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A B S T R A C T

Introduction and objectives: To analyze the association between volume and outcomes in coronary artery

bypass grafting (CABG) in the Spanish National Health System.

Methods: We analyzed CABG episodes from 2013 to 2015. The selected outcome variables were in-

hospital mortality in the index episode, 30-day cardiac-related readmissions, and mortality during

readmission. Risk-adjusted rates of in-hospital mortality (RAMR) and 30-day readmissions (RARR) were

calculated using multilevel logistic regression. High- and low-volume hospitals for CABG were identified

by a nonconditioned analysis (k-means) and by compliance with the volume recommendation of clinical

practice guidelines.

Results: A total of 17 335 CABG index episodes were included, with a crude in-hospital mortality rate of

5.0%. Episodes attended in low-volume centers for CABG (< 155 CABG per year) showed 17% higher

RAMR (5.81% � 2.07% vs 4.96% � 1.76%; P < .001) and a negative linear correlation between volume and

RARR (r = �0.318; P = .029), as well as a higher percentage of complications during the episode. The same

association between volume and more favorable outcomes was found in isolated CABG.

Conclusions: The mean CABG volume is low in Spanish National Health System hospitals. Higher volume

was associated with better outcomes in CABG, both total and isolated. The findings of this study indicate

the need for a higher concentration of CABG programs, as well as the publication of risk-adjusted

outcomes of coronary intervention.
�C 2019 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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R E S U M E N

Introducción y objetivos: Analizar la asociación entre volumen y resultados en cirugı́a de revascularización

aortocoronaria (CABG) en el Sistema Nacional de Salud de España.

Métodos: Se analizaron los eventos de CABG entre 2013-2015. Las variables de resultado seleccionadas

fueron la mortalidad hospitalaria en el evento ı́ndice, ası́ como los reingresos por causa cardiaca a los

30 dı́as y la mortalidad en el reingreso. Mediante regresión logı́stica multinivel, se obtuvieron las tasas

ajustadas a riesgo de mortalidad hospitalaria (RAMER) y de reingresos (RARER). Se discriminó entre

centros de alto y bajo volumen mediante un análisis no condicionado (k-medias), utilizando también

para CABG la recomendación de volumen de las guı́as de práctica clı́nica.

Resultados: Se incluyeron 17.335 eventos de CABG con una mortalidad bruta del 5,0%. Los eventos

atendidos en centros de bajo volumen para CABG (< 155 CABG al año) mostraron una RAMER un 17%

superior (5,81 � 2,07% frente al 4.96 � 1,76%; p < 0,001) y una correlación lineal negativa entre volumen y

RARER (r = –0,318; p = 0,029), ası́ como una mayor proporción de complicaciones durante el evento. La

misma asociación entre volumen y mejores resultados se encontró en la CABG aislada.

Conclusiones: Los hospitales del Sistema Nacional de Salud tienen un bajo volumen promedio de CABG.

Se ha hallado una asociación entre mayor volumen y mejores resultados en la CABG total y aislada. Los

hallazgos de este estudio aconsejan una mayor concentración de CABG y la publicación de los resultados

ajustados a riesgo de la intervención coronaria.
�C 2019 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
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INTRODUCTION

Several studies have recorded an association between surgeon

and hospital procedure volume and the outcome of various

interventions,1,2 including coronary artery bypass grafting

(CABG).1–4 The major clinical practice guidelines recommend

minimum procedure volumes, both for surgeons and for hospi-

tals,5,6 and while these recommendations do not exceed evidence

level C, they have important implications for health care

planning.7,8 However, the evidence for an association between

procedure volume and CABG outcome sits alongside reports of

good results at hospitals with a low procedure volume.9,10

Furthermore, the association between volume and mortality

appears to hold up only to a volume threshold, beyond which

further volume increases yield no further improvements.4 In the

United States, the evidence for an association between volume and

mortality has weakened as a result of the obligatory publication of

CABG mortality data.11 In Spain, the relationship between CABG

volume and mortality is not firmly established. Gutacker et al.

reported notably higher CABG mortality in Spain (5%) than in

England (2.3%) and attributed this difference to differences in

procedure volume (43 hospitals with 154 CABG procedures per

year in Spain vs 29 hospitals with 690 procedures per year in

England).12 In a more recent study of CABG surgery in 5 European

countries, the same authors established a ‘‘safe threshold’’

minimum volume of 415 CABG procedures per center per year.4

However, although mean CABG per center in Spain falls short of

this target,13 risk-adjusted CABG mortality in Spain (EuroSCORE

scale14) is lower than predicted.13

The goal of the present study was to examine the association

between CABG volume and outcome variables (in-hospital

mortality in the index episode, 30-day readmission, and mortality

during 30-day readmissions) in hospitals of the Spanish National

Health System (NHS).

