The “Italian CABG Outcome Study” - Short-term outcomes in patients with

Coronary Artery Bypass Graft Surgery.

Fulvia Seccareccia, Carlo Alberto Perucci®, Paola D’Errigo, Massimo Arc®, Danilo Fusco®,
Stefano Rosato, Alessandro Fabbri® and Donato Greco®,

on behalf of the research group of the Italian CABG Outcome Study®.

National Centre of Epidemiology, Surveillance and Health Promotion — Istituto Superiore di
Sanita, Rome, Italy

A Department of Epidemiology — ASL RME, Rome, ltaly

B Italian Society for Cardiac Surgery

©Ministry of Health, Rome, Italy

D See Appendix

Number of wordsin the manuscript = 2,825

Number of wordsin the abstract = 258

Correspondence and reprint request to:

Dr Fulvia Seccareccia

National Centre of Epidemiology, Surveillance and Health Promotion
Istituto Superiore di Sanita,

ViaGiano dellaBella, 34

1-00161 Rome, Italy

E-mail address: fulvias@iss.it

Telephone: +39-06-49904234

Fax: +39-06-49904230



ABSTRACT

Objectives- During the last decade, a worldwide growing interest in evaluating performance of
health services through “outcome studies’ took place. This study started in early 2002 and represents
the first National Health System (NHS) experience to evaluate adjusted performance indicators at
national level. The aim of this study was to compare 30 days mortality after coronary artery bypass
graft (CABG ) between cardiac surgery centres, adjusting by confounding risk factors.

Methods- All patients, aged 15-99 years, undergoing a CABG intervention after 1% January 2002 in
82 participating Centres were eligible for this observational longitudinal study. For each patient, data
on severity and risk factors were collected (type of procedure, haemodynamic condition,
comorbidities, recent myocardia infarction and unstable angina, ventricular function, emergency
condition, vital status at 30 days).

Using a multiple logistic regression analysis the best predictive model was developed for risk
adjustment; a cross validation procedure was applied; specific risk adjusted mortality rates (RAMR)
were estimated. The overall study population was used as reference standard.

Results- 34,310 isolated CABG were performed in 64 of the 82 participating centres. Thirty days
mortality resulted 2.61%, ranging from 0.33% to 7.63%; eight centres presented a RAMR
significantly lower and seven significantly higher than the reference.

Conclusions-The study provides valid measures of the heterogeneity between outcomes of the
Italian cardiac surgery centres, to support decision making by NHS management and individual
patients. Although not statistically significant, RAMR dropped from year 2002 to 2004 (2.8% to
2.4%) suggesting that this comparative outcome assessment can contribute to the improvement of

performances in cardiac surgery.
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INTRODUCTION

Worldwide interest has increased over the last 10 years in evaluating hospital performance through
the assessment of actual results of patients care™. Outcome based quality assessment in health care
has been a growing interest for policymakers, administrators and clinicians. The most significant
examples of outcomes studies are mainly related to cardiac surgery, particularly to coronary artery
by-pass graft (CABG) and come from the United States, Canada and the United Kingdom!>*¥. These
studies allowed the public to have systematic access to health performance results of each hospital
and documented wide variations between surgeons, hospitals and regions in post-CABG mortality
that persist despite statistical adjustment for differences in patients case-mix. In fact, in order to
control for confounding, when centres outcomes are compared, it is mandatory to take into account
and control the potential effect of centres being heterogeneous with regard to variables which
describe the severity of the disease for which the patient is being treated and his individual pre-
operative risk.

Even though limitations of risk adjustment methods are known!**>*¥ comparative data, especially
if adjusted using a risk function derived empirically from the observed population, serve many
purposes and have the potential to provide insight and lead to quality improvement.

In Italy there is no surveillance system aimed to regularly assess the outcomes of hospital care. A
few isolated initiatives were made during the last decade, but they were at the regional level and
involved only alimited number of hospitals™+*9.

In early 2002 the Italian Ministry of Health, in conjunction with the National Institute of Health
(ISS) launched the “Italian CABG Project” — a prospective study on short-term outcomes in patients
who had CABG surgery, with the voluntary participation of the Italian Cardiac Surgery Centres.
This study was the first opportunity to evaluate and publish performance indicators at the national
level. It aimed at providing comparable data on observed and expected mortality 30 days after

CABG intervention in each cardiac surgery centre, adjusting for pre-operative patients risk*"*¥,



This study could also give the Italian scientific community the opportunity to build and estimate a
national risk function for the outcome considered, compare it to functions obtained in other

countries, and use it to assess the individual pre-operative risk.

MATERIALSAND METHODS

A list of al public and private cardiac surgery centres in Italy for adult patients was prepared
consulting the websites of the Italian Society for Cardiac Surgery (SICCH) and Ministry of Health.
A reference person from each centre was contacted and invited to participate in the study.

