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Abstract

In this paper we conduct a statistical analysis of data coming from an
observational case study about patients with ST-Segment Elevation Acute
Myocardial Infarction treated in one of the 23 hospitals of the Milano net-
work for acute coronary syndromes and emergency services. The principal
aim of this article is to identify from a statistical perspective the most
important prognostic factors for in-hospital survival and reperfusion effi-
cacy. We model the dependency between outcome variables and predictors
with Generalized Additive Models. These statistical analyses have demon-
strated the clinical guess that an early pre-alarm of the Emergency Room
is an essential step to improve the clinical treatment of patients.

1 Introduction

The Working Group for Cardiac Emergency in Milano, the Cardiology Society,
and the 118 Dispatch Center (national free number for medical emergencies)
have considered as a mandatory step to streamline an optimal care process for
patients with ST-segment Elevation Myocardial Infarction (STEMI), to collect
and analyze enough sampling data, both at time to treatment and admittance
modality of patients with STEMI, referred to one of the 23 hospitals of the
Milano network for acute coronary syndromes and emergency services. So we
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describe here this observational case study about patients with STEMI, focus-
ing our attention on different statistical analyses conducted in order to identify
the most important prognostic factors and to model their influence on outcome
variables. We analyse the data collected in a capillary study during five time
periods lasting from 30 to 60 days in the urban area of Milano in 2006− 2008,
called MOMI2 (MOnth MOnitoring Myocardial Infarction in MIlan). The sta-
tistical analyses of this dataset have demonstrated the clinical guess that an
early pre-alarm of the Emergency Room (ER) is an essential step to improve the
clinical treatment of patients. Pre-hospital and in-hospital times are highlighted
as fundamental factors we can act on to reduce the in-hospital mortality and to
increase the rate of effective reperfusion treatments of infarcted related arteries.
In particular we prove that, in order to make the Door to Balloon time lower
than 90 minutes, i.e. the limit suggested by the AHA/ACC guidelines, it is
fundamental to make and transmit the electrocardiogram as soon as possible.
The statistical evidence of the usefulness of the first electrocardiogram execu-
tion, in terms of time to treatment reduction, prompted the management of
118 Dispatch Center to equip all the Basic Life Support Units with instruments
for electrocardiogram teletrasmission. Moreover this study has been taken as a
prototype for the design of a new statistical study which is a part of a strategi-
cal program of the Lombardia region, funded by the Ministry of Health, under
the program ”Exploitation, integration and study of current and future health
databases in Lombardia for Acute Myocardial Infarction”.

