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Abstract
Background: Signs of serious clinical events overlap with those of sepsis. We hypothesised that any education on
severe sepsis/septic shock may affect the outcome of all hospital patients. We designed this study to assess the
trend of the mortality rate of adults admitted to hospital for at least one night in relationship with a hospital staff
educational program dedicated to severe sepsis/septic shock.
Methods: This study was performed in six Italian hospitals in the same region. Multidisciplinary Sepsis Teams
members were selected by each hospital management among senior staff. The education included the following
steps: i) the Teams were taught about adult learning, problem based learning, and Surviving Sepsis guidelines, and
provided with educational material (literature, electronic presentations, scenarios of clinical cases for training and
booklets); ii) they started delivering courses and seminars each to their own hospital staff in the last quarter of 2007.
To analyse mortality, we selected adult patients, admitted for at least one night to the wards or units present in all
the study hospitals and responsible for 80% of hospital deaths. We fitted a Poisson model with monthly hospital
mortality rates from December 2003 to August 2009 as dependent variable. The effect of the educational program
on hospital mortality was measured as two dummy variables identifying a first (November 2007 to December 2008)
and a second (January to August 2009) education period. The analysis was adjusted for a linear time trend,
seasonality and monthly average values of age, Charlson score, length of stay in hospital and urgent/non-urgent
admission.
Results: The hospital staff educated reached 30.6% at the end of June 2009. In comparison with the
pre-education period, the Relative Risk of death of the patient population considered was 0.93 (95% confidence
interval [CI] 0.87-0.99; p 0.025) for in-patients in the first, and 0.89 (95% CI 0.81-0.98; p 0.012) for those in the
second period after education.
Conclusion: Our hypothesis that a program educating hospital staff to early detection and treatment of severe
sepsis/septic shock may affect the outcome of all hospital patients is original, but it has to be corroborated by
other experiences.
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Background
Severe sepsis is frequent, responsible for high mortality
and costly [1,2]. Hospital mortality ranges from 20.7% to
55.2% for severe sepsis and 40.9% to 60.5% for septic
shock [3-8]. To face the tremendous burdens of this
problem, the Surviving Sepsis Campaign guidelines were
developed, published in 2004 and updated in 2008
[9,10].
The clinical signs of sepsis [11] are quite unspecific
and require the observation of basic vital signs like body
temperature, heart rate, respiratory rate, consciousness,
blood pressure, and urine output. Laboratory tests are
necessary but clinical observation of the patient, either
septic or non septic, is the prerequisite for identifying
patients at risk of any serious clinical events, frequently
preceded by an antecedent sign of clinical deterioration
[12]. Interestingly, early intervention in the care of critically ill patients is strongly beneficial [13] . However, it
requires early detection of the patient’s clinical deterioration by the staff, who are frequently unaware of their
patients’ abnormal vital signs [14].
Since signs of clinical deterioration in ward patients
overlap with signs of severe sepsis and septic shock (SS/
SS), we hypothesised that any education dedicated to
early recognition and treatment of signs of SS/SS may
affect the outcome of all hospital patients. Therefore, we
designed a study to assess the trend of the mortality rate
of adults admitted to hospital for at least one night in relationship with a hospital staff educational program on
severe sepsis/septic shock.

Methods
This study was performed in four University and two
community hospitals in the Italian region EmiliaRomagna. The number of hospital beds ranges from 740
to 1308 for University hospitals, and 385 to 484 for Community hospitals. The clinical staff, including physicians
and nurses and excluding staff involved in administrative
duties, ranged from 1546 to 2862 for the former, and 610
to 865 for the latter on the 31 December 2008. Each
study hospital had an Emergency Department.
The wards of these hospitals have at least one senior
attending physician, fellow physicians taking care of 6–8
patients each, and residents during office hours (08.0020.00). A senior attending physician is always present at
night and during weekends. The nurses check and record vital signs of the patients at least three times a day
(usually at 8.00, 16.00 and 24.00). The senior and fellow
physicians prescribe diagnostic tests and treatments and
they are the reference physician for the ward nursing
staff. Whenever they are worried about a patient they
call for the intensivist consultation, defining at the time
of the call one of the following degrees of urgency:
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emergency, that is immediate, or urgent, within maximum 30 minutes, or non urgent (within max 6h).
At the 31 December 2008, the number of adult Intensive Care Unit (ICU) beds per hospital ranged from 12
to 60. The Intensive Care Units of these hospitals are
closed with at least one physician specialist in intensive
medicine present 24/24 and 7/7, and a nurse to patient
ratio of 1:2. The study hospitals do not have a formally
dedicated Rapid Response Team and calls from wards or
Emergency Department are managed by the ICU medical staff.
Educational program