METHODS

Study population

We conducted a retrospective observational analysis of hospita-

lizations involving CABG (procedure codes 36.10 to 36.19) recorded

in the Spanish NHS Minimum Data Set (MDS) between January 1,

2013 and December 31, 2015 (section 1 of the supplementary data).

To ensure as far as possible the selection of elective CABG surgery, we

excluded patients with a principal diagnosis code for acute

myocardial infarction (410.*1). Isolated CABG was defined by

noncoincidence with procedure codes for major cardiac surgery

(35.*, 37.32-4, 37.5*, 37.60, 37.63-68, and 37.90).

To improve data quality and consistency, the following events

were excluded: surgery in patients younger than 35 years and older

than 94 years; events related to pregnancy, labor, and the

puerperium; surgery resulting in hospital readmission less than

2 days after discharge to the home; events associated with patient

self discharge or unknown discharge destination; and events with

no recorded personal identification number, type of discharge,

patient age, or principal diagnosis. The index event was defined as a

patient’s first hospital admission during the study period. A series of

linked episodes involving hospital transfers was considered a single

event, with the admission date that of the first episode in the series

and the discharge date that of the final episode; events of this type

were assigned to the hospital with the highest level of complexity.

Risk factors used to profile patient morbidity were selected

according to Centers for Medicare & Medicaid Services criteria15,16

adapted to the MDS structure. Comorbidities were

classified according to the Condition Categories proposed by Pope

et al.17

Outcome variables

The outcome variables were in-hospital mortality in the index

event, 30-day cardiac-related readmissions (section 2 of the

supplementary data), and mortality during these readmissions.

Readmissions were monitored for events with a discharge date

between January 1, 2013 and December 31, 2014.

The analysis was limited to hospitals with a cardiac surgery

unit. Mean annual procedure volume was calculated from the

number of CABG procedures carried out in each hospital during the

study period.

Statistical analysis

Continuous variables are expressed as mean � standard devia-

tion or median [interquartile interval]. Categorical variables are

expressed as frequencies and percentages.

Adjustment for mortality and readmission risk was necessary

due to the existence of patient-specific and center-specific

characteristics independent of the quality of care provided.18 Risk

adjustment was achieved using models based on Centers for

Medicare & Medicaid Services methodology. The independent

variables were those included in the specific adjustment model for

this procedure.15,16

Event-related data were used to derive multilevel logistic

regression models18 including clinical and demographic variables

and also a hospital-specific random effect.19,20 Model parameters

were identified by the reverse elimination method; the signifi-

cance levels for factor selection and elimination were P < .05 and P

� .10, respectively. The discrimination of the final models was

determined from the area below the ROC (receiver operating

characteristic) curve.

The derived models were used to calculate the risk-adjusted

rates of in-hospital mortality (RAMR) and readmission (RARR). To

obtain these rates, we first calculated the ratio between the

outcome predicted according to the operation of the individual

hospital where the patient was treated and the standardized

outcome predicted according to the mean operation of all the

hospitals; this ratio was then multiplied by the unadjusted

mortality or readmission rate in the study population.21 For a

given hospital, a higher RAMR or RARR than the corresponding

unadjusted rates indicated a higher risk of death or readmission

than the mean risk for all hospitals in the study.

RAMR and RARR were used to compare outcomes between

hospitals with high and low procedure volumes. Differences

related to the characteristics of events treated at high-volume and

low-volume hospitals were assessed by the Student t test or the

chi-square test, as appropriate. Associations between procedure

volume and RAMR or RARR were assessed using the Pearson

correlation coefficient and linear regression models.

Low- and high-volume hospitals were distinguished by k-

means clustering. The k-means clustering algorithm was used to

obtain the maximum intracluster density and the minimum

intercluster density from two thirds of the data, with the remaining
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RARR: risk-adjusted readmission rate
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third of the data used for validation. As an additional measure of

high GABG volume, we also identified hospitals with a mean

annual rate of � 200 CABG procedures over the study period, in line

with current guideline recommendations.6

All statistical comparisons were pairwise, and differences

were considered statistically significant at P < .05. Odds ratios were

calculated, together with their corresponding 95% confidence

intervals. Statistical analyses were performed with Stat 13.0 (Stata

Corp; College Station, Texas, United States) and SPSS.20.

