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ABSTRACT

Introduction and objectives: Current guidelines recommend centralizing the care of patients with
cardiogenic shock in high-volume centers. The aim of this study was to assess the association
between hospital characteristics, including the availability of an intensive cardiac care unit, and
outcomes in patients with ST-segment elevation myocardial infarction (STEMI)-related cardiogenic
shock (CS).
Methods: Discharge episodes with a diagnosis of STEMI-related CS between 2003 and
2015 were selected from the Minimum Data Set of the Spanish National Health System. Centers
were classiﬁed according to the availability of a cardiology department, catheterization laboratory,
cardiac surgery department, and intensive cardiac care unit. The main outcome measured was inhospital mortality.
Results: A total of 19 963 episodes were identiﬁed. The mean age was 73.4  11.8 years. The
proportion of patients with CS treated at hospitals with a catheterization laboratory and cardiac surgery
department increased from 38.4% in 2005 to 52.9% in 2015 (P < .005). Crude- and risk-adjusted mortality
rates decreased over time, from 82% to 67.1%, and from 82.7% to 66.8%, respectively (both P < .001).
Coronary revascularization, either percutaneous or coronary artery bypass grafting, was independently
associated with a lower mortality risk (OR, 0.29 and 0.25; both P < .001, respectively). Intensive cardiac
care unit availability was associated with lower adjusted mortality rates (65.3%  7.9 vs 72  11.7; P
< .001).
Conclusions: The proportion of patients with STEMI-related CS treated at highly specialized centers
increased while mortality decreased during the study period. Better outcomes were associated with the
increased performance of revascularization procedures and access to intensive cardiac care units over
time.
C 2019 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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Tendencias en el tratamiento del shock cardiogénico e impacto pronóstico
del tipo de centros tratantes
RESUMEN

Palabras clave:
Shock cardiogénico
Infarto de miocardio con elevación de
segmento ST
Mortalidad
Unidades de cuidados intensivos
cardiológicos

Introducción y objetivos: Las guı́as recomiendan centralizar la atención del shock cardiogénico (SC) en
centros altamente especializados. El objetivo de este estudio fue evaluar la asociación entre las
caracterı́sticas de los centros tratantes y la mortalidad en el SC secundario a infarto de miocardio con
elevación del segmento ST (IAMCEST).
Métodos: Se seleccionaron los episodios de alta con diagnóstico de SC-IAMCEST entre 2003-2015 del
Conjunto Mı́nimo Básico de Datos del Sistema Nacional de Salud español. Los centros se clasiﬁcaron
según disponibilidad de servicio de cardiologı́a, laboratorio de hemodinámica, cirugı́a cardiaca y
disponibilidad de Unidad de Cuidados Intensivos Cardiológicos (UCIC). La variable objetivo principal fue
la mortalidad hospitalaria.
Resultados: Se identiﬁcaron 19.963 episodios. La edad media fue de 73,4  11,8 años. La proporción de
pacientes tratados en hospitales con laboratorio de hemodinámica y cirugı́a cardiaca aumentó del 38,4% en
2005 al 52,9% en 2015; p < 0,005). Las tasas de mortalidad bruta y ajustada por riesgo se redujeron
progresivamente (del 82 al 67,1%, y del 82,7 al 66,8%, respectivamente, ambas p < 0,001). La
revascularización coronaria, tanto quirúgica como percutánea, se asoció de forma independiente con una
menor mortalidad (OR = 0,29 y 0,25, p < 0,001); La disponibilidad UCIC se asoció con menores tasas de
mortalidad ajustadas (el 65,3  7,9% frente al 72  11,7%; p < 0,001).
Conclusiones: La proporción de pacientes con SC-IAMCEST tratados en centros altamente especializados
aumentó, mientras que la mortalidad disminuyó a lo largo del periodo de estudio. La revascularización y
el ingreso en UCIC se asociaron con mejores resultados.
C 2019 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations
CS: cardiogenic shock
Cath lab: catheterization laboratory
ICCU: intensive cardiac care unit
PCI: percutaneous coronary intervention
RSMR: risk-standardized in-hospital mortality ratio
STEMI: ST-segment elevation acute myocardial infarction