In 2006, the Emilia-Romagna Regional Health Agency
launched the project “Lotta alla Sepsi in EmiliaRomagna” (fight against sepsis, acronym LaSER) with
the objective of educating hospital staff in the early detection and effective treatment of SS/SS, according to
the Surviving Sepsis campaign [9,10]. The specific aim
of this project was to transfer to the clinical practice the
following interventions: early recognition of the septic
patient (focusing on clinical signs of sepsis, inflammatory and organ dysfunction variables), early initial resuscitation (fluid and vasoactive amine administration, and
goals), microbiological diagnosis (appropriate cultures,
source identification and control when required), and
early antibiotic treatment (empiric, intravenous with deescalation).
The Regional Health Agency arranged an educational
package consisting of information about epidemiology,
morbidity and mortality of SS/SS, scientific literature,
electronic presentations for lectures, format of clinical
cases for practice training, and booklets reporting clinic
and laboratory signs of SS/SS [15]. In the first three
quarters of 2007 (Figure 1), the Regional Health Agency
acted as coordinating centre and organized meetings
with the Multidisciplinary Sepsis Teams. The Multidisciplinary Sepsis Teams included doctors and nurses of
infectious disease wards, intensive care, and the emergency department, a microbiologist and a pharmacist,
selected by each hospital management among the senior
staff. They participated in a course where they were
taught about principles of adult learning [16], problem
based learning [17] and Surviving Sepsis guidelines. The
Multidisciplinary Sepsis Teams were provided with educational material (scientific literature, electronic presentations for lectures, scenarios of clinical cases for
practice training and booklets) and started delivering
courses and seminars each to their own hospital staff in
the last quarter of 2007 (Figure 1). The methodology
adopted for the educational courses in each hospital
included delivery of short lectures, discussions as well as
problem based learning on SS/SS scenarios. A typical
course session held in the study hospital lasted four
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January 2007
Start of education of
Multidisciplinary
Sepsis Teams
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July 2007
End of education of
Multidisciplinary
Sepsis Teams

Oct 2007
Start of staff education
in study hospitals

Nov 07-Dec 08 Jan-Aug
2009
1st period
2nd period
1st Dec 2003
Start of mortality
time series analysis

31st Aug 2009
End of mortality
time series analysis

1st Oct 2003
Start of patient
discharge
database
selection period

31st Oct 2009
End of patient
discharge
database
selection period

Figure 1 Timeline of the study activities.

hours (14:30 to 18:30), included the presentation of the
objectives of the course, definition, general and local epidemiology, early recognition, early goal-directed therapy,
microbiological diagnosis, and early antibiotic treatment
of SS/SS.
The target of the present educational program consisted of attending physicians and nurses involved in direct patient care, excluding staff involved in only
administrative duties. Residents were free to attend the
educational sessions but they were not included either in
the clinical staff or in the educated staff. The clinicians
who are authors of the present study were strongly
involved in the education project in their hospitals. The
education involved firstly the larger wards, intensive care
and emergency department in all hospitals, with lectures
and clinical cases presented to nurses and physicians together. Participation in the courses was free and voluntary, but credits for continuing medical education were
given to the attendees.

Data source of general hospital mortality

The study country has a National Health Service, organized into Regional Health Agencies. Since 2000, diagnosis and procedures have been codified according to
the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Hospital
data on admissions are collected in the (Scheda di
Dimissione Ospedaliera - SDO) SDO discharge database.
We conducted the analysis of hospital mortality on the
(Scheda di Dimissione Ospedaliera) SDO discharge database for the Emilia-Romagna region, containing personal
anonymous data and hospitalisation data.

We selected from the discharge SDO database the
records meeting the following criteria: i) admission in
the period from October 2003 to October 2009; ii) admission with discharge on a different day; iii) age ≥16
years; iv) admissions not resulting in transfer to another
acute hospital; v) admitted to the wards/units of the nine
specialties reporting at least 130 deaths per year. This
number corresponds to the wards which have been responsible for 81.7% of the cumulative hospital mortality
in the period from October 2003 to October 2009. This
last selection was performed in order to highlight the effect of education in the wards most involved in the outcome of interest (hospital mortality). For each selected
admission we calculated the Charlson score using the
Charlson Comorbidity Index SAS macro code [18].
The following Ethics Committees approved the study and
waived informed consent: Comitato Etico Provinciale di
Ferrara (in the meeting held on 25th Oct 2007), Comitato
Etico Provinciale di Modena (Protocol N. 94/09), Comitato
Etico Indipendente di Azienda Ospedaliero-Universitaria di
Bologna (Protocol N. CE 40/2008/U/Oss), Comitato Etico
Indipendente di Azienda Unità Sanitaria Locale di Bologna
(Protocol N. 1311/CE), and Comitato Etico Unico per la
Provincia di Parma (Protocol N. 25997).