RESULTS

The number of index CABG events selected was 17 335 (figure

1), and these events were associated with an unadjusted mortality

rate of 5.0% and a median hospital stay of 13 [9-20] days. Mean

patient age was 67.8 � 9.7 years, and 78.7% of patients were men. Of

the selected index events, 11 151 (64.3%) were isolated CABG

procedures, and this subset was associated with a mean patient age of

65.8 � 9.7 years and a higher proportion of men (83.1%). In-hospital

mortality for isolated CABG surgery was 3%, and the median hospital

stay was 12 [8-19] days. Total and isolated CABG showed statistically

significant differences in patient age, unadjusted in-hospital mortali-

ty, and mean hospital stay (P < .001).

The most frequent comorbidities in CABG patients are shown in

table 1. For all CABG patients, the 30-day readmission rate for

cardiac causes was 8.6%, and the mortality associated with these

readmissions was 5%. The corresponding figures for isolated CABG

were 8.3% and 3%, respectively. The most frequent principal

diagnoses triggering readmission are listed in the table 1 of the

supplementary data.

The area below the ROC curve for adjusted in-hospital mortality

was 0.87 (for both total and isolated CABG). Factors identified as

significant for risk adjustment are shown in the supplementary

data, together with their corresponding models and discrimination

capacity, which was good for index-event and 30-day mortality but

poor for 30-day readmission (table 2, table 3, table 4, and table 5 of

the supplementary data and figure 1, figure 2, and figure 3 of the

supplementary data).

A marked and statistically significant correlation was noted

between index-event RAMR after complex CABG (coinciding with

major cardiac surgery) and after isolated CABG (r = 0.843; P < .001)

(figure 2). Index-event and 30-day RAMR showed no significant

correlation with the volume of complex or isolated CABG (r = –

0.04; P = .8 in both cases); in contrast, RARR was significantly

correlated to both total CABG (r = –0.318; P = .029) and isolated

CABG (r = –0.306; P = .036).

The k-means clustering algorithm identified high-volume

hospitals as those with an annual mean of � 155 CABG procedures

over the study period; for the analysis of isolated CABG, high-

volume hospitals were those averaging � 95 isolated CABG

procedures per year. In total, 33 centers (70%) performed fewer

than 155 CABG procedures per year, and only 13% complied

with the European Society of Cardiology (ESC) guideline recom-

mendation to achieve a mean annual rate of � 200 CABG

procedures.6 Events treated at high-volume centers were associ-

ated with a lower RAMR (5.81 � 2.07 vs 4.96 � 1.56; P < .001)

(figure 3). Cardiac-related 30-day RARR and associated 30-day RAMR

were consistently lower at high-volume centers, for both total and

isolated CABG (table 2).

High-volume hospitals did not have a higher proportion of

isolated CABG procedures (64.6% vs 64.1% in low-volume

hospitals; P = .474) but did have a higher proportion of elective

admissions for CABG (68.7% vs 66.3%: P < .001). The association of

risk factors with in-hospital mortality after elective CABG (total) is

compared between low-volume and high-volume centers in table

3. Low-volume centers had a higher prevalence of comorbidities

overall, but differences in age and sex were not significant. The

same pattern was observed for isolated CABG (table 6 of the

supplementary data).

DISCUSSION

The main findings of our study are as follows. a) The volume of

CABG in the Spanish NHS is low, both per center and per year, and

20 602 

CABG events
Exclusions

2507 

Principal diagnosis = AMI

32

Age < 35 or > 94 y

2 

MDC 14

48

Invalid PIN

678 
Events composed of

consecutive linked episodes 
involving hospital transfers

18 013 

Valid CABG events

17 335 

Studied index events

Figure 1. Selection of index events. AMI, acute myocardial infarction; CABG,

coronary artery bypass grafting; MDC, major diagnostic category; PIN,

personal identification number.

Table 1

CABG patient comorbidities.

Comorbidities n (%)

Hypertension 10 387 (59.9)

Diabetes mellitus and related complications 6740 (38.9)

Cardiac arrhythmias 5686 (32.8)

Other forms of acute or subacute ischemic heart disease 3492 (20.1)

Heart failure 3161 (18.2)

Renal failure 2942 (17)

Vascular or circulatory disease 2699 (15.6)

Angina/old myocardial infarction 2552 (14.7)

Chronic obstructive pulmonary disease 1507 (8.7)

Pneumonia 1444 (8.3)

Other gastrointestinal alterations 1260 (7.3)

Cerebrovascular disease 987 (5.7)

Liver or gallbladder disease 604 (3.5)

Water-electrolyte or acid-base balance alterations 612 (3.5)

Previous CABG or heart valve surgery 225 (1.3)

CABG, coronary artery bypass grafting.