INTRODUCTION
Cardiogenic shock (CS) is a state of severe hypoperfusion due to
cardiac dysfunction that commonly leads to multiorgan failure.
This diagnosis accounts for approximately 5% of admissions to
general intensive care units, and its incidence has increased during
the last few years.1 Despite the widespread use of revascularization in patients with ST-segment elevation acute myocardial
infarction (STEMI) and other therapeutic advances in the
management of critically-ill patients, in-hospital mortality due
to CS remains very high (40%-50% in most series).2–4 Furthermore,
mortality may change according to the volume of treating centers
and the experience of medical teams.5 Current guidelines
recommend centralizing the care of these patients in high-volume
centers, with 24/7 availability of the catheterization laboratory
(cathlab), and short-term mechanical circulatory support.6
Signiﬁcant heterogeneity has been reported in the management
of CS. To the best of our knowledge, no study has assessed the
impact of (hospital departments) where patients are treated, and
the structure and organization of treating centers on clinical
outcomes in this clinical scenario.
The aims of this study were the following: a) To describe the
temporal trends in management patterns and outcomes in patients
with STEMI-related CS; b) to characterize the type of treating
centers where STEMI-related CS patients are admitted throughout
the Spanish National Health System (SNHS), and c) to assess the

potential association between changing patterns of care and inhospital mortality.

METHODS
Data source, population, and design
We performed an observational retrospective study of patients
hospitalized for STEMI-related CS. Anonymous standard data were
obtained from the minimum data set (MDS), an administrative
database that includes both demographic and clinical information
of all patients discharged (alive or dead) from all public hospitals
afﬁliated to the SNHS, which covers 98.4% of the Spanish
population. Information includes age, sex, length of stay, type of
hospital information, primary discharge diagnosis, up to 13 secondary diagnoses, and 20 procedures performed during hospitalization, all coded according to the ICD-9-CM (International
Classiﬁcation of Diseases-9th Revision-Clinical Modiﬁcation).7
The quality of these data for the study of acute coronary syndrome
has been previously validated.8 The inclusion of this information in
the MDS is mandatory for all hospitals in the SNHS.
The study population included patients aged between 35 and
94 years who were discharged (dead or alive) between January 1,
2003 and December 31, 2015 from SNHS hospitals with a principal
or secondary diagnostic code of STEMI (410.1, except 410.71) and a
principal or secondary diagnostic code of CS (785.51) (CS-STEMI).
The comparison group consisted of patients with STEMI without CS
(non–CS-STEMI) during the same period. Percutaneous coronary
intervention (PCI) was identiﬁed by ICD-CM procedure codes
00.66, 36.01, 36.02, 36.05, 36.06 and 36.07 and coronary artery
bypass grafting (CABG) by codes 36.10-36.19.
To improve data consistency and quality, episodes with
discharge to home in less than 1 day, discharge against medical
advice, or unknown discharge destination were excluded, as well
as those classiﬁed within the major diagnostic category 14
(pregnancy, childbirth, and puerperium) of the All-Patient Reﬁned
Diagnosis-Related Groups. Discharges to other hospitals were only
excluded when it was not possible to identify the destination
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Table 1
RECALCAR criteria for classifying the different types of center
Hospital group

Characteristics

Group 1

No structured cardiac unit: < 1500 ‘‘cardiac disease’’
discharges a year, no speciﬁc coding for cardiac unit
discharges or < 500 cases coded for cardiology each year

Group 2

Structured cardiac unit without catheterization
laboratory:  1500 cardiac disease cases a year and
encoding  500 discharges to cardiology, or, even though
they encode  1500 cases, they do not perform  200 PCI a
year

Group 3

Structured cardiac unit with catheterization laboratory,
but without cardiac surgery:  1500 discharges for cardiac
diseases per year, encoding  500 cases to cardiology,
performing  200 PCI and < 50 CABG

Group 4

Structured cardiac unit with catheterization laboratory
and cardiac surgery:  1500 discharges for cardiac disease
per year, encoding  500 cases to cardiology,
performing  200 PCI and  50 CABG a year

Group 5

Availability of catheterization laboratory and cardiac
surgery without a structured cardiac unit:
performing  200 PCI and  50 CABG a year, but encoding
< 500 cases to cardiology

CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention.

hospital. Clinical results in transferred patients were assigned to
the center ﬁnally discharging the patient.
The main clinical outcome measure was all-cause, in-hospital
mortality. We analyzed the association between mortality and the
availability of cardiology-related resources (cath lab, cardiac
surgery department, and intensive cardiac care unit [ICCU]) in
the hospitals attending the included patients.