Statistical analysis

Categorical data are reported as number with percentages, and continuous variables as mean ± 1 SD. F-test
(one-way ANOVA) was used to compare means and
Chi-Squared test to compare percentages of categorical
variables. Statistical analysis was performed using the
software R version 2.11.0 [19].
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We performed a time series analysis, modelling a sequence of data points (dependent variable) measured at
successive time instants, spaced at uniform time intervals. Admission data were available from October 2003
to October 2009. We used months as time intervals and
the dependent variable was the monthly hospital mortality rate calculated for each of the 69 months from
December 2003 to August 2009. We excluded data
regarding the two months before this period in order to
include all the patients present in hospital every month.
For each month we computed the mortality rate for the
patients present in hospital in that month. We also
excluded data regarding the last two months because
our data came from a retrospective discharge dataset, so
data regarding the last two months could be incomplete
and missing the patients admitted in that period and not
yet discharged. The SDO records are collected on an individual patient basis, so we collapsed data into a time
series of monthly average values or proportions in order
to model the mortality rate trend over time (months). A
Poisson regression model which is suitable for any situation
that involves counting events was developed. We expected
that changes in patient characteristics and treatments had
occurred over more than six years. Therefore the analysis
was adjusted for a linear time trend (which takes into account each month and sums up all those modifications that
may have occurred over the previous time), seasonality (11
monthly indicator variables) and monthly average values of
four variables which had a potentially confounding effect
(age, Charlson score, hospital length of stay and urgent/
non-urgent admission). The effect of the education on hospital mortality was measured as the coefficients of two
dummy variables identifying a first (November 2007 to
December 2008) and a second education period (January

to August 2009). Durbin-Watson statistics and visual inspection of the residuals versus time were used to check
for possible autocorrelation.

Results
The study timeline with milestones is reported in Figure 1.
The training of the staff involved firstly larger wards in all
the study hospitals and started in the last quarter of 2007.
The cumulative percentage of hospital staff educated was
25.2% at the end of December 2008 and reached 30.6% at
the end of June 2009. The hospital and staff characteristics, and the numbers of staff members who attended the
educational program are reported in Table 1. The percentage of educated staff was lower in the larger hospitals (B
and D).
There were 411,543 overnight adult records of admission selected from the SDO database according to the
criteria illustrated above. The following nine specialities
were included in the analysis: Internal medicine, Geriatrics, Emergency Department, Pneumology, Intensive
Care, Oncology, General Surgery, Coronary Care Unit,
and Infectious Disease. The characteristics of the
patients included in the mortality analysis before hospital staff education, in the first and in the second period
after starting hospital staff education are reported in
Table 2. Age, Charlson index, hospital deaths and percentages of females and of urgent admissions were lower
in the period before education than in the other periods.
The adjusted monthly hospital mortality rates for a
fixed number of average patients are reported in Figure 2,
where the cumulative percentages of hospital staff educated are shown on a six-month basis. The two dummy
variables identifying first (November 2007 to December
2008) and second (January to August 2009) period of

Table 1 Characteristics of the study hospitals
A

B

C

D

E

F

N. of hospital beds

Hospital

742

1308

740

1231

345

484

Total
4850

N. of ICU beds for adults

16

60

19

37

12

20

164

% of beds devoted to intensive care

2.2

4.6

2.6

3.0

3.5

4.1

3.4

N. of physicians

470

867

494

607

177

243

2858

N. of nurses

1076

1995

1064

1657

433

622

6847

N. of hospital staff

1546

2862

1558

2264

610

865

9705

N. of physicians at 31 December 2008

137 (29.1)

125 (14.4)

200 (40.5)

108 (17.8)

37 (10.7)

67 (13.8)

674

N. of physicians at 30 June 2009

165 (35.1)

152 (17.5)

230 (46.6)

128 (21.1)

53 (15.4)

72 (14.9)

800

N. of nurses at 31 December 2008

296 (27.5)

337 (16.9)

418 (39.3)

351 (21.2)

157 (36.3)

208 (33.4)

1767

N. of nurses at 30 June 2009

347 (32.2)

437 (21.9)

496 (46.6)

471 (28.4)

172 (39.7)

246 (39.5)

2169

at 31 December 2008

28.0

16.1

39.7

20.3

31.8

31.8

25.2

at 30 June 2009

33.1

20.6

46.6

26.5

36.9

36.8

30.6

Staff who attended educational program (%)

Percentages of hospital staff educated

Physician and nursing staff directly involved in patient care present in each hospital at 31 December 2008.
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Table 2 Characteristics of the patients included in the mortality analysis before hospital staff education, in the first
and in the second period after starting hospital staff education
Before education

First period of education

Second period of education

Patients

Period

276,541

78,052

56,950

411,543

Total

p-value

Age (years)

