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Abstract. Congestive heart failure (CHF) constitutes
an important public health problem in Italy, evi-
denced by the high number of hospital admissions
each year, Significant inter-hospital as well as inter-
ward differences in mortality rates for CHF patients
that have been described may, in part, be explained
by the differences in the severity of the illness of ad-
mitted patients. The goal of this study was to predict
30-day severity-adjusted mortality risk in patients
with CHF admitted to wards of a teaching hospital in
Siena, Italy, in 1997. A 30-day mortality was deter-
mined by linking hospital discharge files with the
Tuscany Mortality Registry database. The 3M all
patient refined diagnosis related group (APR-DRG)
software was used as a risk assessment method. The

relationships between death and the following vari-
ables were studied by univariate analyses: APR-
severity risk, APR-mortality risk, age, sex, length of
stay and, discharge ward., Multivariate analysis was
also performed to verify the associations between
death and those parameters found to be significant by
univariate analysis. Unadjusted mortality propor-
tions ranged from 4.3 to 44.0%. Logistic regression
analysis demonstrated that APR-mortality risk,
length of stay, and discharge ward were significantly
and independently associated with 30-day mortality
risk in patients with CHF. In summary, 30-day
mortality risk varied significantly according to the
ward of discharge in an Italian teaching hospital,
even after adjustment for severity of illness.

Key words: APR-mortality risk, Congestive heart failure, Mortality prediction

Introduction

In recent years, there has been an increasing interest
in measuring health outcome, in particular hospital
mortality, as an indicator of care quality, In US, the
health care financing administration (HCFA) releases
an annual report comparing actual hospital mortality
rates with predicted ones [1]. In Italy, the introduc-
tion of the diagnosis related groups (DRG) pro-
spective payment system has made computerised data
sets available which now allow hospital mortality
rates to be used as an outcome indicator and a hos-
pital quality index [2—4]. For a valid inter-hospital
comparison, death rates need to be adjusted for the
severity of illness experienced by the patient [3-7].
Several severity measures are available for this pur-
pose. Some, including medisgroup, and physiology
score, use clinical information. Others, such as dis-
ease staging, patient management categories severity
score (PMCs), and all patient refined diagnosis
related group (APR-DRG) {8-11] use code-based
information.

Congestive heart failure (CHF) was chosen as the
focus of this study, because it represents an important
public health problem which accounts for significant
resource utilisation [12]. According to the Italian

Health Minister [13], CHF was one of the top 10
discharge DRGs diagnoses in 1996, a year during
which 127,043 cases were counted with an average
hospital stay of 10.7 days. With the ageing of the
population, the number may increase.

The object of this study was to assess the risk of
mortality in patients with CHF admitted to different
wards of an Italian teaching hospital and to
determine relevant factors predictive of mortality.

Methods

The study was conducted at the Azienda Ospedaliera
Senese, the teaching hospital of Siena, in Italy. The
Azienda Qspedaliera Senese is the referral centre for
the Southern Tuscany area (1997 population:
780,000) for high speciality admissions and, for the
immediate Sienese area (1997 population: 134,000)
for routine admissions. In 1997, its bed number was
1194. Study data were obtained from discharge files
of all consecutive admissions of CHF (DRG 127)
occurred between 1997 January 1, and 1997
November 30 in the Azienda Ospedaliera Senese.
Only wards with more than 20 patients were included
in the analysis. Readmissions within 1 month were
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not included in the study. The final study population
included 600 admissions (316 males and 284 females)
who were resident in Tuscany, had a minimum age of
40 yvears and were discharged from one of the 10
different wards of this hospital.

A 30-day post-admission mortality was calculated
by cross-linking (key link: name and date of birth)
hospital discharge files with the Tuscany mortality
registry (TMR) database (administered by the Cen-
tre of Cancer Study and Prevention, CSPO, Flor-
ence). The linkage process was developed in two
steps. After first linking the date of birth and the full
name of the patient, secondary links (semi-auto-
mated) were established between the patient’s full
name and the year of birth, between the first 10
characters of the name and the date of birth and
between the first 10 characters of the name and the
year of birth.