Out of the 89 adult cardiac surgery centres, 82 agreed to participate in this prospective, on-going
study. Patients considered were 15-99 years old, and underwent an isolated CABG surgery (not
associated with other cardiac or extra-cardiac procedures) after 1 January 2002 in one of the

participating centres.

Data collection
Data collection is being carried out with standardized on-line data entry on a password protected

website http://bpac.iss.it/.

This analysis concerns all isolated CABG interventions performed between 1% January 2002 and

30™ September 2004.

List of variables and definitions

The scientific references about the choice of individual variables to be collected derive from a series
of more extensive research protocols developed by the major international and national scientific
societies (Society of Thoracic Surgery, American Association for Thoracic Surgery, European

Association for Cardiothoracic Surgery, SICCH) and from other risk stratification protocols in
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cardiac surgery developed over the last 10 years (Parsonett 1° and 2°, EuroSCORE, New Y ork, et
al .)[5,19-22] '

To define pre-operative patient risk for this study we gathered data on demographic characteristics
(gender, age, residence, and place of birth) and on patient’s health status prior to surgery. The latter
included the presence of co-morbidities such as diabetes under treatment, malignant ventricular
arrhythmia, cirrhosis, chronic obstructive pulmonary disease, rena failure (dialysis or pre-operative
creatinine>2 mg/dl), neurological dysfunction, active endocarditis, pulmonary hypertension,
cancer, extra-cardiac arteriopathy and stroke; patient’s haemodynamic condition (unstable or
shock); degree of ventricular dysfunction (gection fraction, EF, <30%; between 30% and 49%;
>50%); previous surgery that opened the pericardium (CABG or any other interventions); unstable
angina and recent infarction (< 90 days). Information on the type of intervention (CABG isolated
intervention, associated with other cardiac or extra-cardiac procedures, elective or emergency, in
on-pump or off-pump circulation) was also collected.

In case of death within 30 days of the intervention, date and specific cause were recorded.

Data quality assessment

Clinical Monitoring. For each participating cardiac surgery centre, a sample of records was
randomly selected from the electronic archive. Independent observers, following specific
standardized operating procedures (SOPs), visited each centre and compared contents of the records
transmitted to those reported in the original clinical charts. These procedures allowed us to assess
the reliability and completeness of the database and to maintain constant quality control.

Other controls. The completeness of data in each centre was evaluated by comparing them to

hospital discharge records supplied by regional and national health information systems.



Inclusion criteria for the analytical database

Cardiac surgery centres with fewer than 100 CABG isolated interventions per year were excluded
from the analytical database. Moreover, only centres that provided data continuously for at least 6
months and who had fewer than 5% of patients lost to follow-up were considered to calculate the

algorithm required for the risk-adjustment procedure.

End-point and follow-up
Each cardiac surgery centre was requested to carry out an active follow-up in order to define
patient’s life status 30 days after CABG intervention. Then, for patients classified as lost to follow-

up by the centres, life status was confirmed by consulting the local death registries.

Data analysis

Almost all risk factors were recorded as dummy variables (having or not having the risk factor); age
was used as a continuous variable; gjection fraction was subdivided into 3 classes: <30%, 30-50%
and 50% or more, the latter being the reference group. For this variable a “missing value” category
was used.

Univariate analyses were performed on all candidate predictive variables in order to determine
significant associations with the outcome.

In order to account for joint confounding the best predictive model was developed using a multiple
logistic regression analysis. First, al possible confounding variables were included in the model.
Second, in order to identify independent associations with the outcome, a backward stepwise
method was used (exclusion probability = 0.20; inclusion probability = 0.10). A set of interaction
hypotheses defined a priori was also tested.

To avoid overfitting, a cross validation procedure was applied. To this extent, patients were
randomly split into two equal-size samples. sample | was used to build the predictive model (n =

17,231); sample Il was used as an independent database for model validation (n = 17,079). The
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entire data set was finally used in estimating the definitive coefficients and calculate their p-values,
to provide more precise parameter estimates.

The Hosmer-Lemeshow chi-squared test was applied to assess the calibration (accuracy) of the risk
function obtained. To evaluate the model’s discriminative ability to predict individual deaths, the
area under the Receiver Operating Curves (ROC) was measured. As usually reported in scientific
literature, ROC values higher than 0.70-0.75 were judged as proof of a good discriminative ability.
By applying the best predictive algorithm back to each centre’' s data set, we estimated the expected
number of deaths of that centre. The Risk-Adjusted Mortality Rate (RAMR) is then calculated by
dividing, for each centre, the observed number of deaths by the expected number of deaths, and by
multiplying this ratio by the average mortality rate of the whole sample. This indicator is the best
estimate of what the whole population’s mortality rate would be if the population had the same
observed/expected death ratio of that centre.