2 Materials and Methods

A net connecting the territory to 23 hospitals, by a centralized coordination of
the emergency resources has been activated in the Milan urban area since 2001.
Its primary aims are promoting the best utilization of the different reperfusion
strategies, reducing transport and decisional delays connected with logistic mat-
ters and therapies, and increasing the number of patients undergoing primary
Percutaneous Coronary Intervention (PCI) before 90 minutes since the arrival
at ER (AHA guidelines, 2007). Difficulties in reaching these goals are primary
due to the fact that Milan urban area is a complex territory with high density
of population (2.9 million resident and 1 million commuters daily) and a great
number of hospitals (n = 27). Twenty-three of them have a cardiology division
and a Critical Care Unit; 18 offer a 24 hour available Cath Lab for primary
PCI, 5 are completed with a Cardiac Surgery unit. In order to monitor network
activity, time to treatment and clinical outcome, the data collection MOMI2 on
data related to patients admitted to hospitals belonging to the net was planned
and made, during five period corresponding to five monthly/bimestral collection
(respectively: MOMI2.1 from jun 1st to 30th 2006, MOMI2.2 nov 15th to dec
15th 2006, MOMI2.3 jun 1st to jul 30th 2007, MOMI2.4 nov 15th to dec 15th
2007, MOMI2.5 jun 1st to 30th 2008). Information concerning demographic
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features (sex, age), clinical appearance (presenting symptoms, Killip class at
admittance), way of admittance in hospital (spontaneous, with BLS (Basic Life
Support), with ALS (Advanced Life Support), with or without ECG teletrasmis-
sion), symptom onset times, in–hospital times (first ECG times, DB (Door to
Balloon) times), hospital organization (alert, Fast Track) and clinical outcomes
(in-hospital mortality, ST-elevation reduction) have been listed and studied for
patients treated with primary PCI, for a total of 437 statistical units. First of all
we were asked for an explorative analysis of this health database. We conducted
it to asses dependence patterns between covariates, to study from a statistical
perspective the relationships suggested by the clinical know-how and to detect
potential variables we can act on in order to improve the performance indicators
of the hospitals. Then we studied the dependence between the principal perfor-
mance indicators (in particular times to treatment) and the clinical outcomes.
Other studies concerning this kind of problem have found conflicting results re-
garding the relationship between mortality and time to reperfusion with PCI.
Some investigators have found lower mortality for shorter onset-to-balloon times
for all patients or just certain subgroups such as high-risk patients (Cannon et
al. 2000). Other studies found no lower mortality for shorter symptom on-
set to balloon time but did find lower mortality for shorter DB time (Jneid et
al. 2008). Finally, some studies failed to find an association between mortality
and pre-hospital and in-hospital times (McNamara et al. 2006). We detected a
connection between outcomes and times (both concerning symptoms onset and
in-hospital times); in particular our data pointed out the dependence between
the efficacy of the operation (measured by reduction of ST-segment elevation)
and time of DB and Symptoms onset time. We proposed to clinicians the use
of a Generalized Linear Model and a Generalized Additive Model (Hastie and
Tibshirani 1986, 1987, 1999) on MOMI2 data in order to explain the outcomes
of interest (in-hospital mortality and reperfusion efficacy) by means of the other
suitable covariates of the dataset. Moreover, we want to give also inferential
estimates of some parameters, such as odds ratios, quantifying the association
between outcomes and covariates. Unfortunately the usual asymptotic infer-
ential techniques, used to estimate the parameters of fitted generalized models
such as logistic regression models, fail in this context characterized by small or
unbalanced sample sizes. So we are forced to study properties and performances
and then to apply some techniques to produce non asymptotic inference results
on contingency tables constructed from small or unbalanced samples. In order to
do this a comparison numerical study between different exact confidence inter-
vals on the odds ratios, measuring associations between variables, was therefore
conducted and implemented by statistical software R.7.1(Agresti 1992, 1999;
Agresti and Min 2002; Gart 1962, 1969; Gart and Thomas 1972).
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3 Explorative Biodata Mining

An explorative analysis of data was performed to study the dependence between
the DB time and potential covariates we can act on in order both to improve
the time gain in reperfusion therapy and to increase in-hospital survival (see
Ting et al. 2008; Grieco et al. 2008). A CART analysis using Gini’s impurity
index splits groups satisfying or not the limit of 90 min for DB time in terms
of way of hospital admittance and time of first ECG within or not 10 minutes
(see also Ting et al. 2008), limit suggested by the AHA/ACC guidelines (see
Figure 1). In fact the distribution of the DB time in the population of patients
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Figure 1: Left panel: CART. Right panel: Random Forest on CART predictors
assessing discriminatory power of covariates.

with the first ECG within 10 minutes is confirmed to be stochastically inferior to
the corresponding distribution in patients with the first ECG after 10 minutes;
this stochastic order between distributions is confirmed by Mann-Whitney non
parametric comparison test: p-value < 10−5 (see Figure 2). A random forest
analysis (Breiman 2001) applied to CART predictors (Breiman et al 1984) has
been performed in order to asses the discriminatory power of covariates. All
these signals coming from data highlight the same matter: in order to make the
time of DB lower than 90 minutes, it is fundamental to make and transmit ECG
as soon as possible. In fact there is a masking effect between covariates detected
by the classification analysis: the way of in-hospital admittance and the time
of first ECG; the exact Fisher test, performed on the contingency table of the
way of hospital admittance and a variable indicating if the time of first ECG is
within or not 10 minutes, shows a strongly statistical evidence (p-value < 10−5)
of dependence between these two covariates. So the main difference in ways of
admittance is their possibility of sending electrocardiograms.
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Figure 2: Flanked boxplots of distributions of the DB time in patients with the
first ECG within or not 10 minutes.

