait, days 75 49 33 33 18

Median total hospitalization, days 19 14 9 20 23

Median postoperative period, days 8 8 6 11 11

*Including patients from private healthcare, repeat surgeries, and procedures combined with valvular surgery.



where patients referred from the public health system
are operated). The characteristics of the 5 participating
centers are shown in Table 1. Only 1 of the surgeons in
the private hospitals is also a team member at a public
center.

At each center, a member of the surgical team or
cardiology department was responsible for reviewing
the CABG schedules and completing the data
collection questionnaire by interviewing the patient
and reviewing the medical history and discharge
reports.

Data collection quality controls were performed by
a random review of 10% of the medical histories by an
outside investigator and a comparison with the
Minimum Basic Data Set at hospital discharge.

Surgical Risk Assessment

Surgical risk was assessed with 2 predictive models
developed from logistic regression models and
validated in different settings. The description of the
models is shown in Table 2, along with the scores
assigned to each predictive risk factor. The AATRM
model was developed in Catalonia in 199410 to predict
cardiac surgery mortality in valvular, coronary and
combination surgery. Of the 11 variables considered,
information was collected on 9 that are applicable to a
first, isolated CABG: age, recent history (less than 4
weeks) of myocardial infarction, functional class III or
IV according to the Canadian Cardiovascular Society
classification, presence of liver disease, left ventricular
aneurysm, renal failure with creatinine value ≥1.5

mg/dL and cardiogenic shock, need for preoperative
mechanical ventilation, and urgent or emergency
indication. The presence of each of these factors is
cumulative when scoring the resulting risk, which can
be stratified into five risk levels: low when the score is
between 0 and 10, moderate between 11 and 15, high
between 16 and 20, very high between 21 and 30, and
extreme when ≥31.

The EuroSCORE was developed and validated6,11 in
Europe. As with the previous scale, it was developed
to predict the surgical risk of cardiac surgery and is a
cumulative scale that involves the following variables
(after excluding those referring to reoperation and
valvular or combined surgeries): age, sex, chronic
pulmonary disease, presence of extracardiac
arteriopathy and neurological dysfunction, creatinine
>200 µmol/L, unstable angina (need for intravenous
nitrates before anesthesia), moderate or severe left
ventricular dysfunction, recent history (<90 days) 
of myocardial infarction, systolic pulmonary
hypertension, emergency indication, and critical
preoperative condition. The resulting score can be
stratified into three risk levels: low (0-2), moderate (3-
5), and high (≥6).

Hospital mortality was defined as death due to any
cause during or after the procedure and up to hospital
discharge, or within 30 days following the procedure.

The comparison considered the baseline
characteristics of the patients, the characteristics of the
surgical procedure, and the stratified hospital mortality
according to risk levels defined by both models
between the hospitals grouped according to public or
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TABLE 2. Risk and Score Prediction Models*

AATRM scale EuroSCORE

Age, y Age (every 5 years above 60) 1

70–79 7 Female 1

≥80 17 Chronic pulmonary disease 1

Recent AMI (<4 weeks) 10 Extracardiac arteriopathy 2

Functional class Neurological dysfunction 2

III 4 Previous cardiac surgery 3

IV 10 Creatinine >200 µmol/L 2

Liver disease 8 Endocarditis 3

Left ventricular aneurysm 11 Critical preoperative state 3

Creatinine ≥1.5 mg/dL 8 Unstable angina (intravenous nitrates) 2

Cardiogenic shock 13 Left ventricular dysfunction

Preoperative mechanical ventilation 7 Moderate 1

Priority (emergency or urgent) 4 Severe 3

Reoperation Recent AMI (<90 days) 2

First 9 Pulmonary hypertension 2

Second 15 Emergency 2

Mitral valve surgery 6 Surgery other than or in addition to CABG 2

Tricuspid valve surgery 10

Thoracic aorta surgery 12 Thoracic aorta surgery 3

Combined valvular and coronary surgery 7 Postinfarct septal rupture 4

*AATRM indicates Agència d’Avaluació de Tecnologia i Recerca Mèdiques; AMI: acute myocardial infarction.



private management. The risk-adjusted mortality rate
was calculated from the standardized mortality ratio
(SMR), which is the quotient between observed deaths
and expected deaths. To obtain the expected deaths,
the logistic equation was adjusted according to the risk
characteristics of the study population. The logistic
equation for the EuroSCORE was obtained from
Roques et al,12 and the AATRM model equation10 was
obtained from the authors (JMVP and VM).