To test heterogeneity we used a significance threshold of p=0.05. A RAMR significantly lower than
the average mortality rate indicates that the health care provider performance is better than the
average of the whole sample (low-outlier); on the contrary, a RAMR significantly higher shows a
worse performance (high-outlier).

In order to analyse the effect of the loss to follow-up on risk estimate in each centre, we performed
asensitivity analysis.

All statistical procedures were performed by STATA 8.1 statistical package.

RESULTS

Out of 82 centres that agreed to participate in the study, 12 centres were excluded because the
proportion of patients lost to follow-up was higher than 5% (2,878 records); 2 centres were dropped
because the data collection period was less than 6 Months (87 records); 4 more centres were

dropped because they performed fewer than 100 isolated CABG interventions per year (468
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records). Figure 1 shows the distribution of the 64 centres that fulfilled al inclusion criteriain the
20 regionsin Italy.

Of the 34,611 isolated CABG interventions performed in the 64 cardiac surgery centres, 301
patients (0.87%) were lost to follow-up and excluded from the analysis. Therefore these results refer
to adatabase of 34,310 isolated CABG (Fig. 2).

Updated results of this study are currently available at http://bpac.iss.it/.

Patients char acteristics and association with 30 days mortality

A detailed description of the population characteristics and univariate analysis of the association
between each pre-operative variable and the 30 days mortality rate is reported in table 1.

The patients mean age was 67.4 years, with a standard deviation of 9.42 years; 19.35% of patients
were 75 or over and 20.9% were female. Among all patients, 24.5% suffered from unstable angina
and 28% had an infarction within 90 days preceding the intervention, while diabetes under
treatment was present in 28% of patients.

The overal crude mortality rate in the 64 centres was 2.61%, ranging from 0.33% to 7.63%. When
split samples were drawn, crude mortality rates were 2.62% in sample | and 2.59% in sample l1.
Most risk factors considered were significantly associated with the outcome at p<0.001.
Neurological dysfunction and other cardiac interventions that opened the pericardium were
significant at 0.05; only endocarditis and “on/off pump circulation” were not significantly
associated with 30 days mortality (p=0.184 and p=0.835 respectively). Emergency surgery was
performed in 3.8% of patients and showed an OR of 7.22 (p<0.0001). The excess of risk due to
shock was 14.44 (p<0.0001), while dialysis had an OR of 6.66 (p<0.0001).

The multivariate predictive model, derived from logistic regression analysis, and the independent
contribution of each variable to the outcome is presented in table 2. Coefficients, p-values for

significant risk factors and odds ratios are reported.



Among the 23 variables considered as potential predictors, 14 were independently associated with
30 days mortality. Emergency, shock and dialysis presented the greatest odds ratios (3.89, 3.44 and
3.41 respectively, p<0.0001).

To cross validate the model, the estimated coefficients from sample | were applied to both sample |
and sample Il. The area under the ROC curve in the validation sample was 0.80 and the Hosmer-
Lemeshow test showed a chi-squared =8.87 (p =0.354).

Risk-Adjusted Mortality Rates for each centre and their 95% confidence intervals are reported in
figure 2. Eight centres presented RAMRs significantly better than the national mean (2.61%) (“low-
outliers’) while seven Centres exhibited significantly worse performances (“high-outliers’). There
were no statistically significant differences between the RAMR of the other centres and the
mortality rate of the overall population.

The sensitivity analysis considered the two extreme hypotheses, all patients lost to follow up treated

as alive or dead, respectively, and did not reveal any substantial variations in the study results.

DISCUSSION

The Italian CABG Project is a voluntary, national program designed to collect and describe CABG
post-operative mortality. For each participating centre, the study produces uniform mortality data,
adjusted to account for differences in pre-operative risk of patients who undergo CABG surgery.
This study is based on the collection of specific clinical data and allows an empirical risk
adjustment function to be created and applied to the Italian study population.

Because the risk adjustment function was derived from around 34,000 CABG interventions carried
out in 64 cardiac surgery centres uniformly distributed throughout the country, the agorithm
constructed to standardise the comparison between hospital performances should be sufficiently

stable.



In this Italian population, mortality within 30 days after CABG surgery is 2.61%. Thisresult is very
similar to those reported in other international settings, and confirms the satisfactory average level
of the Italian cardiac surgery performances®?.

It must be stressed that such a systematic monitoring of hospital outcomes, as well as the risk-
adjusted profiling of the CABG surgery providers at national level, represents a real change for the
Italian NHS. The overall mortality rate observed in this study is acceptable mainly because it has
not yet been influenced by the “registry effect”, a well documented phenomenon in which
improvementsin performance’®%! are noted after the establishment of a surveillance system.