67.6 ± 17.3

68.5 ± 17.3

68.5 ± 17.3

67.9 ± 17.3

Gender male (%)

139,350 (50.3)

39,063 (50.0)

28,376 (49.8)

206,789 (50.2)

0.0229

Charlson index

4.7 ± 1.8

4.8 ± 1.9

4.9 ± 1.9

4.7 ± 1.8

< 0.0001

< 0.0001

Urgent admission (%)

208,660 (75.4)

59,088 (75.7)

43,241 (75.9)

310,989 (75.5)

0.0345

LOS (days)

11.0 ± 14.2

11.2 ± 13.8

10.6 ± 12.0

11.0 ± 13.8

< 0.0001

Hospital deaths (%)

17,270 (6.2)

5,237 (6.7)

3,732 (6.6)

26,239 (6.4)

< 0.0001

Values are reported as number with percentage, or mean ± SD.
LOS: Length Of Stay in hospital.

education where found to be statistically significant in
the Poisson model. Their coefficients were −0.072 and
−0.116, respectively. In comparison with the period before education (December 2003 to October 2007), the
Relative Risk (RR) of death for the in-patients in the
period November 2007 to December 2008 was 0.93 (95%
Confidence Interval [CI] 0.87-0.99; p 0.0251), and the
RR for the in-patients in the period from January to
August 2009 was 0.89 (95% CI 0.81-0.98; p 0.0128).

Discussion
The positive effect of SS/SS education on care and outcome
of ICU patients with SS/SS has been already demonstrated
[20,21]. In these as in our study, efforts to improve the care
of SS/SS patients targeted nearly all physicians specialties,
because a wide variety of medical specialties care for severe
sepsis patients [22]. Nevertheless, clear information about
the number of staff educated is generally lacking in the

literature. Ferrer et al. [20] standardized the educational
program and used multidisciplinary teams to deliver education to the staff of emergency department, medical and
surgical wards, and ICUs. Their before-after study demonstrated a significant reduction in hospital mortality, but they
studied only the patients with SS/SS admitted to 59 ICUs
and reported a mean time dedicated to lectures of 10.6
hours at each center, without mentioning the number of
the trained staff members. In a study performed in 165 hospitals, Levy et al. [23] found that a multi-faced intervention
to facilitate compliance with the guidelines of the Surviving
Sepsis Campaign in ICU, emergency department and wards
was associated with a decrease of hospital mortality of the
severe sepsis patients enrolled in an ad hoc database. No
information was given about the number of the trained staff
or the time dedicated to education [23]. At hospital level,
a multi-format educational approach on sepsis for all workers involved in patient care in a single institution was