Hospital characteristics
Hospitals were classiﬁed according to the availability of
cardiology-related resources using the RECALCAR criteria9 (table
1). This information was available for the period 2005 to 2015. The
absolute number of centers of each type by year is shown in ﬁgure
1 of the supplementary data. For the purpose of this study, the few
centers with a cath lab and cardiac surgery facilities but in which
patients were not directly assigned to cardiology departments
(type 5) were not included.
Additionally, the availability of an ICCU was obtained from the
survey conducted by the Working Group on Ischemic Heart
Disease and Acute Cardiovascular Care of the Spanish Society of
Cardiology10 (table 1 of the supplementary data). The requirements for the qualiﬁcation as an ICCU included: a) comprehensive
critically-ill patient management capability, including those
requiring invasive mechanical ventilation, and b) administrative
adscription of the ICCU to the cardiology department.

Statistical analysis
Continuous variables are expressed as mean  standard deviation or median [IQR]. Categorical variables are expressed as number
(%). The risk-standardized in-hospital mortality ratio (RSMR) was
deﬁned as the ratio between predicted mortality (which individually
considers the performance of the hospital attending the patient) and
expected mortality (which considers a standard performance
according to the average of all hospitals) multiplied by the crude
mortality rate. If the RSMR from one hospital is higher than the crude
mortality rate, the risk of death in that center is higher than the mean
risk of all the hospitals. The RSMR was calculated using multilevel risk
adjustment models developed by the Medicare and Medicaid

Services,11 adapted to the structure of the MDS database, considering
both inter-hospital variability and clinical and demographic variables.12–14 Secondary diagnoses were included in groups of risk
factors as described by Pope,15 updated each year by the Agency for
Health Research and Quality and including the Charlson I index in the
risk factor analysis.16,17 In the adjustment model, we included only
comorbidities with an OR > 1. All factors entered into the ﬁnal model
and their coefﬁcients were calculated from our data. Levels of
signiﬁcance for selecting and eliminating risk factors were P < .05 and
P  .10, respectively.
Calibration of models was assessed by calculating risk tertiles of
the observed and expected in-hospital mortality obtained by the
logistic multilevel model. To evaluate the goodness-of- ﬁt, we
tested for a signiﬁcant decrease in the statistical likelihood ratio
test compared with the null model. Discrimination of the models
was assessed by calculating the receiver operating characteristics
curves and their corresponding area under the curve (AUROC). The
RSMR was used to compare outcomes between hospitals with
different characteristics according to the availability of the
cardiology-related resources. The association between in-hospital
mortality and hospital characteristics was analyzed by considering
the performance of PCI and CABG during the hospitalization
episode or the existence of an ICCU as independent variables in the
multilevel logistic regression models or by the Student t test or
ANOVA test, when appropriate. The analysis of the impact of ICCU
on mortality was performed taking into account only type 3 and
type 4 hospitals.9
Temporal trends for in-hospital mortality during the observed
period were modeled using Poisson regression analysis with year
as the only independent variable. In all models, incidence rate
ratios (IRR) and their 95% conﬁdence intervals (95%CI) were
calculated. All contrasts were bilateral, and differences
were considered signiﬁcant when P < .05. Odds ratios and their
corresponding 95%CI were also calculated. All analyses were
performed with Stata 13.0 (Stata Corp., College Station, Texas,
United States) and SPSS. 20.

RESULTS
A total of 392 169 STEMI episodes were identiﬁed during the
study period (2003-2015), of which 60 976 (15.5%) were excluded
because they did not meet the inclusion criteria (not mutually
exclusive). A total of 19 963 (6.03%) of the remaining 331
193 episodes were STEMI-related CS. The proportion of women
was 28.8% for non–CS-STEMI and 38.8% for CS-STEMI (P < .001).
The mean age was 67.2  13.8 years for non–CS-STEMI and
73.4  11.8 years for CS-STEMI (P < .001). The CS-STEMI group
showed a higher degree of comorbidity than the non–CS-STEMI group
(Charlson index  3 points 82.1% vs 50.1%, P < .001), except for
cardiovascular disease-related comorbidities (table 2).
The absolute number of in-hospital deaths was 25 949/311 230
(8.3%) for STEMI without CS and 14 627/19 963 (72.9%) for STEMIrelated CS. The mean length of stay was 8.6 days for STEMI without
CS and 9.9 days for STEMI-related CS. Excluding deaths, the mean
length of hospital stay was 9  7.3 days for patients with STEMI
without CS and 21.1  19.2 days for patients with STEMI-related CS (P
< .001).
Clinical and demographic variables independently associated
with in-hospital mortality in the multilevel risk adjustment model
are shown in table 3, with CS being the most important variable
(OR, 14.6; 95% CI, 14.2-15). This model showed good discriminative
ability (AUROC, 0.89; 95%CI, 0.887-0.891). The speciﬁc model for
in-hospital mortality for the CS-STEMI group is shown in table 2 of
the supplementary data. The AUROC for this model was 0.72;
95%CI, 0.71-0.73).
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Table 2
Comorbidities of patients with non–CS-STEMI and CS-STEMI
Clinical conditions