4 Non parametric approach to generalized linear mod-
els

In order to explain the outcomes as function of the other variables of the dataset
and to justify the effort to improve the performance indicators, we considered
two different statistical techniques to model binary response: a Generalized Lin-
ear Model (GLM), and a Generalized Additive Model (GAM). The responses of
interest are the in-hospital survival and the reperfusion efficiency (represented
by the 70% reduction of the ST-segment elevation an hour after the PCI), which
are both binary variables. First we model the probability related to the outcome
variables with a linear logistic regression model; if we denote the outcome vari-
able under study as Y , and the set of p predictors as X, a GLM for the binary
response Y can be written as

logit{P(X)} ≡ log
{

P(X)
1− P(X)

}
= α +

p∑

j=1

βjXj (1)

where P (X) = pr(Y = 1|X). A stepwise model selection procedure based on
backward selection, AIC criterion, and clinical best practice, pointed out as
explanatory variables the killip class, age and total ischemic time (Symptom
onset to Balloon time) for the survival outcome. On the other hand, the Door to
Ballon time and the Symptom onset time has been pointed out as explanatory
variables for the efficacy outcome. As an example, Figure 3 shows the result
of the implemented model. The drawn surface describes the probability of an
effective reperfusion; this probability decreases as long as both the Symptom
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onset time and the Door to Ballon time increase.
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Figure 3: Reperfusion efficacy surface estimated by GLM of logistic regression.

The in-hospital survival probability decreases as long as both the age and
the total ischemic time increase, for both the cases of less and more severe
STEMI (measured by the killip class), but more strongly for the second one.
Nevertheless, a non-parametric model would give the data more of a chance to
speak for themselves without forcing the model into a rigidly defined class. So
we performed the same analysis carried out with GLM, now using generalized
additive models (GAM). If we denote the outcome variable under study as Y ,
and the set of p predictors as X, the logistic regression in terms of generalized
additive models can be written as

logit{P(X)} ≡ log
{

P(X)
1− P(X)

}
= α +

p∑

j=1

sj(Xj) (2)

where P (X) = pr(Y = 1|X) and sj(Xj) are p arbitrary unspecified univariate
functions. We estimate these functions sj with suitable smoothers and in this
case we choose as smoother functions natural cubic splines of order three (see
Hastie and Tibshirani 1986 for details). Even if the value of the AIC statistics
for GAM fitted to explain in-hospital survival or reperfusion efficay are very
similar to the values attained by the logistic regression models we can appreciate
advantages of non parametric modelling in terms of flexibility and adaptation
to the data. In these case we avoided to superimpose the linear link between
the function of the response variable and predictors, letting data better describe
their own features. As it was expected, the survival probability decreases as the
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predictors increase, but in the specific way imposed by data features, not only by
the superimposed linear model. In Figure 4 are shown the marginal estimated
smoother functions sj(Xj) of age and Symptom onset to Balloon time (OB) in
the GAM model of in-hospital survival, for both the cases of less and more severe
STEMI.
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Figure 4: Estimated smoother for total ischemic time and age for GAM model of
logistic regression for in-hospital survival (pointwise standard errors included).

In Figure 5 are reported the marginal estimated smoother functions sj(Xj) of
Symptom onset time and Door to Balloon time in the GAM model of reperfusion
efficacy. We can visualize (see Figure 6) also the estimated surface of reperfusion
efficacy as function of both Symptom onset time and Door to Balloon time. In
fact the robustness of the analysis have been proved by similar results obtained
both with Generalized Linear Models and with Generalized Additive Models.
The fact that a more sophisticated and data adaptive method has reached similar
conclusions validates the results of the statistical analysis.

These results support the effort of acting on some covariates in order to attain
an improvement in performance indicators (such as the reduction of DB time)
and so to increase the probability of a successful treatment. Analogously it would
be strongly important to persuade the population to call the free emergency
number as soon as possible after the Symptom onset. In order to reach these
goals, has been established by the governance of Lombardia Region to equip
all the Basic Support Units covering Milan urban area with instruments for
electrocardiogram teletrasmission. Moreover, awareness campaigns are planned
for spring and autumn 2009 to make people sensitive about the problem and
to spur them to call the free number of emergencies as soon as possible when
symptoms arise.
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Figure 5: Estimated smoother for Symptom onset time and Door to Balloon
time for GAM model of logistic regression for reperfusion efficacy (pointwise
standard errors included).