Risk adjusted mortality estimates for most of the hospitals analysed are not different from the
country average. Fifty-seven of the hospitals that participated in the study performed as or better
than expected, meaning their RAMRs were not statistically higher than the national mean. Only
seven (about 10%) performed worse than expected, with RAMRs significantly higher than the
national mean.

When we compared centres specific crude and risk adjusted mortality rates, we found small
differences in most cases, and only few isolated cases suggest a case-mix of patients markedly
different from the whole study population. In fact, 10 centres were classified as low outliers using
unadjusted mortality rates and 8 of them were confirmed as low outliers after the adjustment; seven
centres were classified as high outliers using unadjusted mortality rates, two of them had their status
not confirmed in the adjusted analysis, while two other centres emerged as significantly worse than
the reference mean when using RAMR. As already observed, these results show a limited impact of
risk adjustment when comparing 30 days mortality after CABG, given the limited confounding

effect of risk factors when comparing centers under study!?*

. In other words, the proportion of
heterogeneity of mortality rates attributable to heterogeneity of distribution of risk factors between
centers seems to be small.

Obviougly, the classification of Centres as outliers heavily depends on the chosen threshold for

statistical significance. A less conservative approach, using p<0.1, would have implied three more
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high outliers and three more low outliers. Widely speaking, the choice of the most appropriate
threshold is not only a statistical exercise and should be based on an explicit assessment of cost and
benefits associated with true and false positive and negative results of the comparison.

The “Italian CABG Project” succeeded in collecting, prospectively, specific clinical data and in
building and estimating an empiricaly-derived Italian risk-adjustment function. In genera, the
meaning of risk adjustment is to control confounding. We underline that any risk adjustment
function to be utilized for the purpose of comparison between centers or population must be time
and population specific. This statement implies a substantial difference between “predictive
models’ aimed to predict the occurrence of outcome, and “explicative models’ aimed to control
confounding in comparison of occurrence of outcome between centers or population. Even a very
valid risk score having a strong association with the concerned outcome could be irrelevant for the
purpose of risk adjustment if the distribution of its values is homogeneous between centers.

Another innovative value of the Italian CABG Project is that it is the first attempt to produce
outcome indicators at the national level, to profile hospitals with respect to their performances, and
to publicize areport card where providers can see their own results and compare them to the Italian
average.

The well known “adjusted in-hospital mortality” is a suitable indicator of the quality of assistance
for many conditions, but bias can be introduced when the strategy of patients’ postoperative
management is different. The “30 days mortality rate” alows for taking into account these
differences and has been widely used as a valid instrument to evaluate quality of surgical
centres*3,

There is plenty of evidence that performance information is vital to help clinicians and hospital
managers understanding where quality of care problems may exist and to target improvement
efforts. Throughout the Italian CABG Project observation, overall risk-adjusted patient mortality
has dropped from 2.8% in 2002 to 2.4% in 2003/04. This result cannot be underestimated and some

reflections need to be made. RAMR observed in the 8 centres classified as low outliers, being
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around 0.9%, could represent the best performance obtainable in our Italian population. Considering
that adjusted mortality rate in 2002 was 2.8% and the best effective reduction to be expected is
around 1.9%, the observed drop of 0.4% (although not statistically significant) corresponds to 21%
of the best reduction effectively obtainable. To conclude, this finding should encourage hospitals
and surgeons to persevere in this approach, since a valid system of quality assessment and,
consequently, the hospitals critical appraisal of their own results can contribute to the improvement
of performancesin cardiac surgery.

The future development of a nationa program of profiling health care providers must be carefully
designed and conducted to maximize the potential benefits and minimize the possible negative
effects, for both the population and the health system, potentially associated with the publication of

comparisons among providers based on outcomes' ™.
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Table 1. Characteristics of the study population and univariate associ ation between

pre-operative variables and 30 days mortality rate

Standard
Mean OddsRatio p-value
Deviation

Age 67.4 9.40 1.07 <0.0001

Cases % OddsRatio p-value
Female gender 7,143 20.90 1.46 <0.0001
Shock 361 1.06 14.44 <0.0001
Unstable haemodynamic
condition beforesurgery 2,681 7.90 4.01 <0.0001
Diabetes 9,600 28.00 1.44 <0.0001
Malignant ventricular
Arrhythmia 566 1.66 3.53 <0.0001
Cirrhosis 141 041 2.86 0.001
Chronic obstructive
pulmonary disease 3,460 10.10 2.25 <0.0001
Dialysis 352 1.03 6.66 <0.0001
Serum creatinine >2 mg/dl 1,278 3.73 4.60 <0.0001
Neur ological dysfunction 804 2.46 1.73 0.002
Endocar ditis 54 0.16 221 0.184
Pulmonary hypertension 114 0.34 6.29 <0.0001
Cancer 434 1.27 1.82 0.010
Extra-car diac arteriopathy 7,304 21.30 244 <0.0001
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Stroke

