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Preface

The contributions published in this volume are the result of a selection based on the

presentations given at the Workshop on “Identification and development of new

diagnostic, therapeutic, and organizational strategies for patients with Acute Coro-

nary Syndromes” held in Milan on February 15, 2012.

The workshop was a conclusive event of a 3-year-long strategic program

supported by Italian Ministry of Health and Health Governance of Regione

Lombardia.1

Objective of the strategic program was the identification of new diagnostic,

therapeutic, and organizational strategies to be applied to patients with Acute

Coronary Syndromes (ACS), in order to improve the occurrence of clinical

outcomes.

Patients with ACS are at high risk of thrombosis (acute ischemic events),

arrhythmias (sudden death due to ventricular fibrillation), and a variety of

complications due to the complexity of therapeutic intervention (hemorrhagic

disorders, contrast-induced nephropathies, thrombosis of coronary stents).

The first part of Strategic Program was structured in two functional subparts: the

first one was the statistical design of a region-wide registry automatically linked

with administrative Public Health Database. The Registry is still ongoing; periodi-

cal statistical analysis was performed with innovative methods to deal with com-

plex large databases. At the same time a subproject analyzed the best pattern to use

existing administrative databases to clinical and epidemiological purposes.

The second part of Strategic Program was divided in three subprojects which

take advantage on new biomolecular and imaging strategies aimed at the identifi-

cation of patients with ACS at the highest risk of:

• Thrombotic complications due to reduced renal function and prothrombotic

activation of blood elements.

• Ventricular fibrillation and sudden death after acute myocardial infarction, due

to the prevalence of genetic polymorphisms relevant for the disease.
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• Poor revascularization consequent to reduced ventricular viability or function as

identified with new imaging techniques, also in relation to newly identified

biomarkers.

Also this volume is structured in two different parts: first one focused on

cooperative project mainly on statistical analysis of large clinical and administra-

tive databases; second one focused on the development of innovative diagnostic

techniques for the precocious identification of patients at major risk.

We wish to thank all referees for their valuable contributions that made this

volume possible and Maurizio Bersani, Gabriella Borghi, Luciano Bresciani,

Massimo Casciello, Elena Corrada, Giancarlo Fontana, Carlo Lucchina, Maria

Novello Luciani, Antonio Mafrici, Silvio Marenzi, Antonio Marzocchi, Lorenzo

Menicanti, Luca Merlino, Luigi Oltrona Visconti, Peter J. Schwartz, Giovanni

Sesana, Caterina Tridico, and Carlo Zocchetti.

Milan, Italy Niccolò Grieco

January 2013 Maurizio Marzegalli

Anna Maria Paganoni

1 “Development of new diagnostic, therapeutic and organizational strategies to be applied to

patients with Acute Coronary Syndromes” with five Project parts (Programma Strategico Ricerca

Finalizzata Ministero della Salute (Anno 2007) “Sviluppo di nuove strategie conoscitive,

diagnostiche, terapeutiche e organizzative in pazienti con sindromi coronariche acute” (ex art.

12 D.Lgs. n. 502/1992)):

• Project part of Strategic Program 1—RFPS-2007-2-634753

Institution presenting the project: Regione Lombardia—Direzione Generale Sanità

“Exploitation, integration and study of current and future health databases in Lombardia for

Acute Myocardial Infarction”

Scientific Coordinator: Marzegalli Maurizio

• Project part of Strategic Program 2—RFPS-2007-2-634780

Institution presenting the project: Centro Cardiologico Monzino, IRCCS

“Identification of proteomic/proinflammatory and immune biomarkers in patients with Acute

Coronary Syndromes at high risk to develop clinical events: genomic and proteomic approaches”

Scientific Coordinator: Marenzi Gian Carlo Silvio

• Project part of Strategic Program 3—RFPS-2007-2-644418

Institution presenting the project: Istituto Auxologico Italiano

“Ventricular fibrillation during myocardial infarction: genetic basis”

Scientific Coordinator: Schwartz Peter J.

• Project part of Strategic Program 4—RFPS-2007-2-634791

Institution presenting the project: Regione Emilia-Romagna

“Detection, characterization and prevention of Major Adverse Cardiac Events after Drug

Eluting Stent implantation in patients with Acute Coronary Syndrome”

Scientific Coordinator: Marzocchi Antonio

• Project part of Strategic Program 5—RFPS-2007-2-644709

Institution presenting the project: IRCCS Policlinico San Donato

“Pathogenesis and therapy of acute myocardial infarction: new perspectives and innovative

therapeutic strategies”

Scientific Coordinator: Menicanti Lorenzo
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Gender Differences in Hospitalization for

Acute Myocardial Infarction in Lombardy

During the Years 2000–2010

Elena Corrada, Cristina Mazzali, Pietro Barbieri, Giuseppe Ferrante,

Maurizio Marzegalli, Marco Mennuni, Luca Merlino, Patrizia Presbitero,

and Piera Angelica Merlini

Abstract The industrialized world is undergoing epidemiologic variations in acute

coronary syndrome and the female gender is particularly involved in these changes.

Our study was designed based on administrative databases of all hospital

admissions in the Lombardy region during the years 2000–2010 which enabled us

to obtain complete and updated information regarding the gender-related epidemi-

ologic situation.

Women present an incidence and attack rate of acute myocardial infarction

which is approximately half that of men, but this difference is influenced by age,

type of infarction, and the period of time examined. The female population with

acute myocardial infarction is generally 10 years older than the male population

(mean age 76 vs. 66 years), and above 75 years of age the number of infarctions in

women exceeds that in males, even though incidence is still higher in the male
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gender. ST elevation myocardial infarction is the most frequent type of infarction

for both sexes, but non-ST elevation myocardial infarction is more frequent in

women than in men, and unspecified myocardial infarction is similar in both sexes.

Overall incidence and attack rate of acute myocardial infarction have dropped in

both sexes over the last few years; this reduction is mainly supported by the

decrease in ST elevation myocardial infarction in males. Non-ST elevation

myocardial infarction significantly increases even threefold, in the same way for

both sexes, after the introduction of troponin. Unspecified MI is similar in both

genders and decreases over the years to reach very low numbers.

Even though lower in number, the incidence of acute myocardial infarction in

females is not insignificant and, contrary to popular belief, must be considered a

health problem in women as well as men. Diagnostic–therapeutic protocols during

acute myocardial infarction must take into account the wide range of elderly

women who suffer infarction and are not usually included in randomized clinical

trials. Health organizations must be equipped to handle ever increasing aging

populations consisting of frail patients with comorbidities and social–family

problems.

1 Introduction

It is known that incidence of acute myocardial infarction (MI) has twice the

incidence in men than in women, and this difference changes according to age

influencing women particularly after menopause [1–7].

Modifications in epidemiology of acute coronary syndrome (ACS) have

occurred in the western world due to older age of the general population, greater

prevention and treatment strategies of cardiovascular risk factors, and earlier and

more aggressive treatment of ACS. The incidence of acute MI has diminished over

the years [1, 8–14], but considering the increase in incidence of AMI with age and

the increase in average life expectation, the absolute number of acute MI that we

observe and treat is increasing. The clinical presentation of ACS has changed

following a drop in incidence of ST elevation myocardial infarction (STEMI) in

respect to that of non-ST elevation myocardial infarction (NSTEMI) [2, 4, 8–10,

15–17] which is more frequent in women and the elderly [3–5, 18]. These changes

could primarily affect the female gender which notoriously presents a longer

average life expectation and is approximately 10 years older than males on presen-

tation of acute MI.

The MONICA project [19], together with other studies and national registries,

has illustrated the incidence of infarction in the two genders between the 1980s and

1990s. These sources of information [1] are not however updated to recent years

where the above-mentioned epidemiologic variations are taking place, they only

concern test areas, and the MONICA diagnostic criteria used are different from the

latest international acute MI definitions [20], and exclude persons >75 years who

conversely make up a high percentage of our patients.

4 E. Corrada et al.



Recent years have seen development in the use of administrative databases made

up of hospital discharge records (HDR) as an updated and not selected source of

information regarding all admissions and all local health centers, and the validity

and correct usage of this source has been demonstrated [21–25]. Many of these

studies however have been carried out on populations with ethnic characteristics

which differ from those of Italian populations (USA and Northern Europe).

The Lombardy region offers an interesting epidemiologic observatory, thanks to

the large population (about ten million inhabitants), to the presence of a local

hospital network with modern healthcare facilities and an updated and controlled

administrative database of HDR.

Our aim is to calculate and compare the two genders for overall incidence and

attack rate of acute myocardial infarction and the various nosological entities and to

evaluate their temporal trend in the years 2000–2010.

2 Methods

The cohort of patients that make up our study population was extracted from the

regional HDR database relating to admissions (regional and extra-regional) of

residents in the Lombardy region during the years 2000–2010.

The algorithm for extracting cases refers to data published in the literature [21]

and is briefly described herein. We extracted all the HDRs from admission archives

which, based on the main diagnosis on discharge, belonged to major diagnostic

category (MDC) groups 1, 4, and 5 corresponding to diseases of the neurologic,

respiratory, and cardiocirculatory apparatus. From this first extraction, all hospital

admissions for infarction were identified according to the following criteria: all

admissions of patients aged >18 years, with codes from 410.00 to 410.91 (ICD-9-

CM code) in primary or secondary diagnosis if in primary diagnosis, major cardiac

complication identification codes were used (4271, 42741, 42742, 4275, 4281,

4295, 4296, 42971, 42979, 42981, 5184, 7802, 78551, 41410, 4230). All

admissions with a hospital stay of �1 day without death or transferral to another

facility as reason for discharge were excluded. An anonymous code was generated

for each patient in order to identify all admissions relating to the same person and in

order to create a link with the regional personal data register. All cases for which it

was not possible to identify an assisted code of unique link with personal database

were excluded.

Two hospital admissions of the same patient were considered related to a single

infarction episode if these were separated by no more than 1 day. All infarction

episodes separated by at least 28 days were considered single events.

Infarction was defined according to the codes of ICD-9-CM classification that

considered STEMI when the code was 410.0–410.6 (definition ¼ acute myocardial

infarction with ST elevation), NSTEMI when code was 410.7 (definition ¼
subendocardial infarction without ST elevation), and unspecified site MI when

code was 410.8–410.9 (definition ¼ acute myocardial infarction of other specified

Gender Differences in Hospitalization for Acute Myocardial Infarction 5



site and acute myocardial infarction of unspecified site). The definition of STEMI

and NSTEMI is based on current guidelines [20]; unspecified site MI is used if

ECG’s feature doesn’t allow a classification. An episode was classified as STEMI

when at least one of the hospital admissions comprised therein was classified as

STEMI; it was classified as NSTEMI if there were no STEMI admissions and as

unspecified MI if there were no admissions for STEMI or NSTEMI.

Data referring to sex, age, and date of admission were extracted from the HDR.

The number of new infarction events admitted over the survey period was

defined as incidence rate of infarction of the whole resident population (expressed

as number of new events every 100,000 residents). Infarction events without prior

events occurring within at least 5 years were considered new incident events and for

this analysis data from the years 1995–1999 were used as historic reference and the

incidence was calculated for the period 2000–2010.

The number of infarction events admitted during the survey period was consid-

ered as attack rate on the overall resident population (expressed as number of events

every 100,000 residents).

The incidence rate and attack rate are expressed as crude rate and standardized

rate. Rates were calculated using the ISTAT [26] data of the population resident in

the Lombardy region during the years 2000–2010 for point estimate of the age. The

reference population used for standardization with direct method was the European

population (European Union—27 countries) at 1 January 2005 (source of data

EUROSTAT) [27].

The descriptive statistics of each variable show in table form the numerosity

values, mean (or frequency), standard deviation, median, and confidence interval at

95 %.

The descriptive variables and rates of incidence and attack are calculated and

reported separately for the two genders in total and in the various age ranges in

10-year age intervals (18–44, 45–54, 55–64, 65–74, 75–84, and �85 years).

Separate analyses were carried out for various types of infarction (STEMI,

NSTEMI and unspecified site MI).

The analysis was carried out using the 9.2 version of the SAS statistical package.

3 Results

3.1 Study Population

ISTAT data for the Lombardy region show that in the year 2000 there were

8,971,154 residents (4,630,593 women and 4,340,561 men) which increased pro-

gressively to 9,826,141 (5,023,778 women and 4,802,363 men) in 2010.

6 E. Corrada et al.



3.1.1 Description of the Cases with Acute Myocardial Infarction

A total of 172,915 episodes of infarction have been identified in the HDR database

of hospital admissions of Lombardy residents during the years 2000–2010, and, of

these, 171,131 are classified as infarction events. There were 153,813 patients with

at least one episode of infarction. Thirty-six percent of the population were women.

Infarction was classified as STEMI in 97,299 (56 %) episodes, NSTEMI in

64,470 (37 %), and as unspecified site MI in 11,146 (7 %). Gender distribution of

the various types of infarction shows diversities (Table 1): the percentage of women

is always lower than that of men for all types of infarction but increases from 33 %

in STEMI, to 39 % in NSTEMI, to 48 % in unspecified MI.

The mean age for men is 66.2 � 12.9 and women is 76.3 � 11.7. The mean age

of the population increases for both sexes over the 10-year study period going from

64.4 � 12.5 to 67.1 � 13.1 in men and 74.5 � 11.6 to 77.1 � 11.8 in women

(Table 2). Distribution for age is different in the two sexes: 20 % of male patients

are less than 55 years old, compared with just 5.6 % of women, whereas 29 % of

male patients are older than 75 years in respect to 63 % women. Once past 75 years

old, the number of women with infarction almost reaches that of men, and over

Table 1 Distribution among the two sexes of episodes divided between the various types of

infarction

Type of

infarction Total Women Mean � sd age Men Mean � sd age

STEMI 97,299 32,555 (33 %) 75.1 � 12.1 64,744 (67 %) 64.1 � 12.7

NSTEMI 64,470 24,943 (39 %) 76.8 � 11.2 39,527 (61 %) 68.7 � 12.5

Unidentified MI 11,146 5,348 (48 %) 81.3 � 10.1 5,798 (52 %) 73.2 � 12.6

Total 172,915 62,846 (36 %) 76.3 � 11.7 110,069 (64 %) 66.2 � 12.9

MI myocardial infarction, NSTEMI non-ST elevation myocardial infarction, sd standard

deviation, STEMI ST elevation myocardial infarction

Table 2 Age of the

population with infarction in

two genders in the years

2000–2010

Year

Women Men

Mean � sd Median Mean � sd Median

2000 74.5 � 11.6 76 64.4 � 12.5 65

2001 75.3 � 11.4 77 65.0 � 12.6 65

2002 75.9 � 11.6 78 65.6 � 12.7 66

2003 76.5 � 11.5 78 66.0 � 12.8 67

2004 76.3 � 11.6 78 65.9 � 12.9 66

2005 76.3 � 11.7 78 66.2 � 13.0 67

2006 76.4 � 11.7 79 66.6 � 12.9 67

2007 76.6 � 11.7 79 66.7 � 12.8 67

2008 76.9 � 11.6 79 67.2 � 12.9 68

2009 76.4 � 12.2 79 66.8 � 12.9 68

2010 77.1 � 11.8 80 67.1 � 13.1 68

sd standard deviation

Gender Differences in Hospitalization for Acute Myocardial Infarction 7



84 years it is higher (Table 3). The different distribution among the two genders is

also influenced by the type of infarction: for STEMI patients over 75 years old, we

found 22.6 % men compared with 58.4 % women, but among NSTEMI and

unspecified MI, men are 36.6 % and 51.2 %, respectively, and women 65.1 %

and 80.7 % (Table 4).

3.2 Infarction Incidence Rate in the Two Sexes During the
Years 2000–2010

The crude incidence rate of new cases of infarction in the years 2000–2010 goes

from 172 to 180 cases/year in every 100,000 residents for males, with an initial

upward trend to 204 cases/year which slightly drops in the last 3 years. The

incidence is slightly higher in women that half of men, with a similar trend over

the years going from 82 to 114 to then drop to 101 cases/year in every 100,000

inhabitants. Crude incidence rate is higher than that standardized to the European

population (Table 5) (Fig. 1).

Analysis for age of the different incidence of new cases of infarction in the two

sexes (Fig. 2) demonstrates that:

• The incidence of infarction increases progressively with age in each sex going

from four to five cases every 100,000 inhabitants in women below 45 years of

age to more than 800 cases in those over 85 years old and from approximately

25 cases every 100,000 residents in men below 45 years of age to more than

1,000 cases in those over 85 years.

• The increase in incidence of infarction occurs progressively in different ways in

the two genders during the various 10-year age ranges. Incidence increases

approximately tenfold from the first age bracket (18–44) to the second (45–54)

and then continues to rise in males by about 50 % for each age group, while in

females it increases continually to over 100 %. Consequently the male/female

Table 3 Age range distribution in the two genders with infarction

Age

Total infarctions

Men Women Total

No. of episodes % No. of episodes % No. of episodes %

<45 5,576 5.1 922 1.5 6,498 3.8

45–54 16,419 14.9 2,596 4.1 19,015 11.0

55–64 26,003 23.6 6,215 9.9 32,218 18.6

65–74 30,064 27.3 13,528 21.5 43,592 25.2

75–84 24,268 22.0 23,452 37.3 47,720 27.6

>84 7,739 7.0 16,133 25.7 23,872 13.8

Total 110,069 62,846 172,915

8 E. Corrada et al.
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incidence ratio of new cases of infarction goes from approximately 5.5 times in

patients under 45 years of age to 1.5 times in patients over 85 years.

• The drop in incidence of infarction over the last few years appears to generally

involve the older age group of both sexes.

3.3 Infarction Attack Rate in the Two Genders During the
Years 2000–2010

3.3.1 Overall Infarction Events

The number of overall events of infarction/year (Table 6) in women is always about

half that of men, and it has progressively increased from 2000 to 2010 in both

genders going from 7,718 to 10,496 in males and from 3,957 to 6,260 in females.

The increase in number of infarction events has, however, been greater in women

(58 %) than in men (36 %).

Table 5 Number of new incident events of infarction and crude and standardized

incidence rate during the years 2000–2010 in both sexes

Year Sex

New

incident

events

Total

male

residents

Total

female

residents

Crude

incidence

rate 95 % CI

Standardized

incidence

rate 95 % CI

2000 F 3,807 4,630,593 82 80 85 77 74 79

M 7,487 4,340,561 172 169 176 167 163 170

2001 F 4,142 4,645,746 89 86 92 82 79 84

M 8,293 4,358,338 190 186 194 182 178 186

2002 F 4,748 4,659,197 102 99 105 91 88 93

M 8,429 4,374,405 193 189 197 182 178 186

2003 F 4,891 4,691,386 104 101 107 91 89 94

M 8,897 4,417,259 201 197 206 187 183 191

2004 F 5,231 4,748,842 110 107 113 96 93 99

M 9,128 4,497,954 203 199 207 187 183 191

2005 F 5,500 4,813,100 114 111 117 99 96 101

M 9,331 4,579,992 204 200 208 187 183 191

2006 F 5,318 4,850,461 110 107 113 93 91 96

M 9,438 4,624,741 204 200 208 185 181 189

2007 F 5,589 4,885,089 114 111 117 96 93 98

M 9,295 4,660,352 199 195 204 178 174 182

2008 F 5,114 4,930,919 104 101 107 85 83 88

M 8,798 4,711,487 187 183 191 164 161 168

2009 F 5,384 4,980,306 108 105 111 88 86 91

M 9,159 4,762,370 192 188 196 167 164 170

2010 F 5,049 5,023,778 101 98 103 80 78 83

M 8,654 4,802,363 180 176 184 155 151 158

CI confidence interval
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The overall crude attack rate (Fig. 3) went from 85 to 125 with a peak of 132 in

2007 in females and from 178 to 219 with a peak, in 2006, of 233 in males. The

increase continues from 2000 to 2005 in both genders stabilizing in women and

showing a slight drop in men over the last 2 years.

The attack rate (Table 6, Fig. 3) standardized to the European population is

always lower than the crude rate.
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Fig. 1 Crude and standardized incidence rate trends of acute MI in Lombardy (2000–2010) in the

two sexes

Gender Differences in Hospitalization for Acute Myocardial Infarction 11



3.3.2 Analysis by Type of Infarction

The number of STEMI events (Table 7) over the last years is slightly diminishing

but this is more evident in males. The attack rate of STEMI (Fig. 4) shows a

progressive decrease in males, whereas for females the trend is steady with an

attack rate that remains below half that of males.

In both genders the increase in overall number of infarctions (Table 7) is due

mainly to an increase of NSTEMI. In 2010 the number of NSTEMI was more than

triple that of 2000 with a progressive increase from 2000 to 2005 which then

stabilizes. The attack rate for NSTEMI too (Fig. 5) almost triples from 2000 to

2005 in both genders to then stabilize in the following years. The difference of
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attack rates in the two sexes is minor in regard to STEMI with women slightly

above half that of men.

The number of unspecified MI has diminished in both sexes (Table 7). The

attack rate of unspecified site MI (Fig. 6) in the population is low with a downward

trend in men but stable in women. The difference between the two genders is very

small.

4 Discussion

The analysis we carried out on the Lombardy region population has shown that over

the last 10 years, the attack rate, and incidence rate of new cases of acute

myocardial infarction remain significantly different in the two sexes with an overall

ratio of approximately 1:2 between females and males. These differences are

greatly affected by the type of infarction, the age range, and temporal period

(2000–2010).

Table 6 Number of infarction events and crude and standardized attack rates during 2000–2010

on the total population divided between the two sexes

Year Sex

No. of

infarct

events

Total

male

residents

Total

female

residents

Crude

attack

rate 95 % CI

Standardized

attack

rate 95 % CI

2000 F 3,957 4,630,593 85 83 88 79 77 82

M 7,718 4,340,561 178 174 182 172 168 176

2001 F 4,452 4,645,746 96 93 99 88 85 91

M 8,854 4,358,338 203 199 207 194 190 198

2002 F 5,174 4,659,197 111 108 114 99 96 102

M 9,112 4,374,405 208 204 213 197 193 201

2003 F 5,401 4,691,386 115 112 118 101 98 104

M 9,819 4,417,259 222 218 227 207 203 211

2004 F 5,865 4,748,842 124 120 127 108 105 110

M 10,159 4,497,954 226 222 230 208 204 212

2005 F 6,238 4,813,100 130 126 133 112 109 115

M 10,451 4,579,992 228 224 233 209 205 213

2006 F 6,128 4,850,461 126 123 130 107 105 110

M 10,797 4,624,741 233 229 238 211 207 215

2007 F 6,450 4,885,089 132 129 135 110 107 113

M 10,653 4,660,352 229 224 233 204 200 208

2008 F 6,272 4,930,919 127 124 130 104 102 107

M 10,654 4,711,487 226 222 230 198 195 202

2009 F 5,964 4,980,306 120 117 123 97 95 100

M 10,257 4,762,370 215 211 220 187 183 190

2010 F 6,260 5,023,778 125 122 128 99 97 102

M 10,496 4,802,363 219 214 223 187 183 190

CI confidence interval
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Women with infarction in the general population are on average about 10 years

older than men, with great differences according to type of infarction considered. It

must be stressed that more than half of the cases in the female population is over

75 years of age and that above this age new cases of infarction are higher in women

than in men as a consequence of a demographic prevalence of the female sex in the

general population of that age, but the incidence still remains higher in males.

This aspect, not often noted when criteria for extracting cases pose a maximum

age of 75 years [1, 11, 13, 28], is indeed relevant for diagnostic and therapeutic

choices as well as for healthcare organization policies which must be carried out on

the overall population affected by infarction and, in particular, on the female

gender. The increase in average age of the population with infarction recorded

over the last decade [4, 16] shows, in line with other countries, how our hospital

organization has to manage an increasingly aging population with all the relative

social and health problems.
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4.1 Incidence Rate

The incidence of new cases of infarction in males is approximately double that of

females.

It is well known that the incidence of infarction increases progressively with age

showing different progression in the two genders, connected to the hormonal and

metabolic structure that in women changes significantly after menopause [3, 7, 10,

12, 28].

The incidence of infarction in women is very low before 55 years of age but

progressively increases, more or less twofold every 10 years. The incidence of

Table 7 Number of events divided by type of infarction in the two sexes between 2000 and 2010

Year

STEMI NSTEMI Unidentified MI

F M TOT F M TOT F M TOT

2000 2,680 5,739 8,419 842 1,447 2,289 435 532 967

2001 2,826 6,116 8,942 1,202 2,208 3,410 424 530 954

2002 3,023 5,984 9,007 1,668 2,588 4,256 483 540 1,023

2003 2,966 6,111 9,077 1,947 3,117 5,064 488 591 1,079

2004 3,083 6,043 9,126 2,269 3,563 5,832 513 553 1,066

2005 3,077 5,854 8,931 2,631 4,069 6,700 530 528 1,058

2006 2,980 5,973 8,953 2,632 4,245 6,877 516 579 1,095

2007 3,166 5,917 9,083 2,774 4,257 7,031 510 479 989

2008 2,947 5,768 8,715 2,840 4,397 7,237 485 489 974

2009 2,713 5,363 8,076 2,793 4,439 7,232 458 455 913

2010 2,823 5,408 8,231 3,013 4,718 7,731 424 370 794

Total 32,281 64,277 96,558 24,612 39,046 63,658 5,268 5,647 10,915

MI myocardial infarction, NSTEMI non-ST elevation myocardial infarction, STEMI ST elevation

myocardial infarction
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infarction in younger age groups is significantly higher in men than women but then

the increase is progressively minor. Consequently the male/female incidence ratio

of new cases of infarction goes from approximately 5:1 in patients younger than

45 years of age to 1,2:1 in the above-85-year age group.

An initial upward trend is recorded in both genders from 2000 to 2007 to then

decrease in the last 3 years; the drop is more evident in men: going from 172 to

204 to then decrease to 180 cases/100,000 males and from 82 to 114 and then

101 cases/100,000 in females. The downward trend of incidence rate is also

different in both genders and age groups. Indeed it appears more evident among

patients over 65 years, in particular among men.
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The rate of crude incidence in the Lombard population is higher than that of the

standardized European population; this may be justified by the higher average age

of the Italian population.

Incidence of infarction over the last 20 years has shown a downward trend

[1, 8–14] due to a diffused use of coronary interventional procedures and to an

increased effort to correct risk factors with the introduction of drugs with a stronger

preventive cardiovascular effect such as statins and blockers of the

renin–angiotensin system. Data regarding incidence of infarction reported in the

literature are greatly influenced by the period of observation, the method used to

identify incident cases and the population observed.

A national registry for coronary events was set up in Italy [1] in 1998–1999,

where a definition was used to identify cases that comprise all coronary events

(category 410–414 of ICD9) selecting just individuals under 75 years of age and

excluding, therefore, a large part of the population with infarction which are

especially of the female gender. Another data collection was made in Lombardy

over the same period (1993–1994 and 1997–1998) using the MONICA criteria for

defining cases [28]. In both studies the infarction incidence and attack rate were

higher than that reported by us for both genders, but the different time period and

selection criteria make it difficult to conduct reliable comparisons. Conversely, our

method of collection, standardized to other experiences [21], has proven to be a

valid instrument for identifying all cases of infarction presenting to hospital admis-

sion: it takes into account all episodes of acute MI of the population resident in the

Lombardy region, without distinguishing between type of infarction, of hospital

and without posing maximum age limits, thus offering complete information of the

real world. The numerosity of the Lombard population and the accessibility to

updated administrative databases, combined with the wealth of hospital resources

and network organization of local emergency services, give us the possibility to

extract up-to-date and reliable information regarding the incidence of myocardial

infarction in Italy at the current state of treatment.