Non–CS-STEMI

CS-STEMI

No.

311 230

19 963

P

Charlson index group 2

50.1

82.1

< .001

Coronary atherosclerosis or angina (CC 83-84)

66.4

53.6

< .001

Congestive heart failure (CC 80)

23.5

45

< .001

Hypertension (CC 89, 91)

49.5

46.1

< .001

History of PTCA (V45.82)

6.6

4.7

< .001

Diabetes mellitus or diabetes mellitus complications except proliferative retinopathy (CC 15-20, 120)

28.5

33.7

< .001

Renal failure (CC 131)

8.8

28.6

< .001

Valvular or rheumatic heart disease (CC 86)

12

15.6

< .001

Vascular disease and complications (CC 104-105)

0.2

0.8

< .001

Pneumonia (CC 111-113)

5.1

10.6

< .001

Disorders of ﬂuid/electrolyte/acid-base (CC 22, 23)

2.5

8.9

< .001

Iron deﬁciency or other unspeciﬁed anemias and blood disease (CC 47)

5.9

8

< .001

Chronic obstructive pulmonary disease (CC 108)

8

8.5

History of coronary artery bypass graft (V45.81)

1.3

1.5

Hemiplegia, paraplegia, paralysis, functional disability (CC 67-69, 100-102, 177-178)

2.4

4

< .001

Cerebrovascular disease (97-99, 103)

2.4

3.7

< .001

.023
.003

CC, condition categories; secondary diagnoses grouped in risk factors (Pope et al.); 15 CS, cardiogenic shock; PTCA, percutaneous transluminal coronary angioplasty; STEMI,
ST-segment elevation myocardial infarction.
Unless otherwise indicated, values are expressed as percentage.

Table 3
Variables independently associated with in-hospital mortality adjusted by risk in a multilevel logistic regression model in the whole cohort
OR

P

95%CI

Women

1.27

.001

1.24-1.31

Age (per year increase)

1.07

.001

1.06-1.07

Mechanical complications of AMI (429.5 and 429.6)

3.73

.001

2.62-5.32

History of CABG surgery (ICD-9 codes V45.81)

1.22

.001

1.10-1.35

Congestive heart failure (CC 80)

1.18

.001

1.15-1.21

Cardio-respiratory failure or shock (CC 79)

14.58

.001

14.18-15.00

Stroke (CC 95-96)

6.01

.001

5.47-6.61

Renal failure (CC 131)

1.81

.001

1.75-1.88

Diabetes mellitus or diabetes mellitus complications except proliferative retinopathy (CC 15-20. 120)

1.10

.001

1.07-1.13

Dementia or other speciﬁed brain disorders (CC 49-50)

2.58

.001

2.46-2.71

Hemiplegia, paraplegia, paralysis, functional disability (CC 67-69, 100-102, 177-178)

1.64

.001

1.53-1.76

Vascular disease and complications (CC 104-105)

7.05

.001

5.75-8.63

Metastatic cancer, acute leukemia, and other severe cancers (CC 7-8)

2.63

.001

2.37-2.91

Trauma in last year (CC 154-156, 158-162)

1.55

.001

1.33-1.81

Chronic liver disease (CC 25-27)

2.29

.001

1.90-2.77

95%CI, 95% conﬁdence interval; CABG, coronary artery bypass graft; CC, condition categories; CI, conﬁdence interval; ICD-9, International Classiﬁcation of Diseases-9th
Revision; OR, odds ratio.
Secondary diagnoses grouped in risk factors (Pope et al.).15