The baseline predictors of hospital mortality were
analyzed using a logistic regression model. In order to
construct the model, the variables presenting an
association with hospital mortality at a significance
level <.1 were selected, along with the independent
variables that presented a high level of collinearity and
could be assumed to have more objective results
during the data collection.

Additionally, the prevalences of the risk factors and
hospital mortality rate for the hospitals that
participated in this study were compared to those from

a previous study,7,8 in order to assess the changes that
have occurred in the risk profile and surgical mortality
in Catalonia.

RESULTS

Among the 1640 patients scheduled for surgery
during the study period, 1605 actually underwent
surgery; 1267 at publicly managed centers and 338 at
privately managed centers. The median waiting time
for the 751 patients with an elective indication was 43
days (25th percentile, 22 days; 75th percentile, 69
days). Table 3 contains the patients’ baseline
characteristics at the time of the procedure, according
to surgery at publicly or privately managed hospitals.
No differences were found between patients treated at
the 2 types of centers in demographic characteristics,
cardiovascular risk factors, or history of cardiovascular
disease. The public hospitals performed a significantly
higher number of off-pump multiple arterial graft
procedures. However, the privately managed hospitals
were more likely to operate on patients in emergency
situations, with unstable angina, poorer functional
class, or renal dysfunction (Table 4). The risk score
according to both scales was higher at privately
managed centers (Figure 1).

There were no statistically significant differences in
the crude figures for hospital mortality (Table 5):
5.13% (95% confidence interval [CI], 3.9-6.63) in
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TABLE 4. Determinants of Surgical Risk According to

AATRM Scale and EuroSCORE*

Public Private 

Surgical Risk Factors Centers Centers 

(n=1267) (n=338)

Urgent or emergent surgery 50% 64%‡

Resting angina in previous 72 h 12% 17%‡

Need for intravenous nitrates 11% 17%‡

CCS functional class

II 61% 59%

III 25% 17%

IV 11% 20%‡

Creatinine ≥1.5 mg/dL 9% 15%‡

Chronic obstructive pulmonary disease 17% 12%‡

Extracardiac vascular disease 24% 28%

Recent myocardial infarction 

(in previous 29 days) 19% 22%

Critical preoperative condition 3% 6%‡

Left ventricular dysfunction

Moderate 20% 27%

Severe 4% 6%‡

*AATRM indicates Agència d’Avaluació de Tecnologia i Recerca Mèdiques;
CCS, Canadian Cardiovascular Society classification. Class 0 was assigned to
patients with no angina or restriction of daily tasks. Patients without angina,
but with restrictions in daily physical activity, were assigned the functional
class corresponding to this restriction.
†P<.05. ‡P<.01.

TABLE 3. Baseline Characteristics of the Study

Population*

Public Private 

Centers Centers 

(n=1267) (n=338)

Sociodemographic characteristics

Women 19% 20%

Mean age, limits 65 (32-85) 65 (33-84)

Active employment 30% 27%

Elementary school completed 38% 39%

Cardiovascular risk factors

Hypertension 64% 59%

Hypercholesterolemia 66% 63%

Diabetes 41% 35%

Smoking 25% 27%

History

Ischemic heart disease (angina or AMI) 74% 72%

Previous percutaneous revascularization 11% 11%

Heart failure 12% 8%

Cerebrovascular disease 7% 7%

Vessels affected

Three-vessel 72% 63%†

Left main coronary artery 28% 27%

Proximal left anterior descending artery 55% 46%†

Characteristics of surgery

Number of grafts per patient

1 8% 9%

2 30% 39%

3 or more 62% 53%

Number of arterial grafts per patient

1 71% 87%

2 21% 2%

3 or more 4% 1%‡

Off-pump surgery 50% 22%‡

*AMI indicates acute myocardial infarction.
†P<.05. ‡P<.01.



public centers and 3.55% (95% CI, 1.7-5.5) in private
(crude odds ratio [OR] =0.68; 95% CI, 0.36-1.28). The
OR adjusted for the risk levels was 0.56 (95% CI,
0.29-1.06) as defined by the EuroSCORE and 0.56
(95% CI, 0.29-1.07) according to the AATRM scale.