Comparing our data to those extracted with the same method from smaller

populations of other Italian towns (Florence, Turin, Taranto, Rome, Pisa, Venice)

during the period 2002–2004 [21], which however also comprise data relating to

cases of fatal infarction not arriving to hospital and not included in our series, it is

demonstrated that the standardized incidence of infarction in Lombardy is lower in

men while it is similar in women. This fact could be explained if preadmission

mortality were more frequent in males.

Comparison with other international series is also arduous for the reasons

already stated. The series that use the MONICA criteria for selecting cases based

on age (<65 or <69 years) and which are collected in a period prior to the

introduction of troponin in clinical practice could underestimate cases of infarction

compared to our experience, in particular for the female gender where the infarction

incidence increases with age and where NSTEMI is prevalent.

Moreover, those series that also take as incident cases preadmission deaths

defined as coronary could overestimate the number of infarctions compared with

our data which relate to just diagnosed hospital admission cases. Moreover, the
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European populations studied are those from northern countries with genetic ethnic

characteristics different from those of the Italian population (Sweden, Holland,

Belgium, Denmark) as well as not being homogeneous for the use of interventional

procedures, drugs and lifestyles for cardiovascular prevention strategies.

In the majority of cases, the incidence of infarction, which often includes fatal

prehospital cases, would appear higher for both genders than that recorded in

Lombardy but with some differences.

In particular in Holland [29] during the year 2000, the rate of incidence in both

sexes for just hospitalized cases was lower (189 men and 91 women) than ours

maybe because of an underestimated number of infarctions compared with a more

recent period coming after the introduction of troponin. In Sweden in 1985–2004

[11], using the MONICA selection criteria which only extracts cases under 65 years

of age but also includes prehospital deaths, the number of infarctions is much higher

than ours in the same age range in both genders. In Belgium [13], with MONICA

criteria and age below 69 years, the incidence of nonfatal cases in the 2000s is

higher than ours with numbers reaching 250–300 for males and about 100 for

females per 100,000 inhabitants despite the lower age and therefore with a higher

overall incidence. Only in the United Kingdom [30], even when taking into account

prehospital deaths, the incidence of infarction in 2010 was lower than ours (130 in

males and 56 in females). In the United States, during the years 2003–2005, the

incidence of hospitalization for infarction appears higher than ours in both genders

(approximately 350 cases/100,000 in men and 180 in women) [12].

Although there are large differences among the various populations, certain data

appear constant. The incidence of infarction in both genders is different with a

constant male/female ratio of approximately 2:1 and with progressive, but differing

between the two sexes, incidence of infarction over the 10-year age groups a fact

which brings women closer to men in the older age groups. A drop in incidence of

infarction has been witnessed over the years: this is more evident when comparing

the present decade to the 1990s, whereas in recent years this decrease is lower in our

experience too. The drop in incidence is more evident in the male gender [11, 12].

4.2 Attack Rate: Type of Infarction and Temporal Trend

The growth of the Lombard population and its progressive aging condition the fact

that the overall number of infarctions admitted to hospital every year has increased

over time in both sexes.

The percentage of women on the total number of infarctions increased from

34 % in 2000 to 37 % in 2010. The American NRMI also reports an increased

percentage in women from 32 to 37 %; this is more evident among patients with

NSTEMI who are generally older [4].

The yearly attack rate in men is always higher than that of women, approxi-

mately 220–230 cases every 100,000 males compared to approximately 120–130

18 E. Corrada et al.



every 100,000 females, but the ratio between the two genders differs in the various

types of infarction.

The overall number of infarctions in women during 2000–2010 is represented by

STEMI in 52 % of cases, by NSTEMI in 40 % and by unspecified site MI in 8 %,

while in men the percentage in STEMI is 59 %, NSTEMI 36 % and unspecified site

MI 5 %. This diverse distribution is most certainly influenced by the fact that

women are on average about 10 years older than the men. Indeed, the mean age

increases in both sexes going from STEMI to NSTEMI and to unspecified MI. It is

in fact well known that NSTEMI [5, 18] is more frequent in the older population

and therefore in women.

A similar consideration can be made for unspecified site MI where the more

difficult to collocate cases of infarction are probably classified, such as the more

serious patients, those who die before being completely diagnosed, those with ECG

conduction disturbances or with pacemaker stimulation.

Considering STEMI alone about 130 cases occur out of 100,000 male

inhabitants, slightly twofold higher than that occurring in women (60/100,000)

with a slight downward trend but only in recent years and only in males.

This may be justified by greater prevention and treatment strategies in men

perhaps for age or cultural background: society considers infarction to be a male

problem [31, 32].

As far as NSTEMI is concerned, over recent years 90 cases of 100,000 males and

50 cases of 100,000 females have been recorded. The attack rate for NSTEMI has

increased in both genders with a slight upward trend between 2000 and 2005 to

stabilize thereafter. Besides being due to the increasing age of the population, this

phenomenon can also be attributed to the introduction of troponin as diagnostic

criteria in clinical practice which began after the publication of the document

defining infarction by the international societies in 2000 [20] with consequent

extension of use of infarction diagnosis to cases previously classified as unstable

angina.

The rare cases of unspecified MI have led to record an attack rate similar

between the two genders (approximately 10 cases per 100,000 inhabitants in each

sex). The trend in attack rate of unspecified MI in both sexes is decreasing perhaps

because of an improved classification criteria applied in HDRs.

Similarities and diversities emerge when comparing our data with other

experiences.

The American National Registry of Myocardial Infarction (NRMI) [4] reports

that between 1990 and 2006 the percentage of NSTEMI on total infarctions

increased from 14 to 59 % with an inversion in ratio between the two types of

infarction events that are not observed in our experience. This may be due to an

epidemiologic and therapeutic tardiness in Italy compared with the USA.

Remaining in the USA, the incidence of STEMI drops for them too and is more

evident in men, but higher than that observed by us, while NSTEMI increased in

both sexes with temporal dynamics similar to ours [4, 9, 15, 17].

The European experiences published [6] are also difficult to compare because

they cover a period of time with different criteria for data collection. In the Euro
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Heart Survey carried out in cardiologic centers in the years 2000–2001 [6], where

STEMI represents 58 % of infarctions, women represented only 27 % of cases of

STEMI and 34 % of NSTEMI, a lower number than the 33 and 39 % in our series

which also has an older mean age. The difference can be connected to the selection

of participating hospitals and to a younger average age of the European population

compared with that of the Lombard group (only approximately 30 % were >75

years in the European population with STEMI).

4.3 Study Limitations

The main limitation of our study is that it does not include fatal cases of acute MI

not presenting to hospital. This does not allow correct confrontation with other

studies in the literature. It must, however, be taken into account that in the absence

of certain diagnostic criteria (ECG, myocardial necrosis marker), deaths defined as

coronary represent a less defined population where a difference between the two

sexes can be significant. In fact, acute MI as cause of death and sudden death is

culturally more expected in males, especially in those of a younger age. Prehospital

death from infarction is still an unquantifiable event that only a broader use of

organized means of assistance and prehospital ECG will partially help to clarify.

Another limitation of the study is the lack of a validation process, on the basis of

the clinical documentation, in the diagnosis of different types of infarction in the

administrative databases. Moreover, previous studies in the USA, Northern Europe

and in Italy have demonstrated the validity and correct usage of this administrative

source [21–25].

5 Conclusions

Women present an overall incidence of acute MI that is about half that of men, but

this difference is influenced by the age range and type of infarction considered.

The incidence of infarction increases with age with a diverse progression

between the two sexes. The population of women with infarction is made up mainly

of elderly women over 75 years of age, and, above this age, the number of women

with infarction exceeds that of men. NSTEMI is more frequent in women than in

men, but STEMI still remains the most frequent type of infarction for both sexes in

our population. STEMI has a more evident downward trend in males, whereas

NSTEMI significantly increases in both males and females after the introduction of

troponin, to then stabilize. Incidence and attack rate of acute MI is lower in the

Lombardy region than in many countries in both genders.

Though numerically lower, the incidence of acute MI in the female gender is not

irrelevant and, contrary to popular belief, must be considered a health problem for

women too.
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The prognostic therapeutic protocols for acute MI must take into account the

wide range of elderly women suffering infarction who are usually excluded from

randomized clinical trials [33].

Health organizations must be equipped to handle ever broader ranges of elderly

populations: frail individuals, patients with comorbidities and social or family

issues.

This chapter is based on research into the strategic research finalized ministerial

program by the Lombardy region (RFPS-2007-3-642981): “Myocardial infarction

in women: a different reality. From genetics to interventional therapy and to the

psychosocial impact of the disease, first cause of death in women.” Subproject of

IRCCS Istituto Clinico Humanitas: “Analysis of epidemiology of AMI in the

female gender from the database of Lombardy and Emilia Romagna regions.”

Acknowledgments The authors wish to thank Rosalind Roberts for translating the manuscript

into English.

References

1. Commissione “Epidemiologia Nazionale e Regionale”: Epidemiologia nazionale e regionale.

G. Ital. Cardiol. 10, 38S–57S (2009)

2. Pilote, L., Dasgupta, K., Guru, V., et al.: A comprehensive view of sex-specific issues related

to cardiovascular disease. Can. Med. Assoc. J. 176(6), S1–S44 (2007)

3. Andreotti, F., Marchese, N.: Women and coronary disease. Heart 94, 108–116 (2008)

4. Rogers, W.J., Frederick, P.D., Stoehr, E., et al.: Trends in presenting characteristics and

hospital mortality among patients with ST elevation and non-ST elevation myocardial infarc-

tion in the National Registry of Myocardial Infarction from 1990 to 2006. Am. Heart J. 156,

1026–1034 (2006)

5. Champney, K.P., Frederick, P.D., Bueno, H., et al.: The joint contribution of sex, age and type

of myocardial infarction on hospital mortality following acute myocardial infarction. Heart 95,

895–899 (2009)

6. Rosengren, A., Wallentin, L., Simoons, M., et al.: Clinical presentation, and outcome of acute

coronary syndromes in the Euroheart acute coronary syndrome survey. Eur. Heart J. 27,

789–795 (2006)

7. Bairey Merz, C.N., Shaw, L.J., Reis, S.E., et al.: Insights from the NHLBI-sponsored women’s

ischemia syndrome evaluation (WISE) study. Part II: gender differences in presentation,

diagnosis, and outcome with regard to gender-based pathophysiology of atherosclerosis and

macrovascular and microvascular coronary disease. J. Am. Coll. Cardiol. 47, 21S–29S (2006)

8. Movahed, M.R., Ramaraj, R., Hashemzadeh, M., et al.: Rate of acute ST-elevation myocardial

infarction in the United States from 1988 to 2004 (from the nationwide inpatient sample).

Am. J. Cardiol. 104(1), 5–8 (2009)

9. Movahed, M.R., Ramaraj, R., Hashemzadeh, M., et al.: Nationwide trends in the age adjusted

prevalence of non-ST elevation myocardial infarction (NSTEMI) across various races and

gender in the USA. Acute Card. Care 12, 58–62 (2010)

10. Abildstrom, S.Z., Rasmussen, S., Rosén, M., Madsen, M.: Trends in incidence and case fatality

rates of acute myocardial infarction in Denmark and Sweden. Heart 89, 507–511 (2003)

Gender Differences in Hospitalization for Acute Myocardial Infarction 21



11. Lundblad, D., Holmgren, L., Jansson, J.H., et al.: Gender differences in trends of acute

myocardial infarction events: the Northern Sweden MONICA study 1985–2004. BMC

Cardiovasc. Disord. 8, 17 (2008)

12. Fang, J., Alderman, M.H., Keenan, N.L., Ayala, C.: Acute myocardial infarction hospitaliza-

tion in the United States, 1979 to 2005. Am. J. Med. 123, 259–266 (2010)
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1 Introduction

Decision makers of healthcare organizations, consumers, professional, and quality

organizations need information on efficacy and costs of health services.

There is now awidespread availability of data on costs of healthcare organizations,

while information on efficacy is difficult to obtain; risk-adjusted outcome measures

obtained from healthcare databases are often over-interpreted, and the gap between

quality measures and quality improvement may be difficult to overcome.

Randomized controlled trials (RCTs) remain the accepted “gold standard” to

determine the efficacy of new drugs or medical procedures. Randomized trials

alone, however, cannot provide all the information needed to evaluate the

implications of particular policies affecting medical therapies. The inability to trans-

late RCT data into practice is attributable to several factors: older patients, females,

and patients with multiple comorbid conditions are underrepresented in RCTs.

Furthermore, not every clinical question is amenable to RCT design. Because these

limitations to the extrapolation of RCT result into actual practice, large regional

databases and registries are vital to round out the needed information for quality

organizations, professional societies, and consumers on the applicability of trial

findings to the settings and patients of interest. Research using disease and interven-

tion registries, outcome studies using administrative databases, and performance

indicators adopted by quality improvement methods can all support decisions in

order to promote the safe, effective, and appropriate use of new interventions.

Monitoring trends within healthcare organizations can support effectiveness

evaluations in the context of quality improvement programs.

In Italy health information systems experienced a rapid growth as a consequence

of the introduction of DRGs in 1995. The development of healthcare measures for

the specific aim of financing gave rise to the availability of information useful for

evaluating the efficiency of the providers and the efficacy of their activities.

Health information systems in Italy are differentiated on regional basis, but they

share some common features: there is a common framework corresponding to the

administrative databases. Electronic textual databases are resources with growing

relevance in many Italian regions. In Lombardy, a regional electronic textual

information system includes discharge reports and emergency room reports of

almost any hospital. This database has been built up in order to share information

on individual patients for healthcare data retrieval at the individual level, but it is

suitable for text mining and multipurpose evaluations at an aggregated level too.

2 Literature Review

A literature review was performed using Medline database, accessed through

PubMed the free search engine from the National Library of Medicine, and was

supplemented by few references relating to the Italian experience.
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A search on authoritative international organization Websites (research

institutions or institutional sites) was also carried out.

The main issue addressed in articulating the literature search was the identifica-

tion of keywords to retrieve the most relevant references. Keywords and their

combinations by means of logical operators were selected with the intent to produce

a literature review focused on the following points: design and implementation of

disease registries, use of administrative databases to support information in disease

registries and health planning, and development of a system-oriented set of quality

indicators based on current information sources; a particular focus has been placed

on acute coronary syndromes.

Highlights obtained from selected references are summarized here.

2.1 Using Medical Records

A first reference in 1999 [1] describes the integration between information obtained

from administrative databases with those obtained from reading medical records.

An interesting point is the criteria to be used for the identification and extraction of

acute myocardial infarction cases through ICD9 codes.

The study also shows that reading medical records locally, if a common method

of analysis has been defined, achieves information comparable in quality to a

centralized reading, apparently more rigorous.

A second interesting reference [2] describes in some detail how to estimate the

“prevalence” of patients who have previously undergone hospitalization for acute

myocardial infarction with a parametric analysis of survival data (Poisson model)

with left truncation. The article shows that 10 years of SDO allow accurate estimates

of the incidence and prevalence of acute myocardial infarction, with the exception of

cases where the death occurred before arrival at hospital. Also in this study a relevant

question becomes the choice of ICD9 codes for the extraction of cases.

The integrated interpretation of multiple references (two corresponding to the

MONICA project [3, 4], two already mentioned [1, 2], and the Epidemiology and

Prevention supplement) shows a significant heterogeneity in the criteria used to

identify and extract incident cases of myocardial infarction from electronic archives.

Some references provide a methodological contribution on the utilization of

electronic records in epidemiological evaluation of chronic diseases [5–7]. One of

these references [5] describes a system of equations that provides a complete

epidemiological description (incidence, prevalence, mortality) from a limited

amount of information. This mathematical tool is the basis of a public domain

software made available by the World Health Organization.

Two additional references address the use of electronic records for the purpose

of health planning [8, 9]. In particular it seems possible to hypothesize a significant

contribution of these archives as an information base for Health Technology

Assessment [9]. Databases are classified according to the information source used

and also according to their potential use to evaluate efficacy (“effectiveness”),
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equity, and accessibility to services. A guidance is also provided to design

databases and disease registries in order to plan healthcare.

Lastly a recent editorial discusses Italian cardiac registries [10].

2.2 Quality Indicators

The “Canadian Cardiovascular Outcomes Research Team,” after reviewing the scien-

tific literature, clinical practice guidelines, and published quality measures, developed

a list of quality indicators for acute myocardial infarction and evaluated their reliabil-

ity, validity, feasibility, and usefulness in improving patient outcomes [11].

The “Work Group to Address the Challenges of Performance Measurement and

reperfusion therapy” analyzed factors that have hindered in the United States the

implementation of CMS and JCAHO indicators. The Work Group suggests some

modifications: a limited number of new indicators that enhance the timing of events

should be used and evidence on the quality of information sources used for the

calculation of indicators (in particular the quality of clinical documentation) should

be provided [12].

2.3 Use of Administrative Databases to Estimate Incidence
and Prevalence

A useful reference for a comparison with our data comes from a Dutch disease

registry based on SDO and mortality data, which allow to calculate prehospital

mortality for acute myocardial infarction [13]. Another important study describes

trends over time (twenty years) of STEMI and NSTEMI in Minnesota and shows a

decreasing trend in STEMI incidence and an increase progress in NSTEMI inci-

dence, partly due to the introduction of troponin [14].

Similar evidence, limited to NSTEMI and attributed to the introduction of

troponin, emerged in an observational study conducted in the United States [15]

that measured the temporal trend overall and in specific subpopulations. Two

additional references can be cited since their territorial contexts in some ways are

similar to ours [16, 17]. Some studies focused on ICD9-cm codes validation by

adopting an approach of comparison vs. a gold standard [18–20].

2.4 Regionalization of Reperfusion Therapy

The regionalization of reperfusion therapy and the structuring of a network for the

management of acute coronary syndromes have quite a long history with evidence
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sometimes controversial. The first interesting references are an American commen-

tary and an Italian consensus document [21, 22].

Afterwards numerous studies addressed this issue that some evidence on the

effectiveness of regionalization programs and some organizational tips have

emerged. We report the most recent and interesting references [23–25].

2.5 Structuring of Networks for the Management of Acute
Coronary Syndromes

Four important references were selected that describe structural and organizational

factors and study their correlation with outcome [26–29]. The last of these

references is an editorial addressing the issue of structuring the network in relation

to the different treatment options available. None of these references contain useful

elements for a formal evaluation by means of network analysis [30], all still offer

important insights for comparison with other geographical areas.

2.6 Risk Adjustment and Measures of Comorbidity

Two interesting references have recently appeared on the utilization of a new index of

comorbidity that incorporates the construction logic of Charlson and Elixhauser well-

known indexes. This index appears to give greater weight to comorbidity [31, 32] and

was used to perform some analysis in the context of this research project.

Useful suggestions were made by documents published on their websites by some

health agencies or research institutes. The “Manitoba Center for Health Policy” has

published a document entitled “Defining and Validating Chronic Diseases: An

Administrative Data Approach” [33]. The document addresses the use of administra-

tive database to estimate prevalence and incidence of diseases, with particular

reference to chronic ischemic heart disease by means of ICD9-cm coding system.

The Agency for Healthcare Research and Quality (AHRQ) has released on its

website (http://www.ahrq.gov) the document “Registries for Evaluating Patient

Outcomes: A User’s Guide” [34]. The paper, oriented to the assessment of

outcomes, contains a set of important recommendations on the structuring of

registers: the guide states that a single registry may integrate data belonging to

different information sources.

A distinction is made between primary data, collected specifically for the

primary purposes for which the register has been designed, and secondary data

that integrate information from other sources such as medical records, administra-

tive databases, death records, databases belonging to different institutions or pro-

fessional organizations, and census data. This reference emphasizes the need to

integrate information on various “existing health databases.”

AHRQ is also known internationally for the development of quality indicators,

in particular appropriateness and outcome indicators based on hospital discharge
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records (HDR). AHRQ indicators were adopted by Age.na.s. (National Agency for

Regional Health Services) who supported the implementation of these indicators in

the Italian health information system (“Gli Indicatori per la qualità: strumenti,

metodi, risultati”) [35].

The Joint Commission on Accreditation of Healthcare Organization (JCAHO)

has proposed a set of indicators based on medical records in collaboration with

professional organizations (American Heart Association and American College of

Cardiology) and CMS (Centers for Medicare and Medicaid Services) [36]. This set

of indicators was adopted by Age.na.s. and deals with the quality assessment of

acute myocardial infarction care process.

SISMEC, the Italian Society of Medical Statistics and Clinical Epidemiology,

has set up a working group on the use of electronic health records in epidemiology.

The activities of this working group are related to a CCM (National Center for

Prevention and Disease Control) project in collaboration with some local public

health authority (ASL): “Development of surveillance systems based on the use of

electronic records in public health: a pilot study in selected ASL.”

3 Healthcare Databases

3.1 Administrative Healthcare Databases

Administrative databases play today a central role in epidemiological evaluation

because of their widespread diffusion and low cost of information.

Public healthcare organizations can assist decision makers in providing informa-

tion based on available electronic health records, promoting the development and the

implementation of the methodological tools suitable for the analysis of administrative

databases and answering questions oriented to disease management. The aim of this

kind of evaluation is to estimate adherence to best practice (in the setting of evidence-

based medicine) and potential benefits and harms of specific health policies.

Healthcare databases can be analyzed in order to calculate measures of quality of

care; moreover, the implementation of disease and intervention registries based on

administrative databases could enable decision makers to monitor the diffusion of

new procedures or the effects of health policy interventions. These data reflect real-

world treatment settings and unselected populations. The suitable electronic medi-

cal records for analysis are hospital discharge data, specialist ambulatory records,

and drug prescription data. Specialist ambulatory file includes the medical visits

and the whole diagnostic examinations performed in the emergency room setting

for the patients not admitted to the hospital.

Healthcare databases in Lombardy have been used for several purposes in the

field of cardiovascular diseases:

• Incidence estimates of acute myocardial infarction.

• Incidence and prevalence estimates of heart failure.

• Incidence of cardiogenic shock.
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• Effectiveness evaluations for myocardial infarction and for heart failure (quality

indicators).

• Survival analysis for heart failure and for ischemic heart disease.

• HTA issues: implantable cardioverter-defibrillator (ICD), transcatheter aortic

valve implant (TAVI), and patent foramen ovale (PFO) closure.

Analysis of data was shared by the regulatory institution (Direzione Generale

Sanità Lombardia) and professional associations (Regional heart-brain committee).

The most critical issue for observational studies using administrative databases

is represented by selection criteria of the observation units: several different criteria

may be used, depicting different images of prevalence or incidence of diseases, and

it is mandatory to perform sensitivity analysis or validation studies on diagnoses in

order to evaluate the validity of estimates.

The evidence obtained by means of administrative databases can be regarded as

the first-level evidence, useful for targeting areas for which further investigation is

needed; quality evaluations have to be integrated by second-level indicators (per-

formance indicators obtained from clinical medical records) and complementary

information concerning diagnostic accuracy and safety of care need extraction of

data from clinical medical records and from discharge or transfer reports.

Information can be extracted by means of human work on a sample of medical

records or extensive information retrieval can be performed by means of text

mining techniques. Textual healthcare databases could represent in the next future

a new milestone in epidemiological evaluation, allowing extraction of the informa-

tion needed for the analysis of the process of care (second-level indicators, notably

safety indicators), the validation of codes of the diagnoses in the administrative

database, and the evaluation of the informational continuity of care.

3.2 Textual Healthcare Databases

Three purposes can be stated about information extraction from textual databases:

Quality assessment by means of quality indicators: administrative databases

allow measures of mortality, volumes of procedures, appropriateness of more

meaningful evaluation than this can be accomplished by means of second-level

“process” indicators which can be obtained by textual electronic databases.

Adherence to guidelines can be evaluated by information extraction from medi-

cal records or discharge reports:

• Recommended pharmacological or surgical treatments for selected clinical

conditions.

• Diagnostic examinations during hospital stay or in the emergency room.

• Prescribed pharmacological treatment at discharge.

• Educational documentation at discharge.

• Identification of some complications of in-hospital care by information extrac-

tion from medical records or discharge/transfer reports.
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All hospitals in Lombardy adhere to “Regional Evaluation Program,” which is

based on the Joint Commission International (JCI) standards, notably the standards

concerning clinical records and discharge/transfer reports; a common framework

for this kind of documentation obviously can facilitate information retrieval by text

mining tools.

The second-level indicators can be obtained by medical records according to the

approach of the Joint Commission on Accreditation of Healthcare Organizations
(JCAHO) in USA and the Centers for Medicare and Medicaid Services.

Validation of diagnoses: The implementation of disease and intervention
registries based on administrative databases could enable decision makers to

monitor the diffusion of new procedures or the effects of health policy

interventions. Moreover this informative resource can be used for issues of health

technology assessment, but the main weakness of this approach is the suboptimal

diagnostic accuracy. Indeed the diagnoses are coded according to ICD9 or ICD10

coding system by means of a poor standardized procedure. “Classic” epidemiologi-

cal registries are superior to registries based on administrative databases just in

diagnostic accuracy; however, the information of administrative databases can be

coupled with the information of textual databases in order to evaluate diagnostic

accuracy and to validate diagnostic codes. Therefore, information retrieval from

clinical record or discharge reports can allow diagnostic validation of discharge

records and diagnostic validation of disease registries based on administrative

database, coupling the power and the availability of administrative databases with

the improvement of diagnostic accuracy by means of text mining.

Evaluation of continuity of care: Patients are seen by many providers in a wide

variety of organizations, raising concern about fragmentation of care. There are three

types of continuity: informational continuity (the use of information on past events to

make current care appropriate for each individual), management continuity (a con-

sistent and coherent approach to the management of health condition), and relational

continuity (an ongoing relationship between a patient and one or more providers).

Information extraction from discharge/transfer reports can be used in order to set

up indicators of informational continuity of care.

3.3 Heart Disease Registries

This chapter synthesizes data analysis about epidemiology of acute myocardial

infarction and about some issues of HTA in the field of heart diseases.

3.4 Data Sources

The main source of data was the administrative database of hospital admissions of

the Lombardy region. We considered hospital discharge records from 2000 to 2008
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relative to MDC 1, 4, and 5. For the same patients, data on emergency services were

also available and date of death was obtained from regional population registry.

During the project the data were extended to include 2009 and 2010.

The duration of observation period seemed adequate to detect trend variations of

incidence. Data on accesses to emergency services completed the picture of intra-

hospital transfers to outline patients’ clinical pathways. Time to death for all causes

from the first AMI admission was evaluable thanks to death date in personal data.

Limitation to MDC 1, 4, and 5 was due to the data manager request to bound data

extraction to the specific area of analysis. MDCs 1, 4, and 5 were selected after an

analysis on all admission records in Lombardy region during 2006, which showed

as almost all AMI cases were included in these three MDCs.

Hospital discharge data from 1995 to 1999 were processed to correctly identify

incident cases of AMI; only for patients with an AMI admission between 2000 and

2008, a previous AMI admission was searched for.

Actually the lack of data on deaths for AMI occurred before hospital admission

leads us to underestimate the real number of incident cases.

In order to estimate the incidence of AMI on resident population of Lombardy

region, hospital admissions relative to residents occurred in other regions of Italy

were added to previous data.

Other sources of data were the database of prosthesis implanted during hospital

admission and the database of drug prescriptions. Only for patients with diagnosis

of AMI data on specific prosthesis and drugs were collected.