The participation to a feasibility project aimed at
evaluating the APR-DRG logic on the basis of ad-
ministrative data supplied by 15 Italian hospitals
made the logic and the software available for this
study [14]. The 3M APR-DRG (Release 12.0) soft-
ware was used to score the severity of illness experi-
enced by the patient [15]. This software uses data
from hospital discharge abstracts, including the main
diagnosis, secondary diagnoses, procedures, age, sex,
and post-discharge conditions as defined by the
international classification of disease, 9th revision,
clinical modification (ICD-9-CM). Illness severity
class is divided into four levels (from 1 to 4, with 4
being the most severe) within adjacent DRGs which
are subsequently used for the analysis of the cost and
length of stay. The APR-DRG software considers
also the risk of mortality class dividing it into four
levels (from 1 to 4, with 4 representing those at
highest risk of death) which are used for the mortality
analyses. The severity and mortality class are deter-
mined separately based on secondary diagnoses and
their interaction with age, main diagnosis and se-
lected procedures.

Descriptive statistics were calculated for each
variable. Univariate analysis was performed to eval-
uate the risk of death and its relationship to the fol-
lowing variables: APR-severity risk, APR-mortality
risk, age (<70 and =71 years), sex, length of stay
and discharge ward. Subsequently, a multivariate
analysis was performed to verify the association be-
tween death (dependent variable) and discharge ward
(ward No. 10 was used as a reference because it
presented the largest number of admissions), APR
mortality risk, and length of stay (as a continuous
variable). Due to the purpose of our study, and also
to the high correlation similarity between the APR-
DRG severity of illness and mortality risk variables,
we decided to use only the APR-DRG mortality risk
in the logistic regression model.

All data were analysed using SPSS for Windows,
Version 9.0.

Results

The result of linkage operations was evaluated for in-
hospital deaths and it showed a 79.7% of successful
linkage.

Qut of the total sample of 600 admissions, there
were 103 deaths within 30 days of admission.

Table 1 shows the number of patients, mean age,
mean length of stay per ward, in-hospital and 30-day
mortality per ward, the number and percentage of
admissions per ward by APR-severity risk and APR-
mortality risk level and observed mortality per ward
by APR-mortality risk level.

The mean unadjusted 30-day mortality rate was
17.3%. Mortality ranged from 4.3% in ward 8 to
44.0% in ward 4 (Table 1). The overall in-hospital
mortality was of 16.3%.

Descriptive analyses (y” statistics) were done to
identify the risk factors predictive of death. Signifi-
cant (p < (.0001) associations were found between
death and APR-mortality risk, APR-severity risk,
length of stay, and discharge ward (data not shown).

The association between APR-mortality risk or
APR-severity risk and death showed a significant
trend (p < 0.0001).

Using logistic regression analysis to control for
length of stay, APR-mortality risk, and discharge
ward, the adjusted odds of 30-day mortality in pa-
tients with CHF was higher for patients discharged
from wards I (OR: 5.0), 3 (OR: 4.0}, 4 (OR: 14.6) and
6 (OR: 19.5) relative to those discharged from ward 10
(Table 2). The risk of death for patients in the APR-
mortality level 2 was 5-fold higher than the risk in
APR level 1 (p < 0.0001); patients in levels 3 and 4
had respectively a risk of death 51- to 55-fold higher
than patients in level 1 {p < 0.0001). A longer length
of stay also decreased the risk of death (p < 0.0001)
of 10% for each day of stay in the wards.

Further, because of the quite low percentage of
successful linkage found for in-hospital deaths, we
analysed the distribution of in-hospital deceased pa-
tients not linked with mortality files by ward for
evaluating a possible selection bias. However, the
distribution of these patients by ward was similar to
those linked, and did not change the score of wards in
term of mortality risk (data not shown).