Comorbidities are grouped according to the Condition Categories proposed by Pope

et al.17
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only 13% of hospitals meet the European Society of Cardiology

clinical practice guideline recommendation to perform � 200 pro-

cedures per year.6 b) Procedure volume at NHS centers shows a

consistent and significant association with outcome (mortality and

readmission) for total and isolated GAGB, with adjusted in-hospital

mortality 17% higher in low-volume centers. c) The association

between high GAGB volume and better outcome is likely related to

the higher rate of complications in low-volume centers. d) Centers

achieving better outcomes with isolated CABG tend also to have

better results with complex CABG.

Compared with health care systems in other countries, the

Spanish NHS achieves a low mean number of CABG procedures per

hospital,4,9–12 and therefore the definitions of high and low volume

in the current study denote, in relative terms, 2 low-volume CABG

categories. The low CABG volume in NHS hospitals is probably

related to the low mean surgeon volume and is below guideline

recommended rates.6

Unlike Gutacker et al.,4,12 we found major differences in

outcome between low-volume and high-volume NHS hospitals,

both for total and isolated CABG. The correlation between RAMR

for complex CABG and isolated CABG indicates that the perfor-

mances of each center in both procedures are interrelated.

However, this result is also compatible with the failure-to-rescue

concept,22 which posits that the capacity to effectively treat the

main severe postsurgery complications depends more on the

general operation of the hospital than on the surgical procedure
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Figure 2. Linear correlation between RAMR for isolated CABG and for complex CABG (CABG coinciding with other major cardiac surgery). CABG, coronary artery

bypass grafting; RAMR, risk-adjusted in-hospital mortality rate.
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Figure 3. RAMR for events treated in high-volume and low-volume hospitals. In the left panel, high volume (� 155 CABG/year) and low volume (< 155 CABG/year)

are defined by the k-means clustering algorithm. In the right panel, high volume (� 200 CABG/year) and low volume (< 200 CABG/year) are as recommended in the

European Society of Cardiology clinical practice guidelines on myocardial revascularization.6 In both comparisons, RAMR is significantly higher in low-volume

hospitals (17% in the k-means clustering comparison and 18% according to the ESC guideline recommendation). CABG, coronary artery bypass grafting; RAMR, risk-

adjusted in-hospital mortality rate.
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itself. An influence of failure to rescue in the present study is

suggested by the higher rate of comorbidities associated with

CABG at low-volume centers. These comorbidities included acute

myocardial infarction, stroke, pneumonia, and—for isolated

CABG—cardiogenic shock. All of these comorbidities influence

mortality risk adjustment; however, they are highly unlikely to

have been present on admission for elective CABG and are thus

likely to be postsurgery complications. The higher frequency of

these comorbidities in low-volume centers forces the adjustment

to operate in the opposite direction to the hypothesis, thus likely

masking larger differences between high-volume and low-volume

centers.

The association between structural variables and outcomes is

complex. Because procedure volume per se does little more than

ensure reasonable confidence intervals around statistical esti-

mates, Luft8 has argued that policies to exclude or close centers

according to their activity are less effective than alternative

policies based on systematic information about risk-adjusted

Table 2

Risk-adjusted mortality and readmission rates for CABG. Comparisons by procedure volume.

Volume (annual mean over the study period) n Mean SD P

Total CABG

Index-event RAMR < 155 8879 5.81 2.07 < .001

� 155 8456 4.96 1.76

RAMR during 30-day readmission < 155 8370 5.79 2.11 < .001

� 155 8104 4.97 1.78

30-day RARR < 155 8371 8.20 2.66 < .001

� 155 8104 7.54 1.55

Index-event RAMR < 200 13 066 5.61 2.07 < .001

� 200 4268 4.76 1.46

RAMR during 30-day readmission < 200 12 385 5.59 2.10 < .001

� 200 4089 4.76 1.47

30-day RARR < 200 12 386 8.09 2.28 < .001

� 200 4089 7.23 1.83

Isolated CABG

Index-event RAMR < 95 5385 3.49 1.08 < .001

� 95 5765 3.09 1.35

RAMR during 30-day readmission < 95 5198 3.46 1.05 < .001

� 95 5621 3.07 1.28

30-day RARR < 95 5198 7.97 2.86 < .001

� 95 5621 7.60 2.05

CABG, coronary artery bypass grafting; RAMR, risk-adjusted in-hospital mortality; RARR, risk-adjusted rate of readmission; SD, standard deviation.