This model showed acceptable calibration, with optimal
agreement between observed and expected in-hospital mortality
(ﬁrst tertile: 0.54 vs 0.55, respectively, second tertile: 0.78 vs 0.77;
and third tertile: 0.88 vs 0.88) and a signiﬁcant decrease in the
statistical likelihood ratio test compared with the null model (P
< .001)
In the CS-STEMI group, the performance of revascularization
procedures during hospitalization, either PCI or CABG, was
independently associated with a lower in-hospital mortality risk
(OR, 0.29; 95%CI, 0.26-0.31; P < .001 and OR, 0.25; 95%CI, 0.190.32; P < .001, respectively; AUROC, 0.76; 95%CI, 0.75-0.77) (table
3 of the supplementary data). The RSMR was signiﬁcantly lower in
type 3 and 4 hospitals with an ICCU than in type 3 and 4 hospitals
without ICCU (65.3%  7.9 vs 72  11.7; P < .001).

Time trends in CS incidence, management, mortality, and RSMR
by hospital types (2003-2015)
The incidence rate of CS in STEMI did not change signiﬁcantly
during the study period (lowest rate, 5.7%, in 2015; highest, 6.4%, in
2008) (IRR, 1; P = .62). The performance of PCI increased during the
study period, from 19.2% in 2003 to 59.5% in 2015 (P for trend
< .001) while there was no statistically signiﬁcant change in the
trend for CABG use (mean rate, 1.9%; P for trend = .35).
The proportion of type 4 hospitals (table 1 of the supplementary
data) remained stable at 19.8  0.7% from 2005 to 2015 (ﬁgure 1 of
the supplementary data). A total of 7807 patients with STEMI-related
CS discharged from 2005 to 2015 (48%) were admitted to type
4 hospitals, while 74.2% were treated at type 3 or type 4 hospitals. The
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Proportion of patients treated in type 4 centers
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B

P = .001

C

60.1%

P = .001
65.3%

72%

52.8%
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ICCU

No ICCU

0%
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Figure 1. A: proportion of patients treated at type 4 hospitals across the study period. B: proportion of patients undergoing percutaneous coronary intervention in
patients admitted to type 3 and 4 hospitals. C: risk-standardized mortality rates according to ICCU availability. ICCU, intensive cardiac care unit.

proportion of patients treated at type 4 hospitals signiﬁcantly
increased (P < .005) from 38.4% in 2005 to 52.9% in 2015.
An ICCU was available in 23 Spanish hospitals in 2005 and in
28 hospitals in 2015. The proportion of type 3 and 4 hospitals with
an ICCU in 2015 is shown in table 1 of the supplementary data.
There was an increase in the proportion of patients with STEMIrelated CS admitted to type 3 and 4 hospitals (ﬁgure 1A), with no
signiﬁcant differences in age and sex in patients with STEMIrelated CS according to ICCU availability. A Charlson index value 
3 was more common in patients treated in type 3 and 4 hospitals
with an ICCU (83.4% vs 85.1%; P = .02), although the prevalence of
other comorbidities was similar according to ICCU availability
(table 4). PCI in STEMI-related CS was more often performed in
type 3 and 4 hospitals with ICCU than in hospitals without ICCU
(60.1% vs 52.8%; P < .001) (ﬁgure 1B). The in-hospital risk-adjusted
mortality rate was 65.3% in patients admitted to type 3 and
4 hospitals with an ICCU vs 72% in those without ICCU (P < .0001;
ﬁgure 1C).
Among patients treated at type 3 and 4 hospitals, the proportion
of patients undergoing revascularization procedures was similar
regardless of whether they were initially admitted to that hospital
or transferred from other hospitals (PCI rates, 55.2% for nontransferred patients vs 52.9% for transferred-in patients, P = .66;
CABG rates, 2.5% for nontransferred vs 3.4% for transferred-in
patients, P = .48). RSMRs were similar in both groups of patients
(69.6%  10.8 for nontransferred patients and 70.4  10.2 for
transferred-in patients, P = .46).
There was a 35% relative reduction in the unadjusted mortality
rate during the study period (from 10.5% in 2003 to 6.8% in 2015)
for non-CS-STEMI while the relative reduction for STEMI-related
CS was 17% (from 82% in 2003 to 67.1% in 2015). The mean RSMR

also decreased signiﬁcantly, from 10.9% in 2003 to 6.7% in 2015 for
non–CS-STEMI (IRR per year, 0.958; P < .001) and from 82.7% in
2003 to 66.8% in 2015 (IRR per year, 0.978; P < .001, ﬁgure 2).