3.5 Selection Criteria

In an epidemiological study, a case is considered positive for the disease of interest

according to selection criteria used to detect the disease itself; selected cases could

be highly different from one set of criteria to another.

A number of international agencies, equally authoritative, suggest selection

criteria which lead to different estimates relative to the same condition. Examples

of selection criteria for AMI proposed by various agencies are reported:

• Agency for Healthcare Research and Quality (AHRQ): 410x1 codes in principal

diagnosis. Selected cases are paradigmatic AMI, to be treated according to

guidelines [37].

• Agenzia dei Servizi Sanitari Regionali (ASSR): 410x0 and 410x1 codes in

principal diagnosis [35].

• CCM: AMI codes in principal diagnosis or AMI codes in secondary diagnoses

if cardiovascular conditions are coded in principal diagnosis. Selected cases

are more heterogeneous in clinical presentation and prognosis than previous

ones [38].
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• MONICA-WHO: Even if different definitions exist, the most frequent requires

codes from 410 to 414 in death certificate and codes 410xx or 411xx in

admission data. This definition is more inclusive than others, but cases must

be validated with medical record review [39].

No one definition is better than another; the researchers will choose the best

definition according to the purposes of evaluation.

Access and production of information through administrative databases require

shorter time than that required by a disease registry. Estimates obtained are of good

quality, but a validation of diagnosis on subsamples is required.

Usually validation of diagnosis is made through the reading of medical records;

however, text mining techniques could be applied to textual databases to pursue this

goal. Application of this type of technique is addressed elsewhere in this book.

3.6 Data Quality

An extensive quality analysis was performed on databases and cannot be reported in

detail, but a particular attention was paid to the quality of patient personal identifier.

The possibility to identify a patient with certainty is a main point in quality of

administrative databases. The presence of a unique and reliable identifier allows to

recognize records referred to the same patient in a single database or between

databases, so that the analysis of subsequent admissions or hospital transfers would

be possible. Moreover, access to outpatient care, drug prescriptions, and care

pathways would be known. Eventually, a possible death date could be linked

from regional population registry. The knowledge of which records were referred

to the same patient was the basis for definition of “episodes of care” and “related

episodes of care” (or events) as we will see afterwards.

We analyzed the quality and completeness of the personal identifier. It was

present in 85.8 % of cases with a trend toward improvement over years, moving

from 15.7 % to 3.0 % of absence. Absent or incorrect identifier may occur both for

patients resident in Lombardy region and for nonresidents.

On the basis of previous remarks, some kinds of analysis, such as post-admission

mortality or transfers between hospitals, have to be carried on using the subsample

of records with a correct personal identifier. Another kind of analysis, such as

in-hospital mortality, can be conducted on the entire database sample. Such differ-

ence has to be considered in reading results.

An analysis was carried on to evaluate correlation between absence of personal

identifier and other variables. Cardiogenic shock, for instance, was found to be

more present in records without personal identifier. Such kinds of bias have to be

considered even if their effect decreases over years.

Data analysis on administrative and textual databases has been performed by

traditional statistical methods and indicators (sensitivity and specificity values for

validation of diagnoses using different extraction criteria, risk-adjusted quality
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indicators, adjusting measures by means of multiple logistic regression, survival

analysis based on product-limit estimates, and Cox method), but some issues

needed specific methodological tools: text mining and network analysis.

3.7 Text Mining

Text mining is a relatively recent research area and its principal aim is to fill the gap

between the amount of available information and its usability. It can be defined “as

a knowledge-intensive process in which a user interacts with a document collection

over time by using a suite of analysis tools,” to discover new knowledge and

support decision-making. To this end, text mining combines methods such as

information retrieval, natural language processing, machine learning, modelization

by means of stochastic processes for inferential purposes, and statistical learning

from data.

Text mining operations are articulated in successive stages: the identification of

the collection of texts to be examined, the preprocessing of the texts of the

collection that leads to the creation of an intermediate numerical dataset, the

statistical analysis of this dataset, and the representation and evaluation of

the results of this analysis. These stages are common to all text mining operations,

but they must be adjusted in connection with the specific informational content of

the texts under scrutiny and with the knowledge extraction objectives that have

been set.

In recent years, much research has been devoted to the development of text

mining methods and tools to be applied to biomedical texts. Biomedical literature

has been mined with the aim of generating new hypothesis on the basis of the

knowledge extracted. Clinical medical records have also become a target for text

mining operations aimed at extracting epidemiological knowledge and at improv-

ing healthcare by supporting decision-making with the knowledge extracted.

In this context, the SISS (Sistema Informativo Socio-Sanitario; healthcare infor-

mation system) promises to become a source of invaluable knowledge and an ideal

target for text mining. Yet, for these potentialities to be exploited, we need to

develop efficient tools and, in particular, to build lexical, terminological, and

ontological resources that presently we do not have for the Italian language.

3.8 Network Analysis

Network analysis is an approach to research that is uniquely suited to describing,

exploring, and understanding structural and relational aspects of health. It is both a

methodological tool and a theoretical paradigm: network approaches focus on

relationships between subjects rather than relationships between subject attributes

(variables).
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Several tools of network analysis can be adopted using the information extracted

by healthcare electronic databases: patients and providers are nodes and health

services are the edges of the network. The performances of the healthcare networks

can be measured by means of mathematical descriptors, supporting decision makers

at the organizational level by describing the “real-world” healthcare networks and

providing simulation tools.

4 Incidence Estimates of Acute Myocardial Infarction

The basic observation unit is the hospital admission due to acute myocardial

infarction. Different hospital admissions may be aggregated because they are linked

by transfers from a hospital or from an emergency room of a hospital to a CCU of

another hospital, usually a hospital which can perform an emergency PCI. One or

more admissions linked by transfers are named episodes of care. Incidence is

calculated on the first episode of care of the patients in the administrative database.

The transfer-linked hospital admissions are identified by means of the trans-coded

unique identifier of the patients. This code is available in the database but it has

been trans-coded according to Italian privacy law. One or more episodes of care

within a time interval less or equal to 28 days have been named as related episodes

of care or events. These observation units have been used for a comparison with

other surveys that have adopted this kind of criterion.

Table 1 depicted the incidence rate (�100,000) of acute myocardial infarction.

These data do not include prehospital mortality because the available data allow to

calculate raw mortality, not disease-specific mortality; another bias could be the

wrong inclusion of patients with unobservable admission for AMI before 2000

among incident cases. This bias has been corrected by checking administrative

database in the time interval 1995–1999 and excluding AMI cases before 2000. The

first kind of bias will be overcome in the future because disease-specific mortality

data are collected beginning from 2011.

The raw incidence is characterized by a moderate increase followed by a weak

decrease. This trend may be caused by two different factors that are depicted in

Fig. 1, which shows the temporal trend of the different forms of AMI.

The increase of raw incidence of AMI is attributable to a fast increase of

subendocardic AMI only, probably due to the gradual introduction of troponin for

the diagnosis of AMI. This phenomenon is therefore attributable only to a change in

diagnostic criteria. The weak decrease in raw incidence is due to a real decrease in

STEMI, as shown in other settings.
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5 Incidence Estimates of Cardiogenic Shock

Hospital admissions because of acute myocardial infarction and cardiogenic shock

have been extracted selecting records with ICD9-cm codes 785.50, 785.51, 785.59

as secondary diagnosis and AMI codes (410.00–410.61 or 410.70–410.91) as

principal diagnosis. The question is whether cardiogenic shock should be managed

within the existing AMI network or whether it should be managed within a specific

shock network. Case fatality rate of STEMI with shock is high (70.6 % in the first

30 days from admission, 46 % in the first day). Most of the patients (67.2 %) did not

undergo to PCI or BPAC. This figure is higher in NSTEMI (88 %) with a mortality

Table 1 Incidence of acute

myocardial infarction

(�100,000)

Year Males Females Total

2000 174.1 81.9 126.5

2001 194.5 89.3 140.2

2002 199.0 103.1 149.5

2003 206.8 105.1 154.4

2004 209.2 111.0 158.7

2005 208.1 114.3 160.0

2006 209.8 111.4 159.4

2007 204.4 115.9 159.1

2008 198.1 108.1 152.0

2009 194.9 106.0 149.5

Fig. 1 The numbers within the labels represent the IVth digit of ICD9-cm codes of AMI: STEMI

0,1 anterior, anterolateral STEMI; STEMI 2–6 inferior, posterior, infero-lateral, lateral STEMI;

NSTEMI 7 subendocardic AMI; NSTEMI 8 AMI NEC; NSTEMI 9 AMI NOS
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at 30 days of 76.6 %. These data coupled with the evidence of a low probability of

PCI in high-risk patients, while RCT demonstrated the efficacy of PCI in high-risk

patients, suggested to ameliorate the existing AMI network and not to organize a

specific shock network.

5.1 Mortality

In-hospital mortality and long-term survival were studied.

Raw in-hospital mortality slightly decreased from 2000 to 2010, as it can be

shown in Table 2. This figure is an average of the age-specific in-hospital

mortalities: Within class decrease of mortality is noticeable above 65 years, in

those patients with the highest mortality. Age can be considered a confounding

variable because the proportion of older inpatients increased in the recent years

probably smoothing the decrease of the raw in-hospital mortality.

Survival analysis was performed in order to evaluate long-term mortality. The

entry point is the first admission because of AMI. Data are right censored. Informa-

tion about failure time is given by regional population registry and it corresponds to

raw mortality. The main factors of long-term mortality are age and comorbidity

index. Figure 2 shows the combined effects of the two factors. Age is the most

powerful predictor of long-term mortality. Another important factor is the ICD9-cm

category of AMI. The worse prognosis is associated with residual categories (IVth

digit of ICD9-cm codes 8 and 9), while subendocardic AMI exhibits a cumulative

probability of survival that is between the two STEMI categories.

6 Healthcare Network

Continuity of in-hospital care for patients affected by acute coronary syndrome was

evaluated on the basis of administrative data by means of network analysis.

Transfers of these patients between hospitals were described and analyzed in

terms of healthcare network, and their adherence to guidelines was evaluated.

We defined the healthcare network of transfers by setting hospitals as nodes. A

directed link, from hospital A to hospital B, was generated if at least one patient was

transferred from A to B during the year. The number of patients transferred from A

Table 2 Raw and age-specific in-hospital mortality (%)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0–49 0.9 1.3 1.3 1.2 1.5 0.9 0.9 0.5 1.6 1.6 0.7

50–64 2.8 2.3 2.9 2.8 2.7 2.3 2.6 2.2 1.8 2.4 1.6

65–79 9.0 8.6 8.0 7.4 7.1 6.7 6.9 6.5 6.3 5.3 5.7

80– 20.2 19.1 18.9 17.4 17.0 17.2 17.0 17.3 16.4 16.2 15.0

Total 8.4 8.3 8.6 8.2 8.0 7.9 8.1 8.1 7.8 7.5 7.1
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to B was the link value. Transfers from emergency room of a hospital to another

hospital were also considered.

Data on transfers and hospitals were available from 2004 to 2010.

The number of hospitals, which sent or received patients, varied from a mini-

mum of 172 in 2005 to a maximum of 198 in 2009; a tendency to increase was

observed. The lowest number of observed link was 910 and was reached in year

2010; the highest was 1,074 in 2006. The mean number of total transfers over years

was 6,550, standard deviation being 232.

We used Pajek 2.05© to visualize the network and to calculate principal network

indices.

Network indices, e.g., centrality, may be observed over time to detect healthcare

network evolution. Otherwise they may be related to clinical outcome by means of

statistical analysis, as it happens for clinical variables or risk factors. Finally

evolution of network may be foreseen through simulation studies as a consequence

of changes or organizational interventions.

As a first result we were able to quantify the number of transfers, as well as

hospitals and patients involved. An extensive analysis was carried on, but for sake

of brevity, we will report only main results.

Fig. 2 Survival curves in different subsamples: age <65 low comorbidity index; age <65 high

comorbidity index; age >64 low comorbidity index; age >64 high comorbidity index (descending

order)
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The density of a network is defined as the proportion of observed links and total

number of links which could exist if all nodes in the network were linked to each

other. For the observed networks, density decreased over years, and the same effect

can be seen even if only transfers from acute facility to acute facility were

considered (Fig. 3).

This decreasing was partly due to an increasing number of hospitals (nodes) and

partly to a decreasing number of observed links. Subnetworks of transfers which

ended, respectively, in bypass surgery, or in PTCA procedure, or in medical

treatment were considered. Density decreasing over years was equally detected.

Mean number of transferred patients received by hospitals changed from 16.6 in

2004 to 9.9 in 2010. These changes most likely reflect a reorganization of

healthcare network and a better allocation of patients by territorial emergency

management services.

With respect to adherence to guidelines for STEMI, a propensity for transferring

young and low-risk patients (23.7 %) was observed comparing to other kinds of

patients classified in terms of age and risk class (young high-risk patients 18.5 %,

elder low-risk patients 14.9 %, and elder high-risk patients 6.7 %). This figure

conflicts with statements of clinical guidelines. It is an example of the gap between

EBM and “real-world” quality performance.

Transfers from emergency room to other hospitals were increasing over years,

and propensity for transferring young and low-risk patients was also observed.

Time of transfer reduced over years.

Transfers of patients with STEMI from emergency room or from acute facility

were analyzed when they occurred within 24 h from patient arrival. Less than

100 transfers per year ended with a bypass surgery, and this number was constant

over years; more than 800 transfers per year ended with a PTCA procedure and they

too were constant over years. On the other side, the number of transfers, which

ended with a medical treatment, decreased over years, with a consequent reduction

of inappropriate transfers.

Fig. 3 Observed networks density over years
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In Fig. 4 geographic distribution of transfers of STEMI within 24 h is presented.

Hub centers, the biggest in the graph, are not uniformly distributed; sometimes they

represent a local reference point; otherwise, in the area between Milano and Varese,

the number of hub centers is considerable.

The network structure can be studied using the degree distribution, where the

degree of a node is the number of links starting and/or ending in that node. In our

analysis it was of particular interest to evaluate whether degree distribution fitted

with “power law” distribution. In fact, a power law distribution is typical of a

network strongly structured with hubs and spokes.

In Fig. 5, empirical degree distribution of observed network is compared with a

“power law” distribution, whose parameters were estimated to fit empirical data.

Kolmogorov-Smirnov test was applied and stated that transfers network of

Lombardy region was not distributed as a “power law”; this was probably due to

a high presence of reference centers.

These types of studies are still quite uncommon, and there is a lack of reference

standards for healthcare networks. A comparison with characteristics of healthcare

networks referred to other regions would be of particular interest, better if they were

related to process or outcome indicators.

7 HTA Issues

Regional health authorities established HTA program in Lombardy since 2008.

Several issues belong to cardiovascular field. Information extracted by administra-

tive databases was used in order to answer to items about comparative effectiveness

of treatments (efficacy in the real world) or to their appropriateness. The most

critical issue was the correct identification of the target subpopulations by ICD9-cm

codes.

Fig. 4 2 STEMI transfers

within 24 h, year 2010

Heart Diseases Registries Based on Healthcare Databases 41



Efficacy of transcatheter aortic valve implant (TAVI) in selected subpopulations

of patients with aortic valve disease was stated by clinical trials. TAVI performed as

well or better compared to the standard treatment (AVR: aortic valve replacement)

in high-risk patients. Analysis of administrative data showed that the procedure in

Lombardy was performed also in subpopulations of patients with characteristics not

included by clinical trials. Indeed survival analysis performed in the observational

context (administrative database) showed superiority of the treatment, compared to

an administrative database extracted control group, only in the subpopulations with

characteristics similar to those of the clinical trials. Age was categorized in two

classes (age >80 and age <81), and comorbidity was measured by a cumulative

comorbidity index that takes in account all the secondary diagnoses of all the

hospital admission before the index hospital admission.

No superiority of the treatment was observed in the other adult subpopulations.

Therefore, the regional regulatory authorities are faced with a problem of appropri-

ateness (Figs. 6 and 7).

The analysis of data also showed that some hospitals had a low volume of

procedures. TAVI are included in the regional reimbursement program since

2008. The expected conclusion for this HTA issue is that TAVI will be kept in

the regional reimbursement program only for the subpopulations of patients with

characteristics which were inclusion criteria of the clinical trials (evidence of

efficacy) because evidence of effectiveness was obtained in the administrative

database only in these subpopulations. A regionalization program has been started

for TAVI in order to avoid that patients would be treated in low-volume hospitals.

Assessment of ICD implantation and PFO closure has shown similar problems of

appropriateness and existence of low-volume hospitals.
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Fig. 5 Observed degree distribution and power law distribution
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The conclusion is that administrative databases can support some HTA decisions

whensoever a multidimensional approach is adopted, because epidemiological

relevance, effectiveness (efficacy in the real world), safety, and equity of access

can be evaluated by such data.
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Fig. 6 Survival analysis in

low-risk patients (Age <80

and combined score <1) in

descending order AVR,

TAVI, and control group
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8 Conclusions

Healthcare databases can support epidemiological evaluations, quality assessment,

and HTA in the setting of cardiovascular diseases. Such evaluations belong to the

context of the observational studies, and therefore, they are complementary to other

tools of analysis and inference about efficacy of healthcare. Healthcare databases

include administrative and textual databases. Administrative databases are wide-

spread, and informative data can be extracted to face with a wide range of problems.

Textual healthcare databases are becoming widespread; information extraction and

utilization need the development of specific tools of analysis, but they might

represent a new important step for the development of healthcare information

system.
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Designing and Mining a Multicenter

Observational Clinical Registry Concerning

Patients with Acute Coronary Syndromes

Francesca Ieva

Abstract In this work we describe design, aims, and contents of the ST-segment

Elevation Myocardial Infarction (STEMI) Archive, which is a multicenter observa-

tional clinical registry planned within the Strategic Program “Exploitation, integra-

tion and study of current and future health databases in Lombardia for Acute

Myocardial Infarction.” This is an observational clinical registry that collects

clinical indicators, process indicators, and outcomes concerning STEMI patients

admitted to any hospital of the regional district, one of the most advanced and

intensive-care area in Italy. This registry is arranged to be automatically linked to

the Public Health Database, the ongoing administrative datawarehouse of Regione

Lombardia. Aims and perspectives of this innovative project are discussed, together

with feasibility and statistical analyses which are to be performed on it, in order to

monitor and evaluate the patterns of care of cardiovascular patients.

1 Introduction

Assessment of service delivery at the local level of government is not a new

enterprise in clinical context, but linking the measures, or indicators, to program

mission, setting performance targets, and regularly reporting on the achievement of

target levels of performance are new features in the performance measurement

movement sweeping across healthcare systems all over the world. A performance

measure is a quantitative representation of public health activities, measured in

order to evaluate, and then improve, performances and services. In fact, in order to

improve something, you have to be able to change it; in order to change it, you have

to be able to understand it; in order to understand it, you have to be able to measure

it. In this work we present and describe the ST-segment Elevation Myocardial
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Infarction (STEMI) Archive, a multicenter observational clinical registry planned

within the Strategic Program “Exploitation, integration and study of current and

future health databases in Lombardia for Acute Myocardial Infarction” and funded

by Italian Ministry of Health and by the regional district for healthcare, namely, the

“Direzione Generale Sanità—Regione Lombardia.” The main goal of this program

is to enhance the integration of different sources of health information in order to

automate and streamline clinicians’ workflow, so that data collected once can be

used multiple times for different aims, and especially for measuring performances

of healthcare systems, to understand how hospitals work and to increase efficacy of

healthcare offer in terms of costs and patterns of care. In fact, integrated systems

enable people in charge with healthcare government to obtain data for billing or

performance evaluations, as well as they allow clinicians to see trends in the

effectiveness of treatments or to compare patterns of care. Finally, they let

researchers to analyze the efficacy and efficiency of system on patients’ outcomes.

In other words, integrated systems play a fundamental role in complex clinical

environments.

The STEMI Archive consists of clinical information collection related to

patients admitted in all hospitals of Regione Lombardia with STEMI diagnosis.

As in classical clinical surveys, also clinical data of the STEMI Archive are

collected in order to identify subpopulations (in our case patients affected by

STEMI). On the other hand, the innovative contents of this survey are represented

by process indicators recorded in it: the main idea is to evaluate treatment times

with the aim of designing a preferential therapeutic path to reperfusion in STEMI

patients and to direct the patient flow through different pathways according, for

example, to on hours vs. off hours of working timetable or to clinical conditions

such severity of infarction. In this sense, this survey represents an instrument both

for epidemiological enquiries and for organizational optimization of the cardiolog-

ical healthcare networks. Moreover, personal data are collected so that the patient

can be univocally identified also within administrative datawarehouse, and a longi-

tudinal electronic record containing his/her previous clinical history and follow-up

can be traced, thanks to the potential of Electronic Health Record (Fascicolo

Sanitario Elettronico). The link between the two databases will generate the

primary platform for the study of impact and care of STEMI on the whole territory

of Regione Lombardia. Finally, information concerning outcomes (i.e., if a subject

is discharged alive or not, if the reperfusive procedure has been effective or not) are

recorded, so that they can be returned to clinicians and institutions appropriately

exploited in terms of patient’s case mix and care pattern, in order to support

healthcare decisions and clinical policies through monitoring and analyzing data.

This latter step may be carried out through suitable statistical monitoring and

modeling. Statistical models, in fact, are able to capture complexity, variability,

and grouped nature of these data, as we will see in Sect. 6, providing an evidence-

based decisional support as well as pursuing the optimization of healthcare offer.

The STEMI Archive should overcome the difficulties faced in previous pilot

data collections (i.e., MOMI2, GestIMA, LombardIMA; see [1, 2]) related to

nonuniformity, inaccuracy of filling, and data redundance. In particular
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nonuniformity of data collection among different structures, or among successive

surveys, and inaccuracy in filling dataset fields will cease to be a problem because

the Archive procedure for collecting data has become mandatory for all hospitals

through a directive issued by the lawmaker [3]. All centers will fill in the registry

along the same protocol and with the same software, thanks to the help of

Lombardia Informatica (http://www.lispa.it), the Information and Communication

Technology (ICT) society which Regione Lombardia leans on for implementation

of Electronic Health Record. Opinion leaders and scientific societies of cardiology

agreed upon all fields to be recorded, and a unique data collector was identified in

the Governance Agency for Health, which is also the data owner. Moreover, since

this registry is designed to be automatically linked with administrative databases,

inaccuracy of information will be partially overcome by the fact that, after the

linkage, all information contained in it will be checked for coherence with those

contained in Public Health Databases (PHD). Then only the information of interest

will be extracted, avoiding redundance and achieving greater accuracy and reliabil-

ity (for further details on record linkage, see [4]).

In the following we describe the health policy and program of Regione

Lombardia concerning cardiovascular diseases (Sect. 2); then we move (Sect. 3)

to an in-depth examination of the STEMI Archive and of the administrative

datawarehouse of Regione Lombardia (Sect. 4), i.e., the Public Health Database

(PHD). Details and aims of integration between the considered clinical registry and

administrative databanks are described in Sect. 5, whereas in Sect. 6 the role of

statistician and statistical analyses is discussed. Finally, conclusions and open

problems are presented in Sect. 7.

2 Cardiovascular Disease and Health Policy in Regione

Lombardia

The pathology we are interested in is a particular type of acute myocardial infarc-

tion, namely, ST-segment Elevation Myocardial Infarction (STEMI). It belongs to

the wider class of acute coronary syndromes (ACS), and it is caused by an occlusion

of a coronary artery, which causes an ischemia (a restriction in blood supply) and an

oxygen shortage. These effects, if left untreated for long, can damage the heart

muscle tissue (myocardium) since the interruption of blood supply to the cells

makes them die (infarction). STEMI, whose incidence and mortality are very high

in Italy as well as all over the world, can be diagnosed by observing abnormal

elevation of ST-segment in the ECG curve. An early reperfusion therapy is one of

the most important goals that must be achieved in the treatment of STEMI patients

and can be obtained through thrombolysis and/or percutaneous transluminal coro-

nary angioplasty (PTCA). The former one consists in a pharmacological treatment

which causes a breakdown of the blood clots which obstruct the coronary vessel,

while in the latter one, an empty and collapsed balloon on a guide wire, known as
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balloon catheter, is passed into the narrowed or obstructed vessels and then inflated
to a fixed size. This allows the vessel to be opened up and the blood flow to be

improved; then balloon is collapsed and withdrawn.

The strategy of the connecting net between territory and hospitals, made by a

centralized coordination of the emergency resources, gives the possibility to optimize

therapeutic choices and so to reduce the intervention time. The timeliness of reperfu-

sion therapy is of central importance, because the benefits of therapy decrease rapidly

with delays in treatment. Thus, AmericanHeart Association andAmericanCollege of

Cardiology (ACC/AHA) guidelines recommend that thrombolysis should be

providedwithin 30min of first medical system contact and that primary PTCAwithin

90min of firstmedical system contact for patients presentingwith STEMI (see [5–8]).

Regione Lombardia is very sensitive to cardiovascular topics, as proved by the

huge amount of social and scientific enterprises concerning these syndromes which

have been carried out during the past years (see [1, 9]). With STEMI Archive and

Strategic Program, people in charge with healthcare governance intended to adopt

new clinical instruments and already existing administrative resources to create

new methods for targeting and measuring performances in cardiovascular

healthcare. In particular, Decreto 10446 [3] establishes which are the treatment

times to be measured in order to judge the hospitals quality of care service and

choose the STEMI Archive as main tool for collecting, analyzing, and evaluating

the goals achieved by individual hospitals. So STEMI Archive data collection has

become a standardized and compulsory procedure for all hospitals in Regione

Lombardia, since January 2011.

3 The STEMI Archive

In this section we describe aims and contents of the STEMI Archive. The Archive is

a multicenter observational prospective clinical study, designed during the first

phase of Strategic Program, i.e., during 2010, thanks to a collaboration among

clinicians, people in charge with healthcare governance of Regione Lombardia, and

statisticians of Politecnico di Milano. Filling the STEMI Archive is mandatory by

law [3]. Three data collections have been planned within the end of Strategic

Program (December 2011). The first one has already been performed during the

time slot January–December 2010, to set, test and calibrate the mechanism of data

collection. This testing period was needed to enable all the clinical structures

involved into the project to overcome software and technical hitches and to be

provided by technical assistance, especially concerning issues related to the SISS

system (the Italian platform for supporting Electronic Health Record, see http://

www.siss.regione.lombardia.it/). The second collection period, from January 2011

to the end of June 2011, was the first official period of data collection. Finally, a

third collection period has been planned for October–December 2011. I what

follows, we will present some results of a feasibility analysis of integration between

data arising from the first collection previously mentioned and data from an

administrative database.
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The STEMI Archive, as well as every survey on specific disease, enables

researchers to point out a subpopulation of interest for clinical and scientific

inquiries. Starting from these subpopulations, studies on effectiveness of different

patterns of care and then provider profiling can be carried on, adopting models for

explaining outcomes by means of suitable process indicators and adjusting for

different case mix. In our case, a primary outcome measure is incidence of

MACE defined as any one of the following events: in-hospital mortality, acute

myocardial reinfarction, cardiogenic shock, stroke, long-term mortality, and major

bleeding. A secondary outcome measure is reperfusion effectiveness measured

quantifying the reduction of ST-segment elevation 1 h after the treatment: if the

reduction is larger than 50 % in the case of thrombolysis and 70 % in the case of

angioplasty, we could consider the procedure effective. Process indicators and

patient covariates can be resumed in the following four categories:

• Demographic data: Codice Fiscale (the alphanumeric identity code used to

identify people who have fiscal residence on Italian territory), date of birth,

sex, weight, height, and hospital of admission.