Although the SMR was lower in the two privately
managed hospitals, the difference compared to the
SMR for the 3 public hospitals was not statistically
significant (Figure 2). Because the AATRM scale was
used to adjust the risk, all estimations and respective
confidence intervals were below 1, which indicates a
significantly lower observed mortality than expected.

The independent predictors of hospital mortality in
the study population (Table 6) were age, severely
depressed ventricular function, critical preoperative
state, renal failure, recent history of acute myocardial
infarction, presence of chronic obstructive pulmonary
disease, presence of peripheral artery disease, and
presence of angina (defined as the need for
intravenous nitrates at the time of surgery or presence
of an angina crisis at rest within 72 h before surgery).
When adjusting for these risk factors, the hospital
management type had a significant influence on
hospital mortality, with private management a
predictor of greater survival (OR=0.43; 95% CI, 0.21-
0.87). When a variable to indicate the surgeon’s
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TABLE 5. Observed and Expected Hospital Mortality

According to AATRM and EuroSCORE Scales*

Public Private 

Hospital Mortality Centers centers 

(n=1267) (n=338)

Observed mortality 

(95% CI) 5.13% (3.9-6.3) 3.55% (1.7-5.5)

Expected mortality according 

to AATRM scale 6.8% 8.8%

Expected mortality according 

to EuroSCORE 4.2% 5.2%

*AATRM indicates Agència d’Avaluació de Tecnologia i Recerca Mèdiques; CI,
confidence interval.
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activity (number of surgeries performed by each
surgeon in study patients) was introduced in the
model, this variable was also associated with greater
survival when the number of surgeries was higher (OR
for every 10 surgeries =0.95; 95% CI, 0.90-1) and did
not significantly modify the estimation of the
parameters for the other variables included in the
model. The OR for private management rose from
0.43 to 0.49 (95% CI, 0.24-1).

The results of a comparison among the four
hospitals participating in this study that also
participated in a previous study (Table 7) showed the
following: whereas the prevalence of most risk
indicators was similar in both study periods (e.g., 65
vs 63 years of age, 55% vs 56% urgent indication;
14% vs 16% patients with chronic obstructive
pulmonary disease), the crude incidence of hospital
mortality was halved, from 10% to 4.9%.
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Figure 2. Observed, expected, and
adjusted (observed/expected) mortality
according to both adjustment scales in
publicly and privately managed
hospitals. AATRM indicates Agència
d’Avaluació de Tecnologia i Recerca
Mèdiques.

TABLE 6. Independent Predictors of Hospital Mortality*

Crude OR 95% CI Adjusted OR 95% CI

Age, y 1.07 1.04-1.1 1.05 1.02-1.09

Moderately depressed ventricular function 1.64 0.96-2.79 1 0.55-1.82

Severely depressed ventricular function 5.09 2.5-10.39 3.48 1.56-7.8

Critical preoperative condition 5.41 2.6-11.26 2.87 1.19-6.95

Creatinine ≥1.5 mg/dL 5.22 3.15-8.64 3 1.7-5.29

Recent myocardial infarction (in previous 28 days) 2.65 1.64-4.27 1.92 1.12-3.13

Chronic obstructive pulmonary disease 2.96 1.81-4.86 2.25 1.31-3.86

Extracardiac vascular disease 2.77 1.74-4.4 1.73 1.03-2.89

Unstable angina (need for intravenous nitrates) 4.52 2.78-7.36 2.9 1.66-5.09

Privately managed center 0.68 0.36-1.28 0.43 0.21-0.87

*CI indicates confidence interval; OR, odds ratio.



DISCUSSION

The purpose of this study was specifically to
analyze whether or not the type of hospital
management (public or private) in Catalonia is
associated with different hospital mortality rates. We
first posed this question in a previous study,7,8 which
suggested that this difference might exist. The
existence of this previous study conducted in the same
population base and with comparable definitions of
risk characteristics also allowed us to analyze changes
in the risk profile and hospital mortality over a 7-year
period.

The main finding of this study is that there are no
differences in mortality rates between the 2 groups of
hospitals, although there are differences in some of the
risk characteristics, which were somewhat higher in
patients undergoing surgery in private hospitals. The
differences were not related to baseline risk factors
such as age, history of cardiovascular disease, or
presence of other concomitant diseases and therefore,
we may assume that patients from the public health
sent to privately managed hospitals for surgery are not
selected according to baseline risk status or
sociodemographic characteristics.

