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Abstract

Background: Avoidable mortality (AM) is one of the most important health indicators (HI) and represents the quality of care
in a hospital.

Objective: This study measured the efficacy of a training program for a hospital healthcare staff to reduce AM.

Methods: This epidemiological study on community intervention analyzed time-series data on HI by semesters from 2008
to 2015. The pre-intervention phase was examined from January 2008 to December 2014; the intervention phase was
investigated in the first semester of 2015; and the post-intervention phase was examined in the second semester of 2015.
Results: Resindicate a series with a rising tendency until the 14th semester and a pronounced descent in the 16th semester.
The relative variation rate (RVR) was -20% to +20% with some exceptions. HI was 0.53% in the 16th semester rather than
the expected 0.70% observed in the pre-intervention phase; therefore, 0.17% additional deaths were avoided because of
the training seminar.

Conclusion: The positive results suggest that this strategy is an important element in decreasing avoidable deaths in hospitals.
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1. Background

Health indicators comprise a list of causes or pathologies
for avoidable mortality (AM) used to measure the
quality of specialized care in hospitals. Researchers such
as Rutstein et al in 1976 proposed counting the cases of
diseases, disabilities, and unnecessary or premature deaths
as a measure of quality in healthcare.! They identified 91
processes and illnesses. In the 1980s, this line of research
was developed further by Charlton et al,> who examined
14 of the pathologies from Rutstein’s list which were
unanimously accepted as causes of deaths that could
be avoided with timely healthcare. This list has varied
over time due to fluctuations in incidence, the severity
of different pathologies, and advances in the field of
medicine.?

Avoidable deaths, then, are those deaths caused by
specific diseases within selected age groups that could have
been completely or substantially avoided if appropriate
access to medical care was provided.

The causes of AM are divided into two groups. The first
group comprises causes largely susceptible to primary
prevention at a national level, denominated as those
susceptible to intersectoral health policy interventions.
The second group is made up of diseases which require
specialized secondary care, better known as health
indicators (HI), which include tuberculosis, cancer
of the cervix and uterus, Hodgkin disease, chronic
rheumatic heart disease, respiratory disease, asthma,
appendicitis, abdominal hernia, cholecystectomy, arterial
hypertension and cerebrovascular stroke, maternal and
perinatal mortality, pertussis, measles, osteomyelitis, and
periostitis.*’

AM in Spain has decreased in the past 2 decades with
improvement in the hospital conditions and health policies
of different regions. Another benefit of these improvements
is the lengthening of life expectancy for men and women.*”
Studies that compared mortality due to avoidable and
unavoidable causes from 1981 to 2001 showed a reduction
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of -1.68 for the former and -1.28 for the latter.®

From 1990 to 2004, the Valencia region experienced a
larger drop in AM than in general mortality, in line with
indicators in the rest of the country and elsewhere in
Europe. There was also a notable decrease in deaths due to
hypertension, cerebrovascular diseases, and tuberculosis,
especially among men. This benefit was attributed in large
part to primary prevention measures and advances in
treatments.®

The analysis of AM as a time series has two objectives:
(a) to explain the variations observed to determine if they
respond to a behavioral pattern; and (b) to predict the
course of future measurements.

2. Objective

During this study, a staff training program was implemented
for healthcare professionals as a method of intervention
with the purpose of decreasing AM. The objective of this
study was to measure the efficacy of that intervention.

3. Methods

This is an epidemiological study on community intervention
which consisted of carrying out a training seminar for
healthcare staff in a third level hospital in the Valencian
region. Data was collected from the Minimum Basic Data
Set (MBDS), from January 1, 2008 to December 31, 2015
and was divided by semesters into the pre-intervention
phase (semesters 1-14, from January to December 2014);
the intervention phase in which the training program was
implemented (semester 15, from January to June 2015);
and the post-intervention phase which measured the
effects of the intervention program (semester 16, from July
to December 2015).

Inclusion criteria: All patients of the corresponding
health department who were admitted with a principal
diagnosis of CIE-9-CM of HI and registered in the
hospitals MBDS during the study period were included.
The variables observed included age, date of admission,
principal diagnosis, and circumstances of discharge. The
list of AM causes used was from Holland’s classification.’

Exclusion criteria were patients referred to other
hospitals and outpatients.

The training course was carried out with a double-
blind implementation from January through June 2015. It
consisted of practical training in follow-up, intervention,
and prevention of complications for pathologies on the
AM list, and it was directed at the physician and nursing
staff.