• Pre-hospital data: Diabetes, smoking, high blood pressure, high cholesterol

level, and history of cardiac pathology.

• Admission data: Time and type of symptoms onset, time of first medical contact,

time to call for rescue, type of rescue unit sent (advanced or basic rescue unit,

that is, with or without pre-hospital 12d ECG teletransmission), time of first

ECG, site of infarction on ECG, mode of hospital admittance, fast-track activa-

tion, Killip class (which quantify in four categories the severity of infarction),

blood pressure, cardiac frequency, ejection fraction and creatinine value at

presentation, site of ST-elevation, number of leads with ST-elevation, and

pre-hospital heart failure.

• Therapeutic data: Time of thrombolysis (door-to-needle time), time of angio-

plasty (door-to-balloon time), culprit lesion, ejection fraction, and therapy at

discharge.

The eligible cohort consists then in all patients admitted to any hospitals of the

Regione Lombardia Network with STEMI diagnosis.

4 The Lombardia Region Administrative Datawarehouse

In this section we describe structure, aim, and use of the Regione Lombardia Public

Health Database (PHD), the datawarehouse the STEMI Archive has been designed

to be integrated with. This is an ongoing datawarehouse, which up to now has been

used only for administrative purposes, since decision makers of healthcare

organizations need information about efficacy and costs of health services.

The PHD of Regione Lombardia contains a huge amount of data and requires

specific and advanced tools for data mining and data analysis. The datawarehouse

structure of PHD is called star scheme (see [10]), since it is centered on three main
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databases (Ambulatoriale, Farmaceutica, Ricoveri), containing information about

visits, drugs, hospitalizations, and surgical procedures that took place during

admission to hospitals, and it is supported by secondary databases (Banca Dati
Assistito [BDA], Medici, Codici Diagnosi e Procedure Chirurgiche) which contain

more specific and administrative information about drugs and procedures, coding

personal information about people involved in the care process. The star scheme

does not allow for repetitions in records entering: for example, just one record for

each admission to hospital is allowed, and each record finishes with patient dis-

charge. An event is the total of admissions and discharges related to the same

episode of disease. Inside the PHD, several records may correspond to the same

patient over time, even concerning the same event. A patient may have several

events during years, and each event could consist of multiple admissions. For each

admission/discharge path, one record is produced in PHD. Records related to the

same subject may be linked in a temporal order to achieve the correct information

about the basic observation unit (i.e., the individual patient/subject). However, each

of databases described above has its own dimension and structure, and data are

different and differently recorded from one database to another one. Suitable

techniques are therefore required to make information coming from different

databases uniform and not redundant. The longitudinal data that we will analyze

will be generated by deterministic record linkage between STEMI Archive and the

databases Ambulatoriale, Farmaceutica, Ricoveri and BDA of the PHD. Regione

Lombardia data manager and owner provide an encrypted code for each patient in

order to protect citizen’s privacy. This encrypted code represents the key to obtain

the deterministic linkage between the databases.

Once different sources of data have been linked, it is possible for clinicians,

researchers, and people involved in healthcare governance to answer epidemiologi-

cal questions such as the following: is the trigger event of the STEMI Archive the

first cardiological event for the observed patient? If not, how many cardiovascular

events have been recorded in the previous history of this patient? These information

are provided by the integration of the STEMI Archive with Ricoveri administrative

database. Moreover, if a patient is already known to the healthcare systems in terms

of cardiovascular hospital admissions, was his/her therapy compliance good, i.e.,

did he/she assumed correct quantities of drugs and received a convenient treatment

in terms of visits and clinical practice? These information are provided by the

integration of the STEMI Archive with BDA and Farmaci administrative databases.

Finally, how does the previous clinical history of each patient affect his/her

outcome observed in the STEMI Archive gathering? These questions ask for a

proper statistical modeling and represent the real and new challenges of the

Strategic Program.

All the information coming from the integration let the researchers to point out

new prognostic factors to be considered to better explain the main outcomes the

hospitals are evaluated on. Then, the longer is the time slot on which the integration

can be performed, the richer, the more complete, and the more reliable is the

information which can be used in order to build the outcome measures. Regione

Lombardia enabled us to look at the administrative datawarehouse up to 8 years
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ago. In such time slot, a single patient could have order of dozens admissions,

hundreds of visits, drugs, and procedures. Dealing with such complex and high

dimensional data is the challenge of the statistical analysis, as presented in Sect. 6.

5 Integration with Public Health Database

In this section we discuss the results of integration, in terms of the longitudinal

electronic records obtained for each patient inserted in the STEMI Archive.

Over recent years, there has been an increasing agreement among

epidemiologists on the validity of disease and intervention registries based on

administrative databases (see [11–15]); this motivated Regione Lombardia to use

its own administrative databases for clinical and epidemiological aims. In fact, even

if randomized controlled trials (RCTs) remain the accepted “gold standard” for

determining the efficacy of new drugs or medical procedures, they cannot provide

alone all the relevant information that decision makers need in order to weigh the

implications of particular policies affecting medical therapies. Research using

disease and intervention registries, outcome studies using administrative databases,

and performance indicators adopted by quality improvement methods can all shed

light on who is most likely to benefit, what the important tradeoffs are, and how

policy makers might promote the safe, effective, and appropriate use of new

interventions.

Administrative healthcare databases can be analyzed in order to calculate

measures of quality of care (quality indicators). The importance of this kind of

database for clinical purposes depends on the fact that they provide all the relevant

information that decision makers need to know, in order to evaluate the

implications of particular policies affecting medical therapies (information about

applicability of trial findings to the settings and patients of interest, effectiveness

and widespread of new surgical techniques, estimation of adherence to best practice

and potential benefits/harms of specific health policies, etc.). Moreover, adminis-

trative healthcare databases play today a central role in epidemiological evaluation

of healthcare system because of their widespread diffusion and low cost of

information.

When in the PHD we look for events related with a patient belonging to the

population selected by the STEMI Archive (see Fig. 1), we find all his clinical

history in terms of healthcare utilization (visits, hospital admissions, drugs, etc.).

Since we are not interested in this huge amount of information, but only in

cardiovascular events, criteria for choosing only the hospital discharge records

effectively related to cardiovascular events are needed. In fact, the most critical

issue when using administrative databases within observational studies is

represented by the selection criteria of the discharge records: several different

criteria may be used, and they will result in different images of prevalence or

incidence of diseases. Among the most accepted criteria, those referring to the

Agency for healthcare Research and Quality (AHRQ) methodology, the ones of
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Johns Hopkins Adjusted Clinical Groups (ACG), and Classification Research

Groups (CRG) have been considered (for further details, see [16]).

As we said before, integrating clinical surveys on specific diseases with admin-

istrative databanks enables us to select subpopulation of interest for observational

studies, focused on answering to specific epidemiological needs. In fact, the main

point and the novelty of Strategic Program is the proposal of an epidemiological

research for specific subpopulation of interest pointed out by clinical registries,

which is different from the classical epidemiological inquiry since it is conducted

starting from the Electronic Health Records, then it is faster and cheaper, and

moreover it is real time achieving. For this new epidemiology, new methods for

inquiry and analysis must be pointed out, and adequate information media must be

provided. The STEMI Archive described in Sect. 3 and statistical models proposed

in Sect. 6 are some of the instruments to be adopted to this aim, and the Strategic

Program is the first official set in Italy where they have been considered. For further

details on these topics, see [12, 13, 16–20].

As previously mentioned, when integration of different sources of data is

performed, attention must be paid to a careful selection of covariates and data of

interest. In this sense, further problems arise: firstly, as already mentioned, it is

necessary to select only cardiovascular events and events in some way related to

this pathology; then a dimensional reduction is needed, pointing out just covariates

which can be of interest in exploiting outcomes by means of suitable covariates and

process indicators. This is the challenge of the statistician, and it is strongly related

with the clinical questions that physicians want to investigate. In this sense, several

analyses can be performed on such rich and complex data. In the next section, we

Fig. 1 Sketch of integration between STEMI Archive and public health database
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will give an overview of the potential of a statistical monitoring of data arising from

integration of clinical registries and administrative databases.

6 The Role of Statistics

As mentioned before, such complex and huge databases ask for continuous moni-

toring and advanced statistical tools to be applied for evaluating outcomes and

especially for pointing out the relationship between process indicators, patients’

case mix, hospitals’ exposure, and outcomes.

In fact, as can be evinced by the diagram reported in Fig. 2, a statistical analysis

is helpful whenever it is necessary to:

• Inform policy making at regional level about the healthcare system efficiency

and efficacy, in order to support their decisions with clear and well-defined

evaluations procedures.

• Improve the quality of care, enhancing those patterns of care which have been

proved to be the most effective in improving outcomes of patients.

• Identify poor performers.

• Provide hospital information to enable them to set strategies and policies in order

to improve their service.

• Provide consumer information to facilitate choice of healthcare provider.

In order to do this, it is necessary to point out what causes variation in outcomes

between healthcare providers, and this can be obtained from the analysis of data

described in the previous sections.

6.1 Analysis of STEMI Archive Data

The preliminary data collection, carried out to test how the new integrated system

would have worked, has been performed during the time slot from January to

December 2010. It consists of 1,087 patients, admitted in 31 hospitals of Regione

Lombardia with STEMI diagnosis. The population is stratified according to the

expected results which can be found in the literature: in particular, the mean age and

standard deviation are, respectively, 65.75 and 13.08 years (first, second, and third

quantiles are respectively equal to 56, 66, and 75 years, i.e., more than a quarter of

subjects is elder than 70), with men significantly younger than women (63.07

vs. 72.74 years, Wilcoxon nonparametric test p-value <2.2 � 10�16); concerning

sex, males are 786, whereas females are 301, i.e., 72.3 % vs. 27.7 %. Moreover,

82 % of patients present the less severe infarction, indicated by Killip class I, 11 %

have Killip class equal to II, 3.4 % equal to III, and 3.6 % are in the most severe

class, the Killip class IV. Among these people, 41 % are smokers, 18 % are affected

also by diabetes, and 61 % are high blood pressure sufferers. Furthermore, 81.5 %
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of the overall subjects underwent to primary PTCA. Only 4.5 % of people have

been treated with pharmacological therapy, as we expected since the cardiological

network of hospitals is oversized with respect to the territorial extension and then it

often happens that there is a hospital near enough to make the interventional

practice preferable to the pharmacological treatment. Finally, 1,039 patients

(95.6 %) are alive at discharge, and 78 % of the overall patients treated surgically

had positive outcome in terms of reperfusion (ST-segment resolution greater than

70 % after 1 hour from the intervention).

For all the patients inserted in the STEMI Archive during this test period,

integration with the administrative datawarehouse has been performed (for all

patients the deterministic link has been successful). The analyses have been focused

on different clinical issues. For example, from integration with the database

Farmaci, it is possible to check for the compliance to the prescribed therapy for

patients labeled as “known” to the cardiovascular events. A patient is defined

“known” if the oldest prescription for cardiovascular drugs contained in the admin-

istrative datawarehouse is elder than 1 year from the date of STEMI Archive

hospital admission. For these patients it is possible to check if they really bought

and then consumed enough quantity of drugs, and then if there is statistical evidence

to say that the poorer is the compliance, the higher is the readmission probability.

On the other hand, from integration of STEMI Archive with the database Ricoveri,
information about length and frequency of previous hospital admissions for each

patient can be pointed out, in order to perform survival analysis on time to the next

admission. In particular, 716 of the overall 1,087 patients of the STEMI Archive

(i.e., 75.86 %) are present in the database Farmaci, and 539 of them can be defined

“known” in the sense we explained above. On the other hand, 903 patients of the

STEMI Archive (83 %) have almost a previous hospital admission recorded in the

administrative datawarehouse, but only 546 of them have almost one previous

admission for cardiovascular diseases. This latter information can be obtained

from integration with BDA database, where information on category which the

admission belongs to can be found, together with codes labeling the category the

admission belongs to, as well as information on procedures and diagnoses.

Fig. 2 Flow chart of

statistical monitoring and

evaluation process in

healthcare systems
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It is therefore mandatory to perform sensitivity analysis to evaluate the validity

of the estimates. Statistical analysis can be performed by means of multiple logistic

regression models for studying outcomes and by means of survival analysis when

studying failure times (hospital readmissions, continuity of drug prescriptions,

survival times). Multilevel models can also be adopted if structural and organiza-

tional variables are measured. When outcomes are the main focus of the observa-

tional study, appropriate risk adjustment tools are needed. In particular effective

variable selection is of paramount importance. Nonparametric partitioning

methods, like CART (Classification and Regression Trees), tests on independence

between predictors, and explorative data mining will highlight possible dependence

patterns between covariates (e.g., see [2]).

Moreover, data coming from health databases are usually affected by a huge

variability, called overdispersion. The main cause for this phenomenon is the

grouped nature of data: each patient is a grouping factor with respect to his/her

own admissions to hospital, while hospitals are a grouping factor with respect to

admitted patients and so on. So one can model the primary and secondary outcomes

using hospitals as grouping factor, so that a sort of implicit ranking/classification of

providers can be provided directly by the adopted models. In fact, after splitting the

effect on outcome due to the hospital from the outcome variability due to the

different case mix, it is possible to generate health performance indicators and

benchmarks that will make hospitals aware of their standing in the wider regional

context. Such indexes of performances also enable healthcare governance to rank

providers, to evaluate their performances, and to plan activities in order to invest in

quality improvement. In this sense, integration between different sources of clinical

information and complex databases is a good and useful instrument for health

governance. In our case, overdispersion is detectable in the outcome variable.

This can be due to several different causes. One of the most reasonable to consider

is the difference in terms of number of patients yearly treated by the not negligible

number of hospitals (31) involved in the study. It is known from clinical literature

that health outcomes at different institutions could vary for random variation, for

systematic influences of institutions or covariates on outcomes, or for the health of

patient populations prior to admission. Generalized linear mixed models (GLMMs),

i.e., generalized linear models with binary response (in-hospital survival) and

generalized additive mixed models (GAMMs) with an additive random effect

[21–23], are suitable statistical methods, both in a frequentist and Bayesian frame-

work, to quantify the effect of the covariates on survival probability, taking the

hospital of admission as a grouping factor and assuming it as parametric [24, 25] or

nonparametric [26, 27] random effect.

Moreover, observing how the hospital behavior affects the survival probability,

we would like to rank providers or to compare their performances with benchmarks

gold standards. Procedures for analyzing and comparing healthcare provider effects

on health services delivery and outcomes have been referred to as provider
profiling. In a typical profiling procedure, patient-level responses are measured

for clusters of patients treated by different providers. Then, firstly, the in-hospital

survival rates are to be estimated by fitting parametric or semiparametric
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generalized linear mixed effects models (an example of such modeling performed

adopting a Dirichlet process can be found in [28]). Then the comparison among

providers’ performances can be carried out through unsupervised classification

algorithms, like k-means or similar [29]. Finally, decisional criteria for classifica-

tion can be pointed out minimizing the expected loss arising from misclassification

costs, for example, using Bayesian optimal decision rules (see [28]).

On the other hand, concerning integrated data, the main focus is the

hospitalization’s process of patients. In fact, it is possible to model these data as

trajectories of a point process (see, e.g., [30]). The great challenge in doing this

starting from integrated database and not only from the PHD datawarehouse is that

an overcome of main problems concerning observational studies can be reached: in

fact, using information of the previous patient history, we can account for case mix,

while observational studies in general do not allow researchers to do this. More-

over, the linkage between information coming from registry and administrative data

makes possible to insert estimates of clinical history of patients (resumed, e.g., by

estimated hazard functions of readmission for each patient) in a wider

semiparametric model constructed to explain and predict the main outcomes.

7 Conclusions and Open Problems

In this work we present and describe the STEMI Archive, as an example of

multicenter observational clinical registry planned and designed to be integrated

with administrative datawarehouse of Regione Lombardia. The link between the

two databases will generate the primary platform for the study of impact and care of

STEMI on the whole regional district we are concerned to. Previous data gathering

and statistical analysis restricted to the urban area of Milano were compelling for

the realization of this complex and challenging project.

We showed how the creation of an efficient regional network to face the

ST-segment Elevation Myocardial Infarction is made possible by the design of

the STEMI Archive and its integration with the regional Public Health Database: in

fact this is the first platform for the study of impact and care of STEMI producing

longitudinal data containing all the clinical history of patients of interest, which can

be studied and resumed with statistical techniques we presented in Sect. 6. More-

over, provider profiling can be carried out on performance indicators, and they can

be used to monitor and control healthcare offer of providers.

This innovative and pioneering experience stands as a candidate to become a

methodological prototype for the optimization of healthcare processes in Regione

Lombardia and to be extended in the future to different pathologies of interest, for

their incidence and mortality, besides cardiovascular diseases.
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Statistical Methods to Study the

Representativeness of STEMI Archive

Giovanni Cassarini and Francesca Ieva

Abstract Direzione Generale Sanità, Regione Lombardia, funded in January 2009

the Strategic Program “Exploitation, integration and study of current and future

health databases in Lombardia for Acute Myocardial Infarction.” The aim of this

project was the integration and the statistical analysis of complex clinical and

administrative databases. In this context the STEMI Archive was created in collab-

oration with Politecnico di Milano and several hospital structures. This archive

contains clinical data about patients affected by acute myocardial infarction with

ST elevation (STEMI) admitted in any hospital of Regione Lombardia. In this

chapter we will discuss the representativeness of the sample of patients registered in

the archive compared with the overall population of STEMI patients affected by

acute myocardial infarction, extracted from the administrative database of the

Regione Lombardia.

1 Introduction

A particular and very serious type of acute myocardial infarction is characterized by

an abnormal elevation of the ST segment on the electrocardiogram. The disease

called ST elevation myocardial infarction (STEMI) is caused by an occlusion of the

coronary artery that causes an ischemia and a lack of supply of oxygen to

the cardiac cells. These effects, if not promptly treated, may cause a damage of

the cardiac tissue (myocardium), up to cause a heart attack. In order to analyze and
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optimize the current treatment programs for the care and prevention of STEMI, the

“Direzione Generale Sanità, Regione Lombardia,” with Politecnico di Milano and

several hospitals, has funded and supported the construction of the STEMI Archive

(see [1] and [2]), a clinical registry aimed at collecting specialized information to

describe in detail the STEMI event. Moreover, Regione Lombardia stores in its

administrative Public Health Database (PHD) all the information about diagnoses

and surgical procedures of all the patients admitted to any hospital. These

informations, gathered for the administrative purpose of refunding hospitals for

these services and not for clinical and epidemiological tracking, are collected in a

database held by the Direzione Generale Sanità, which will be called “administra-

tive database.” To each hospitalization is associated a record (called Scheda di
Dimissione Ospedaliera, SDO). In these records each disease or intervention is

coded so that it is interpreted according to international standards (see [3]).

2 Definition and Construction of the STEMI Archive

This section will describe the objectives and contents of the STEMI Archive, the

clinical registry on STEMI that collects data concerning all the hospital admission

of patients affected by ST segment elevation myocardial infarction. Each record

can be divided into four categories, each concerning:

1. Personal information: Encrypted version of identity code, date of birth, sex,

weight, height, and hospital where admitted.

2. Preadmission data: Risk factors (like diabetes, smoke, hypertension, high cho-

lesterol, previous heart diseases).

3. Admission data: Time and type of symptoms, time of first call to the doctor, time

to call for rescue, type of rescue unit sent, time of first ECG, site of infarction on

ECG, admission parameters, fast-track activation, Killip class (to quantify the

severity of the infarction), blood pressure, heart rate, ejection fraction and

creatinine value at presentation, site of ST elevation, number of leads with ST

elevation, and prehospital heart failure.

4. Therapeutic data and outcomes: Time of thrombolysis (door-to-needle time),

time of angioplasty (door-to-balloon time), culprit lesion, MACE, ejection

fraction and therapy at discharge, ST resolution, and in-hospital mortality.

As mentioned earlier, the design of STEMI Archive comes from collaboration

between the Direzione Generale Sanità, Regione Lombardia, Politecnico di Milano,

and several hospitals. The structures that joined the project are listed in Table 1,

together with the number of cases inserted in the collection.

The STEMI Archive was built using data collected in three phases: the first one

from January to December 2010, the second one from January to June 2011, and the

third one from October to December 2011.
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Table 1 Structures having a role in building the STEMI Archive

Code Structure name Location Cases

030194 Ospedale Civile Voghera 24

030193 Ospedale Civile Vigevano 22

030006 Ospedale S. Antonio Abate Gallarate 42

030908 Istituti Ospitalieri Cremona 80

030913 Ospedale Niguarda Ca’ Granda Milano 89

030004 Ospedale di Circolo Busto Arsizio 12

030008 Ospedale Provinciale Generale Saronno 23

030010 Ospedale di Circolo Galmarini Tradate 46

030209 Ospedale Maggiore Crema 36

030901 Ospedale di Circolo e Fondazione Macchi Varese 59

030085 Causa Pia Ospitaliera Uboldo Cernusco SN 17

030072 Ospedale di Circolo Predabissi Vizzolo Predabissi 12

030910 Ospedale Fatebenefratelli e Oftalmico Milano 15

030281 Ospedale di Legnano Legnano 121

030074 Ospedale G. Fornaroli Magenta 33

030154 Presidio Ospedaliero di Chiari Chiari 66

030916 Ospedale L. Sacco Milano 46

030073 Ospedale di Circolo Rho 90

030066 Ospedale G. Salvini Garbagnate 1

030915 Ospedale S. Carlo Borromeo Milano 77

030909 Ospedale S. Gerardo Monza 106

030914 Ospedale S. Paolo Milano 80

030140 Ospedale Bolognini Seriate 7

030906 Presidio Ospedaliero Spedali Civili Brescia 70

030068 Ospedale di Circolo Desio 4

030157 Ospedale Civile “La Memoria di Gavardo” Gavardo 15

030184 Ospedale di Manerbio Manerbio 29

030907 Presidio Ospedaliero “C. Poma” Mantova 77

030274 Ospedale Valcamonica Esine 51

030042 Ospedale Civile Sondrio 48

030079 Ospedale Civico Codogno 13

030067 Ospedale Maggiore Lodi 4

030935 S. Raffaele Milano 4

030295 Poliambulanza Brescia 14

030058 Ospedale Bassini Cinisello Balsamo 58

030936 Istituto Auxologico Italiano—I.S. S.Luca Milano 54

030147 Policlinico S. Marco Osio Sotto 8

030943 Istituto Clinico Humanitas Rozzano 68

030924 Ospedale Policlinico S. Matteo Pavia 51

030903 Ospedale di Circolo “A. Manzoni” Lecco 144

030925 Fondazione IRCCS OM Policlinico Milano 46

030905 Ospedali Riuniti Bergamo 17

030112 Istituto Clinico S. Ambrogio Milano 3

Total 1,882
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3 The Administrative Database

The administrative database encompasses the real whole population of acute

myocardial infarction in Regione Lombardia. This database contains all the infor-

mation concerning each hospital admission for any disease and related practices.

Each record of administrative database contains, among all the other information,

six fields devoted to register the diagnoses of the patient in that admission. These

diagnoses are coded according to the international standards of ICD9-CM, so it is

possible to reconstruct complex pathologies the patient is affected by assembling

these codes in a suitable way. There are different criteria for reconstructing the

diseases (and AMI among these) from the diagnosis and intervention codes

recorded within the SDO. Starting from hospital discharge records in the adminis-

trative database, two are the most frequently used and reliable criteria adopted for

the epidemiological goal of pointing of the population of AMI patients: ASSR and

CCM. According to these, the encoding of AMI can be carried as follows:

• ASSR: Consider as related to an AMI patient any record containing one of the

codes reported in Table 2 as primary diagnosis

• CCM: Analog to the ASSR criterion, but considering the codes in Table 2 to be

present in any of the six diagnosis fields, under the condition that the primary

diagnosis is one of those reported in Table 3

We may notice that CCM criterion labels as AMI patients more cases than ASSR

does, because heart attacks deriving from complications of other pathologies are

considered, too. In particular, the comparison with the STEMI Archive has been

made, considering four different populations extracted from the administrative

database:

ASSR06 ASSR with the third digit of diagnosis code 2 {0,. . .,6}
ASSR0689 ASSR with the third digit of diagnosis code 2 {0,. . .,6, 8, 9}
CCM06 CCM with the third digit of diagnosis code 2 {0,. . .,6}
CCM0689 CCM with the third digit of diagnosis code 2 {0,. . .,6, 8, 9}

4 Representativeness of the STEMI Archive

The objective of this work is to assess the representativeness of STEMI Archive

subpopulation compared with administrative database whole population. In order to

make a significance comparison, we need to select common variables between the

two databases. According to clinical suggestions, we selected:

• Patient age and gender

• Patient status at discharge
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To verify the representativeness of the STEMI Archive compared to the real

population, statistical tests for comparing proportions have been carried out:

• Comparison of proportions considering the totality of population affected by

AMI for the variables:

– Gender—man, woman

– Status at discharge—alive, deceased

Table 2 ICD9-CM codes identifying AMI

Code Diagnosis

41000 AMI of anterolateral wall—episode of care unspecified

41001 AMI of anterolateral wall—initial episode of care

41010 AMI of other anterior wall—episode of care unspecified

41011 AMI of other anterior wall—initial episode of care

41020 AMI of inferolateral wall—episode of care unspecified

41021 AMI of inferolateral wall—initial episode of care

41030 AMI of inferoposterior wall—episode of care unspecified

41031 AMI of inferoposterior wall—initial episode of care

41040 AMI of inferior wall—episode of care unspecified

41041 AMI of inferior wall—initial episode of care

41050 AMI of other lateral wall—episode of care unspecified

41051 AMI of other lateral wall—initial episode of care

41060 AMI true posterior wall infarction—episode of care unspecified

41061 AMI true posterior wall infarction—initial episode of care

41080 AMI of other specified sites—episode of care unspecified

41081 AMI of other specified sites—initial episode of care

41090 AMI unspecified sites—episode of care unspecified

41091 AMI unspecified sites—initial episode of care

Table 3 ICD9-CM codes for CCM criterion

Code Diagnosis

4271 Paroxysmal ventricular tachycardia

42741 Ventricular fibrillations

42742 Ventricular flutter

4275 Cardiac arrest

4281 Left heart failure

4295 Rupture of chordae tendineae

4296 Rupture of papillary muscle

42971 Acquired cardiac septal defect

42979 Other certain sequelae of myocardial infarction, not elsewhere classified

42981 Other disorders of papillary muscle

5184 Acute edema of lung, unspecified

7802 Syncope and collapse

78551 Cardiogenic shock

41410 Aneurysm of heart (wall)

4230 Hemopericardium
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• Comparison of proportions considering separately male and female population

affected by AMI for the variable:

– Status at discharge—alive, deceased

• Comparison of means for the variable age considering the following categories:

– Totality of population

– Men

– Women

– Alive

– Deceased

– Alive men

– Deceased men

– Alive women

– Deceased women

4.1 Results and Conclusions

In this section the results of the analysis explained above are reported, without

taking into account the split for specific hospital structure. Tables 4 and 5 are

represented with the value of each variable we mentioned before within the

subpopulation represented in the STEMI Archive and the value of the same variable

within the whole population of administrative database. The STEMI cases in the

administrative database have been extracted according to ASSR0689, ASSR06,

CCM0689, and CCM06 criteria.