DISCUSSION
Our study showed a progressive decline in crude and adjusted
mortality rates in patients with STEMI-related CS at the national
level in Spain during the study period. This seems to be a
consequence, at least in part, of the increased proportion of
patients admitted to hospitals with an ICCU and the greater use of
coronary revascularization in these patients.
The incidence rate of CS among the patients with STEMI in our
series was 6.03%. We used an administrative database for case
identiﬁcation. This may have led to an underestimation of the
incidence of CS. However, the underestimation was not severe,
since the rate of CS in our series falls within the lower range of
previously reported incidence rates of CS in STEMI patients,
between 5% and 10%.18–20
In-hospital mortality in CS remains very high and is the leading
cause of death in STEMI patients.1,2,4 Patients included in our study
were signiﬁcantly older and had higher mortality compared with
previously published CS series. Our study describes a large cohort
of unselected CS patients admitted to hospitals with different
resources and structures, which is in contrast with several prior
publications, many of which were performed in highly selected
tertiary centers, often referral centers for advanced care and
therapies, and therefore included relatively younger and selected
populations.1–4 This may explain the discrepancy in results as
advanced age is consistently associated with worse outcomes in
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Table 4
Clinical characteristics of patients with cardiogenic shock due to acute coronary syndrome treated at hospitals type 3 and 4
Variable

No ICCU

ICCU

No.

7086

3951

P

Age, y

71.6  12.2

71.8  12.5

.885

Male sex

63.9

65.3

.128

Charlson index group 2

83.4

85.1

History of PTCA (ICD-9 codes V45.82)

6.3

4.5

History of CABG surgery (ICD-9 codes V45.81)

1.6

1

Congestive heart failure (CC 80)

46.1

47.7

Other acute/subacute forms of ischemic heart disease (CC 82)

8.3

11

< .001

Coronary atherosclerosis or angina (CC 83-84)

63.8

69.6

< .001

Valvular or rheumatic heart disease (CC 86)

15.4

18.7

< .001

Hypertension (CC 89, 91)

49.2

44.1

< .001

Stroke (CC 95-96)

1.70

2.00

.15

Cerebrovascular disease (CC 97-99, 103)

3.3

3.9

.17

Renal failure (CC 131)

31.5

29.60

.03

Chronic obstructive pulmonary disease (CC 108)

7.5

8.1

.25

Pneumonia (CC 111-113)

10.80

12.20

Diabetes mellitus or diabetes mellitus complications except proliferative retinopathy (CC 15-20, 120)

35.5

28.9

Protein-calorie malnutrition (CC 21)

0.8

0.5

Dementia or other speciﬁed brain disorders (CC 49-50)

8.6

8.4

.72

Hemiplegia. paraplegia. paralysis. functional disability (CC 67-69, 100-102, 177-178)

4.3

2.9

< .001

Vascular disease and complications (CC 104-105)

0.9

0.8

.61

Metastatic cancer. acute leukemia and other severe cancers (CC 7-8)

1.1

1.6

.02

Trauma in last year (CC 154-156, 158-162)

0.8

1

.32

Major psychiatric disorders (CC 54-56)

1

0.8

.25

Chronic liver disease (CC 25-27)

0.7

0.6

.66

.02
< .001
.02
.12

.001
< .001
.06

CABG, coronary artery bypass graft; CC, condition categories; ICCU, intensive cardiac care unit; ICD-9, International Classiﬁcation of Diseases-9th Revision; PTCA,
percutaneous transluminal coronary angioplasty.
Unless otherwise indicated, values are expressed as mean  standard deviation or percentage.
Secondary diagnoses grouped in risk factors (Pope et al.).15

CS.1–3,21 More importantly, both crude and adjusted mortality
progressively declined during the study period. This substantial
improvement in outcomes can probably be explained by the
widespread use of mechanical reperfusion in patients with STEMI
during the last decade,22 along with the implementation of
regional reperfusion networks in Spain.23 From 2009, 6 networks
were created in 6 different regions. Similar results have been
observed in other countries across Europe.24 Other factors, such as
the improvement in life support techniques and overall critical
patient care measures, may also have contributed to the
substantial reduction in mortality observed in our study.
Current guidelines6 recommend centralizing the care of
patients with CS in highly specialized centers, since this approach
has been consistently associated with better outcomes in this
clinical setting.5 Although the proportion of type 4 hospitals
remained stable during the study period, our data show a
progressive increase in the number of patients treated at these
hospitals (roughly, from slightly more than one third to half),
indicating a signiﬁcant improvement in the organization of care for
CS patients over time. The availability of an ICCU was associated
with higher survival rates, probably reﬂecting the effect of
specialized training and expertise in the diagnosis and management of CS, such as pulmonary artery catheterization, implantation
of temporary pacemakers, echocardiography, and the use of
mechanical support devices. In addition, ICCUs may have faster
and easier access to coronary revascularization procedures. This
hypothesis is supported by the 14% higher rate of PCI in patients
admitted to hospitals with an ICCU in our series (60.1% vs 52.8%).