Figure 2 Estimated monthly hospital mortality rates for a fixed number of average patients (line) and percentages of educated staff
(as bars). The plot shows the estimated monthly hospital mortality rate for a fixed number of patients with mean values of age, Charlson index,
hospital length of stay and mean percentage of urgent hospital admission. The analysis was performed on a period of 69 months (from
December 2003 to August 2009). The education started in the last quarter of 2007.
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effective in reducing the mortality of the patients with sepsis [24]. Moreover, a recent multicenter study using both
before-and-after and concurrent analyses assessed the inhospital mortality effect of "GENeralized Early Sepsis Intervention Strategies" in community and tertiary care settings
[25]. The patients with severe sepsis and septic shock receiving the 6-h resuscitation bundle via a sepsis team or
sepsis order sets experienced a significant reduction in
mortality [25]. On the other hand, the training of 50% of
the doctors and 70% of the nurses of four wards by medical
simulation in a single hospital [26] did not increase the staff
awareness of the patients at risk despite a similar incidence
of patients with abnormal vital signs in the pre and postintervention periods [27]. The reason for this result may
relay on the lack of routine assessment of vital signs for all
ward patients in the study hospital, as reported by the
authors in a previous study [14], and not changed in the
meanwhile [27].
Our educational project on SS/SS involved only 30%
of the hospital clinical staff, but other unmeasured factors may have influenced the number of educated staff
in the wards and units involved in the analysis of mortality. Firstly, the education started involving the staff of
emergency departments, ICUs and larger wards, which
were also those included in the study and with higher
mortality. The lower percentages of educated staff found
in larger hospitals should be due to the lack of education
of the staffing for specialised wards with very low mortality (for example allergology, endocrinology, rheumatology), because they were not involved in this phase of
the educational project. As a consequence, the percentage of the educated hospital staff is certainly underestimated for the wards/units included in the present
analysis. Secondly, some spread of the Surviving Sepsis
Campaign guidelines happened before starting the
present project and was strengthened by the publication
of the updated version of the Surviving Sepsis Campaign
[10]. We don't have any measure of this spread but
our time series analysis started long before. Moreover,
the Multidisciplinary Sepsis Teams consisted of senior
staff who acted as tutors for the problem based learning used in the education of our target staff, and this
may have facilitated the learning of our well experienced (we excluded residents and medical students)
hospital staff [28].
We found changes in patient characteristics over the
long time of the study. As expected, patients' age and incidence of female gender increased as a consequence of the
increased life expectancy, especially in females. Comorbidity index and urgent admissions also increased, while
length of stay in hospital decreased. However, the time
series analysis took into account all those modifications to
give a result purified of these slow changes. We did not
distinguish the populations with and without SS/SS due to
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the following reasons: i) our data were collected for administrative reasons (reimbursement) and diagnosis codes
may not be properly recorded by the individual physician
[29]; ii) it has not been definitely clarified which international classification of diseases codes correspond to the
definition of severe sepsis accepted by the ACCP/SCCM;
iii) the coexistence of diagnostic codes for infection and
organ failure does not necessarily mean that a causal or
temporal relation exists [30]. Finally, we can speculate that
international classification of diseases coding habits may
be influenced by culture, and training courses aiming at
improving attention to a clinical phenomenon can
sensitize health professionals in the detection of that clinical phenomenon and increase their reporting.
Our original never tested hypothesis is that teaching
hospital staff to early recognize and treat SS/SS should
allow early detection of any patient deterioration, regardless of the presence of sepsis. The consequent
early medical intervention (like early goal-directed
therapy in septic patients [31]) on ward patients at risk
may allow clinical improvement, prevent further deterioration, and finally reduce the hospital mortality. A recently published study on retrospective cardiac arrest
registry data has compared in-hospital cardiac arrests
occurred within 72 h of hospital admission in patients
with (4,453) and without (32,645) preexisting pneumonia [32]. Only 36.5% of the patients with and 30% of
those without preexisting pneumonia were receiving
mechanical ventilation and only 33.3% of the patients
with and 28.8% of those without preexisting pneumonia were receiving infusions of vasoactive drugs prior
to cardiac arrest. These results show that more than
half of the cardiac arrests occurred in the lack of overt
shock and respiratory failure, suggesting the need of
early recognition of clinical deterioration in patients
with and without sepsis [32]. Moreover, it has long
been shown that, in comparison with the patients
developing septic shock in the ICU, those developing
septic shock in general ward receive intravenous fluid
boluses and vasoactive agents with clinically important
delay [33]. Unfortunately we don't know whether our
educated staff may have early identified or earlier and/
or better treated clinical deterioration, or both according to the education received. Nevertheless sufficient
evidence of adverse events like hospital mortality and
ICU admission already exists; there is a need now for
strategies to prevent or reduce them [34]. We could
also hypothesise that our finding was due to the ability
of the educated staff to assess and/or treat only the
patients with SS/SS. The incidence of severe sepsis in
2006 found by the Regional Health Agency using the
algorithms suggested in the literature [1] ranged from
1.08 to 3.36 per 1000 hospital admissions (unpublished
data). Even doubling this incidence it does not appear
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reasonable to hypothesize that the effect found in this
study was due to the education directed to such a
small number of patients having SS/SS. Moreover, it
seems unlikely, but we cannot exclude either an undetected change in the case-mix of hospital patients
(the epidemic peak of A(N1H1) influenza in Italy was
after the period of the present study [35]), or an
Hawthorne effect.
This study has strengths and weaknesses. Our study is
limited by its observational design, which cannot exclude
the possibility of our results being confounded by casemix heterogeneity, but appropriately designed observational studies can provide valuable information on intervention effect [36]. We assessed the percentages of staff
educated in the study hospitals, but not those of the staff
working in the wards or units assessed for mortality or
those previously performed by the staff. We were able to
identify only the starting time of the educational program, because the Regional Health Agency opted to continue education. Finally, we did not address specifically
the patients with SS/SS.
There are other weaknesses of the study. Firstly, limited information to characterize the population was
available, so the hospital mortality was adjusted using
only four patient-related variables, also if the linear time
trend took into account for each month all modifications occurred over the previous time and seasonality.
Secondly, we don't have any data about the compliance
with treatment guidelines or any quality indicators
assessing the change in processes of care as training result. Thirdly, someone could argue that the long period
considered in the time series analysis could have compromise the ability to associate the reduction in mortality with education, but the first version of the Surviving
Sepsis Campaign was published in March 2004, so we
expected some effect of the natural spread of the Campaign. Finally, 30% of trained staff may be a low target
to associate training with mortality reduction, but
results of education may depend not only on quantity
but also on quality of education, as well as on other factors difficult to measure like educational activities individually performed by staff members and leadership of
tutors.
Our hypothesis that a program educating hospital staff
to early detection and treatment of severe sepsis/septic
shock may affect the outcome of all hospital patients is
original, but it has to be corroborated by other experiences. We hope that investigators who manage wide
databases in countries strongly involved in Surviving
Sepsis Campaign will test our hypothesis.