Discussion

Mortality data are currently used as a measure of
hospital performance. Nevertheless there is a large
debate about the validity of mortality data [16, 17] as
a true reflection of hospital quality. The availability
of hospital discharge administrative databases allows
us to calculate these outcome indicators.
Furthermore, there is no consensus about the
source of information to be used to adjust for case-
mix. The administrative databases as such, even if
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Table 2. Multivariate analysis. Adjusted ORs and 95% CI
of 30-day mortality risk in patients with congestive heart
failure (APR-DRG 127)

Variable OR* 95% CI
APR-mortality risk
{ 1.0
2 5.0 2.3-10.5
3 51.0 17.2-151.4
4 553 22.1-138.5
Discharge ward
1 5.0 1.3-19.3
2 1.3 0.4-4.0
3 4.0 1.4-11.2
4 14.6 4.8-450
5 2.2 0.3-13.4
6 19.5 4.7-81.8
7 25 0.8-79
8 0.3 0.03-3.7
9 1.4 0.2-7.7
10 1.0
Length of stay 0.9 0.8-0.9

*odds ratio relative to APR mortality risk level 1, discharge
ward 10 and length of stay.

inexpensive and readily available, lack the clinical
information necessary for risk adjustment in the
prediction of hospital mortality,

The APR-severity risk adjustment sofiware is
mainly based on diagnosis interactions. It uses data
from discharge abstracts to assign a level of severity
of illness to each patient. In APR-DRGs, specific
combinations of secondary diagnoses can interact,
and these are reflected in the scores for severity of
iliness and for risk of mortality.

Although a variety of results in this field are avail-
able in US [18-21], in Italy, few studies are published
on this subject and, in particular, on CHF {3, 4, 22].

In the present study, the performance of a predictive
model for CHF death, based on APR risk adjustment
in an Italian hospital administrative database was
evaluated through record linkage techniques.

The linkage process highlighted problems with the
recording of hospital abstracts, which were mainly
caused by digit mistakes. For example, the wrong
date of birth (at any level) or mistakes in the spelling
of the patients’ names were seen. This resulted in an
estimated 20% failure in the linkage process which,
however, appeared to be equally distributed by ward;
furthermore, the addition of admissions not linked to
the sample did not change the rank of mortality risk
in the specific wards. In this study we found a quite
high percentage of in-hospital and 30-day mortality
(16.3 and 17.3%). These figures were much higher
than the values reported by previous US studies on
CHF [6, 23] but similar to those reported in other
European countries [24, 25].

We found that observed mortality increased by
level of APR-mortality risk. Comparing the observed

death percentages in the four APR-mortality risk
subgroups with the results of the Italian APR-DRG
Project [14] which reports data at a national level, we
found a higher proportion of deaths among classes 2
and 3 (17.1 vs. 8.8% and 48.8 vs. 19.1%) and a low
percentage in class 4 (66.0 vs. 80.6%, based on very
small numbers).

A predictor of mortality for CHF was the dis-
charge ward, even after adjustment for APR-mor-
tality risk and for length of stay. Adjustment for
APR-mortality risk should account for differences in
severity of the disease at admission. However, a re-
sidual confounding by severity of disease can be due
to the imprecision of clinical definition. Further, be-
cause of the small sample examined, additional ana-
lyses on a bigger sample could give more stable
estimates. After taking into account these limitations,
differences among wards can be related with real
differences in the process of care.

Furthermore, the adjustment for mortality risk
performed in this study does not exclude the possi-
bility that another detailed clinical parameter could
provide 2 better means for stratification. The current
study has the important advantage of providing a
new means to cvaluate hospital quality in Italy that
is, by using already available mortality data. In fact,
since DRGs system was introduced, very few studies
[26] have been published in Italy concerning hospital
mortality variation.

We think that this classification severity system
based on discharge abstract has several potentialities in
evaluating hospital outcome: it is easily used and it has
lower costs than information derived from clinical
tecords. In this intra-hospital comparative study,
APR-DRG system let us find outcome variables in
different medical wards treating CHF to be analysed in
adifferent step. A further step of the research following
this intra-hospital evaluation could be the use of this
severity system for an inter-hospital comparison.

The aim of this descriptive study is the evaluation
of hospital quality in the field of CHF. The variation
found on outcomes can be due to admission policy,
diagnosis accuracy and to management quality of
patients suspected of being affected by heart failure
by the individual medical staff. Their individual
contribution to the observed variability needs to be
carefully evaluated through a detailed monitoring.
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