The automatic jump detection method was applied to
detect jumps. When it tested positive, the results were
corrected by the log-linear model of the general form
model (see Appendix). The general rate of seasonal
variation of the series was calculated. It was divided into
even and odd semesters.

Finally, the relative variation rate (RVR) of the series
was determined,'®'* and the multiple logistic regression
and the Hosmer-Lemeshow test were applied. Statistical
differences were P=.05.

The first objective in the time-series analysis of AM was

to explain the variation observed in the number of deaths
in the series and determine if they corresponded to a
pattern of behavior.

The second objective of the study was to calculate
through multiple logistical regression the percentage
of deaths which would have been observed in the 16th
semester if no training course had been carried out.

4. Results

The base population of the hospital was 468000 inhabitants.
The hospital has all medical and surgical specialties in
addition to a maternity and pediatric building. It is located
on the Mediterranean coast.

Table 1 shows total hospital admissions and those
admissions eliminated because of not meeting the inclusion
criteria. The last groups were classified into 2 categories:
HI pathologies and other pathologies. An increase in the
percentage of HI pathologies over total pathologies of
admitted patients was observed. In the first semester of
2008, these diseases accounted for 16% of the total; this
figure rose to 19% in the last semester studied.

Table 2 shows the total numbers of admissions and
deaths of each HI pathology over 16 semesters. The largest
number of deaths during the study period was caused
by hypertension and cerebrovascular diseases, with a
minimum of 3 and a maximum of 11 deaths each semester.
This was followed by abdominal hernia with 14 deaths
and cancer of the uterus with 6 deaths. The remaining
categories showed a range of 1 to 4 deaths during the
16-semester study period.

Furthermore, a statistically significant difference was
observed between the total number of deaths in the 14th
semester (the last in the pre-intervention phase) and the
total number of deaths in the 16th semester (corresponding
to the post-intervention phase [P<.000]).

Table 3 shows the calculated values in the total mortality
due to HI series and the values of tendency in hypertension
and cerebrovascular diseases.

By calculating tendency using the rolling average
methodology, the series was “softened,” and the principal
component of oscillations in the short and medium term
and seasonal, cyclical, residual, and accidental variations
were excluded. To compare successive values of the series,
the seasonal component was eliminated.

The procedure, carried out with rolling averages, defined
the seasonality and residual variations, allowing investigators
to calculate the general rate of seasonal variation (93.87),
which corresponds to the semesters between January and
June, 2008 to 2015, as well as the general rate of seasonal
variation (107.13) which corresponds to the semesters
between July and December of the same period. Rates 1
and 2 are values which approximate 100 due to seasonal
effects. The first semesters present a rate near the annual
average, while the rates in the second semester are slightly
higher. Because these values were not equal to 100, it can
be concluded that the series has seasonality.

Over the course of the study period, the highest
number of deaths occurred because of hypertension and
cerebrovascular diseases; thus, the rolling average method
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Table 2. Number of Admissions and Total Deaths Due to HI Pathologies in the 16 Semesters From 2008 to 2015

2008 2009 2010 2011 2012 2013 2014 2015
HI Category
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
. 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 0
Typhoid fever
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tuberculosis and late 26 24 16 13 16 12 22 19 14 12 10 15 17 24 23 12
onset effects 0 1 0 0 0 0 0 1 1 0 0 0 0 1 0 0
X 2 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pertussis
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cancer of the cervix 4 2 2 0 4 3 3 3 3 1 3 4 0 1 1 5
and body 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
. 7 6 3 1 3 3 6 9 5 5 10 0 0 5 2 3
Cancer of the cervix
0 0 0 0 1 0 0 1 0 0 1 0 0 1 1 1
R 4 2 5 0 6 3 1 4 3 3 5 2 3 2 3 3
Hodgkin disease
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Chronic rheumatic 4 2 4 9 4 2 2 2 1 2 2 4 3 1 1 0
heart disease 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Hypertension and 130 93 103 84 87 106 110 89 112 90 72 79 82 91 113 80
cerebrovascular 11 4 5 7 3 6 7 5 8 8 8 9 9 9 5 4
. . 248 226 206 135 203 170 153 142 166 149 182 117 191 117 142 160
Respiratory diseases
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20 15 14 13 11 10 14 16 8 19 9 11 10 21 15 14
Asthma
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L 94 75 94 91 86 111 93 107 90 73 92 95 87 90 103 72
Appendicitis
1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0
X . 105 67 74 83 73 58 73 49 107 66 89 82 76 67 94 74
Abdominal hernia
1 0 0 1 1 0 2 3 1 0 0 0 0 2 1 2
Cholelithiasis and 82 77 92 82 104 74 88 74 117 84 137 97 140 115 152 117
cholecystitis 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0
Maternal and 1015 1119 998 1019 905 1132 1045 1153 1108 1108 1054 1194 1080 1301 1195 1288
perinatal mortality 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 0
Osteomyelitis and 3 2 6 3 5 5 6 3 11 7 6 4 7 2 5 7
periostitis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Total 1744 1720 1617 1533 1507 1690 1616 1670 1745 1619 1671 1704 1697 1837 1850 1835
ota
13 6 6 8 6 6 9 12 10 10 10 11 11 15 8 7