Ejection fraction >50
30-49
<30
missing
Emergency

Previous CABG intervention
Any other previous surgery that
opened the pericardium
Unstable angina

Recent infarction (< 90 days)

Off pump circulation

1,335
23,772
8,713
917
908
1,311

763

403
8,387
9,615

10,073

3.90

71.17

26.10

2.75

2.65

3.83

2.23

1.17

24.40

28.00

29.40

1.99

Reference

2.49

7.23

1.22

71.22

2.96

1.97

2.63

1.76

0.98

<0.0001

<0.0001

<0.0001

0.400

<0.0001

<0.0001

0.003

<0.0001

<0.0001

0.835
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Table 2. Multivariate logistic regression model to predict 30 days mortality in the Study population

(2002-2004)*

Patient Risk Factors Coefficient Odds Ratio p-value

Age -0.04 0.96 0.377
Age? 0.00 1.00 0.045
Female Gender 0.26 1.29 0.003
Shock 124 3.44 0.000
Diabetes 0.30 135 0.000
Dialysis 123 341 0.000
Pulmonary hypertension 0.82 2.26 0.016
Malignant ventricular arrhythmia 0.38 1.46 0.047
Chronic obstructive pulmonary disease 0.42 1.52 0.000
Serum creatinine >2 mg/d| 0.73 2.08 0.000
Extra-cardiac arteriopathy 0.54 1.72 0.000
Unstable angina 0.43 1.53 0.000
Previous CABG intervention 1.05 2.86 0.000
Emergency 1.36 3.89 0.000
Ejection fraction (vs > 50) 30-49 0.59 1.80 0.000

<30 115 3.14 0.000

missing 0.30 1.36 0.313
Constant -5.24 - 0.001

* Model predicting mortality in entire study population; ROC Area=0.80; Hosmer-Lemeshow

statistic=18.08 (p=0.02). Cross-validation statistic: ROC Area=0.80; Hosmer-L emeshow

statistic=8.87 (p=0.35).
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Figure 1. The number of centres included in the analytical database for each Region are indicated in

red. The total number of recognised centres are written in blue and reported in brackets

Figure 2. Isolated CABG interventions performed in the 64 cardiac surgery centres that met all the

Inclusion Criteria

Figure 3. Risk-Adjusted Mortality Rates for each cardiac surgery centre and their 95% confidence

intervals (bars)

17



REFERENCES

1. lezzoni LI, Ash AS, Shwartz M, , Ddey J, Hughes JS, Mackiernan Y D. Judging hospitals by
severity-adjusted mortality rates. the influence of the severity-adjustment method. Am J
Public Health 1996;86:1379-87.

2. lezzoni LI. Risk Adjustment for Measuring Health Care Outcomes (2nd edition). Michigan:
Health Administration Press Ann Arbor; 1997.

3. Shroyer AL, Coombs LP, Peterson ED , Eiken MC, DelLong ER, Chen A, Ferguson TB Jr,
Grover FL, Edwards FH; Society of Thoracic Surgeons.. The Society of Thoracic Surgeons:
30-day operative mortality and morbidity risk models. Ann Thorac Surg 2003;75(6):1856-64;
discussion 1864-5.

4.  Agabiti N, AnconaC, Forestiere F, ArcaM, Perucci CA. Evaluating outcomes of hospital care
following coronary artery bypass surgery in Roma, Italy. Eur J Cardiothorac Surg
2003;23:599-760.

5. New York State Department of Health. Adult Cardiac Surgery in New Y ork State 2000-2002.
Albany, NY: New Y ork State Department of Health; October 2004.

6. New Jersey Department of Health and Senior Services. Cardiac Surgery in New Jersey 2001.
Trenton, NJ: New Jersey Department of Health and Senior Services, November 2004.

7.  Office of Statewide Health Planning & Development. The California Report on Coronary
Artery Bypass Graft Surgery, 1999 hospital data. San Francisco, CA: Office of Statewide
Health Planning & Development; August 2003.

8. Pennsylvania Health Care Cost Containment Council. Pennsylvania’'s Guide to Coronary
Artery Bypass Graft Surgery 2002. Harrisburg, PA: Pennsylvania Health Care Cost
Containment Council; March 2004.

9. Headlth Grades. The Third Annual HealthGrades Hospital Quality and Clinical Excellence

Study. Lakewood, CO: Headlth Grades; January 2005.

18



10.

11.

12.

13.

14.

15.

16.

17.

18.

Tu JV, Naylor CD. Coronary Artery ByPass Mortality Rates in Ontario. A Canadian
Approach to Quality Assurance in Cardiac Surgery. Circulation 1996;94(10):2429.

Ferguson TB, Hammil BG, Peterson ED, DeLong ER, Grover FL; STS National Database
Committee. A decade of change — risk profile and outcomes for isolated coronary artery
bypass grafting procedures, 1990-1999: a report from the STS National Database Committee
and the Duke Clinical Research Institute. Ann Thorac Surg 2002;73:480-90.