5 Estimation of the Odds Ratios

We are particulary interested in studying logistic regression parameters βj (see
(1)) because they represent the change in log odds for an increase of one unit
in the predictor variables; in fact let us denote by Xj+ = (X1, ..., Xj + 1, ..., Xp)
we have

βj = logit{P(Xj+)} − logit{P(X)} = log
(

P(Xj+)/(1−P(Xj+))
P(X)/(1−P(X))

)
; (3)

exponentiating βj we obtain the odds ratio of the contingency table we can
built from suitable categorization of model covariates; and odds ratios are the
association parameters that clinicians most widely use to describe, evaluate and
communicate the results related to their studies.

Traditionally, statistical inference for contingency tables and regression pa-
rameters has relied heavily on large-sample asymptotic results for sampling dis-
tributions of parameter estimators. If we wanted to make inference about them,
we would need their distribution to satisfy some asymptotic properties (see
Agresti 1992), but the number and features of our data do not support them.
On the other hand, a wide literature exists on exact inference for small samples
in unbalanced contingency tables (see Agresti 1999). In fact large-sample ap-
proximations can result very poor and useless when we treat contingency tables
unbalanced and containing both small and large frequencies such are ones arising
from our data, so we had to adopt suitable techniques for exact inference.

We focused our attention on three different techniques of building exact con-
fidence intervals for the odds ratio: the first one results from inverting the Fisher
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Figure 6: Reperfusion efficacy surface estimated by GAM of logistic regression.

exact test, the second one inverts an approximation of the Fisher test proposed
in Gart 1962 and recommended whenever the dimension of the sample is greater
than the product of the numbers of failures, and the third one inverts an uncon-
ditional test introduced in Agresti and Min 2002. To compare the performances
of the three different intervals we performed a wide batch of simulations for dif-
ferent choices of the characterizing parameters of the contingency tables (odds
ratio) and for the considered sample sizes; in all the possible cases the nominal
level is guaranteed and both the Gart interval and the unconditional one tend
to be shorter than the traditional Fisher confidence interval. More technical
details about the numerical comparison study on these confidence intervals can
be found in Ieva 2008. Tables 1 and 2 summarize, in terms of 2× 2 contingency
table, our data in terms of the in hospital survival and reperfusion efficacy as
outcome and categorized time variables (total ischemic time and age).

Death Alive
(0,150] 5 150

O (150,300] 10 145
B (300,600] 3 57

> 600 4 27

Death Alive
A (0,65] 6 216
g (65,80] 7 144
e (80,100] 9 30

Table 1: Contingency tables of survival versus Onset to Balloon time and Age.

Figures 7 and 8 show both the Gart and unconditional confidence intervals
for Tables 1 and 2, respectively.
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Reduction < 70% Reduction > 70%
(0,150] 16 116

O (150,300] 22 107
B (300,600] 12 33

> 600 12 14

Table 2: Contingency tables of efficacy versus Onset to Balloon time.
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Figure 7: 95% confidence intervals for the odds ratio summarizing the relation-
ship between in-hospital mortality and Onset to Balloon time and age: uncon-
ditional confidence interval (black), Gart confidence interval (red).

6 Conclusions and further developments

This case study indicates the efficacy of an emergency network in a complex
urban area, and a simple instrument such as pre-hospital electrocardiogram tele-
trasmission has been proved to be one of the most critical factor necessary to
keep the Door to Balloon time within the suggested limits also in a urban en-
vironment where most of STEMI patients are treated with PCI. In our data
we find a critical association between pre-hospital and intra-hospital times and
the principal outcomes: in-hospital survival and reperfusion efficacy. This pi-
oneering study in such a complex urban reality supported the effort made by
the 118 Dispatch Center to give the possibility of implementing electrocardio-
gram teletrasmission also in basic rescue units and also it will be the starting
point in the design of the statistical study, part of the strategical program of
the Lombardia region. The complexity of the data collection of this forthcoming
register of STEMI patients in the region, will impose us the study of suitable
new statistical tools in order to handle also, for example, overdispersion effects
due to the wide variability in the data sources.
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