Conclusions
This study suggests that an educational program specifically devoted to severe sepsis/septic shock according to

Page 7 of 8

the Surviving Sepsis Campaign was associated with a decrease in the hospital mortality of the patients admitted
to the hospital wards/units responsible for most of the
cumulative hospital mortality. If this finding is confirmed, the information would be useful for hospital
administrations and health policy makers.
Abbreviations
LOS: Length of stay; RR: Relative risk; SDO: (Scheda di Dimissione
Ospedaliera) discharge database; SS/SS: Severe sepsis and septic shock.
Some preliminary data were presented at the 22nd Annual Congress of the
European Society of Intensive Care Medicine held in Vienna (11–14 Oct
2009) and as an abstract at the congress “Ricerca & innovazione nel servizio
sanitario dell’Emilia-Romagna” (Bologna, 18–19 Jan 2010).
Competing interests
The authors declare that they do not have any potential conflict of interests
related to the present manuscript.
Authors’ contributions
Dr Capuzzo had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of the data
analysis. MC, GP, MZ and MG conceived the study. ET performed data
extraction and statistical analysis, MR, MCampesato, AP, MZ, MB, and MG are
clinical investigators who take care of the educational project in the study
hospitals and critically revised the draft manuscript. All the authors approved
the final submission.
Aknowledgements
The authors thank Prof Alberto Barbieri and Dr Paolo Piccinini (Azienda
Ospedaliero-Universitaria of Modena), and Dr Elisabetta Spadini (Azienda
Ospedaliero-Universitaria of Parma) for their help in data education, and Dr
Maria Luisa Moro and Dr Davide Resi (Agenzia Sociale Sanitaria Regione
Emilia-Romagna) for organizing the LaSER campaign. The authors also thank
the following physicians who worked as site researchers: Alberto Andreotti,
Roberta Benini, Elena Bergamini, Angela Berselli, Susanna Biondini, Caterina
Curti, Giuseppe Loschi, Alessandra Markidis, Carlotta Moretti, and Raffaella
Papa.
Funding for the study
The study project was selected for funding by the Comitato di Indirizzo of
the Programma di Ricerca Regione-Università 2007–2009, and was financed
by an unrestricted grant of euro 170,000.00.
Author details
1
Azienda Ospedaliero-Universitaria S. Anna of Ferrara, Department of
Emergency, University Unit of Anaesthesia and Intensive Care, Via Aldo Moro
8 Cona, Ferrara 44124, Italy. 2Azienda Unità Sanitaria Locale of Modena,
Hospital “Baggiovara”, Unit of Emergency Medicine, Modena, Italy. 3Azienda
Ospedaliero-Universitaria of Bologna, Department of Emergency/Urgency,
General and Transplant Surgery, Unit of Anaesthesiology and Intensive Care
“Professor Faenza”, Bologna, Italy. 4Azienda Ospedaliero-Universitaria of
Bologna, Department of Specialized Surgeries and Anaesthesiology, Unit of
Anaesthesiology “Professor Di Nino”, Bologna, Italy. 5Istituto di Ricovero e
Cura a Carattere Scientifico delle Scienze Neurologiche “Bellaria” of Bologna,
Unit of Anaesthesia and Intensive Care, Bologna, Italy. 6Azienda OspedalieroUniversitaria of Parma, Department of Surgery, Unit 2nd of Anaesthesia,
Intensive Care and Pain therapy, Parma, Italy. 7Azienda OspedalieroUniversitaria of Modena, Department of General and Specialized Surgeries,
Unit I of Anaesthesia and Intensive Care, Modena, Italy.
Received: 30 November 2011 Accepted: 28 October 2012
Published: 20 November 2012
References
1. Angus D, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky M:
Epidemiology of severe sepsis in the United States: analysis of incidence,
outcome and associated costs. Crit Care Med 2001, 29:1303–1310.
2. Sundararajan V, MacIsaac CM, Presneill JJ, Cade JF, Visvanathan K:
Epidemiology of sepsis in Victoria, Australia. Crit Care Med 2005, 33:71–80.

Capuzzo et al. BMC Anesthesiology 2012, 12:28
http://www.biomedcentral.com/1471-2253/12/28

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.
17.
18.
19.
20.