Ivanov J, Tu JV, Naylor CD. Ready-made, recalibrated, or Remodeled? Issues in the use of
risk indexes for assessing mortality after coronary artery bypass graft surgery. Circulation
1999;99(16):2098-104

Lilford R, Mohammed MA, Spiegelhalter D, Thomson R.. Use and misuse of process and
outcome data in managing performance of acute medical care: avoiding institutional stigma.
Lancet 2004;363:1147-54.

Nobilio L, Fortuna D, Vizioli M, Berti E, Guastaroba P, Taroni F, Grilli R. Impact of
regionalisation of cardiac surgery in EmiliasRomagna, Italy. J Epidemiol Community Health
2004,58:97-102.

Agabiti N, Ancona C, Tancioni V, Papini P, Arca M, Forastiere F, Perucci CA.. La
valutazione degli esiti dell’ assistenza ospedaliera in relazione ad infarto acuto del miocardio
nel Lazio. Ann 1g 2002; 14: 211-221.

Ugolini C, Nobilio L. Risk adjustment for coronary artery bypass graft surgery: an
administrative approach versus EuroSCORE. Int J Qual Health Care 2004;16(2):157-64.
Greco D, Seccareccia F, D’Errigo P, Tosti ME, Badoni G, Diemoz S, Capriani P. The Short-
Term Outcomes in Patients with Coronary Artery Bypass Graft Surgery in Italian Cardiac
Surgery Units. Ital Heart J 2004;5(3 Suppl):385-48S.

Seccareccia F, Capriani P, Diemoz S, Taioli E, Tosti ME, Greco D. Cross-sectional study of

cardiac surgery centers within the "CABG Project" (short-term outcome in patients

19



19.

20.

21.

22.

23.

24,

undergoing coronary artery bypass graft surgery in Italian cardiac surgery centers). Ital Heart J
Suppl 2003 Jan;4(1):32-8.

Parsonnet V, Dean D, Bernstein A. A method of uniform stratification of risk for evaluating
the results of surgery in acquired heart disease. Circulation 1989;79:12-3.

Roques F, Nashef SA, Michel P, Gauducheau E, de Vincentiis C, Baudet E, Cortina J, David
M, Faichney A, Gabrielle F, Gams E, Harjula A, Jones M T, Pintor PP, Salamon R, Thulin L.
Risk factors and outcome in European cardiac surgery: analysis of the EuroSCORE
multinational database of 19030 patients. Eur J Cardiothorac Surg 1999;15:816-23.

Edwards FH, Grover FL, Shroyer AL, Schwartz M, Bero J.. The Society of Thoracic Surgeons
National Cardiac Surgery Database current risk assessment. Ann Thorac Surg 1997;63:903-8.
Ferguson TB Jr, Dziuban SW Jr, Edwards FH, Eiken MC, Shroyer AL, Pairolero PC,
Anderson RP, Grover FL.. The STS National Database: current changes and challenges for the
new millennium. Committee to Establish a National Database in Cardiothoracic Surgery, The
Society of Thoracic Surgeons. Ann Thorac Surg 2000;69(3):680-91.

Hannan EL, Siu AL, Kumar D, Kilburn H Jr, Chassin MR.. The decline in coronary artery
bypass graft surgery in New York State: the rule of surgeon volume. JAMA 1995;
273(3):209-13.

lezzoni LI. The risk of risk adjustment. JAMA 1997; 278(19):1600-1607.

20



APPENDIX

Resear ch Group of the“Italian CABG Outcome Study”

Study design, analysis and coordination

Greco D, Italian Ministry of Health, Rome, Italy

Seccareccia F, D’Errigo P, Rosato S, Tosti ME, Badoni G, Nationa Centre of Epidemiology,
Surveillance and Health Promotion — Istituto Superiore di Sanita, Rome, Italy

Perucci CA, ArcaM, Fusco D, Ancona C, Department of Epidemiology — ASL RME, Rome,
Italy

Possati GF, Valfre C, Chiariello L (current and previous presidents), Fabbri A (pro-tempore

scientific secretary), Italian Society for Cardiac Surgery

Scientific Committee

Di Eusanio G, “Lancisi” Cardiologic Institute, Ancona, Italy

Greco D, Italian Ministry of Health, Rome, Italy

Grilli R, Regional Health Authority Agency, Bologna, Italy

Pasini E, (representative of the Federation of Medical-Scientific Societies) “S. Maugeri”
Foundation, Gussago, BS, Italy

Perucci CA, Department of Epidemiology, ASL RME, Rome, Italy

Rebuzzi AG, Cardiologic Institute, Policlinico "A. Gemelli”, Rome, Italy.