Looking at the results of Tables 4 and 5, we recall that the quality of data has

been impacted by the knowledge of procedures, discipline, and habits in filling the

forms by the hospital operators.

We can observe that the sample fits in a better way with ASSR06 family. This

means that the archive representativeness of the population of patient subjected to

acute myocardial infarction is higher when a more restrictive filtering criterion is

selected. This can be explained observing that ICD9CM codes with final digit equal

to eight or nine have not been inserted in the archive. Since these codes represent

patients where characteristics of heart attack are not well specified because they are

affected by multiple pathologies in addition to AMI, their presence is likely to

influence strongly the features of the sample. We suppose that hospital operators

record in the archive only the patients data where the disease is clearly identified as

first diagnosis. For this reason we can say that the STEMI Archive contains a subset

of the total population, and we suggest for the next future to push so that the hospital

organizations will fill completely the archive with all the patients records.
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4.2 Further Developments

In order to go further in the analysis, we are considering a comparison among the

comorbidity score (index of severity of pathologies before the myocardial infarc-

tion) arising from STEMI Archive and the one arising from administrative data-

base. This comparison is complex to be performed since we need to make the

Table 4 Comparison

between STEMI Archive and

ASSR0689 and ASSR06

populations

Variable STEMI Archive ASSR0689 ASSR06

% Men 71.79 % 63.71 % 66.53 %

% Women 28.21 % 36.29 % 33.47 %

% Alive 94.79 % 91.79 % 91.05 %

% Deceased 5.21 % 8.21 % 8.95 %

% Alive (M) 95.93 % 93.71 % 93.55 %

% Deceased (M) 4.07 % 6.29 % 6.45 %

% Alive (W) 91.90 % 88.42 % 86.07 %

% Deceased (W) 8.10 % 11.58 % 13.93 %

Mean age 66.083 70.010 67.945

Mean age (M) 63.264 66.295 64.188

Mean age (W) 73.23 76.532 75.414

Mean age (A) 65.575 69.134 66.869

Mean age (D) 75.333 79.798 78.888

Mean age (M,A) 63.023 65.613 63.432

Mean age (M,D) 69.188 76.454 75.143

Mean age (W,A) 72.352 75.686 74.294

Mean age (W,D) 83.194 82.986 82.336

M ¼ men, W ¼ women, A ¼ alive, D ¼ deceased

Table 5 Comparison

between STEMI Archive and

CCM0689 and CCM06

populations

Variable STEMI Archive CCM0689 CCM06

% Men 71.79 % 63.49 % 66.30 %

% Women 28.21 % 36.51 % 33.70 %

% Alive 94.79 % 91.07 % 90.29 %

% Deceased 5.21 % 8.93 % 9.71 %

% Alive (M) 95.93 % 93.08 % 92.92 %

% Deceased (M) 4.07 % 6.92 % 7.08 %

% Alive (W) 91.90 % 87.57 % 85.12 %

% Deceased (W) 8.10 % 12.43 % 14.88 %

Mean age 66.083 70.160 68.081

Mean age (M) 63.264 66.426 64.297

Mean age (W) 73.23 76.652 75.527

Mean age (A) 65.575 69.231 66.936

Mean age (D) 75.333 79.634 78.726

Mean age (M,A) 63.023 65.695 63.484

Mean age (M,D) 69.188 76.265 74.957

Mean age (W,A) 72.352 75.766 74.351

Mean age (W,D) 83.194 82.892 82.256

M ¼ men, W ¼ women, A ¼ alive, D ¼ deceased
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comorbidity score computed on data in the administrative database comparable

with the one computed on data in the STEMI Archive. To this purpose, we need to

identify a transformation factor that allows us to make the two score measurements

comparable. As a starting point we can assume that this transformation factor could

depend from the weight of each pathology on the welfare of the patient.

In conclusion, in this work we showed how an administrative database may be

used for addressing epidemiological issues as well as validating clinical survey. We

believe that this paradigm should be considered by people in charge with healthcare

governance, since it is sustainable, flexible, and effective, enabling planning and

resources allocation to be based on real evidence and needs.
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Using Text Mining to Validate Diagnoses

of Acute Myocardial Infarction

Stefano Ballerio and Dario Cerizza

Abstract We applied text mining to a database of discharge letters of patients with

acute myocardial infarction for a quality of care-related task: the automatic valida-

tion of acute myocardial infarction diagnoses. The system should evaluate if the

information contained in the discharge letters was consistent, by medical standards,

with the letters’ coded diagnoses of acute myocardial infarction. The system was

composed of a text mining tool (GATE) and a set of linguistic resources which were

specifically developed from a training set of letters. It was validated on a test set of

letters manually annotated by cardiologists and results were satisfactory. Further

analyses can be made on the efficiency of the development of the system and on its

ongoing effectiveness.

1 Context, Objectives, and Methodology

“Text Mining can be broadly defined as a knowledge-intensive process in which a

user interacts with a document collection over time by using a suite of analysis

tools. In a manner analogous to data mining, text mining seeks to extract useful

information from data sources through the identification and exploration of inter-

esting patterns. In the case of text mining, however, the data sources are document

collections, and interesting patterns are found not among formalized database

records but in the unstructured textual data in the documents in these collections”

[1]. In recent years, text mining (TM) has been applied to electronic patient records

and other clinical documents for a variety of tasks, such as investigating adverse
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drug reactions [2], monitoring and preventing adverse events [3], automatically

identifying radiology reports containing critical results [4], extracting information

to diagnose post-traumatic stress disorder [5], and much more. The project we

present falls within this stream of researches. It was part of a larger project called

Exploitation, integration and study of current and future health databases on acute
coronary syndromes in Lombardy.1 The overall aim of the project was integrating

and exploiting health system databases and building thematical records for acute

coronary syndromes. In this context, we conjectured that TM might be applied to

databases on Acute Myocardial Infarction (AMI) for a quality of care-related task:

the automatic validation of AMI diagnoses. Though administrative databases usu-

ally contain little information on diagnoses, in fact, textual databases, and discharge

letters (DLs) in particular, can contain much information of this kind. Thus, we

planned to develop a TM system that could process the DLs of patients with a coded

diagnosis of AMI and evaluate if the information they contained, by medical

standards, was consistent with the coded diagnoses of AMI the DLs were related

to. All patients who receive a diagnosis of AMI, in fact, are given an ICD-9-CM

diagnostic code specific for AMI. By medical standards, moreover, a diagnosis of

AMI should be supported by the recognition of specific diagnostic elements, which

should be mentioned in the patient’s DL. Thus, the system would check if the DLs

of patients with a coded diagnosis of AMI actually contained these diagnostic

elements or not (as we will explain later, we also applied the system to DLs that

were related to diagnoses different from AMI, to check if they contained diagnostic

elements which might have supported a diagnosis of AMI).

In Sect. 2, we will introduce the medical standards that guided our research as to

the diagnostic elements and hence the information to search for in the DLs. In Sect.

3, we will explain how we developed the system: first, we composed a training set

of DLs to develop the system and a test set of DLs to apply the system to once it had

been developed; second, we selected a TM tool (our system would be composed by

this tool and by the linguistic resources we would develop); third, the DLs of the

training set were manually annotated by cardiologists, who annotated all the

portions of text that contained information useful to develop and refine the linguis-

tic resources the system would use to automatically annotate the DLs; fourth, we

developed the linguistic resources (lexicons and grammars) the system would use to

process the DLs; fifth, we applied the system to the DLs of the test set, compared its

answers with a gold standard provided by cardiologists, and measured its perfor-

mance. In Sect. 4, we will discuss and evaluate the results of the system. In Sect. 5,

finally, we will briefly consider some possible developments of the system.

1 The project was financed by Regione Lombardia. The TM section was realized by Azienda

Ospedaliera di Melegnano, Politecnico di Milano, and CEFRIEL (CEFRIEL is a not-for-profit

organization. Its shareholders are universities, public authorities, and 15 leading multinational

companies in ICT and media sectors. CEFRIEL’s primary objective is to strengthen existing ties

between academic and business worlds in the innovative ICT sector, by carrying out research and

development in application fields that today are crucial for enterprises and public authorities).
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2 Medical Standards and System Requirements

Our TM system should search for diagnostic information. By World Health Orga-

nization standards, when a diagnosis of AMI is formulated, at least two of these

three types of diagnostic elements should be present:

1. Electrocardiographic evidence (some ECG results can be associated with AMI,

while others cannot or aren’t specific enough).

2. Myocardial markers from blood tests (blood tests must show that certain

enzymes, such as troponin, have certain values).

3. Specific forms of chest pain (e.g., a pain that goes from the left shoulder to the

throat can be a symptom of infarction; a pain in the lower-right part of the back is

not).

Moreover, secondary elements such as algid perspiration might also be present.

Our TM system would therefore process the DLs searching for mentions of these

primary and secondary diagnostic elements. Then, for each DL it would record the

number of primary and secondary elements, checking whether at least two primary

elements were mentioned and which ones.

Diagnoses validation is used to improve the quality of care. It is usually

performed by expert personnel (doctors or nurses) who examine the clinical

documents of a sample of patients and search for any information useful to check

the diagnoses formulated for the patients, just as our TM system should do. These

personnel can grant excellent results, but the task is time-consuming and therefore

expensive. An automated system might be more efficient and less expensive, but of

course it can only be used if its accuracy and reliability have been ascertained. In

general, a satisfactory trade-off between effectiveness and efficiency must be

reached and this implied three system requirements:

1. The effectiveness of the system must be accurately evaluated in terms of

precision and recall (the system must be accurate and reliable).

2. The processing of the DLs must be efficient in terms of time.

3. The development of the system must not be too time- and resource-consuming in

relation to its subsequent use.

After describing the development and the application of the system, we will

discuss its results and assess to what extent the requirements were met.

3 System Development, Application, and Evaluation

The process of development, application, and evaluation of the system was

organized into five phases, as reported in Fig. 1.
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3.1 Composition of the Training Set and of the Test Set

To develop the system and measure its performance, we extracted two sets of DLs

from the databases of two hospitals2: the training set and the test set. The training

set was used to develop, test, and refine the language resources (lexicons and

grammars) the system would use to process the DLs. It was composed of DLs

related to diagnoses of AMI that had been produced by the cardiology departments

of the two hospitals. The test set was used to measure the performance of the system

and to assess the quality of its results. It was composed of three subsets of DLs:

AMI DLs from the cardiology departments, non-AMI DLs from the cardiology

departments, and non-AMI DLs from other departments.

Table 1 shows the composition of the various sets, indicating for each set the

number of DLs it was composed of, the years of production of the DLs, the

diagnoses the DLs were related to, and the department they came from.

3.2 Selection of the Text Mining Tool

In parallel with the composition of the training set and of the test set, we performed

a scouting to select the best suitable text mining tool to setup the system.

Four main requirements guided our scouting:

• Free software: we searched for free software, because a licensing cost would

prevent other structures of the National Healthcare System from adopting our

system.

• Provide functionalities for lexical analysis: the tool must be able to parse the

DLs and tokenize words, tag them accordingly to their part of speech, and

perform basic morphological analysis. As DLs are written in a specialized

language, the tool must also accept configurable lexicons.

• Provide functionalities for syntactic analysis: the tool must be able to compare

the syntactic structure of the text of the DLs with configurable grammars.

3) Manual 
Annotation of 
the Training 

Set and of the 
Test Set

1) Composition of  
the Training Set 

and of the Test Set
4) Development 
of the Linguistic 
Resources for 
the Automatic 

Annotation

5) Results 
Production and 

Quality 
Measurements2) Selection of the  

Text Mining tool 

Fig. 1 The five-phase process adopted to develop and evaluate the system

2Uboldo Hospital and Vizzoli Predabissi Hospital. Both of them are situated in Lombardy (Italy)

and are part of Azienda Ospedaliera di Melegnano. To respect patients’ privacy, all DLs were

anonymized at the time of extraction.
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• Easy to use graphical user interface: this would support users in performing the

manual annotation of the DLs.

On the basis of these requirements, we identified in GATE [6] (General Archi-

tecture for Text Engineering) the most suitable tool.3 GATE is an extensible

architecture, shipped with several plug-ins that permit the examination of alterna-

tive solutions. GATE is also a well-adopted solution, running since 1995 and

supported by a mature and extensive community of developers, users, and educators

that can provide on-demand support.

3.3 Manual Annotation of the Training Set and of the Test Set

Two cardiologists manually annotated all the DLs using the GATE user interface.

In each DL, they highlighted and annotated all the portions of text where primary or

secondary diagnostic elements were mentioned.

The manual annotations attached by the cardiologists to the DLs of the training

set were then used to develop and refine the linguistic resources the system would

use to automatically annotate the DLs (see phase 4).

The manual annotations attached by the cardiologists to the DLs of the test set

produced the gold standard for the evaluation of the system (see phase 5). The

performance of the system would be measured by comparing the manually

generated annotations attached to each DL with the automatically generated

annotations attached to that same letter.

To correctly evaluate the performance of the system, the two sets of letters were

kept separate: on one side, linguistic resources were developed using only the DLs

of the training set; on the other side, the performance measures we will report and

discuss are related to the application of the system to the DLs of the test set only.

Table 1 Composition of the training set and of the test set

Set Number of DLs Years of production Diagnosis and department

Training set 288 2004–2010 AMI, from cardiology

Test set, subset 1 150 2004–2010 AMI, from cardiology

Test set, subset 2 75 2004–2010 Non-AMI, from cardiology

Test set, subset 3 75 2004–2010 Non-AMI, not from cardiology

3GATE is a project of the University of Sheffield and it is freely available as an open source

software architecture at http://gate.ac.uk.
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3.4 Development of the Linguistic Resources for the
Automatic Annotation

The main goal of the system was the identification of all the occurrences of each

diagnostic element within each DL. Ideally, the system must be able to detect all the

occurrences of each diagnostic element (thus achieving a high recall score) and to

not erroneously recognize occurrences of any diagnostic element in those parts of

the DLs where there was none (thus achieving a high precision score).
The identification of the diagnostic elements implied the distinction among a

wide variety of linguistic expressions that were used in the DLs and their classifi-

cation into one of the categories of diagnostic elements. For example, the chest pain
category could be instantiated in the DLs by different expressions, such as pain in
the sub-mammary area, or episode of angina, or pain radiating from the chest to the
left shoulder and the throat.4 The system must be able to detect all three expressions

and categorize them as chest pain. This meant reducing the linguistic variety of the

DLs to few categories of interest.

From a linguistic point of view, the diversity of the DLs is due to two factors:

lexical diversity and syntactic diversity (the same concept can be expressed with

different words, or formulated into different syntactic structures, or both). To tackle

this diversity, the system should use suitable lexicons and grammars. Such knowl-

edge resources are often critical for TM systems and in the TM community there is

a general awareness that appropriate resources are usually lacking [7]. This is

particularly true if you are working with the Italian language and in fact we had

to develop our own specific lexicons and grammars. Lexicons would provide

information about the relevance of different words for different categories: words

like angina, pain, radiated, and chest, for example, would be relevant for the chest
pain category and troponin for the blood markers category. Grammars, contextual-

ized to the categories of diagnostic elements, would formally define classes of

expressions that should be treated as if they were the same though their syntactic

structures were different: chest pain and pain in the chest, for example, should be

treated as equivalent. Besides, they would state that certain words would be relevant

for certain categories only if they were related to certain other words: for example,

the word pain would be relevant for the chest pain category only if it were followed
by expressions such as chest or sub-mammary area (and not, e.g.,, if it were

followed by in the leg).
A preliminary analysis of the training set also showed that the system would

have to face three challenges, due to the fact that the DLs were unstructured

narratives, possibly dealing with the entire clinical history of the patients and

produced in a clinical context where they would not undergo any linguistic or

editorial standardization.

4 The DLs were written in Italian, but we will translate quotations from them into English for better

clarity.
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The first challenge was the presence of negations that must be correctly

recognized to avoid false positives. For example, the system must be able to

determine that the patient doesn’t report chest pain is not equivalent to the patient
reports chest pain.

The second challenge was related to the necessity of distinguishing between

information on the patient’s past history and information on her or his recent

history. Mentions of diagnostic elements are indeed contained in those parts of

the DLs that summarize the patient’s medical history and they must be distin-

guished from those related to the present admission, to which the coded diagnosis of

the DL is related. For example, in May 2001: patient admitted to Vizzolo hospital
with evidence of myocardial infarction in the anterolateral area, the system must

not identify an occurrence of the electrocardiographic evidence diagnostic element,

because the mention is related to the past history rather than the present admission.

The third challenge was related to the nonstandardization of the words actually

used in the DLs, which contained many irregular expressions (Things all right or
Blood markers not ok, see attached docs), abbreviations (tp or tropo for troponin,
AL for anterolateral), and typos (ST semgent evlelation for ST segment elevation).

To face the first challenge, we composed a lexicon of negations and we

configured the grammars so that they would define the scope of negations and

thus recognize negated words. This means we included words and expressions like

not or in absence of in the lexicon of negations and then configured the grammars so

that they would annotate as negated all mentions of diagnostic elements that

occurred within a certain distance from those negations. Distances were set in

relation to what we could observe in the DLs of the training set, to the syntax of

Italian, and to the different types of negations. We also took into account punctua-

tion and words and expressions that might limit the scope of a negation, such as

except for in no chest pain except for a slight numbness of the left shoulder.
For the second challenge, we developed lexicons and grammars that would

recognize temporal expressions and markers such as weekdays’ names, month

names, sequences of numbers that can identify dates or past years, expressions

that identify specific parts of the day, words that refer to chronic diseases, and more.

This would help the system distinguish the information related to the patient’s past

history from that related to her or his recent history.

For the third challenge, we included in lexicons and grammars the irregular

forms and typos we found most frequently in the DLs of the training set.

As we said, lexicons and grammars were manually developed using the

annotated DLs of the training set.

A lexicon is a list of entries and each entry is a word form with semantic and

morphological metadata. The following code is an excerpt from a lexicon that was

used for the chest pain category:

pain & gnr ¼ m & lemma ¼ pain & nmb ¼ s & pos ¼ N
pains & gnr ¼ m & lemma ¼ pain & nmb ¼ p & pos ¼ N
oppression & gnr ¼ f & lemma ¼ oppression & nmb ¼ s &

pos ¼ N
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In this example we have three entries, involving three forms (pain, pains,
and oppression) for which the following metadata are specified: the gender

(gnr), which can be masculine (m) or feminine (f); the term (lemma) to which the
form is traced (pain, oppression); the number (nmb), which can be singular

(s) or plural (p); and the part of speech (pos), which is noun (n) for all three forms.

As they are included in a particular lexicon (for the chest pain category, as we said),
all three forms are also tagged with semantic metadata which say that those forms

are related to the pain semantic domain and to the non specific pain semantic

domain in particular. The lexicon is coded in conformity with the rules of GATE.

For our project, we developed the following lexicons:

• Biomedical lexicons, with terms related to pain and other symptoms, body parts,

electrocardiographic reports, and enzymes (1035 forms). Each biomedical lexi-

con had its own semantic tags.

• Lexicons of negations (with different tags for different types of negations), used

by grammars to parse negations (739 forms).

• Lexicons of time-related terms (with different semantic tags), used by grammars

to distinguish between the patient’s past and present histories (89 forms).

• A lexicon of articles, prepositions, and conjunctions, which would be useful for

some grammars (273 forms).

On the whole, our lexicons included 2,136 forms.

A grammar is a decision rule composed of two parts (a) a description, written in

a formal language, of a class of linguistic expressions and (b) a set of metadata or

annotations to be attached to those portions of text to which the description of the

first part of the rule applies. Each rule, therefore, has this logical structure: if

expression X belongs to the class of expressions I describe, then attach this annota-

tion to X. The descriptions use the metadata of the lexical entries. In a natural

language paraphrase, a simple rule might be something like this: if you find a

sequence made up of a word with a non specific pain semantic tag and then,

within five words, zero to one word with the prep (i.e., preposition) tag and one to
three words with a front upper body semantic tag and no full stop in between,

then attach the pain in the chest annotation to that sequence of words. Each

rule is deterministic.

On the whole, 35 rules were defined.

Once we had lexicons and grammars, we developed a GATE pipeline: an

ordered sequence of modules, each one focused on a particular task of the whole

text analysis. The pipeline was made by the following modules (which are listed in

the order they were applied to the DLs):

1. Document Reset: any previous annotation is removed from the letters.

2. Tokenizer: each DL is divided into tokens. A token is a sequence of letters, a

punctuation mark, a number, or a white space.

3. Lexical Lookup: each token, if it is found in any of the lexicons, is annotated

with the metadata of the corresponding lexicon and entry.
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4. Grammar Parser, first-level rules: some grammars are applied to identify all

occurrences of diagnostic elements (regardless of negations and time). These

rules exploit the metadata generated by the lexical lookup, as we said above, and

by the tokenizer, which allows to identify numbers and punctuation signs.

5. Grammar Parser, second-level rules: other grammars are applied to recognize

negations and time markers and to exclude from the previously found

occurrences of diagnostic elements those that are negated or related to the

patient’s past history. The annotations produced by these grammars represent

the final answers of the system: for the system, the occurrences of diagnostic

elements in the DLs are those and only those that are pointed at by these second-

order rules.

We developed the linguistic resources iteratively. First, we analyzed the training

set to developed first-version resources. Then, we applied them to the DLs of the

training set, measured the precision and recall scores they achieved, analyzed the

errors they did, and refined them to reduce those errors. We repeated this cycle until

we achieved satisfactory precision and recall scores on the training set.

3.5 Results Production and Quality Measurements

Once the linguistic resources and the pipeline were ready, we applied them to the

test set to produce automatic annotations. Then, these automatic annotations were

compared to the manual annotations produced by the cardiologists on the same test

set (the gold standard), so as to measure the precision and recall scores of the

system.

Precision is a measure of the capability of the system to identify only relevant

portions of text (i.e., only mentions of diagnostic elements). It gives us a statistical

measure of the reliability of the system (e.g., if the system says that there is an

occurrence of a diagnostic element, howmuch can I trust it?). The precision score P is

P ¼ TP=ðTPþ FPÞ: (1)

Here, TP is the number of true positives (i.e., the system identifies a diagnostic

element and the gold standard agrees) and FP is the number of false positives (i.e.,

the system identifies a diagnostic element, but the gold standard states the system is

wrong).

Recall is a measure of the capability of the system to identify the highest possible

number of relevant portions of text (i.e., all mentions of diagnostic elements). It

gives us a statistical measure of the sensitivity of the system (e.g., if there are N
occurrences of a diagnostic element, how many will be actually detected by the

system?). The recall score R is
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R ¼ TP= TPþ FNð Þ: (2)

Here, TP is again the number of true positives and FN is the number of false

negatives (i.e., the occurrences of diagnostic elements that the system failed to

detect).

After calculating precision and recall, we also calculated the F-measure, i.e., the

harmonic mean weighing between precision and recall, which is

F ¼ 2� P� R= Pþ Rð Þ: (3)

On each subset of the test set, we performed two types of evaluation: by

occurrence and by letter. The evaluation by occurrence is aimed at analytically

measuring the performance of the system. Therefore, it takes into account the

absolute number of TPs, FPs, and FNs for each diagnostic element in each

DL. The evaluation by letter is aimed at measuring the performance of the system

on each DL as a whole. Therefore, it assumes that a TP answer is given for a DL if

and only if the DL contains at least one diagnostic element and the system correctly

identifies at least one. A DL can contain in fact more than one mention of the same

element. If the system examines a DL containing two mentions of the chest pain
diagnostic element, the system will return a TP if any of the three following cases

occurs (a) the system identifies both occurrences of the chest pain diagnostic

element; (b) the system identifies only one of the two occurrences; and (c) the

system identifies only one of the two occurrences or both, and it also wrongly

identifies another occurrence (which would be an FP in the evaluation by occur-

rence). The rationale behind this more lenient evaluation is that in all three cases the

system has correctly pointed out that the chest pain diagnostic element is mentioned

in the DL.

The by occurrence and by letter evaluations have different goals: the first

measures the quality of the system; the second measures its effectiveness according

to its purpose in terms of quality of care. The original objective of the system, in

fact, is assessing to what extent the diagnoses of AMI are supported by the

identification of diagnostic elements, rather than how many times those same

elements are mentioned. Therefore, we decided to evaluate the system both ways.

To perform both evaluations, we developed a dedicated software that compares

the manual annotations of the gold standard with the automatic annotations of the

system and then calculates precision, recall, and F-measure for both evaluations.

Table 2 shows the precision, recall, and F-measure scores obtained by the system

with the different subsets of the test set.5

5 Precision, recall, and F-measure scores were specifically calculated for each diagnostic element.

We present the aggregated scores for brevity.
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4 Results

4.1 Interpretation and Discussion of Precision and Recall
Scores

Three things can be noticed about the performance measures of the system reported

in Table 2.

The first thing to notice is that the results of the system differ in meaning in

relation to the different subsets of the test set. As regards subset 1, precision and

recall scores actually describe the quality of the system and they are satisfactory. In

subset 2, diagnostic elements are very rarely mentioned (only 40 mentions for all

the diagnostic elements in the whole subset) and this implies that precision and

recall scores are very sensitive to even few FPs or FNs. The same happens, but in an

even more extreme way, with subset 3: here recall can’t even be calculated—as

both TPs and FNs are 0—and precision is 0 because TPs are 0 and FPs are 3 (this is

hardly a surprise, given the fact that the DLs of subset 3 came from departments

such as orthopedics or neurology). As regards subset 3, therefore, precision and

recall scores are scarcely meaningful and we might only make a general remark

about the fact that very few errors are made.

The second thing to notice is that the review of the errors of the system shows

that there are three main causes for error:

1. Typos: they are frequent (e.g., infartcion per infarction) and they produce

sequences of characters that the system doesn’t recognize as mistyped words,

thus missing to identify mentions of diagnostic elements and scoring FNs.

2. Nonstandard abbreviations and acronyms: they were not included in the lexicons

and they produced more FNs.

3. Time markers of the patient’s past history: some of them are beyond the

capabilities of the system, which therefore scores FPs.

Other errors are due to the intrinsic ambiguity of some words or to the syntactic

complexity of the text of the DLs. In general, we tried to achieve a balance between

precision and recall—you reach a point where improving recall necessarily worsens

precision, and vice versa—and working again on lexicons and grammars wouldn’t

likely improve results in a relevant measure. Instead, we think results could be

improved by intervening on the writing of the DLs in three ways:

Table 2 System performance

Test set Precision Recall F-measure

Subset 1

(AMI, from cardiology)

By occurrence 0.9157895 0.9222615 0.91901404

By letter 0.9536083 0.9438776 0.94871795

Subset 2

(non-AMI, from cardiology)

By occurrence 0.60294116 0.82 0.6949152

By letter 0.66071427 0.8604651 0.7474747

Subset 3

(non-AMI, not from cardiology)

By occurrence 0 – –

By letter 0 – –
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1. Using a spell checker to reduce typos.

2. Asking doctors to avoid nonstandard abbreviations and acronyms.

3. Creating in the DL a separate field for the patient’s past history.

These three interventions would ease the work of our system and enhance the

exploitation of DLs for any TM or information extraction project. Moreover, they

would make them more readable for human readers too.

The third thing to notice is that results are satisfactory at least for subset 1, which

is composed of the DLs the system would be applied to in the real word.

4.2 System Requirements: Effectiveness and Efficiency

Let us consider now if the system might be actually used to validate diagnoses of

AMI. Table 3 shows the answers of the system to the question whether the DLs

mentioned two or more diagnostic elements.