Patients admitted to an ICCU also had a different proﬁle, with a
higher degree of comorbidity and cardiovascular risk and greater
use of therapeutic procedures such as coronary revascularization.25 This ﬁnding aligns with the recommendation to centralize
the care of patients with CS. In addition, our data might support the
need to expand the establishment of ICCUs in hospitals with high
volumes of ACS patients. Although the high clinical complexity of
these patients requires a multidisciplinary approach, the results of
this study highlight the importance of the leading role of highly
trained cardiologists in the management of critically-ill cardiac
patients, such as those with CS.26
One of the most important strengths of this study is its high
external validity, since it allows us to obtain a real picture of
clinical characteristics, management, and outcomes of patients
with STEMI-related CS in our setting. However, several limitations
should be acknowledged. First, it is a retrospective analysis of
administrative data, with inherent drawbacks. However, the use of
administrative records to estimate outcomes in health care
services has been validated by comparison with data from medical
records7,27 and has been applied to research on health service
outcomes.28 The reliability of studies of this type enables the public
comparison of hospitals in terms of outcomes.29 In contrast to the
methodology used by the Centers of Medicare and Medicaid
Services,11,27 we did not measure 30-day mortality but rather inhospital mortality. Additionally, secondary diagnoses as potential
confounders could have been present at admission or during
admission, but can also reﬂect suboptimal management.27
Information about the use of all types of short-term circulatory

Document downloaded from https://www.revespcardiol.org/, day 27/01/2022. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

552

J.C. Sánchez-Salado et al. / Rev Esp Cardiol. 2020;73(7):546–553

A

FUNDING

12

This work was supported by FIC (Fundación Interhospitalaria
para la Investigación Cardiovascular) and Laboratorios Menarini
(RECALCAR Project).

In-hospital mortality, %

10
8
6

CONFLICTS OF INTEREST

4

None declared.
P = .001

2

WHAT IS KNOWN ABOUT THE TOPIC?
0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
CMR

RSMR

B
90

In-hospital mortality, %

80
70
60

– Current guidelines recommend centralizing the care of
patients with cardiogenic shock in high-volume specialized centers.
– No previous studies have assessed the association
between the characteristics of treating centers–including the availability of an intensive cardiac care unit–and
outcomes in patients with CS.

50
40

WHAT DOES THIS STUDY ADD?

30
20

P = .001

10
0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
CMR

RSMR

Figure 2. Temporal trends in CMR and RSMR in STEMI patients without CS (A),
and STEMI-related CS across the study period (B). CMR, crude mortality rate;
CS, cardiogenic shock; RSMR, risk-adjusted mortality rates; STEMI: STsegment elevation myocardial infarction.

support was not available. Finally, we cannot exclude the presence
of unmeasured confounding factors that may adversely impact
prognosis. Despite these limitations, our study, one of the largest
series of CS, provides relevant information on the factors involved
in the improvement of STEMI-related CS prognosis in the era of
contemporary management, particularly the fact that the clinical
care of these patients in ICCUs may improve the use of
revascularization therapies and patient prognosis.

– The proportion of patients with STEMI-related CS
treated at highly specialized centers increased while
mortality decreased during the study period.
– Both coronary revascularization procedures and the
availability of an ICCU were associated with lower
adjusted mortality rates (65.3%  7.9 vs 72  11.7; P
< .001).
– These ﬁndings strongly support the recommendation of
centralizing care of these complex patients at highly
specialized centers.

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.
10.004
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9. Íñiguez Romo A, Bertomeu Martı́nez V, Rodrı́guez Padial L, et al. The RECALCAR
project. Healthcare in the cardiology units of the Spanish National Health System,
2011 to 2014. Rev Esp Cardiol. 2017;70:567–575.
10. Worner F, San Román A, Sánchez PL, Viana Tejedor A, González-Juanatey JR. The
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