Spolaore P, Regional Health Authority Agency, Castelfranco Veneto, TV, Italy

Taioli E, “Policlinico IRCCS’ Hospital, Milan, Italy

Turinetto B, “Hesperia Hospital”, Modena, Italy

21



Representatives of participating Cardiac Surgery Centres

Grass M, Casadi Cura"VillaMariaPia', Torino

Casabona R, Parisi F, Ospedale Mauriziano Umberto |, Torino

Grossi C, Ardemagni E, Ospedale Santa Croce e Carle, Cuneo

Fabbrocini M, Malta ED, Nuova Casadi Cura Citta di Alessandria - Gruppo Progess, Alessandria
Medici D, Scoti P, Ospedale Civile S. Antonio E Biagio, Alessandria

Vitai E, Tarelli G, Az. Osp. Niguarda Ca' Granda, Milano

Paolini G, Bosisio E, Az. Osp. San Gerardo - Universita Degli Studi di Milano — Bicocca, Monza -
MI

Quaini E, Casa Di Cura Poliambulanza, Brescia

Ferrari Vivaldi M, Brombin M, Clinica San Rocco Franciacorta Ome, Brescia

Gdllotti R, Citterio E, Istituto Clinico Humanitas, Rozzano - M1

Menicanti L, FrigiolaA, De Vincentiis C, Istituto Policlinico San Donato, San Donato Milanese -
MI

Antona C, LemmaM, Ospedale "L. Sacco", Milano

Di Credico G, Lazzarini |, Ospedale Civile, Legnano - M1

SalaA, Musazzi A, Ospedale di Circolo e Fondazione Macchi, Varese

Alfieri O, Arcobasso L, Ospedae San Raffaele, Milano

Spagnolo S, Arone V, Policlinico Di Monza - Gruppo Progess, Monza - Ml

Zogno M, Pederzolli N, Presidio Ospedaliero "C. Poma', Mantova

Vigano M, Pagani F, Universitadegli Studi - I.R.C.C.S. - Policlinico "S. Matteo", Pavia

Biglioli P, Agrifoglio M, Universita degli Studi Di Milano - Cattedra Di Cardiochirurgia, Milano
Panisi P, Rocca A, Istituto Clinico Sant’/Ambrogio, Milano

Grossi A, Marchetto G, Universita Di Milano - Ospedale Maggiore Policlinico I.R.C.C.S., Milano
Donatelli F, Torre T, Casa Di Cura Paliclinico Multimedica, Sesto S. Giovanni - M1

ArenaV, Cianci V, CasaDi Cura Cliniche Gavazzeni Spa, Bergamo

22



Ferrazzi P, Panella P, Ospedali Riuniti di Bergamo, Bergamo

Minzioni G, Rambaldini M, De Cicco G, Az. Osp. Spedali Civili Di Brescia, Brescia
Graffigna A, Galvagni E, Ospedale S. Chiara, Trento

Fabbri A, Magagna P, Ospedale "San Bortolo", Vicenza

Giacomin A, Cisico S, Ospedale Civile, Mirano - VE

Mazzucco A, Petrilli G, Ospedale Civile Maggiore, Verona

Valfre C, CanolaR, Ospedale S. Maria Dei Battuti, Treviso

Zussa C, Asta A, Ospedale Umberto |, Mestre— VE

Gerosa G, Guglielmi C, Universita Di Padova— Policlinico, Padova

Livi U, Guzzi G, Az.Osp. "S. Maria Della Misericordia’, Udine

Zingone B, Nuovo Polo Cardiologico - Ospedale di Cattinara, Trieste

Martinelli L, Ospedale San Martino, Genova

Passerone G, Parodi E, Universita degli Studi di Genova - Osp. San Martino, Genova
CoppolaR, VillaAzzurra, Rapallo - GE

Gherli T, Contini GA, Az. Osp. Universitaria di Parma, Parma

Pugliese P, Pigini F, Casadi Cura"VillaTorri" Spa, Bologna

PensaPM, Casadi CuraVillaMaria Cecilia, Cotignola— RA

Parravicini R, Casadi CuraVilla Salus, Reggio Emilia

Turinetto B, Ghidoni |, Hesperia Hospital Sir.l., Modena

Pierangeli A, Pacini D, Universita Degli Studi Di Bologna - Policlinico S. Orsola, Bologna
Chiavarelli M, Cimato R, Az. Osp. Universitaria Senese - Policlinico Le Scotte, Siena
Stefano P, Policlinico di Careggi — Firenze