We can observe that in subset 1 the system identifies 29 DLs that do not contain

the mentions of at least two diagnostic elements; in subset 2, 7 DLs that contain

mentions of at least two diagnostic elements; and in subset 3, no DL containing at

least two diagnostic elements. Even if the answers of the system were always

correct, this wouldn’t mean that any of the coded diagnoses is wrong: as to the

29 DLs of subset 1, doctors might have simply recognized the diagnostic elements

without mentioning them in the DL; and as to the 7 letters of subset 2, doctors might

have correctly judged that the main diagnosis was not AMI. Therefore, and given

the satisfactory precision and recall scores the system achieves on subset 1, we

might conclude that the system has simply identified some DLs whose diagnoses of

AMI might be reviewed by expert personnel (no necessarily wrong diagnosis, that’s

to say), automatically discarding many others that very likely don’t need review.

Besides, the system has identified in subset 2 some DLs with diagnoses different

from AMI that might also be reviewed, though the reliability of the system, as

regards subset 2, is lesser.

If we recall the system requirements we introduced above, therefore, we can

make three more remarks (1) the system seems to be effective enough to support the

diagnoses validation process. From a whole set of DLs with coded diagnoses of

AMI or from a whole set of DLs from a cardiology department with coded

diagnoses different from AMI, it might isolate a smaller subset of DLs that should

actually be reviewed by expert personnel and discard the others; (2) this might

make the process more efficient, because the expert personnel should not review the

Table 3 Mentions of the diagnostic elements in the DLs

Set At least two diagnostic elements Less than two diagnostic elements

Test set, subset 1 121 29

Test set, subset 2 7 68

Test set, subset 3 0 75
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majority of the DLs and the processing time of the system amounts to only a few

seconds (on a notebook with a 2.2 GHz processor, 150 letters are examined in about

50 s); (3) the system does not require expensive resources to work, but its develop-

ment did require two valuable resources: expert personnel (two cardiologists for the

annotation, a linguist to develop the linguistic resources, a computer science

engineer to select the tool and develop the software for the evaluation) and time.

This is nothing new, of course, and it is also obvious that these resources are

profitably invested if the system can then be applied to a sufficiently high number

of DLs over time without losing its effectiveness. This condition will be satisfied if

the system can be effectively applied to DLs from other hospitals. Yet, if the system

is applied to DLs written by doctors other than those who wrote the DLs of the

training set, the system performance might worsen due to the fact that different

doctors might use expressions we did not find in the original training set. We can

conjecture this might happen, but we can’t forecast to what extent, nor can we

calculate in advance how much time it will be necessary to restore the effectiveness

of the system by expanding the linguistic resources with additional training sets.

Such questions can only be answered on the basis of further investigations. Yet, we

believe that the issue of the robustness of the system and of its ongoing effective-

ness is the most critical one. We wondered how we might face it prospectively and

we conjectured that Machine Learning (ML) might be an interesting way to try both

for the development and the maintenance of the system.

5 Further Developments: Machine Learning

Given our objectives, using ML means developing a system that learns to identify

the mentions of diagnostic elements on the basis of a training set of DLs where

mentions of diagnostic elements have been annotated as such: the system examines

the annotations attached to the DLs of the training set, infer classification criteria

from them, and then apply those criteria to new sets of DLs. To infer classification

criteria, the system doesn’t need any information other than that implied in the

annotations. Yet, giving the system more information is possible and this additional

information can enhance its performance. In particular, the DLs of the training set

can also be annotated with lexicons and grammars. The system will use the

information deriving from their metadata to refine its classification criteria. Once

it has been trained, it won’t need any other information to process other DLs.

To integrate ML in our system, we used the Batch Learning processing resource

in GATE’s Learning plug-in. We tried training the system with different

combinations of annotations and for each combination we tried different learning

algorithms (both a linear and a polynomial support vector machines algorithm, with

τ equal to 1 or to 0.4). Then, we measured the precision, recall, and F-measure

scores of the system. We won’t expatiate on the scores and their discussion, but two

provisional findings can be remarked:
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1. More information at the time of training brings better performances.

2. If the system is trained with the annotations of the mentions of diagnostic

elements, the lexical annotations, and the annotations of the tokenizer but

without the annotations of the grammars, it can achieve precision scores higher

than 0.9 and recall scores ranging from 0.75 to 0.87.

The first finding is what one would expect. The second finding is interesting

because the development of the grammars was the most time-consuming part of the

process of system development. Moreover, we conjecture that grammars are the

least robust resource. Therefore, the possibility of achieving good results without

using deterministic grammars is noteworthy. Combining specialized lexicons and

an ML system might grant good results in terms of effectiveness, robustness, and

efficiency of development and maintenance.
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Abstract Sudden cardiac death (SCD) is the leading cause of death in the age

group 20–65 years, in the western world, with an enormous social and economic

impact. The majority of the cases of ventricular fibrillation (VF) occur in patients

without a preexisting structural heart disease and represent the first manifestation of

coronary artery disease. In most of these cases, VF occurs in the early phase of

myocardial infarction (MI) and it is then called primary VF. Although several

factors have been associated in various studies with primary VF a recent meta-

analysis found no evidence for risk factors other than ST elevation and time from

onset of symptoms.

In the past several years, few studies have found that a family history of sudden

cardiac death (SCD) is a risk factor for primary VF suggesting that this dramatic

event may be favored by the genetic background. To explore this possibility we

designed the ongoing PREDESTINATION Study, enrolling subjects under 75 years

of age with a first MI complicated by primary VF and a control group of subjects

with a first uncomplicated MI.

Data so far available confirm the association between a family history of SCD

and primary VF and suggest that hypokalemia and prolonged QT interval may favor

its occurrence. The genetic analysis has already provided some interesting

suggestions that will need to be confirmed by the continuation of the enrolment

and joint analysis with data deriving from similar patient populations.

1 Background

Sudden cardiac death (SCD) is the leading cause of death in the age group 20–65

years, in the western world, with an enormous social and economic impact.

According to the Maastricht Study, the incidence of SCD in the age group 20–75

years is 5:10,000/year [1]. In most cases SCD is due to ventricular fibrillation (VF).

Even though VF may often occur in the setting of a significant underlying heart

disease such as a previous myocardial infarction (MI) or heart failure, the majority

of cases of VF occur in patients without a preexisting structural heart disease and

represent the first manifestation of coronary artery disease. In most of these cases,

VF occurs in the early phase of MI and it is then called primary VF. Primary VF

accounts for approximately one third of all cases of SCD.

Several factors have been associated in various studies with primary VF includ-

ing younger age, male gender, smoking, absence of history of diabetes, lower serum

potassium concentration, and inferior wall infarct location, but these findings have

not been reproducible [2]. Indeed, a meta-analysis including over 50,000 patients

with acute MI found no evidence for risk factors for primary VF other than ST

elevation and time from onset of symptoms [2].

Friedlander et al. have examined whether family history of myocardial infarction

or primary cardiac arrest was a risk factor for primary cardiac arrest (CA) [3]. They

enrolled subjects suffering primary CA, defined as a cardiac arrest that was a result

of heart disease and not “secondary” to trauma, drug overdose, respiratory failure,
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renal failure, end-stage liver disease, cancer, or other noncardiac causes. As control

group they enrolled healthy volunteers identified from the community. A history of

MI/primary CA among first-degree relatives of cardiac arrest patients was almost

50 % higher than that in first-degree relatives of control subjects. In a multivariate

logistic model, family history of MI/primary CA was associated with primary CA

(OR 1.58; 95 % CI: 1.29–1.95) even after adjustment for other common risk factors.

A major limitation of this study is that the control group consisted of healthy

subjects without a history of cardiovascular disease.

Further studies provided strong evidence that a familial history of sudden cardiac

death could be associated to primary VF. The “Paris Prospective Study” first

showed that a family history of sudden death (SD) is an independent risk factor

of SD [4]. The study enrolled 7,079 men employed by the Paris Civil Service from

1967 to 1972. During a follow-up of 23 years, 118 subjects died suddenly (sudden

death was defined as a natural death occurring within 1 h of onset of acute

symptoms) and 192 had a fatal myocardial infarction (death strictly related to

myocardial infarction). The authors found that a parental history of sudden death

was a risk factor of sudden death (RR, 1.95; 95 % CI: 1.23–3.10), but was not

associated with the occurrence of fatal myocardial infarction (RR, 0.97; 95 % CI:

0.60–1.55). Also in multivariate analysis including other cardiovascular risk

factors, family history of sudden death (SD) proved to be an independent risk factor

of SD (RR, 1.80; 95 % CI: 1.11–2.88), but not of fatal MI (RR, 0.85; 95 % CI:

0.52–1.39). The subjects with a history of SD in both parents had a sudden death RR

of 9.44.

Other two important clinical studies supported these data. Dekker et al. found

that among subjects with a first MI, the presence of SCD among first-degree

relatives was a strong predictor for primary VF [5]. They enrolled 330 survivors

of primary VF and 372 controls who suffered a first myocardial infarction. They

found that 43.1 % of survivors of primary VF had 1 or more cases of sudden death

among parents and siblings while only 25.1 % of controls had this familiarity.

Likewise, aborted sudden death among parents and siblings occurred in 3.8 % of

cases and 1.5 % of controls. SCD among parents and siblings significantly

increased the risk of primary VF (OR 2.72). A familial history of SCD remained

a risk factor for primary VF also in a multivariable model (3.30; 95 % CI:

1.91–5.68).

Kaikkonnen et al. have investigated the family history of sudden death among

victims of SCD, survivors of acute myocardial infarction, and healthy control

subjects [6]. The occurrence of SCD among first-degree relatives of SCD victims

was significantly higher than among first-degree relatives of MI survivors (OR 1.6;

95 % CI: 1.2–2.2; P ¼ 0.01) and than among first-degree relatives of control

subjects (OR 2.2; 95 % CI: 1.6–3.0; P ¼ 0.001). This study confirmed that history

of SCD in more than 1 first-degree relatives increase the risk of SCD (OR 3.3. 95 %

CI, 1.4–7.8; P ¼ 0.01). Compared to the control group, a family history of SCD is

11.3 times more frequent in SCD victims (OR 11.3; 95 % CI, 4.0–31.8; P < 0.001).

Overall, the studies presented above strongly suggest that primary VF may be

favored by the genetic background. However, the genetic markers associated to
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primary VF are still unknown. In order to increase our understanding on the

potential genetic influence on primary VF, specifically designed studies must be

carried out comparing patients with this event with appropriate controls. To

increase the reliability of the findings, it is very important to define a clear

phenotype characterizing patients to be enrolled. It is with this purpose that we

designed the PREDESTINATION Study.

2 PREDESTINATION: Study Design

PREDESTINATION (PRimary vEntricular fibrillation and suDden dEath during a

firST myocardIal iNfArcTION: genetic basis) is an ongoing case–control study

aiming to identify common genetic variants, clinical and epidemiological features

that increase the risk of primary VF. The primary aim of the study is to identify the

“genetic make-up” likely to be associated to the development of VF during

myocardial infarction. The secondary goal is to increase knowledge of clinical

epidemiological factors that may facilitate the onset of primary VF and analyze

their interaction with genetic background.

2.1 Population

The study involved the enrollment of subjects under 75 years of age with a first MI

complicated by primary VF (cases) and a control group of subjects with a first

uncomplicated MI (controls). Each case was matched with 3 controls according to

age (� 5 year), gender, and type of MI (anterior ST elevation, not-anterior ST

elevation, or non-ST elevation MI). The patients could qualify as a case if the

arrhythmia was documented by an ECG performed and if it occurred before

myocardial revascularization and within 24 h from symptom onset.

We excluded subjects with>75 years, subjects with a previous MI or ventricular

dysfunction, and subjects with diseases that could favor the onset of VF, such as

long QT syndrome, arrhythmogenic right ventricular cardiomyopathy, and hyper-

trophic cardiomyopathy.

We enrolled a third group of subjects under 75 years old, who underwent at least

three uncomplicated MI (super controls). We decided to study this population with

the purpose of searching the presence of potential protective factors.
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2.2 Clinical Data Collection

For each subject enrolled the following information was collected:

• Baseline characteristics: cardiovascular risk factors, prior cardiovascular events,

family history of sudden death, and previous therapy.

• Myocardial infarction characteristics: date and hour of MI, site of MI, occur-

rence of VF, and other arrhythmia during the first 24 h.

• ECG characteristics.

• Type and timing of cardiac revascularization.

• Blood tests.

All these data were collected in a “case report form” (shown in Fig. 1).

2.3 Genetic Analysis

All subjects enrolled in the study underwent peripheral venipuncture for blood

sampling and subsequent extraction of genomic DNA. The DNA extraction

(Maxwell® 16 System DNA Purification Kits) was performed from the blood

sample with a semiautomated method, through cell lysis, DNA binding to magnetic

beads, and final elution in a suitable buffer. We first performed a medium-density

genotyping of the enrolled population, using a custom set of 1,536 bend chip SNPs

(single-nucleotide polymorphism), through GoldenGate Assay (Illumina) with an

approach of “candidate gene.” For this purpose we have carefully selected

219 genes, including those coding for cardiac ion channels and for molecules

involved both in the neural control of the heart (adrenergic cascade and

Fig. 1 Case report form used to collect the data
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renin–angiotensin–aldosterone system) and in arrhythmic pathologies as well as

proteins involved in the inflammatory response, potentially associated with

myocardial ischemia (and reperfusion) damage. Within these 219 “candidate

genes,” 1,536 SNPs were selected and identified.

During the study it was decided to anticipate the genome-wide association

study (GWAS) that was planned as the next step, in agreement with the analysis

plan undertaken by the AGNES study. The AGNES study is a Dutch study that

also compares the genetic background of primary VF patients to that of control MI

patients without VF. The decision to perform GWAS directly was made specifi-

cally with the idea of combining the results of the two studies in order to increase

the statistical power of the findings. We performed the genome-wide analysis

using Illumina HumanOmniExpress-12 v.1 chip that allows simultaneous review

of a total of 770,000 single-nucleotide polymorphisms (SNPs) for 12 subjects.

Most of these SNPs are derived from the International Hap Map Project and are

therefore SNPs markers since their genotyping also allows to know the genotype

of other SNPs adjacent thereto. The use of these SNPs markers therefore confers a

broader coverage of the genome that, with the chip used in this study, reaches

95 %.

Before carrying out the association analysis, an extensive quality control was

performed both on the subjects enrolled and the markers genotyped.

Per-individual QC consisted of four steps (1) identification of individuals with

discordant sex information, (2) identification of individuals with outlying missing

genotype or heterozygosity rates, (3) identification of duplicated or related

individuals, and (4) identification of individuals of divergent ancestry. This last

step was performed using the EIGENSTRAT software for the Principal Compo-

nent Analysis. This kind of analysis provides information on the genetic back-

ground of the population studied that can be used as covariates in the logistic

regression. The correction of a candidate marker’s variation in frequency across

ancestral populations allows minimizing spurious associations, thus maximizing

power to detect true associations. Per-marker QC was performed according to the

following steps (a) identification of SNPs with an excessive missing genotype, (b)

identification of SNPs showing a significant deviation from Hardy–Weinberg

equilibrium (HWE), (c) identification of SNPs with significantly different missing

genotype rates between cases and controls, and (d) the removal of all markers with

a very low minor allele frequency (MAF).

2.4 Statistical Analysis

In the present report data are presented as mean � SD. Contingency tables were

used to derive chi-square values and associated OR for the association between

epidemiological and clinical characteristics and the occurrence of VF.
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3 Results and Discussion

3.1 Epidemiological Data

So far, 812 patients have been enrolled. Statistical analysis was performed on the

clinical and epidemiological characteristics of the first 206 cases and 414 controls.

The mean age of the population was 58 � 10 years and 15 % of the subjects are

female. Among the cases 54 % of the subjects had an anterior MI, and control

subjects were matched to the site of MI.

The ongoing analysis on the epidemiological characteristics show that a family

history of SCD among first-degree relatives was present in 12 % of cases and in 6 %

of controls (OR 1.99; 95 % CI: 1.3–3.1; P ¼ 0.02; see Fig. 2).

These data are consistent with the findings of the studies by Dekker and

Kaikkonnen, as detailed in Fig. 3, which shows our findings relative to those of

these studies.

For each participant we collected the first ECG recorded by the emergency

medical system; in particular for cases we collected the ECG temporally closer to

the episode of VF. We analyzed morphologic characteristics, like PQ, QRS, QT

intervals, conduction disorders, and rhythm disorders.

So far, interesting results have emerged from the analysis of the QT interval. We

evaluated the correct QT interval (QTc) calculated with the Bazett formula. The

average QTc in cases was 416 � 51 ms and the average QTc in controls was

411 � 43 ms. This difference in average QTc between the two groups was not

statistically significant (P ¼ 0.32). However, a prolonged QT interval, defined as

QTc > 440 ms, was present in 32 % of cases and in 22 % of controls (OR 1.6; 95 %

CI: 1.2–2.2; P ¼ 0.01). This suggests that subjects with a prolonged QTc during the

early phases of the MI had a 1.6 greater risk of developing a VF compared with

subjects with QTc � 440 ms. This finding is in agreement with previous studies

indicating higher mortality among patients with a prolonged QT interval after

MI [7].

Fig. 2 Family history of

SCD among first-degree

relatives was present in 12 %

of cases and in 6 % of controls
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Serum potassium values were evaluated as soon as possible after hospital

admission (among cases this was often after the occurrence of VF). The average

value of plasma potassium was 3.7 � 0.5 mEq/l in cases and 3.9 � 0.5 mEq/l

in controls (p < 0.0001). Moreover, hypokalemia (defined as K < 3.5 mEq) was

present in 31 % of cases and in 13 % of controls, so that the occurrence of primary

VF in subjects with a low plasma potassium was nearly three times greater

compared with subjects with a normal potassium (OR 3.1; 95 % CI: 2.0–4.9;

p < 0.0001).

Several studies have demonstrated an association between hypokalemia and

ventricular arrhythmias during acute MI [8–10]. The main reason for hypokalemia

in the early phase of an acute myocardial infarction is most likely an activation of

the sympathetic nervous system leading to an influx of potassium from the extra-

cellular to the intracellular body fluid compartment. A limitation of our study, as

mentioned above, is the fact that most of the cases enrolled had an out-of-hospital

VF so that the value of plasma potassium value is measured after the arrhythmia.

3.2 Preliminary Results of Genetic Analysis

3.2.1 Candidate Gene Approach

As first step of the analysis, we applied a candidate gene approach. For this purpose,

we tested 319 samples (101 cases and 218 controls) using the custom-made chip

(Illumina). Overall, 16 polymorphisms have been identified, relating to 12 different

genes, whose association with the risk of VF was statistically significant in

Fig. 3 Figure comparing data showed in Fig. 2 with the findings of the studies by Dekker [5] and

Kaikkonnen[6]. The consistency of the results is evident
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univariate analysis but did not reach conventional statistical significance due to the

necessary correction of p value for multiple comparisons.

The results related to genes coding for angiotensin converting enzyme I (ACE),

for the angiotensin II type 1 receptor (AGTR1), and genes related to caveolin

appear particularly promising given their potential involvement in the regulation

of ion channels and the finding of a greater likelihood on QT prolongation among

patients with VF.

To this regard, some speculative hypotheses may be suggested. It is known that

the renin–angiotensin system may potentially favor the occurrence of arrhythmias

through two distinct mechanisms. RAAS can interact with mechanisms of intracel-

lular calcium release, through the activation of the L-type calcium channels

[11–13]. Additionally, the renin–angiotensin system may promote the development

of malignant ventricular arrhythmias through a reduction of IKr, which is a potas-

sium repolarizing current [14]. Both electrophysiological mechanisms may lead to

a prolongation of action potential duration which manifests on the surface ECG as a

prolongation of the QT interval. Caveolin is a protein involved in the cellular

signaling. In the heart, caveolin is associated with several proteins including

Nav1.5 [15], Kv1.5, HCN4 [16], Na/Ca exchanger [17], IP3 receptor [18], TRP

channels [19], Cav1.2, and PMCA [20]. Mutations in the gene for caveolin 3 and

overexpression of Nav1.5 are associated with increase in persistent (late) sodium

current, as found in LQT3 [21]. Caveolin mutations are also present in LQT9. These

findings suggest a potential role of caveolin in the development of ventricular

arrhythmias, which will need to be further evaluated.

Among other genes that we had focused our attention on, there is NOS1AP. We

have previously demonstrated that polymorphisms in NOS1AP, known to be

associated with QT interval duration, are linked to an increased risk of life-

threatening arrhythmias in patients with LQT1 [22]. Conflicting data exist regard-

ing the role of NOS1AP in the risk of SCD [23–25]. We were therefore interested in

assessing the possible presence of an association between NOS1AP polymorphism

and primary VF. Our preliminary data do not suggest that this correlation is present.

3.2.2 Genome-Wide Approach

As second step we performed a genome-wide association study in 576 subjects. The

results of quality control have led to the elimination of genotyped 29 individuals,

obtaining a final sample of 547 subjects of which 210 are cases and 337 are controls.

A total of 630,709 SNPs have passed the quality control and were therefore used for

the analysis of association performed by the software Plink.

The genome-wide association study performed in the AGNES study showed a

statistically significant association to VF at 21q21 (rs2824292, OR 1.78; 95 % CI:

1.47–2.13; P ¼ 3.3 � 10�10) [26]. The closest gene to this SNP is CXADR, which

encodes a viral receptor previously implicated in myocarditis and dilated cardio-

myopathy [27, 28] and which has been also identified as a modulator of cardiac

conduction [29, 30]. However, our preliminary analysis did not confirm so far this

strong association.

PREDESTINATION: Genetic Basis 93



3.3 Conclusions

The preliminary data from the ongoing case–control study PREDESTINATION

suggest that some clinical characteristics such as hypokalemia and prolonged QT

interval may favor the occurrence of ventricular fibrillation during acute

myocardial infarction. Furthermore the findings so far are in good agreement with

the concept that primary ventricular fibrillation may have a familiar basis. The

genetic analysis is also only preliminary but has provided some interesting

suggestions. Completion of the analysis and combination of the data with the

similar study AGNES will reveal whether indeed new markers for an increased

likelihood of ventricular fibrillation during myocardial infarction will become

available and will increase our understanding of the pathophysiology of sudden

cardiac death.
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MicroRNAs and Tissue Response to Acute

Ischemia

Pasquale Fasanaro and Fabio Martelli

Abstract MicroRNAs (miRNAs) are 21–23-nucleotide non-protein-coding

RNA molecules that act as negative regulators of gene expression, modulating

the stability and/or the translational efficiency of target messenger RNAs. This

chapter describes miRNA regulation and function in tissue response to acute

ischemia, focusing on miRNAs role in acute myocardial infarction. The role played

by specific miRNAs in the regulation of apoptosis, fibrosis, regeneration, and

myocardial arrhythmias is illustrated. Examples of the miRNA involvement in

noncardiac ischemia are also included. The identification of specific miRNAs as

key regulators of the response to ischemia has opened new clinical avenues.

miRNAs may constitute excellent noninvasive disease biomarkers. Furthermore,

innovative strategies targeting miRNAs, aimed at reducing the levels of pathogenic

or aberrantly expressed miRNAs or to elevate the levels of miRNAs with beneficial

functions, have been developed and could be applied in the treatment of ischemic

diseases. The efficacy of these strategies is confirmed by two paradigmatic reports

in which miRNAs have been targeted to improve cardiac function in preclinical

models of myocardial infarction. Specifically, miR-210 upregulation and miR-15

inhibition can both protect against cardiac injury and rescue cardiac function after

myocardial infarction.
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1 MicroRNAs

MicroRNAs (miRNAs) are 21–23-nucleotide non-protein-coding RNA molecules

that act as negative regulators of gene expression, modulating the translational

efficiency and/or the stability of target messenger RNAs [1–3]. After the discovery

of the first two miRNAs, lin-4 and let-7, that control key steps in Caenorhabditis

elegans development, hundreds of miRNAs have been identified by molecular

cloning and bioinformatics approaches. miRNA activity is involved in the control

of a wide range of biological functions and processes, such as development,

differentiation, metabolism, growth, proliferation, and apoptosis [4]. While most

authors observed a repressive role of miRNAs, few opposite examples have been

described as well [5]. To date, more than 2,000 human miRNAs have been cloned,

and the progressive improvement of target prediction tools indicates an ever-

increasing portion of protein-coding genes as miRNA controlled. Different tissues

and physiological conditions are each associated to a specific pattern of miRNA

expression (miRNA signatures), and altered miRNA signatures have been

associated to specific diseases. Bartel’s group estimated that more than 45,000

miRNA target sites within human 30UTRs display higher conservation than

expected for randomly selected sequences and that more than 60 % of human

protein-coding genes have been under selective pressure to maintain pairing to

miRNAs [6]. In this scenario, it may prove difficult to find a biological process or

function that is not at least in certain aspects under the influence of miRNAs.

Moreover, considering that a single miRNA may target multiple transcripts and

that individual transcripts may be subject to regulation by multiple miRNAs, the

complexity of the scenario of miRNA-dependent regulation of gene expression is

constantly rising.

1.1 miRNA Biogenesis

miRNA genes can be expressed as independent transcripts, can be included in

polycistronic transcripts that often encode multiple miRNAs, or can be embedded

in the introns of protein-coding genes. The biogenesis of an miRNA (Fig. 1) begins

with a primary transcript, termed the pri-miRNA, generally transcribed by RNA

polymerase II, albeit certain miRNAs are RNA polymerase III transcribed (see

[2, 7, 8] for extensive reviews on regulation of microRNA biogenesis, function, and

decay). The pri-miRNA, which may be thousands of nucleotides long, contains the

active miRNA in a stem–loop structure. This hairpin undergoes nuclear cleavage by

the ribonuclease III Drosha complexed to the RNA-binding protein DGCR8/Pasha

to generate a 70–100 nucleotide hairpin-shaped pre-miRNA. It is worth noting that

most intronic miRNAs can be processed from unspliced intronic regions before

splicing catalysis; however, there is a subset of intronic miRNAs, named mirtrons,

that enters in the miRNA-processing pathway without Drosha-mediated cleavage
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[9]. The pre-miRNA is transported to the cytoplasm by the nuclear export factor

Exportin-5 (Xpo-5) and further processed by the ribonuclease III Dicer, complexed

to TRBP (TAR RNA-binding protein), to form the mature 22-nt miRNA:miRNA*

duplex. The complementary strand miRNA* is typically degraded, while the

mature single-stranded form is incorporated into the RNA-induced silencing com-

plex (RISC).

1.2 miRNA Mechanisms of Action

With few exceptions, metazoan miRNAs base pair with their targets imperfectly

and induce translation inhibition. Mature miRNAs, loaded into the RISC, mediate

the translational inhibition of target mRNA through several different mechanisms

[10]. The RISC blocks the translation initiation at the mRNA-cap-recognition step,

by competition with the cytoplasmic cap-binding protein eIF4E (eukaryotic trans-

lation initiation factor 4E), which is essential for cap-dependent translation

Fig. 1 miRNA biogenesis. miRNAs are expressed independently, included in polycistronic

transcripts or embedded in the introns of mRNAs. The pri-miRNA is cleaved in the nucleus by

the complex Drosha/DGCR8 to generate a 70–100 nucleotide long hairpin-shaped pre-miRNA.