Although the public centers operated on patients
with more severe coronary disease (higher percentage
of patients with 3-vessel or proximal anterior
descending artery disease), the factors that contributed
most to the difference in risk were poorer functional
class, greater need for intravenous nitrates, and greater
frequency of angina crises at rest within 72 h before
surgery in the patients referred to privately managed
hospitals, with an urgent or emergency indication in
66% of the cases. All of these factors indicate a more
unstable status at the time of surgery and, unlike
factors related to coronary anatomy (3-vessel, left
main coronary artery or proximal anterior descending
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disease) appear in most risk scales as predictors of
hospital mortality.

These differences (already confirmed by the
CIRCORCA study) are unlikely to be random, but
are probably the result of healthcare characteristics
rather than differences in the patients’ baseline
situation: we can assume that, in the private hospitals
analyzed, the healthcare policy allows or leads to
earlier surgery in unstable patients, which, in itself,
will mean a shorter time from the last angina crisis
and a more frequent need for intravenous nitrates.
Although it can be argued that the differences in
nitrate use could reflect differing therapeutic habits
rather than a genuine difference in risk, it is well
accepted that an operation closer in time to an
unstable phase (angina crisis at rest) involves greater
surgical risk.6,10 This higher risk is well illustrated by
the finding that, regardless of the type of
management at the center, surgery on patients who
require intravenous nitrates was the predictor of
highest mortality (adjusted OR=2.9, Table 4).

Due to this difference in risk profile, the adjusted
mortality was higher (although not statistically
significant) in public versus privately managed
hospitals, and the variable defined as private
management appeared to be a predictor of better
survival after adjusting for the baseline characteristics
that influence hospital mortality. Although small, this
difference is consistent with that observed in our
previous study and indicates dissimilar healthcare
processes at the 2 types of hospitals.

Overall, the observed mortality rate was low (4.7%)
and did not differ from what would be expected when
applying the EuroSCORE risk equation to both
publicly and privately managed hospitals. The
expected mortality estimated from the AATRM
equation was noticeably higher than that observed at
all sites.

TABLE 7. Comparison of Risk Indicators With a Previous Study*

CIRCORCA Study (n=290) ARCA Study (n=1211)

Data collection period December 1996 to June 1997 October 2001 to October 2003

Women 17% 20%

Age, mean ± SD, y 63±9.8 65±10††

CCS III-IV 55% 41%†

Urgent or emergency indication 56% 55%

Chronic renal failure 8% 11%

Chronic obstructive pulmonary disease 16% 14%

Extracardiac vascular disease 19% 25%†

Cerebrovascular disease 7% 7%

Patients operated at public hospitals 74% 72%

Recent myocardial infarction (in previous 28 days) 11% 20%††

Hospital mortality 10% 4.9%††

*CCS indicates functional class according to Canadian Cardiovascular Society; SD, standard deviation.
†P<.05. ††P<.01.



An important finding is the evidence for an apparent
improvement in CABG results in recent years,
consistent with the trends observed in other
autonomous communities.13 The data show that the 4
hospitals (2 public and 2 private) participating in both
studies, the first in 1997, now have lower surgical
mortality rates, even though the operated populations
have a similar (or higher) prevalence of the most
important risk indicators. This finding would be
difficult to interpret without assuming a considerable
improvement in the quality of the healthcare process,
an improvement that can be related to interventions in
health management and the dissemination of results
from studies such as this one.

In addition to the risk factors considered, mortality
estimation based on risk models depends on the results
of surgery in the cohort used to derive the risk model.
The EuroSCORE was developed from the data
voluntarily collected at 128 centers in 8 European
countries in 1995. The hospital mortality observed for
CABG in the participating Spanish hospitals was
6.8%, whereas in the remaining countries it ranged
from 1.5% in Finland to 3.7% in the United
Kingdom.14

In contrast, the AATRM risk scale was developed
from the data collected at all the centers (public and
private) in Catalonia that performed more than 150
cardiac surgeries in 1993. In this period, a hospital
mortality (at 30 days) of 8.1% was observed for
isolated CABG. When the risk is equal, the Catalan
scale estimates an expected mortality similar to the
results obtained in the autonomous community of
Catalonia in 1994 and therefore, overestimates the
current risk of the surgery. This finding indicates the
need to update the adjustment models15 as well as the
usefulness of local models for historic comparisons
and global models for international comparisons or
comparisons between health systems.16