Popoff G, Clinica"VillaMaria Beatrice", Firenze

Glauber M, Taddei A, Ospedale "G. Pasquinucci” Creas IFC-CNR, Massa

Pardini A, FiorielloF, Az. Osp. "S. Maria', Terni

Ragni T, Di Bellal, Ospedale Silvestrini, Perugia

23



Di Eusanio G, Ospedale "G.M. Lancisi", Ancona

Staibano M, Gallo R, Az. Complesso Ospedaliero "San Filippo Neri", Roma

Musumeci F, Casali G, Az. Osp. S. Camillo Forlanini, Roma

Chiariello L, Scafuri A, Forlani S, European Hospital - Universita Tor Vergata, Roma
Toscano M, Miraldi F, Policlinico Umberto I, Roma

Marino B, Antonazzo A, Simon C, Az. Osp. Sant'/Andrea (ex Universita La Sapienza - Policlinico
Umberto I, Istituto Chirurgiadel Cuore e Grossi Vasi), Roma

Possati GF, Alessandrini F, Gaudino M, Universita Cattolica Del Sacro Cuore - Policlinico "A.
Gemelli", Roma

Covino E, Chello M, Universita Di Roma "Campus Bio-Medico", Roma

Mazzola A, Gregorini R, Ospedale Giuseppe Mazzini, Teramo

Calafiore A, Di Giammarco G, Scarci M, Universita "Gabriele D'Annunzio” - Ospedale "San
Camillo De Lellis", Chieti

Cotrufo M, Giannolo B, Az. Osp. Monaldi, Napoli

Ferrara P, Colucci S, Az. Osp. Moscati, Avellino

Piazza L, Gregorio R, Azienda Ospedaliera S. Sebastiano, Caserta

Lonobile T, De Bellis A, Casa di Cura San Michele, Maddaloni - CE

DeVivoF, SicaA, Di Mao G, Clinica Mediterranea, Napoli

Lino R, Casadi Cura"S. Lucia', S. Giuseppe Vesuviano - NA

Di Benedetto G, Masiello P, Ospedale San Leonardo, Salerno

Lucchetti V, Marino L, Casadi CuraMontevergine, Mercogliano - AV

Villani M, Rocco D, Az. Osp. "Vito Fazzi", Lecce

Roesler M, Scorsin M, Casadi Cura CittaDi Lecce, Lecce

Esposito G, LabriolaG, Casadi CuraS. Maria, Bari

Curcio C, Moranti E, Casadi Cura VillaBianca, Bari

De Luca Tupputi Schinosa L, Fondacone C, Ospedale Policlinico Consorziale, Bari

24



Caparrotti S, Villa Anthea, Bari

Minale C, Leccese A, Ospedale S. Carlo, Potenza

Martinelli GL, Cassese M, Marino A, S. Anna Hospital, Catanzaro

Mazze V, Intili A, Az. Osp. Papardo, Messina

Abbate M, Giuffrida A, Az. Osp. Vittorio Emanuele - Ferrarotto - S. Bambino - Universita, Catania
Patane L, Laudani G, Casadi Cura Centro Cuore Morgagni, Pedara- CT

Albiero R, Villa"Maria Eleonora’, Palermo

Renzulli A, Mastroroberto P, Universita degli Studi "Magna Graecia" - Az. Osp. Mater Domini,
Catanzaro

FollisF, VaenzaM, Aziendadi rilievo nazionale e di ata specializzazione Ospedale Civico e
Benfratelli, Palermo

Ricchi A, Martelli V, Cirio EM, Murenu A, Az. Osp. "G. Brotzu", Cagliari

Other technical collaborations

Capriani P, Diemoz S, Manno V, Meduri F, Nationa Centre of Epidemiology, Surveillance
and Health Promotion — Istituto Superiore di Sanita, Rome, Italy

Ghirardini A, Italian Ministry of Health, Rome, Italy

Bolgan I, for the Italian Society for Cardiac Surgery, Vicenza, Italy

Biagi B, Berardo A, Bolognesi |, Barattoni MC, “VillaMaria’ Foundation, Ravenna, Italy
Schievano E, Regional Health Authority Agency, Castelfranco Veneto, TV, Italy

Vizioli M, Regiona Health Authority Agency, Bologna, Italy

Chiesi A, Drugs Department - Istituto Superiore di Sanita, Rome, Italy

25






(0.87%)

P S— LOST TO

I

= =
| (2.6% 97.4%

DEAD ALIVE

RANGE 0.3%-7.6%




X . 2 !
o —e
_
Ly -
— e —i
[ —
e
. |
. —_—
LI
E —_—
I |
2 EZ —fe———
® e —_—
£33 e W
2 m £ —
£ £ — -
m m ———
m & —_—
= m, -
£ —
£ © n —1 . H
3 = ) m —_—
« = -
w m W > . _.|T|o|.
s m m = ——
z M [ ——
g m s —_———
m = ———
23 E —
ot
jei § =—
mmw ——
H =
I3 | R—
LR N H—
—a—i
—a
—
E—

o (=] o P~ o [Ty b m ™~ - (=1
-
x<SeE