Some intronic pri-miRNAs enter in the miRNA-processing pathway without Drosha-mediated

cleavage. The pre-miRNA is shuttled to the cytoplasm by Exportin 5 (Xpo-5) and further

processed by the ribonuclease III Dicer, complexed to TRBP (TAR RNA-binding protein),

forming the mature 22-nt miRNA:miRNA* duplex. While the strand miRNA* is typically

degraded, the mature single-stranded miRNA is incorporated into the RISC complex
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initiation. Furthermore, it has been shown that the RISC component Argonaute

2 (Ago2) binds the anti-association factor eIF6, preventing the assembly of the

ribosome. Besides these active inhibitory mechanisms, RISC–miRNA complexes

can move the mRNAs they bind to the “P-bodies,” specialized cytoplasmic

compartments enriched in mRNA-catabolizing enzymes, where translational

repression may occur [11]. Since P-bodies contain many enzymes involved in

exonucleolytic mRNA degradation, miRNAs could also have a secondary quanti-

tative inhibitory effect on mRNAs.

The identification of miRNA targets is crucial to elucidate the function of

miRNAs. The rules that guide miRNA/mRNA interactions are very complex and

still under intense investigation [12]. The current paradigm states that a

Watson–Crick pairing between the 30UTR region of the target mRNA and the 50

region of the miRNA centered on nucleotides 2–7, termed “seed sequence,” is

required for miRNA-mediated inhibition. However, due to the complexity of the

miRNA-target interactions, the identification of miRNA targets has proven compu-

tationally difficult. Several target prediction algorithms have been developed, but

they show a poor overlap between their outputs, suggesting that there are a number

of false-negative and most likely also false-positive predictions. To overcome these

difficulties, experimental approaches, based on the biochemical purification of the

RISC complex and on the identification of the associated mRNAs and miRNAs,

have been undertaken [13]. The results revealed that also noncanonical miRNA

binding can confer target regulation, confirming that the complexity of miRNA

activity is far from being elucidated [14, 15].

1.3 miRNAs as Biomarkers and Therapeutic Targets

The identification of specific miRNAs as key regulators of cell biology has opened

new clinical avenues and may allow to develop new diagnostic and/or prognostic

tools as much as innovative therapeutic strategies [2, 16, 17]. There is a great

potential of exploiting miRNAs for therapeutic purposes, and recent evidence

suggests that miRNAs may constitute excellent disease biomarkers. Profiles com-

posed of few hundred miRNAs are more effective in cancer classification than

profiles composed of thousands of mRNAs and may be particularly useful when the

histopathological analysis is not informative. miRNAs also have a prognostic

significance, identifying differential chemotherapy response and survival. Indeed,

miRNA-based diagnostic assays have been already developed and approved for

certain neoplastic diseases (rosettagenomics.com; asuragen.com). One important

criterion for a disease biomarker is the invasive nature of sample procurement.

miRNAs have been consistently detected in serum, plasma, and other bodily fluids,

and specific miRNA patterns have been associated to pregnancy and to certain

diseases [18, 19]. The potential diagnostic/prognostic value of miRNAs in the

cardiovascular field has only begun to be investigated, but data obtained so far

indicate that their use may not be limited to cancer [2, 20]. Indeed, plasma
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concentrations of cardiac-specific miR-208 increases in a rat model of

isoproterenol-induced myocardial injury, correlating with the concentration of

cardiac troponin I, a classic biomarker of myocardial injury [21]. Circulating

miR-208 was proposed as biomarker of acute myocardial infarction, as well

as miR-1 and miR-499 [20]. Furthermore, it was demonstrated that miR-423-5p,

miR-320a, miR-22, and miR-92b are strongly related to the clinical diagnosis of

heart failure and correlate with important clinical prognostic parameters [22]. Thus,

these miRNAs may represent novel biomarkers of cardiac damage.

As therapeutic targets for cardiovascular diseases, miRNAs could be considered

a major breakthrough for at least two reasons: (1) a single miRNA can regulate

many target genes and influence a whole gene network, and (2) miRNAs can be

efficiently modulated both in vitro and in vivo. miRNAs can be targeted by several

tools [2, 17], aiming to reduce the levels of pathogenic or aberrantly expressed

miRNAs or to elevate the levels of miRNAs with beneficial functions.

Potential challenges for miRNA therapeutics include the efficiency of the deliv-

ery system and its ability to selectively target specific organs and different cell types

in the same organ. An example of the relevance of the latter issue is provided by the

heart, where fibroblasts or cardiomyocytes targeting can lead to completely differ-

ent functional outcomes.

The viability of miRNAs as therapeutic targets is confirmed by the fact that a

phase 2a clinical trial adopting an anti-miRNA has been completed successfully

(NCT01200420). In this case, an LNA-based anti-miRNA targeting a liver-specific

miRNA, miR-122, is being developed as a hepatitis C therapy. However, since

miR-122 also modulates plasma cholesterol levels [23, 24], it may also have

important applications in the cardiovascular arena. This trial showed that the

adopted LNA anti-miRNA was safe and well tolerated, with patients displaying

only mild adverse events. No dose-limiting toxicities or any discontinuations due to

adverse events were reported. Moreover, LNA treatment was associated with dose-

dependent, sustained reductions in hepatitis C RNA. Albeit many more clinical

studies are needed, this first set of trials indicates that miRNA inhibitors could

become an important new class of drugs.

Finally, although the clinical efficacy of miRNA mimics has not yet been

demonstrated, this approach represents an attractive means of enhancing miRNA

levels for those that are downregulated during disease. For instance, a recent

preclinical study demonstrated the efficacy of the systemic delivery of tumor

suppressor miRNA mimics in the treatment of lung tumors in mice [25].

2 miRNAs and Ischemic Diseases

Ischemia induces profound changes in miRNA expression [2]. First, we will focus

our attention on miRNAs that have been found deregulated upon ischemia in

different studies: these may represent “master ischemic” miRNAs, playing a path-

ogenetic role in one of the different components of tissue response to ischemia, such
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as hypoxia and angiogenesis (see [26–30] for extensive reviews). Then, two reports

in which miRNAs have been targeted to improve cardiac function in preclinical

models of myocardial infarction will be described in detail [31, 32], indicating a

paradigm of potential of therapeutic strategies based on miRNA targeting.

Table 1 contains an overview of ischemia-related miRNAs with relevant target

genes and the relative references.

2.1 Acute Myocardial Infarction

Myocardial ischemic injury results from severe impairment of the coronary blood

supply usually produced by thrombosis or other acute alterations of coronary

atherosclerotic plaques. The onset of irreversible injury begins after about

20–30 min, and most myocardial infarcts are usually completed within about

3–4 h of onset of severe ischemia. With loss of oxygen, mitochondrial oxidative

phosphorylation rapidly stops, with a resulting loss of the major source of ATP

production for energy metabolism. Established myocardial infarcts have distinct

central and peripheral zones, and the severity of the injury reflects the gradient of

perfusion deficit from the center to the periphery of the ischemic zone [33]. miRNAs

regulate different aspects of myocardial infarction (MI) that will be discussed in the

following sections [2, 34–37].

Cell Survival Muscle-specific miR-1 has been shown to elicit pro-apoptotic

responses in cardiomyocytes as well in other cellular systems [38]. In keeping

with these results, miR-1 was found upregulated in response to ischemia/reperfu-

sion (I/R) injury in rat heart and in a rat model of MI [39–41]. Indeed, miR-1 is

involved in apoptotic cell death induced by cardiac ischemia through the posttran-

scriptional repression of the anti-apoptotic proteins Bcl2 and IGF-1 [40, 41]. Con-

versely, miR-320 expression is significantly decreased in the heart following I/R,

both in vivo and ex vivo [42]. Transgenic mice with cardiac-specific overexpression

of miR-320 revealed an increased extent of apoptosis and infarction size relative to

the wild-type controls, whereas anti-miR-320 treatment leads to a reduction of

infarction size. The pro-apoptotic role of miR-320 is mediated by the direct inhibi-

tion of Hsp20, a known cardioprotective protein previously found upregulated

following MI [43]. Among the miRNAs involved in the regulation of cell survival,

miR-21 has been shown to play a protective function on cell apoptosis induced after

MI in rat hearts [44]. In the early phase of acute MI, miR-21 is significantly

downregulated in infarcted areas, whereas its expression is increased in the border

zone. The protective effect of miR-21 against ischemia-induced cardiomyocyte

death is mediated, at least in part, by the pro-apoptotic targets programmed cell

death 4 (PDCD4) and activator protein 1 (AP-1), and it is confirmed in vivo by

decreased cell apoptosis in infarcted hearts after miR-21 overexpression [44].

Arrhythmia Arrhythmias are electrical alterations that result in irregular heart

beating with consequent insufficient blood pumping. Arrhythmias are often lethal
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and constitute a major cause for cardiac death in MI. As pointed out in the previous

section, miR-1 is upregulated following acute MI [40, 41]. The blockade of miR-1

relieves MI-associated arrhythmias. Indeed, miR-1 overexpression slowed cardiac

conduction and depolarized the cytoplasmic membrane, constituting a likely

arrhythmogenic cellular mechanism of miR-1. In keeping with an arrhythmogenic

role of miR-1 deregulation, connexin 43 (GJA1) and the potassium channel subunit

Kir2.1 (KCNJ2) are direct miR-1 targets.

Fibrosis and Remodeling miR-21 was markedly induced and specifically

localized in the infarct region of the I/R heart [45]. PTEN is a miR-21 target and

following myocardial I/R, miR-21 induction in cardiac fibroblasts inhibits PTEN

and leads to an increase of matrix metalloprotease-2, contributing to the cardiac

remodeling. In keeping with these findings, miR-21 levels are also selectively

increased in fibroblasts of the failing heart, upregulating ERK–MAP kinase activity

through inhibition of sprouty homologue 1 [46]. This mechanism regulates fibro-

blast survival and growth factor secretion, in turn controlling the interstitial fibrosis

and cardiac hypertrophy. The expression of miR-29b was found preferentially

downregulated in cardiac fibroblasts in the border zone after the occlusion of the

left coronary artery [47]. miR-29 family targets multiple mRNAs that encode

proteins involved in fibrosis, which is consistent with the experimental correlation

between miR-29 downregulation and upregulation of multiple collagens and

fibrillin in the infarcted region.

Neo-angiogenesis miR-92a is an endogenous repressor of the angiogenic program

in endothelial cells [48]. Moreover, miR-92a inhibition enhances the functional

recovery of ischemic tissue both in a mouse model of hind-limb ischemia and

following MI. Indeed, miR-92a inhibition improved LV systolic and diastolic

function in infarcted hearts, reduced the infarct size, suppressed the number of

apoptotic cells, and significantly augmented the number of vessels, particularly in

the infarct border zone [48]. In keeping with its pivotal role in angiogenesis [30],

miR-126 null mice show reduced survival and defective cardiac and hind-limb

neovascularization following ischemia, suggesting a critical function of miR-126 in

postischemic neo-angiogenesis [30, 49].

2.2 Other Ischemic Diseases

MiRNAs seem to play an important role in peripheral ischemia. After injury,

skeletal muscle undergoes a distinct set of healing phases, consisting of necrosis/

degeneration and inflammation in the first few days, regeneration/repair from 2–4

weeks, and fibrosis/scar-tissue formation at 2 or 3 weeks post-injury [50, 51]. Dam-

age, as much as the ensuing regeneration, involves both the vascular and the

muscular compartments. After ischemia, a potent neo-angiogenic response is

activated, including both capillary sprouting and endothelial progenitor cells

recruitment. Myofiber regeneration involves mainly a population of specialized
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progenitors named satellite cells. Stimulated by several growth factors, these cells

become activated, proliferate, and differentiate into multinucleated myotubes and

eventually into regenerated myofibers [52]. A subset of miRNAs modulated in a

mouse model of hind-limb ischemia was identified [53]. Based on the cell types that

express them and on their time of induction after ischemia, these miRNAs can be

divided in three classes: degeneration (miR-1, miR-29, miR-135), regeneration

(miR-31, miR-34c, miR-206, miR-335, miR-449 and miR-494), and inflammatory

(miR 222 and miR-223). Intriguingly, these miRNAs were also modulated in

Duchenne muscle dystrophy, a disease characterized by intense skeletal muscle

necrosis, regeneration, and enhanced arteriogenesis [54].

Brain transient focal ischemia induces extensive and sustained changes in rat

cerebral microRNA expression [55]. Specifically, in situ hybridization displays

increased miR-145 levels in the ischemic core. One relevant target of miR-145

is superoxide dismutase-2 (Sod2), a crucial component of the antioxidant defense

mechanisms thatmight promote cell survival after ischemia. Indeed,miR-145 blockade

was associated with increased Sod2 levels and smaller cortical infarcts [55].

Hepatic I/R injury is a common problem which occurs in major liver resection

and transplantation, which subsequently causes significant parenchymal hepatocyte

injury and organ dysfunction [56]. It was recently demonstrated that miR-223

correlates with the severity of hepatic injury, showing the same modulation of

ALT and AST, serum markers of injury [57].

Finally, certain miRNAs regulate neo-angiogenesis associated to retinal ische-

mia. In a mouse model of ischemic retina, miR-31, miR-150, and miR-184 are

down-modulated [58]. Intraocular injection of pre-miR-31, pre-miR-150, or

pre-miR-184 significantly reduced retinal neovascularization in mice with ischemic

retinopathy, suggesting that the deregulation in these miRNAs may contribute,

along with transcriptional regulation mechanisms, to the disease phenotype.

2.3 miR-210 Treatment Can Rescue Cardiac Function After
Myocardial Infarction

miR-210 can be considered a master miRNA of the hypoxic response [27]. It has

been found upregulated by hypoxia in almost all the cells and tissues tested to date;

it is upregulated upon brain transient focal ischemia in rats, after human myocardial

infarction, and was proposed as a blood biomarker in acute cerebral ischemia.

miR-210 is the most induced miRNA in endothelial cells (EC) exposed to hypoxia

[59, 60]. miR-210 activity increases EC tubulogenesis and migration, whereas

miR-210 blockade in the presence of hypoxia inhibits these processes and induces

apoptosis. These effects are mediated, at least in part, by the direct inhibition of the

receptor tyrosine kinase ligand Ephrin-A3. Other miR-210 targets have been

identified, indicating the miR-210 role in cell cycle regulation, differentiation,

mitochondrial metabolism repression, DNA repair, and apoptosis [27, 61]. Since
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miR-210 pro-angiogenic and anti-apoptotic activities play an integral role in endo-

thelial cell adaptation to hypoxia, it was hypothesized that miR-210 treatment could

improve cardiac function after MI through upregulation of angiogenesis and inhi-

bition of cellular apoptosis in the heart [31]. First, miR-210 was transduced in

cardiomyocytes cultured in vitro, demonstrating that miR-210 induced the release

of several angiogenic factors. Moreover, miR-210-overexpressing cardiomyocytes

showed low levels of apoptosis following hypoxia when compared to control cells.

Then, to examine whether miR-210 delivery could improve cardiac function after

MI, nonviral minicircles were used to carry a miR-210 expression cassette. As

novel nonviral vectors, minicircles lack both an origin of replication and the

antibiotic selection marker, carrying only short bacterial sequences. Their smaller

size confers greater transfection efficiency and the lack of bacterial backbone

creates less immunogenicity and longer transgene expression [62]. Using

minicircles vectors, miR-210 expression was stable for at least 8 weeks in the

animal heart.

To examine whether miR-210 improved cardiac function, adult FVB mice

underwent ligation of the mid-left anterior descending (LAD) artery and were

injected intramyocardially with miR-210 or a scramble sequence as control. Echo-

cardiography was performed before as well as 2, 4, and 8 weeks after LAD ligation.

The miR-210 group displayed significantly higher left ventricular fractional

shortening at week 4. Left ventricular end-diastolic volume and end-systolic vol-

ume in the miR-210 group were significantly lower than control group, suggesting a

more favorable left ventricular remodeling process after miR-210 treatment. At

8 weeks, echocardiography showed a significant improvement of left ventricular

fractional shortening upon miR-210 treatment. Histological analysis confirmed

decreased cellular apoptosis and increased neovascularization in the miR-210

group after MI. In conclusion, the authors found that miR-210 can improve heart

function by upregulating angiogenesis and inhibiting apoptosis. This approach

shows that miR-210 delivery through nonviral minicircle may work as a novel

therapeutic avenue for treatment of ischemic heart disease.

2.4 Inhibition of miR-15 Protects Against Cardiac
Ischemic Injury

The miR-15 family consists of multiple miRNAs (miR-15a, miR-15b, miR-16-1,

miR-16-2, miR-195, and miR-497) and is consistently upregulated in different heart

diseases [63]. These miRNAs are predicted to influence cardiomyocyte survival by

regulating the expression of several pro-survival proteins. Thus, Hullinger et al.

hypothesized that elevated levels of miR-15 family members in response to ische-

mic injury might contribute to a decrease in viable cardiomyocytes. Specifically,

they asked if the pharmacological inhibition of miR-15 family can protect against

cardiac ischemic injury [32]. To this aim, they used LNA chemically modified,
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single-stranded oligonucleotides (LNA anti-miR) that have been shown to effec-

tively inactivate specific miRNAs in vivo through complementary base pairing

[2]. In particular, the LNA-anti-miR used exhibited complementarity to the seed

region that is common to the whole miR-15 family. Thus, the systemic delivery of

this LNA-anti-miR repressed all miR-15 family members, in both murine and

porcine cardiac tissues. Reassuringly, the injected animals showed no evidence of

LNA-associated toxicity or histopathologic abnormalities in the heart, liver, or

kidneys. Then, the functional relevance of miR-15 family inhibition during

ischemia–reperfusion injury was tested. MI was induced in mice by 75 min of

left coronary artery occlusion, followed by reperfusion for either 24 h or 2 weeks;

LNA-anti-miR-15, or controls, were injected intravenously at the onset of reperfu-

sion. As expected, hemodynamic analysis showed a significant increase in LV

end-diastolic pressure in the control group after 24 h of reperfusion. This increase

was prevented by LNA-anti-miR-15 treatment, and miR-15-inhibited mice

displayed a significant decrease of the infarct size. Microarray analysis of infracted

hearts indicated an overrepresentation of negative regulators of cell death in the

LNA-anti-miR-15-treated group. Functional analysis by echocardiography 2 weeks

after induction of the ischemic injury indicated that LNA-anti-miR-15 treatment

resulted in a significant improvement of the ejection fraction, paralleled by a

decrease of cardiac fibrosis.

Taken together, these data demonstrated that the LNA-anti-miR-15 treatment is

able to reduce infarct size, to inhibit cardiac remodeling, and to enhance cardiac

function in response to ischemic damage. These events are likely to be, at least in

part, due to a derepression of anti-apoptotic genes in response to miR-15 inhibition.

3 Conclusions

The reports illustrated were chosen as paradigm to represent the ongoing efforts

toward the optimization of miRNA-based therapies, aimed to the identification of

therapeutic target for the manipulation of cardiac remodeling and function

following MI.

We are just starting to understand the role of miRNAs in gene expression

regulation and the molecular mechanisms underpinning their functions.

Investigating miRNAs expression and function will increase our understanding of

the molecular mechanisms activated by acute ischemia and regulating the

subsequent degenerative and regenerative processes.
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The Role of Cardiac Magnetic Resonance

in Selecting Patients with Left Ventricular

Dysfunction Undergoing Surgical

Ventricular Reconstruction

Serenella Castelvecchio and Lorenzo Menicanti

Abstract Surgical ventricular reconstruction (SVR) has gained wide acceptance

over the past 10 years as a surgical treatment for ischemic heart failure. However,

data from the largest randomized trial have questioned the real additional benefit of

SVR in respect of coronary artery bypass grafting (CABG) alone, outlining the need

to improve patient selection. To this aim, we investigated the role of cardiac

magnetic resonance (CMR) in characterizing the extent of myocardial fibrosis

and its prognostic value in patients affected by ischemic cardiomyopathy (ICM).

Twenty-five patients (mean age 68 � 8 years) affected by ICM, a left ventricle

ejection fraction (EF) < 40 %, and referred for CABG underwent late gadolinium
enhancement (LGE)-CMR before and 6 months after surgery and were included in

Group 1. Forty patients (mean age 65 � 10 years) affected by ICM, a left ventricle

EF < 40 %, and referred for CABG plus SVR underwent the same protocol and

were included in Group 2. In Group 1, patients showed a high percentage of viable

myocardium, a percentage of recoverable myocardium higher than 50 %, and a low

percentage of hyperenhanced tissue, indicating a low degree of fibrosis. At

6 months, end-diastolic volume index (EDVI) decreased by 23 %, end-systolic

volume index (ESVI) decreased by 38 %, and ejection fraction (EF) increased by

13 absolute points. Conversely, in Group 2, a lower percentage of viable tissue and

a higher percentage of hyperenhanced tissue identified patients with more dilated

ventricles and lower EF. At the multivariate analysis, only the percentage of scar
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tissue at the basal portion has been resulted to be significantly associated with an

adverse outcome (P ¼ 0.04, OR 1.26, 95 % CI 1.01–1.58) in Group 2.

In patients affected by ICM and LV dysfunction, the myocardial tissue charac-

terization by LGE–CMR might be useful in predicting the postoperative adverse

outcome after SVR.

1 Introduction

Despite many breakthroughs in cardiovascular medicine, myocardial infarction

(MI) and heart failure (HF) are still among the most major public health challenges

in the developed countries. HF is associated with ischemic heart disease (“ischemic

cardiomyopathy” [ICM]) in a percentage of patients ranging from 46 to 68 %

[1]. Research has been very effective in delivering major advances in therapy of

ischemic HF patients, including drugs, device therapy, and surgery. However,

despite advances in different therapeutic strategies, the prognosis for patients

with chronic ischemic HF remains poor and determining the best management is

challenging.

Surgical ventricular reconstruction (SVR) combined with coronary artery bypass

grafting (CABG) has gained wide acceptance over the past 10 years as an optional

therapeutic strategy aimed to reduce LV volumes through the exclusion of the scar

tissue (Fig. 1), thereby restoring the physiological volume and shape and improving

LV function and clinical status [2, 3]. However, the most recent released results

from the STICH trial have called into question the additional benefit either of

CABG over medical therapy or of CABG plus LVR in patients affected by ischemic

heart failure and LV dysfunction, suggesting the need to improve patient selection

[4]. To this aim, it is reasonable to hypothesize that noninvasive assessment of

myocardium in patients with ICM can guide treatment.

Cardiac magnetic resonance (CMR) is increasingly being used for the noninva-

sive imaging of the HF population, and it is nowadays the gold standard imaging

technique to assess myocardial anatomy, regional and global function, and the

extension of the scar [5]. A basic CMR protocol includes the assessment of LV

volumes and global and regional function based on contiguous short-axis cine

images. The greatest usefulness of CMR is in the detection of myocardial scar

with late gadolinium enhancement (LGE). LGE imaging visualizes irreversible

damage (myocardial scar or fibrosis) due to an accumulation of contrast agent in

areas with increased extracellular space. In LGE images, viable myocardium

appears dark, whereas necrotic or fibrotic myocardial tissue appears bright

(Fig. 2). LGE has unprecedented spatial resolution and can determine the

transmural extent of scar, which is not possible with other imaging modalities. At

the same time, CMR offers the opportunity to assess thickness and function of the

remaining nonenhanced viable myocardial tissue (“the remote regions”), which

may be hibernating (ischemic but viable myocardium likely for functional

recovering after CABG) or nonischemic but dysfunctional because of the high
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local tension that reduces shortening and likely for functional improvement after

volume reduction obtained through LVR, as previously demonstrated. Commer-

cially available software dedicated to LV analysis now provides a semiautomated

assessment of thickening, global and regional function, and the percentage and

extension of scarred tissue, which can potentially be combined in predicting

myocardial viability without a need for pharmacologic stress (“integrated

approach”).

In this study, we sought to investigate the role of LGE–CMR in characterizing

the extent of myocardial fibrosis and its prognostic value in patients affected by

ischemic cardiomyopathy (ICM).

2 Population and Methods

For inclusion in the study, patients were required to have the following (a) a

previous myocardial infarction (MI), either Q or non-Q; (b) coronary artery disease

confirmed by a coronary angiography; (c) congestive heart failure symptoms; and

(d) LV ejection fraction (EF) < 40 % preoperatively.

Patients who had acute MI within 3 months and LVEF > 40 % at the baseline

echocardiography were excluded from the study. Further exclusion criteria

included standard contraindications to CMR imaging. Baseline echocardiography

Fig. 1 The LVR procedure (schematic). Upper panel: The mannequin is inside the ventricle (on

the left); the circular suture follows the curvature of the mannequin to reshape the ventricle in

elliptical way (on the right). Lower panel: The patch is used to close the ventricular opening
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was firstly performed in all patients for assessment of left ventricular function and

wall motion. The choice of adding SVR to CABG alone was performed according

to the presence of anterior akinesia or dyskinesia of the left ventricle amenable to

surgical ventricular reconstruction. Therefore, the study population was divided in

two groups according to the surgical treatment. Twenty-five patients (23 males,

aged 68 � 8 years) affected by ICM and selected for CABG underwent CMR

before and 6 months after surgery and were included in Group 1. Forty patients

(38 males, aged 65 � 10 years) affected by ICM and selected for CABG plus LVR

underwent the same protocol and were included in Group 2 (Fig. 3).

2.1 CMR Protocol and Image Analysis

We used a 1.5-T unit with 40-mT/m gradient power (Magnetom Sonata, Siemens,

Erlangen, Germany) and a four-channel cardiothoracic coil. The same protocol was

used before and after surgery. Electrocardiographically triggered short-axis, four

Fig. 2 Contrast-enhanced cardiac MR imaging. Images have been acquired in a patient after a

large myocardial infarction in the left anterior descending artery territory. After gadolinium

administration, late gadolinium enhancement indicates a scar in the anterior wall and in the apex

Fig. 3 MVR mitral valve repair,MVRep mitral valve replacement, ACS acute coronary syndrome
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chamber, and long-axis images were obtained with a true fast imaging with steady-

state free precession (FISP) sequence acquired with the following technical

parameters: TR/TE ¼ 4.5/1.5 ms, temporal resolution 47 ms, FA ¼ 80�, thickness
7 mm, and pixel size from 3.5 to 3.9 mm2. Each patient was intravenously

administered with 0.1 mmol/kg of gadobenate dimeglumine (Gd-BOPTA,

MultiHance®, Bracco Imaging SpA, Milano, Italy) at a rate of 2–3 ml/s, followed

by 20 ml of saline solution at the same rate using an automated power injector

(Spectris, Medrad, Indianola, PA, USA). After 10 min from contrast material

injection, inversion-recovery-prepared turbo gradient-echo (fast low-angle shot)

multi-slice short-axis, four chamber, and long-axis sequences were acquired with

the following technical parameters: TR/TE ¼ 4/1.37 ms, temporal resolution

700 ms, FA ¼ 10�, thickness 5 mm, and pixel size from 4.5 to 5.1 mm2. The

inversion time was individually optimized between 220 and 280 ms. Optimization

of the inversion time was assessed by scout images captured at various time points

and choosing those which provided the best nulling effect. The images were

subsequently analyzed using an integrating imaging system (COMPASS, Chase
Medical, Richardson, TX). Cine images were segmented semiautomatically by a

reader with 3 years of experience in CMR to obtain ejection fraction (EF),

end-diastolic volume (EDV) normalized to body surface area (EDV index,

EDVI), and end-systolic volume index (ESVI) of the LV before and after SVR.