Esteban A, Frutos-Vivar F, Ferguson ND, Peñuelas O, Lorente JA, Gordo F,
Honrubia T, Algora A, Bustos A, García G, Diaz-Regañón IR, de Luna RR:
Sepsis incidence and outcome: contrasting the intensive care unit with
the hospital ward. Crit Care Med 2007, 35:1284–1289.
Karlsson S, Varpula M, Ruokonen E, Pettilä V, Parviainen I, Ala-Kokko TI, Kolho
E, Rintala EM: Incidence, treatment, and outcome of severe sepsis in ICUtreated adults in Finland: the Finnsepsis study. Intensive Care Med 2007,
33:435–443.
Finfer S, Bellomo R, Lipman J, French C, Dobb G, Myburgh J: Adult-population
incidence of severe sepsis in Australian and New Zealand intensive care
units. Intensive Care Med 2004, 30:589–596.
Martin CM, Priestap F, Fisher H, STAR Registry Investigators: A prospective,
observational registry of patients with severe sepsis: the Canadian sepsis
treatment and response registry. Crit Care Med 2009, 37:81–88.
Engel C, Brunkhorst FM, Bone H-G, Brunkhorst R, Gerlach H, Grond S,
Gruendling M, Huhle G, Jaschinski U, John S, Mayer K, Oppert M, Olthoff D,
Quintel M, Ragaller M, Rossaint R, Stuber F, Weiler N, Welte T, Bogatsch H,
Hartog C, Loeffler M, Reinhart K: Epidemiology of sepsis in Germany:
results from a national prospective multicenter study. Intensive Care Med
2007, 33:606–618.
Alberti C, Brun-Buisson C, Goodman SV, Antonelli M, Goodman SV, Martin C,
Moreno R, Ochagavia AR, Palazzo M, Werdan K, Le Gall JR, European Sepsis
Study Group: Influence of systemic inflammatory response syndrome and
sepsis on outcome of critically Ill infected patients. Am J Respir Crit Care Med
2003, 168:77–84.
Dellinger PR, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, GeaBanacloche J, Keh D, Marshall JC, Parker MM, Ramsay G, Zimmerman JL,
Vincent JL, Levy MM: Surviving sepsis campaign guidelines for
management of severe sepsis and septic shock. Intensive Care Med 2004,
30:536–555.
Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke R, Reinhart K,
Angus DC, Brun-Buisson C, Beale R, Calandra T, Dhainaut JF, Gerlach H,
Harvey M, Marini JJ, Marshall J, Ranieri M, Ramsay G, Sevransky J, Thompson
BT, Townsend S, Vender JS, Zimmerman JL, Vincent JL: Surviving sepsis
campaign: international guidelines for management of severe sepsis and
septic shock: 2008. Intensive Care Med 2008, 34:17–60. Erratum in: Intensive
Care Med 2008,34:783–785.
Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J,
Opal SM, Vincent JL, Ramsay G: 2001 SCCM/ESICM/ACCP/ATS/SIS
international sepsis definitions conference. Crit Care Med 2003,
31:1250–1256.
Kause J, Smith G, Prytherch D, Parr M, Flabouris A, Hillman K, Intensive
Care Society (UK); Australian and New Zealand Intensive Care Society
Clinical Trials Group: Australian and New Zealand Intensive Care Society
Clinical Trials Group: A comparison of antecedents to cardiac arrests,
deaths and emergency intensive care admissions in Australia and New
Zealand, and the United Kingdom-the ACADEMIA study. Resuscitation
2004, 62:275–282.
Chen J, Bellomo R, Flabouris A, Hillman K, Finfer S, The MERIT Study
Investigators for the Simpson Centre and the ANZICS Clinical Trials Group:
The relationship between early emergency team calls and serious
adverse events. Crit Care Med 2009, 37:148–153.
Fuhrmann L, Lippert A, Anders Perner A, Østergaard D: Incidence, staff
awareness and mortality of patients at risk on general wards.
Resuscitation 2008, 77:325–330.
Moro ML, Resi D, Peghetti A, Melotti R: Progetto LaSER Lotta alla sepsi in
Emilia-Romagna Razionale, obiettivi, metodi e strumenti, Dossier 143. 2007.
http://asr.regione.emilia-romagna.it/wcm/asr/collana_dossier/doss143/link/
doss143.pdf.
Collins J: Education techniques for lifelong learning: principles of adult
learning. Radiographics 2004, 24:1483–1489.
Wood DF: Problem based learning. BMJ 2003, 326:328–330.
Ken Turner & Charles Burchill. [http://www.umanitoba.ca/centres/mchp/
concept/dict/comorb_compl/_CharlsonICD9CM.sas.txt]
R Development Core Team: R Foundation for Statistical Computing. Vienna,
Austria: 2010. http://www.R-project.org.
Ferrer R, Artigas A, Levy MM, Blanco J, González-Díaz G, GarnachoMontero J, Ibáñez J, Palencia E, Quintana M, de la Torre-Prados MV,
Edusepsis Study Group: Improvement in process of care and outcome
after a multicenter severe sepsis educational program in Spain. JAMA
2008, 299:2294–2303.