Table 3

Risk-factor comparisons for elective CABG (total) at ‘low-volume’ and ‘high-volume’ hospitals.

< 155 CABG/y � 155 CABG/y P

N 5864 5761

Age, y 67.8 � 9.6 68 � 9.7 .128

Women 21.6 21.4 .738

Cardiogenic shock 1.6 1.2 .091

Obesity, thyroid alterations, hypercholesterolemia/lipidemia 63.6 65.1 .107

Liver or gallbladder disease 4 2.7 < .001

Dementia or other brain disease 1.4 0.9 .019

Heart failure 18.9 15.2 < .001

AMI 3.8 2.2 < .001

Angina/old AMI 16.4 14.4 .003

Hypertension 59.9 61.8 .037

Stroke 1 0.5 < .002

Vascular disease and complications or circulatory disease 16.6 14 < .001

Pneumonia 9.4 6.4 < .001

Renal failure 16.2 15.7 .424

Pressure ulcer or chronic skin ulcer 0.8 0.4 .005

AMI, acute myocardial infarction; CABG, coronary artery bypass grafting.

Comorbidities are grouped according to the Condition Categories proposed by Pope et al.17 Data are expressed as % or mean � standard deviation.

F.J. Goicolea Ruigómez et al. / Rev Esp Cardiol. 2020;73(6):488–494492



outcomes.23 Indeed, volume criteria cannot provide even a rough

guide to policy so long as the NHS does not have access to robust

and publicly available risk-adjusted outcome indicators supported

by consensus between scientific societies and health care

authorities.24 The publication of regularly updated, appropriately

risk-adjusted outcomes is thus essential to allow analysis of the

true effect of procedure volume and other factors. Toward this goal,

our findings lead us to recommend a) greater concentration

of CABG in high-volume centers within the Spanish NHS7,25 and

b) the publication of outcomes.

Limitations

In addition to the limitations inherent to mortality risk

adjustment, the present study is limited by its retrospective

nature and its reliance on administrative data. The MDS does not

collect sufficient information about some important clinical

variables, including those related to coronary anatomy. Neverthe-

less, the use of administrative registries to estimate health service

outcomes has been validated against a medical record model.19

Moreover, although administrative data sources are likely inferior

to audited clinical registry data,26 their validity has been

demonstrated for mortality risk prediction after cardiac surgery.23

Whereas models developed by the Centers for Medicare &

Medicaid Services include comorbidities on admission, the MDS

did not collect these data until 2016. There is therefore a risk that

the secondary diagnoses used as risk adjustment variables might

denote not comorbidities but complications, in some cases

indicating inappropriate treatment.19 Nevertheless, the predictive

ability of the models used in the present study is comparable to

that of other published models.24 Another limitation is that risk

adjustment models can be significantly skewed by confounders

that cannot be considered. Finally, the government-sourced MDS

database is limited to data on cardiac readmission and thus does

not allow analysis of all-cause readmissions; however, all-cause

readmissions are likely an inferior performance indicator than

cardiac events.27

CONCLUSIONS

Hospitals in the Spanish NHS have a low mean volume of CAGB

procedures. We found an association between higher volume and

improved outcome for CABG. The findings of this study indicate

that CABG should be concentrated in high-volume centers within

the Spanish NHS and support the publication of risk-adjusted

outcomes of coronary intervention.
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WHAT IS KNOWN ABOUT THE TOPIC?

– Although there is uncertainty about the extent to which

procedure volume influences the outcome of CABG in

different settings, this parameter continues to be used

as an indirect quality indicator in the main clinical

guidelines.

– To be useful, analyses of the relationship between

volume and outcome should be adjusted to reflect the

health care organization framework and should be

regularly updated.

WHAT DOES THIS STUDY ADD?

– Within the Spanish NHS, a high volume of total and

isolated CABG is associated with a better outcome

(lower in-hospital mortality and fewer readmissions).

– Hospitals with better outcomes after isolated CABG tend

also to have better outcomes after complex CABG.

APPENDIX. SUPPLEMENTARY DATA

Supplementary data associated with this article can be found in

the online version available at https://doi.org/10.1016/j.rec.2019.

08.016
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