Note: White boxes correspond to the number of admissions, while the shaded boxes represent the number of deaths for each pathology.
Comparison of total deaths in semesters 14 and 16 by chi-square test: 2.085, P value=.000.

Abbreviation: HI, health indicators.

was applied to calculate tendency. This result verified that
the behavior of this tendency is strongly marked by these
pathologies.

The RVR of the series fluctuated from -20 to +20
throughout the study period, except for the maximum
value of semester 7 and the minimum values of semesters
2, 15, and 16.

Figure 1 shows the arithmetic mean, tendency, and
deseasonalized series for AM, and Figure 2 shows them
only for hypertension. The curve of the tendency “softened”
the extreme values of the mean and showed an ascending
behavior with a first segment of slight oscillations, marked
by increases. The second phase showed little variation
until the end, when the values began to rise again. The
last phase, the post-intervention period, was characterized
by a pronounced decrease. The deseasonalized series and
tendency have similar profiles; however, they differ in that
the deseasonalized series includes tendency, the cycles, and
residual variations, while tendency includes only the cycles.
In this figure, the tendency shows a generally ascending

behavior until semesters 15-16, when it changes radically.

The results of the logistical regression, which indicate
that in semester 16, from July to December 2015, the
“expected” death rate would have been 0.70% if no
intervention program had taken place. The percentage
of mortality due to HI during the study period shows a
progressive increase in deaths which reaches 0.53% during
semester 14 (corresponding to the period July to December
2014), the period just prior to the training course. Clearly,
without the intervention, the percentage of deaths would
have potentially increased a further 0.17%.

5. Discussion

Time-series analysis is one of the most common methods
used in epidemiologic vigilance. It reduces uncertainty
in decision-making and quickly detects new needs or the
persistence of old problems." In studying mortality caused
by HI pathologies, it is used to model those mechanisms
which have generated the observed series and “predict”
future values."
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Table 3. Values Calculated in the Time-Series Analysis of Mortality Due to HI Pathologies, and Observed Trend in The Pathology Hypertension
and Cerebrovascular Diseases Over the 15- and 16-Semester Studied Period, 2008-2015

Time-Series on Mortality Due to HI Pathologies

Trend of Hypertension

Year Semester Arithmetic Mean of Trend Rolling Deseasonalized Relative and Cerfabrovascular
Original Series Average Rate Series Variation Rate Diseases
1 1.08 1.15
2008 2 0.50 0.47 -59.13
2009 3 0.50 0.65 77.52 0.53 12.77 6.00
4 0.67 0.54 123.50 0.63 18.87 5.25
2010 5 0.50 0.59 85.47 0.53 -15.87 5.50
6 0.50 0.54 92.17 0.47 -11.32 4.75
2011 7 0.75 0.56 133.33 0.80 70.21 5.50
8 1.00 0.75 133.33 0.93 16.25 6.25
2012 9 0.83 0.90 92.74 0.88 -5.38 6.25
10 0.83 0.87 95.13 0.77 -12.50 7.25
2013 11 0.83 0.83 100.00 0.88 14.29 8.00
12 0.92 0.85 107.92 0.86 -2.27 8.25
2014 13 0.92 0.90 102.51 0.98 13.95 8.75
14 1.25 1.00 124.69 1.17 19.39 9.00
2015 15 0.67 1.02 65.53 0.71 -39.32 8.00
16 0.58 0.79 73.19 0.54 -23.94 5.75
Abbreviation: HI, health indicators.
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Figure 1. Original Series, Deseasonalized Series, and Trend of the Time Series on HI Mortality; 2008-2015 by Semesters.