The same observer analyzed the LGE spatial distribution globally and regionally

(according to the 17-segment model to standardize LV segmentation) at the basal,

mid, and apical LV, with the aim to examine its distribution between the two groups

and the impact on postoperative outcome (Figs. 4 and 5).

3 Results

In Group 1, patients showed a high percentage of viable myocardium, a percentage

of recoverable myocardium higher than 50 %, and a low percentage of

hyperenhanced tissue, indicating a low degree of fibrosis (percentage of scarred

tissue) (Fig. 6, left panel). At 6 months, end-diastolic volume index (EDVI)

decreased by 23 %, end-systolic volume index (ESVI) decreased by 38 %, and

ejection fraction (EF) increased by 13 absolute points (hemodynamic results are

reported in Table 1). In Group 2, a lower percentage of viable tissue and a higher

percentage of hyperenhanced tissue (Fig. 6, right panel) identified patients with

more dilated ventricles and lower EF (Table 2 for comparison).

At follow-up, adverse events (AE) included two deaths for worsening of HF,

three hospitalizations for recurrence of HF, and one hospitalization for ventricular

tachycardia. At univariate analysis, preoperative EDVI, ESVI, and the percentage

of scar tissue at the basal portion of LV were predictors of poor outcome (defined as

the occurrence of the abovementioned AE) (Table 3). At the multivariate analysis,

only the percentage of scar tissue at the basal portion has been resulted to be

significantly predictor of adverse outcome (P ¼ 0.04, OR 1.26, 95 % CI

1.01–1.58).
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4 Discussion

This study shows that the detection and the extent of myocardial fibrosis as

evaluated by LGE–CMR might provide additional information including the fol-

lowing (a) firstly, a higher likelihood for functional recovery after CABG alone in

presence of a high percentage of viable myocardium and a low percentage of

hyperenhanced tissue and (b) the relevance of assessing the “remote regions”

where the detection of the scar may predict an adverse clinical outcome.

The prognostic value of myocardial viability was assessed in a series of retro-

spective and prospective nonrandomized which showed that the presence of viable

myocardium recognized with several noninvasive imaging techniques such as

ultrasound, nuclear perfusion techniques, and resonance magnetic correlates with

prognosis. Two meta-analysis, including a total of 5,305 patients with postischemic

left ventricular dysfunction undergoing dobutamine test or nuclear techniques,

confirmed the strong association between myocardial viability and improvement

Fig. 4 Analysis of cardiac function using COMPASS integrating system
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of survival after revascularization, while the absence of myocardial viability was

neutral, regardless of treatment either medical or surgical [6, 7]. However, the more

recent results from the STICH hypothesis 1 subgroup analysis showed that the

Fig. 5 Analysis of cardiac function using COMPASS integrating system
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Fig. 6 Viability parameters as observed in Group 1 (CABG only) and Group 2 (CABG plus SVR).

% Viable: percentage of viable tissue (mass); % recov: area of tissue potentially recoverable;

%HE: percentage of hyperenhanced tissue (mmass); %HE � 50 %: hyperenhanced tissue with a

percentage of transmurality � 50 %; %HE > 50 %: hyperenhanced tissue with a percentage of

transmurality > 50 %
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assessment of myocardial viability, using single-photon emission computed tomog-

raphy (SPECT), dobutamine echocardiography, or both did not allow to identify

patients with different benefits in terms of survival after CABG, as compared to

medical therapy alone [8]. Beside the fact that different techniques give different

information making the results difficult to be compared, CMR was not performed in

the STICH trial in both revascularization and reconstruction hypothesis patients.

Furthermore, while there are data in the literature supporting the basal portion of the

Table 1 Volumetric parameters before and after CABG alone (Group 1)

Preop Post-op change

EDVI (ml/m2) 114 � 24 (106) 88 � 26 (72) � 23 %

ESVI (ml/m2) 88 � 26 (72) 51 � 7 (41) � 38 %

EF (%) 29 � 13 (25) 42 � 14 (41) þ 13

EDVI end-diastolic volume index, ESVI end-systolic volume index, EF ejection fraction

Table 2 Comparison in baseline volumetric parameters between Groups 1 and 2

Group 1 Group 2

EDVI (ml/m2) 114 � 24 (106) 155 � 35 (135)

ESVI (ml/m2) 88 � 26 (72) 118 � 48 (108)

EF (%) 29 � 13 (25) 23 � 9 (21)

EDVI end-diastolic volume index; ESVI end-systolic volume index; EF ejection fraction

Table 3 Preoperative risk factors for adverse events

Univariate Multivariate

P value

P value

OR (95 % confidence interval)

Age 0.17

Gender, male 0.69

Diabetes 0.97

Hypertension 0.13

Hyperlipidemia 0.59

NHYA class 0.13

EDVI (ml/m2) 0.04 0.16

ESVI (ml/m2) 0.03 0.09

EF (%) 0.91

% of scar mass basal 0.009 0.04

1.26 (1.01–1.58)

% of scar mass midwall 0.06

% of scar mass apical 0.62

IM grade 0.88

E/A 0.80

DT (ms) 0.79

PAPs (mmHg) 0.54
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LV as an important component of the systolic function, no data are available

coming from CMR integrating imaging system of patients undergoing SVR. There-

fore, we believe that these results might be useful (a) to systematically follow up

patients after the first MI in order to better characterize the postischemic LV

remodeling and (b) to select those patients who could benefit from SVR at the

best for the presence of a scar to be excluded not involving the basal portion of LV.
Unfortunately, the exclusion of patients with pacemakers or devices for cardiac

resynchronization therapy and the potential reduction of image quality in patients

with significant arrhythmia or severe shortness of breath limit the use of CMR.

5 Conclusions

Although further studies, including a larger population, should be performed,

preoperative assessment of myocardial status on LGE–CMR might be useful to

predict functional recovery and adverse outcome after different surgical options,

and, most important, to select the best surgical therapy, from which the greatest

benefit can be expected.
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Chronic Kidney Disease in Acute Myocardial

Infarction: Clinical Relevance and Novel

Potential Fields of Investigation

Giancarlo Marenzi, Marina Camera, Cristina Banfi, Gualtiero Colombo,

Marta Brambilla, Maura Brioschi, and Elena Tremoli

Abstract In patients with acute coronary syndromes (ACS), chronic kidney dis-

ease (CKD) is highly prevalent and associated with poor short- and long-term

outcomes. Management of patients with CKD presenting with ACS is more com-

plex than in the general population because of the lack of well-designed

randomized trials assessing therapeutic strategies in such patients. The almost

uniform exclusion of patients with CKD from randomized studies evaluating new

targeted therapies for ACS, coupled with concerns about further deterioration of

renal function and therapy-related toxic effects, may explain the less frequent use of

proven medical therapies in this subgroup of high-risk patients. In this chapter, we

summarize the current evidence regarding the epidemiology and the clinical and

prognostic relevance of CKD in ACS patients, in particular with respect to unre-

solved issues and uncertainties regarding recommended medical therapies and

coronary revascularization strategies. Moreover, we suggest some novel promising

fields of investigation in order to identify adjunctive therapeutic targets and phar-

macological therapies that may favorably affect their otherwise poor prognosis.
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1 Introduction

Chronic kidney disease (CKD) is associated with accelerated atherogenesis, due to

the presence of both traditional and nontraditional (related to the underlying uremic

state) risk factors, and any degree of renal insufficiency portends a worsened

prognosis in patients with coronary artery disease [1, 2]. The adverse influence of

CKD has been also demonstrated in the setting of acute coronary syndromes (ACS)

[3–11]. Indeed, among ACS patients, CKD doubles mortality rates and is third only

to cardiogenic shock and congestive heart failure as a predictor of mortality

[12]. Antithrombotic agents and percutaneous coronary interventions (PCI) are

clearly emerging as the cornerstones of treatment patterns in patients presenting

with ACS [13]. Despite the increasing number of CKD patients with a broad range

of ACS at presentation, evidence-based data with established or newer drugs and

interventional strategies are still lacking in this population because CKD patients

have typically been excluded from randomized trials. Ideally, these are the patients

to whom recent therapeutic advances should be aggressively applied, in order to

minimize their increased risk. However, application of strategies for reducing

cardiovascular morbidity and mortality seem to be limited in CKD patients, when

compared to patients with normal renal function.

Chronic kidney disease is present in a substantial proportion of patients with

ACS; indeed, large registries report that almost 40 % of patients with non-ST-

elevation myocardial infarction (NSTEMI) and 30 % of those with ST-elevation

myocardial infarction (STEMI) have CKD, as defined by an estimated glomerular

filtration rate <60 ml/min/1.73 m2 [14, 15].

The currently high prevalence of CKD patients in the setting of ACS represents a

strong incentive to development of targeted strategies from well-designed research,

which will ultimately reduce the burden of risk in this population and achieve

improved outcomes. Recognition of the mechanisms associated with increased risk

of ACS patients with CKD is a critical challenge to better determine where to

concentrate the efforts in future trials and to validate novel and effective therapies

for these high-risk patients.

2 Prognostic Relevance of CKD in Acute Coronary

Syndromes

In ACS, CKD represents a potent and independent risk factor for adverse outcome.

Although the mechanisms underlying the poor prognosis of this vulnerable popula-

tion are not fully understood, it is conceivable that the interplay between extensive

comorbidities, more severe disease on presentation with ACS, underutilization of

known cardio-protective therapies, less aggressive treatment, more frequent errors

in dosing with excess toxicity from conventional therapies, and unique pathobiol-

ogy of CKD has a considerable role.

124 G. Marenzi et al.



The fundamental work of Herzog et al. [3] was the initial observation that

revealed the poor prognosis faced by patients with end-stage renal disease

(ESRD) who suffer from acute myocardial infarction. Using the US Renal Data

System database, the investigators examined the outcome of 34,189 patients on

long-term dialysis after a first episode of acute myocardial infarction and

documented an in-hospital mortality of 26 % and 1-year and 2-year mortality

rates of 59 % and 73 %, respectively. These observations were confirmed by

Chertow et al. [4] who reported a 30-day mortality rate of 20 % and a 1-year

mortality rate of 53 % after acute myocardial infarction in 640 patients with ESRD.

Beattie et al. [5] extended the investigation to patients with advanced renal dys-

function who were not on dialysis therapy. They analyzed a prospective coronary

care unit registry of 1,724 patients with STEMI admitted over an 8-year period at a

single tertiary care center. Patients were stratified into groups based on different

creatinine clearance (CrCl) values. A graded rise in in-hospital complications and

death rate, as well as a reduction in long-term survival, were observed across

increasing renal dysfunction strata. This study, as well as another one by

McCullough et al. [16], showed a similar graded increase in the relative risk of

atrial and ventricular arrhythmias, heart block, asystole, pulmonary congestion, and

cardiogenic shock in parallel with progressive renal impairment. Two following

large studies revealed the significant morbidity and mortality risk faced by STEMI

patients with even minor renal insufficiency [6, 7]. All these, as well as further

studies, like a Danish study evaluating 6,252 patients included in the TRACE

(TRAndolapril Cardiac Evaluation) register [17], and a recent large study, the

ACTION (Acute Coronary Treatment and Intervention Outcomes Network) regis-

try, including 19,029 STEMI patients [14], support the evidence of a strikingly high

mortality in STEMI patients with CKD.

Finally, in the VALIANT (Valsartan in Acute Myocardial Infarction Trial)

study, the outcome of CKD patients remained worse also after hospital discharge,

at a long-term (3 years) follow-up, despite an apparent optimal post-discharge

treatment (all patients received valsartan, captopril, or a combination of both)

[18]. These results suggest that even appropriate post-discharge therapy, given in

a timely manner, may not be sufficient to improve post-acute myocardial infarction

outcome in CKD population.

Several observational studies have found that also in the setting of NSTEMI

in-hospital outcomes and mid- to long-term mortality are worse among patients

with CKD [8, 9, 11, 19] (Fig. 1). The GRACE (Global Registry of Acute Coronary

Events) study, a large prospective multinational registry, including the full spec-

trum of patients with ACS, evaluated the prognostic impact of serum creatinine

(sCr) levels on in-hospital mortality and adverse outcomes in 11,774 NSTEMI

patients [8]. Patients were divided into three groups according to their estimated

CrCl values: >60 ml/min or normal renal function (including patients with mini-

mally impaired renal function), 30–60 ml/min or moderate renal insufficiency, and

<30 ml/min or severe renal insufficiency. In comparison with patients with normal

renal function, patients with moderate and severe renal insufficiency were at a

significantly increased risk of hospital mortality and major bleeding episodes
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(Fig. 1). Other studies have definitely confirmed the close association between CKD

and increased risk of death in patients with NSTE-ACS at presentation [10, 12, 20].

3 Treatment of Patients with ACS and CKD

Treatment of ACS in patients with CKD is particularly problematic. Traditionally,

patients with advanced CKD and ESRD receiving dialysis have not been included

in randomized ACS trials evaluating either medical or interventional therapies.

Thus, only scarce data deriving from limited observational studies are available,

and to date, no optimal treatment strategy has been defined for this subgroup of

patients. Doubts still exist on how CKD patients should be treated in the early phase

of STEMI and NSTEMI. In particular, there are concerns about the use of aggres-

sive reperfusion strategy (fibrinolytic therapy and primary PCI). Undoubtedly,

landmark megatrials have shown the benefit of thrombolytic agents and primary

PCI in reducing mortality in patients with STEMI. However, in most of these trials,

no subgroup analysis was performed in patients with CKD, and scarce data have

been published on the use of coronary reperfusion strategies in these patients. So,

despite the evidence of a clear benefit deriving from pharmacologic and mechanical

coronary reperfusion in STEMI, the best strategy for STEMI patients with CKD

remains elusive.

Fig. 1 Incidence of adverse events in patients with non-ST segment elevation myocardial

infarction/unstable angina (NSTEMI/UA) by glomerular filtration rate (GFR) groups: stroke,

in-hospital TIMI major bleeding, recurrent myocardial infarction (MI), and recurrent ischemia at

30 days. The number of patients within each subgroup is displayed at the bottom of each bar. GFR

is expressed in ml/min/1.73 m2 [11]
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As early coronary angiography and revascularization has been shown to be a

more effective strategy for high-risk patients with NSTE-ACS [13], a major issue in

CKD patients is the question as to whether renal insufficiency or the coronary

revascularization procedure (PCI or coronary bypass surgery) may be the cause of

their worsened hospital outcome. In most of the studies focusing on the prognostic

role of renal insufficiency, patients were more likely to be treated conservatively

with anti-ischemic and antithrombotic agents, while PCI was performed only in

patients with recurrent myocardial ischemia. Furthermore, in the studies in which

the advantage of an early invasive strategy was demonstrated [21–23], patients with

advanced CKD, as well as those with an increased risk of bleeding, were excluded.

With these limitations, a retrospective study examined the interaction between

CrCl, outcomes, and the use of an early invasive strategy in 2,190 patients with

NSTE-ACS enrolled in the TACTICS-TIMI 18 (Treat Angina with Aggrastat and

Determine Cost of Therapy with an Invasive or Conservative Strategy) trial

[19]. Irrespective of treatment strategy, mild to moderate decrease in renal function

was a potent risk factor for adverse outcome, with a concomitant increase in

endpoints such as death, acute myocardial infarction, and rehospitalization at

30 and 180 days. Routine invasive management, however, was associated with a

statistically significant reduction in the same end points, across most categories of

CKD, at the predictable price of a significant increase in major and minor bleeding.

Two recent large studies, the ACTION registry [14] and the SWEDEHEART

(Swedish Web-System for Enhancement and Development of Evidence-Based

Care in Heart Disease Evaluated According to Recommended Therapies) study

[24], including 30,462 and 23,262 NSTEMI patients, respectively, confirmed the

close association between CKD severity and increased in-hospital and 1-year

mortality rates. In particular, the SWEDEHEART study demonstrated a gradient

of progressively lower advantage from PCI vs. medical therapy with no advantage,

in terms of 1-year mortality, going from patients with normal renal function to

patients with increasing CKD severity, with no benefit at all for those with severe

(Stage IV) CKD [24]. The lack of overall benefit in this subset of patients is

possibly explained by a higher incidence of PCI-associated complications that

may overweight the advantage deriving from coronary revascularization. Indeed,

most post-PCI complications associated with poor short-term and long-term

outcomes, such as contrast-induced nephropathy [25], coronary stent thrombosis

and restenosis [26, 27], underlying coronary artery disease progression [1], and

bleedings [8] (Fig. 2), have been found to occur more frequently in CKD than in no

CKD patients.

Refinement of the antithrombotic strategies among CKD patients in ACS setting

is still a major and unmet need. The challenge is daunting because, on the one hand,

CKD is associated with prolongation of bleeding time and abnormal platelet

aggregation and adhesion, and on the other hand, a state of hypercoagulation has

been demonstrated with high levels of von Willebrand factor; fibrinogen; factors

VII, VIII, and XII; and enhanced thrombin generation [28]. The combination of

these alterations puts the patient with CKD at risk, simultaneously, for thrombosis

and hemorrhage. Thus, use of well-established antiplatelet drugs, such as aspirin
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and clopidogrel, should be weighed against bleeding risk in renal patients. Finally,

impaired renal clearance of many pharmacological agents may increase the proba-

bility of overdosing in patients with reduced renal function, further increasing their

bleeding risk [29].

4 Identification of Mechanisms Underlying the Increased

Risk of ACS Patients with CKD

As previously stated, increasing evidence indicates that individuals with CKD are

more likely to die of cardiovascular disease than to develop kidney failure and that

renal insufficiency represents the most important independent predictor of adverse

prognosis in most cardiovascular events, including ACS. The mechanisms linking

CKD to increased mortality risk in patients with ACS have not been completely

defined but are possibly associated with the presence of an abnormal pathologic

background, including platelets activation and coagulation processes, inflammatory

response, and cellular characteristics and functions. Indeed, renal insufficiency

associated to coronary artery disease often causes modifications in platelet function

and reactivity, influencing signal transduction pathways, which ultimately lead to

the thrombotic complications associated with the disease [30]. A better understand-

ing of the pathophysiology of platelet activation that occurs in CKD patients is

therefore mandatory in order to improve targeted interventions.

More recently, the development of technologies for whole genome sequencing,

proteomics, transcriptomics, and metabolomics will extend the analysis to a more

Fig. 2 Crude rates and adjusted odds ratios (OR) for in-hospital death by chronic kidney disease

(CKD) stages among patients presenting with STEMI and NSTEMI [14]
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complete range of potential susceptibility variants and will support more explicit

modeling of the joint effects of genes and environment. The availability of these

technologies does not diminish the importance of rigorous phenotyping and appro-

priate study designs in all the endeavors to understand the etiopathogenesis of

coronary artery disease but through the collaborative efforts at both bench and

bedside will have the potential to expand our understanding and translate

discoveries into clinically useful applications that will have a major impact on

public health.

4.1 Platelet Function Revisited

As far as the involvement of platelets is concerned, they play a pivotal role in the

pathogenesis and in the thrombotic complications of ACS and are nowadays

recognized to have also an important role in inflammation, being the source of

inflammatory mediators [31]. Activated platelets not only release preformed

proteins, but studies in the past few years have highlighted their biosynthetic

potential [32, 33].

Indeed, taking advantage of the technological progress and of the new

methodologies available, recent studies have completely changed our knowledge

of the functions and activities exerted by platelet not only in the intravascular

compartment but also in the extravascular milieu [34].

For a long time, platelets have been considered biological simple cells, with a

limited repertoire of responses, merely in charge of primary hemostasis. Recent

findings, however, indicate that they perform novel and complex activities, and

many of them are still to be discovered. Platelets have been considered not able to

express new gene products because they lack a nucleus; we know today that

platelets indeed retain an average of 3–7,000 of megakaryocyte-derived messenger

RNA (mRNA), which are used by the translational machinery for protein biosyn-

thesis [32]. Instead of being short-acting cells when organized into a clot, as it was

originally thought, platelets are long-lived and can mediate cell-cell interaction for

many hours after initial activation.

Taking advantage from these new findings in the platelet biology, the contribu-

tion of these cells in atherothrombosis has been deeply revised. By one hand,

platelets are no more considered key player only in thrombus formation occurring

upon plaque rupture but, by releasing a set of inflammatory mediators, they take

part since the early phases of development of the disease, when they contribute to

endothelial and monocyte activation, and thus to plaque progression [33, 34]. On

the other hand, the evidence that activated platelets expose on their membrane

functionally active tissue factor (TF), the main cellular activator of blood coagula-

tion cascade, makes the platelets no longer only the assembly site for coagulation

enzyme complexes, but themselves become elements capable of activating the

coagulation cascade leading to thrombin generation [35]. It is of note, on this

regard, that platelets from ACS patient express on their surface higher amount of
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functionally active TF compared to platelets than stable angina (SA) patients. This

results in a higher platelet-associated thrombin generation capacity which, in turn,

contributes to the prothrombotic phenotype of ACS patients [36].

Increased expression of platelet-associated TF expression has been reported in

other pathological conditions characterized by an increased thrombotic propensity,

such as essential thrombocythemia [37], cancer [38], and diabetes [39]. Based on

these evidences, in the attempt to shed light on the thrombotic propensity of CKD

patients, it will be of interest to investigate TF expression in this clinical setting.

4.2 The Transcriptomic and Proteomic Approach
for the Discovery of Novel Biomarkers

We should also consider that the “omic” approaches to the global study of the

products of gene expression, including transcriptomics and proteomics, will play a

major role in elucidating the functional role of gene products and in understanding

their involvement in disease such as CKD (Fig. 3).

Indeed, as previously mentioned, platelets have the capacity of protein synthesis

through translation of megakaryocyte-derived mRNAs, which may influence patho-

physiological functions. Transcript profiling and proteomics have the potential to

transform the way we analyze platelet biology by determining platelet mRNA/

protein composition and changes upon stimulation and/or disease [32, 40]. Platelets

represent an attractive and relatively simple model for such studies, because they

lack nuclear DNA and their genome consists of a small set of megakaryocyte-

derived mRNA transcripts: the complete pool of platelet RNAs is significantly

smaller than the transcriptome of a nucleated cell.

It has been reported that specific platelet mRNAs may vary in clinical conditions

such as systemic lupus erythematosus [41], sickle-cell disease [42], and STEMI

[43]. We recently identified a transcript profile that is significantly different in

platelet from stable angina (SA) and NSTEMI patients [44]. Bioinformatics analy-

sis identified three altered biological processes that significantly distinguished the

type of coronary artery disease: protein complex assembly, signal transduction, and

response to stress. In addition, a number of genes involved in cell adhesion were

overexpressed in NSTEMI, with respect to SA platelets. All these gene categories

are of apparent relevance for platelet reactivity. Despite these progresses, no

information is still available on the changes that may occur in ACS patients with

CKD. Identification of disease-associated platelet-specific transcripts is of particu-

lar relevance in platelet pathophysiology, since it may lead to the discovery of novel

therapeutic targets.

The term proteome describes the entire collection of proteins of an organism, the

“proteome,” which includes products arising from events such as the processing of

mRNA transcripts and posttranslational modifications (i.e., glycosylation, phos-

phorylation, and oxidation) [45]. The distinctive feature of proteomics-based
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studies is that they are focused on the interactions of multiple proteins and their role

as part of a biological system rather than the structure and function of one single

component. The proteome is, therefore, the result of a dynamic, ongoing process of

protein expression and modification and varies both under normal physiological

conditions and in response to pathophysiological stresses.

Fig. 3 New methodologies applied to the study of platelet phenotype and functions. The scientific

progress has enabled the development of new methodologies that are applied to the study of

platelet phenotype and functions in physiology as well as in diseases. Flow cytometry (a, d, and g)

is a laser-based, biophysical technology routinely used in the diagnosis of health disorders but

has many other applications in basic research and clinical practice allowing the detection of

cell-associated biomarkers. A DNA microarray (b, e, and h) is a collection of microscopic DNA

spots attached to a solid surface. DNA microarrays are used to measure the expression levels of

large numbers of transcripts simultaneously. The transcriptome is the set of all RNA molecules

produced in a population of cells. The proteome is the entire set of expressed proteins in a given

type of cells or an organism at a given time under defined conditions. Proteomic studies are

commonly based on the resolution of protein mixtures by two-dimensional gel electrophoresis and

subsequent identification of the resolved proteins by protein sequencing or mass spectrometry

(c, f, and i). The application of these molecular methods allows the characterization of the

molecular fingerprint of the disease and the identification of new molecular targets as well as of

new biomarkers. The information obtained with the use of these methodologies is then correlated

with clinical data, such as the stage of disease or the response to pharmacological treatment,

with the ultimate goal of helping the physician to tailor the treatment to each patient
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There is an increasing interest in applying the analysis of the plasma proteome to

the study of ACS, since plasma is not only the most accessible clinical sample for

diagnosis but also it is a protein-rich reservoir of information that contains traces of

what has been encountered by the blood during its perfusion throughout the body.

Circulating microparticles (MP) and lipoproteins also represent attractive targets

for biomarker discovery by means of proteomics. Both the number and composition

of plasma MP are altered in many diseases, including ACS [46].

A promising strategy, to circumvent the complexity of the proteomic analysis of

the atherosclerotic plaque due to its intrinsic heterogeneous cellular composition, is

to study the cellular behavior of the cells involved in atherosclerosis in the setting

of ACS.

Given the central role of macrophages in plaque rupture and thrombosis, their

behavior is of great interest in the study of ACS. These cells are in contact with the

diseased endovascular lumen and may yield information about the processes

occurring in this setting. The monocytes from ACS patients displayed indeed a

significantly different expression in proteins involved in energetic and metabolic

processes, hydrolysis, blood transport, contraction, inflammation, and

neo-angiogenesis [47].

To establish if ACS could induce specific changes in the expression, distribution,

or amount of proteins in platelets, due to the key role played in atherogenesis, we

performed a proteomic analysis of human platelets from patients with ACS

showing, for the first time, that there is a significant difference in the expression

of six proteins not previously connected with the disease in comparison with control

subjects: two enzymes involved in energy metabolism (LDH and OGDH), three

proteins associated with cytoskeleton-based processes (γ-actin, coronin 1B, and

pleckstrin), and one involved in protein degradation (PSB8). In particular, we found

that the glycolytic enzyme LDH is upregulated, in terms of protein and activity, in

patients with NSTEMI in comparison with patients with SA and controls, which

suggests more activated energy metabolism in ACS [48].

All these findings open the possibility to explore in future studies if the reported

variations of protein expression in monocytes and platelets of ACS patients play a

role in the pathophysiology of this disorder. Also, they bring the opportunity to

investigate if some of the proteins, whose expression was altered, could be potential

candidates for risk assessment in ACS. Nevertheless, prospective studies

correlating their plasma levels with ACS patients’ outcome are needed to confirm

this issue.

In brief, with the application of proteomic techniques, biomarkers can be

identified without previous knowledge of their involvement in the pathogenesis of

ACS and its comorbidities, such as CKD. However, the field is in the early stages of

evolution, and large-scale clinical studies are required to validate the usefulness

of newly identified biomarkers in the diagnosis, risk stratification, treatment, and

follow-up of cardiovascular diseases.

132 G. Marenzi et al.



5 Conclusions

Chronic kidney disease—of any degree—is present in a substantial proportion of

patients with ACS and represents a potent and independent risk factor for adverse

outcome. Unfortunately, data are still limited regarding the value of most therapeu-

tic interventions, because CKD patients with ACS have typically been excluded

from randomized trials. Thus, our current challenge is to further study these high-

risk patients in order to identify adjunctive therapeutic targets and pharmacological

therapies that may favorably affect their otherwise poor prognosis.
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