Despite the potential limitations of risk adjustment
systems,17 the strong consistency between the results
obtained by 3 different strategies to calculate the
association between management type and hospital
mortality (the use of 2 risk models, one of local scope
and another of European, and the adjustment for
baseline characteristics of the study population)
indicates that there must be an actual association
between management type and hospital mortality of an
unknown magnitude, estimated at an OR of about
0.50. This magnitude is not negligible, but should be
interpreted in light of the limitations related to the
study population discussed below. It should be pointed
out that this study makes no attempt at a detailed
investigation of the nature of this association, which
should probably be addressed in more specific studies.

First, although the privately managed participating
hospitals include all the centers of this type where
public patients undergo surgery under an agreement
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with the Instituto Catalán de la Salud (Catalan Health
Institute), there are only 2 hospitals. Hence, it cannot
be ruled out that the type of management might be
another characteristic among the differences in the
care process.

Second, for logistic reasons, only 3 of the 5 Catalan
public hospitals that perform CABG could be
included. There were no changes in the infrastructure
of the 2 remaining hospitals since our previous study,
in which they did participate.

Third, the study sample sufficed for the basic
objective, but it is possible that other differences might
have been revealed if more centers were included or
the observation period were longer. Furthermore, the
hierarchical nature of the data (patients operated at
different centers with various care characteristics)
should be taken into account, although the smaller
number of centers did not allow a multilevel model to
be created to adjust for the “center” effect.18 However,
a preliminary analysis was performed to introduce the
categorical variable “center”, although this showed no
significant effect in hospital mortality.

Other circumstances could certainly explain the
findings of this study, such as the different number of
surgeries per surgeon (Table 1) or the various
postoperative care practices, although these are not
necessarily external to the management model. In
particular, a previous study7,8 found a more efficient
distribution of surgeons per patient in the private
centers, an aspect often associated with the results of
the procedure.19 Also in this study, the volume of
patients operated by each surgeon is associated with
higher survival, as well as a slight decrease in the
association between management type and hospital
mortality. This fact indicates that the surgeon’s activity
may be one of the factors, among many others, that
explains the difference between public and private
hospitals.

Similarly, the teaching status of the public centers
may make them prone to inequalities in care
quality,20,21 due to the involvement of less experienced
professionals and the stronger trend toward using more
innovative and technically more complex procedures.
In contrast, Table 2 shows that the publicly managed
centers where there are more surgeries with off-pump
multiple arterial grafts may be indicators of better care
quality. Moreover, the decision to operate on patients
in more unstable status in private hospitals is another
example that the care process depends on professional
criteria and management type. The differences in the
structure or the care process between public and
private hospitals that could explain differences in the
result should be the subject of other studies
specifically designed for this purpose.

The interest in correlating the various management
modalities (determinants for the characteristics of the
patient population and the care process) and the



differences in the results is not new. In other contexts
and in relation to other procedures,22,23 there are
several examples of this type of comparison. However,
a conceptual framework for consistent interpretation
of these findings has not yet been developed, in
particular for the field of myocardial revascularization,
where important changes have been made in recent
years. A recent study compared the results of cardiac
revascularization procedures between specialized
centers and the overall results for a broad sample of
patients.24 Eighty percent of the specialized centers
were private, for-profit institutions, whereas 70% of
the general hospitals were non-profit, with the OR for
post-CABG mortality favoring the former. This effect,
however, was weaker when the volume of procedures
was considered, a fact that has been associated with
the outcome in other studies.25

CONCLUSIONS

The Avaluació del Risc de la Cirurgia Coronària a
Catalunya (ARCA, Coronary Surgery Risk
Assessment in Catalonia) study concluded the
following: a) hospital mortality at both public and
private hospitals for a first CABG among public
healthcare patients in Catalonia is equal to or lower
than the expected level according to two risk-
adjustment tools; b) nevertheless, adjustment for
patient characteristics indicates a difference that is
favorable for privately managed hospitals and
consistent with differences in the care process; and c)

the decline in hospital mortality with respect to a
previous study indicates a general trend toward
improved post-CABG healthcare in Catalonia in
recent years.
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