This analysis, however, tacitly accepts that the factors
which generated the deaths will continue to behave in the
same manner, but in fact they go through variations. The
health sector is dynamic; it controls its deficiencies and
changes its action protocols.'? Despite this reflection, time-
series studies assume a certain stability in the determining
factors, so short-term predictions make sense. Accessibility
to these estimated values would facilitate decision-making
and help define lines of action to address healthcare
challenges.'*!

In the analysis of tendency, the results showed an
ascending behavior during the 2008-2014 period, a
characteristic which is conserved in the deseasonalized
series. The general rate of seasonal variation was 6 points
below the annual average in the semesters from January to
June throughout the study period. In the semesters from
July to December, the rate was 7 points above the annual

average. In general, the variation rates fluctuated in a range
from -20 to +20 from one semester to the next, with a few
exceptions observed over the course of the study.

The series forms part of a continuous process and was
studied for a relatively short period of time. However, the
changes observed in the behavior of the series after applying
the intervention program suggested a positive effect, with
reductions in mortalities caused by HI pathologies. First
of all, the binary logistical regression showed a 0.70%
of “expected” deaths for semester 16 (corresponding to
the period between July and December 2015, the phase
following the training session). In semesters 1-14 (January
1, 2008 to December 31, 2014), the phase preceding the
training session, the AM rate reached 0.53%. Furthermore,
a statistically significant difference was observed in the
number of deaths between semester 14 and semester 16
(P=.000).

6 | Hospital Practices and Research 2017;2(1):2-8
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Figure 2. Trend of the Time Series on Mortality Due to Hypertension
and Cerebrovascular Diseases; 2008-2015.

The importance of the intervention program and its
effect in reducing mortalities from HI causes is supported
by the following arguments. First, the priority topics
to be dealt with in training seminars were defined by
healthcare professionals who provide services which are
directly or indirectly related to HI pathologies. The staft’s
participation was dynamic, as they showed keen interest
in searching for strategies to optimize their professional
performance.

Secondly, the incidence of admissions due to HI
pathologies in the last three semesters of the study period
remained relatively stable; thus, the decrease in the number
of deaths was not significantly affected by the number of
admissions.

Finally, 8 or 9 deaths from hypertension and
cerebrovascular diseases were observed each semester
from the first semester of 2011, a number which changed
abruptly to 5 in the first semester of 2015 (when the
intervention took place). During the last semester studied,
after the intervention took place, 4 deaths occurred. All
deaths corresponded to the same age group throughout
the study period, and there were no changes among the
number of staff nor in the hospital service infrastructures
that attended these pathologies.

A similar study in the British Health Foundation created
a pioneering program to be developed in two phases.
The first was carried out in 2004 in 4 hospitals, and the
second included 20 hospitals and took place in 2006. In
both centers, health professionals reviewed issues related
to the prevention of complications in hospital patients. At
the end of 2006, the first group of hospitals had eliminated
nosocomial pneumonia, and medication expenses
decreased by 78000."

Finally, the authors reiterate a fundamental element
defined by Aiber and Aranaz, which is “health assistance”
risk.'*'” According to these authors, maximum patient
safety requires sufficient knowledge in order to eliminate
unnecessary risks and prevent those that may be inevitable.
In this regard, warning systems and epidemiological
studies that allow changes at different levels of the health
system are important.'®

The current approach to adverse effects in clinical
practice is to analyze accidents as part of a system.

Research Highlights

What Is Already Known?

It is known that avoidable hospital mortality is a set of
pathologies whose hospital mortality should be avoided
according to scientific research alone.

What This Study Adds?

This study confirms that the practical programs of
training personnel in the treatment of AM pathologies
reduce mortality.

Researchers at the university hospitals of Salamanca and
Alicante consider that even the simplest negative effects
are not due to a sole mistake. Rather, they are generally
a combination of multiple errors that may be related to
deficiencies of the system or be directly dependent on the
professional .’

The present study developed a strategy which is
garnering excellent results in Holland and the United
States,”** motivating and providing incentives to
healthcare personnel to improve their professional activity
and decrease mortality due to HI pathologies.

The methodological design was limited to the hospital
stay. In addition, the follow-up period after the intervention
should have been longer; an effect may have been observed
if the post-study monitoring had lasted longer.

6. Conclusion

This training program of the hospital staff made it possible
to reduce AM by half, which makes it possible to affirm
that these programs improve the quality of care and should
be applied.
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