Page 8 of 8

21. Girardis M, Rinaldi L, Donno L, Marietta M, Codeluppi M, Marchegiano P,
Venturelli C, ‘Sopravvivere alla Sepsi‘ group of the Modena- University
Hospital: Effects on management and outcome of severe sepsis and
septic shock patients admitted to the intensive care unit after
implementation of a sepsis program: a pilot study. Crit Care 2009,
13:R143.
22. Bonham CA, Iwashyna TJ, Langa KM, Carson SS, Saint S, Hyzy R, Flanders S:
The diversity of physician specialties caring for elderly patients with
severe sepsis: implications for continuing medical education and quality
initiatives. Am J Respir Crit Care Med 2011, 183:A4680.
23. Levy MM, Dellinger RP, Townsend SR, Linde-Zwirble WT, Marshall JC,
Bion J, Schorr C, Artigas A, Ramsay G, Beale R, Parker MM, Gerlach H,
Reinhart K, Silva E, Harvey M, Regan S, Angus DC: The surviving sepsis
campaign: results of an international guideline-based performance
improvement program targeting severe sepsis. Intensive Care Med
2010, 36:222–231.
24. Verceles A, Schwarcz RM, Birnbaum P, Mannam P, Patrick H: S.E.P.S.I.S:
sepsis education plus successful implementation and sustainability in
the absence of a rapid response team. Chest 2005, 128:181S.
25. Cannon CM, Holthaus CV, Zubrow MT, Posa P, Gunaga S, Kella V, Elkin R,
Davis S, Turman B, Weingarten J, Milling TJ Jr, Lidsky N, Coba V, Suarez A,
Yang JJ, Rivers EP: The GENESIS Project (GENeralized Early Sepsis
Intervention Strategies): a multicenter quality improvement
collaborative. J Intensive Care Med 2012, doi:10.1177/0885066612453025.
26. Fuhrmann L, Østergaard D, Lippert A, Pernerc A: A multi-professional fullscale simulation course in the recognition and management of
deteriorating hospital patients. Resuscitation 2009, 80:669–673.
27. Fuhrmann L, Pernerc A, Klausend TW, Østergaard D, Lippert A: The
effect of multi-professional education on the recognition and
outcome of patients at risk on general wards. Resuscitation 2009,
80:1357–1360.
28. Matthes J, Marxen B, Linke RM, Antepohl W, Coburger S, Christ H, Lehmacher
W, Herzig S: The influence of tutor qualification on the process and
outcome of learning in a problem-based course of basic medical
pharmacology. Naunyn Schmiedebergs Arch Pharmacol 2002, 366:58–63.
29. Van de Garde EM, Oosterheert JJ, Bonten M, Kaplan RC, Leufkens HG:
International classification of diseases codes showed modest sensitivity
for detecting community-acquired pneumonia. J Clin Epidemiol 2007,
60:834–8.
30. Wilhelms SB, Huss FR, Granath G, Sjöberg F: Assessment of incidence of
severe sepsis in Sweden using different ways of abstracting International
Classification of Diseases codes: Difficulties with methods and
interpretation of results. Crit Care Med 2010, 38:1442–9.
31. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peterson E,
Tomlanovich M, Early Goal-Directed Therapy Collaborative Group: Early
goal-directed therapy in the treatment of severe sepsis and septic
shock. N Engl J Med 2001, 345:1368–1377.
32. Carr GE, Yuen TC, McConville JF, Kress JP, VandenHoek TL, Hall JB, Edelson
DP, American Heart Association's Get With the Guidelines-Resuscitation
(National Registry of CPR) Investigators: -Hospital cardiac arrest among
patients with coexisting pneumonia: a report from the american heart
association's get with the guidelines - resuscitation program. Chest 2012,
141:1528–36.
33. Lundberg JS, Perl TM, Wiblin T, Costigan MD, Dawson J, Nettleman MD,
Wenzel RP: Septic shock: an analysis of outcomes for patients with onset on
hospital wards versus intensive care units. Crit Care Med 1998, 26:1020–1024.
34. Nguyen TV, Hillman KM, Buist MD: Adverse events in British hospitals.
Preventive strategies, not epidemiological studies, are needed. BMJ 2001,
322:1425. author reply 1427.
35. Italian Health Ministry. http://www.nuovainfluenza.salute.gov.it/
nuovainfluenza/nuovaInfluenza.jsp.
36. Cousens S, Hargreaves J, Bonell C, Armstrong B, Thomas J, Kirkwood BR,
Hayes R: Alternatives to randomisation in the evaluation of public-health
interventions: statistical analysis and causal inference. J Epidemiol
Community Health 2011, 65:576–81.
doi:10.1186/1471-2253-12-28
Cite this article as: Capuzzo et al.: Hospital staff education on severe
sepsis/septic shock and hospital mortality: an original hypothesis. BMC
Anesthesiology 2012 12:28.

