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Abstract: Within the EASY-NET network program (NET-2016-02364191), Work Package 1 Lazio
evaluates the effectiveness of a structured audit and feedback (A&F) intervention compared with
the web-based regional periodic publication of indicators in improving the appropriateness and
timeliness of emergency healthcare for acute myocardial infarction (AMI). This work describes the
A&F methodology and presents the results of the first feedback delivered. The intervention involves
sending periodic reports via e-mail to participating hospitals. The feedback reports include a set
of volume and quality (process and outcome) indicators, calculated by facility through the health
information system of the Lazio Region and compared with regional mean, target values and values
calculated for hospitals with similar volumes of activity. Health managers and clinicians of each
participating hospital represent the “feedback recipients”. They are invited to organize clinical and
organizational audit meetings to identify possible critical issues in the care pathway and define,
where necessary, improvement actions. A total of 16 facilities are involved. Twelve facilities present
high volumes in all volume indicators, while three facilities present low volumes for each indicator.
Concerning the quality indicators, four facilities do not present critical indicators or had average
results, three facilities do not present critical indicators but show average results in at least one of
the indicators and six facilities present a critical value for at least one of the indicators. The first
report highlighted some critical issues in some facilities on several indicators. During the audit
meetings, each facility analyzes these issues, defining appropriate improvement actions. The outcome
of these actions will be monitored through subsequent reporting to support the continuous care
quality improvement process.

Keywords: audit and feedback; emergency; acute myocardial infarction

1. Introduction

In Italy, there is evidence of large variability in healthcare service organization and
health outcomes [1]. To reduce this variability and avoid suboptimal implementation of
evidence-based practice, various strategies have been proposed, among them audit and
feedback (A&F) [2,3]. The WHO defined A&F as “any summary (written or verbal) of
clinical performance of health care over a specified period of time” [2]. The purpose of
A&F is to measure the performance, compare it to a standard and then to feed the results
back to health professionals involved in a particular healthcare pathway with the final

Healthcare 2023, 11, 1651. https://doi.org/10.3390/healthcare11111651 https://www.mdpi.com/journal/healthcare

https://doi.org/10.3390/healthcare11111651
https://doi.org/10.3390/healthcare11111651
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/healthcare
https://www.mdpi.com
https://orcid.org/0000-0003-3731-1606
https://orcid.org/0000-0001-5363-403X
https://doi.org/10.3390/healthcare11111651
https://www.mdpi.com/journal/healthcare
https://www.mdpi.com/article/10.3390/healthcare11111651?type=check_update&version=1


Healthcare 2023, 11, 1651 2 of 15

goal of improving care. Indeed, A&F is commonly used to help healthcare providers to
identify the gap between knowledge and practice and to improve quality of care [3,4].
Providing health professionals with data on their clinical performance should make them
aware of the gap to fill [3,4]. According to two Cochrane reviews [5,6], A&F generally leads
to small but potentially important improvements in professional practice. Despite A&F as a
quality improvement strategy being widely used, evidence suggests that the effects of such
interventions vary greatly and are not improving over time [5,6]. Moreover, the optimum
methods for implementation and characteristics of A&F strategies that lead to greater
impact are still unknown [7–10]. EASY-NET “Effectiveness of Audit & Feedback strategies
to improve healthcare practice and equity in various clinical and organizational settings” is
an Italian research network program, articulated in seven Work Packages, co-funded by
the Italian Ministry of Health (NET-2016-02364191) and by the involved Italian Regions,
including Lazio. The program aims at evaluating the comparative effectiveness of A&F in
improving care for different clinical conditions in various organizational and legislative
settings and at identifying possible obstacles and facilitating factors to its implementa-
tion [11]. Within the program, the Lazio Region, through the Department of Epidemiology
of the Regional Health Service (RHS) (namely DEP Lazio), in addition to being the leading
Region for the overall program, is developing the Work Package 1 (WP1 Lazio). WP1 Lazio
conducts “Comparative Evaluation of Effectiveness of Audit and Feedback (A&F) Strate-
gies to Improve Integrated Care Pathways for Chronic and Acute Conditions” according
to two lines of activity, “chronicity”, dedicated to healthcare for chronic conditions, and
“emergency”, dedicated to healthcare for acute conditions [12]. The research activities
within the WP1-Lazio Emergency aim to compare effectiveness in improving the appropri-
ateness and timeliness of emergency health interventions for acute myocardial infarction
(AMI) between a structured A&F strategy and the periodic web-based publication of in-
dicators (“standard strategy”). DEP Lazio annually calculates and publishes results of
many process and outcome indicators, evaluating healthcare for different health conditions
(both acute and chronic) provided either in hospital or in community settings, through a
dedicated regional web platform called P.Re.Val.E (“Programma Regionale Valutazione
Esiti”—Regional Program for Outcomes and Processes Evaluation) [13]. This platform
is publicly accessible, and its annual update is promoted in an open meeting to which
healthcare management professionals of all the healthcare facilities of the region are invited.
Using a specific function available through the platform, a healthcare provider has the
possibility to activate an Audit procedure also involving DEP Lazio, but this activity is on
the providers’ initiative. Therefore, in this “standard strategy”, the “feedback” is returned
to providers through a web publication, and no other initiatives are offered by DEP Lazio.
A structured A&F intervention has been defined within the WP1 Lazio Emergency project,
taking into account the most recent evidence in the field suggesting ways of optimizing
these strategies [9,14,15].

The objectives of this work were to describe the A&F methodology for improving
the quality of the in-hospital emergency care pathway for AMI implemented in the Lazio
region and to report the results of the first delivered feedback.

2. Materials and Methods
2.1. Study Design and Participants

All fifty hospitals in the Lazio region were invited to participate to a prospective quasi-
experimental, pre–post study with a control group, aimed at evaluating the effectiveness
of an A&F intervention in promoting quality of in-hospital emergency care for patients
affected by AMI and centrally coordinated by DEP Lazio. A project team (PT) was defined,
consisting of experienced methodologists from DEP Lazio, experienced clinicians (cardiol-
ogy and emergency medicine) and healthcare management professionals from involved
hospitals. Although the intervention focused on the in-hospital AMI emergency care path-
way, the regional emergency medical service (ARES 118 “Agenzia Regionale Emergenza
Sanitaria”) and the Regional Health and Social-Health Integration Directorate—Hospital
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and Specialty Network Area of the Lazio Region were also invited to collaborate, thus
accounting also for the overall pathway.

2.2. A&F Intervention

The experimental A&F intervention started in December 2021 and is scheduled to
finish in September 2023. As the first step, a kickoff meeting was organized to present
the project activities and to collect agreement to participate from healthcare managers and
clinicians—“feedback recipients”—of all fifty hospitals in the Lazio region. Before the
intervention started, a questionnaire was administered to collect information about the
state of implementation of A&F and assimilating activities in the participating hospital.
Methods and results of this survey are described in the study by Angioletti et al. [16].

The A&F intervention includes:

- Sending periodic reports (feedback) with the results of a set of process and outcome
indicators evaluating the in-hospital emergency care for AMI patients, in a defined
reference period;

- Inviting the recipients to organize audit meetings in which they should discuss the
reported results, identify critical issues and define improvement actions;

- Inviting the recipients to return a form collecting information about the audit meetings
characteristics to the research team.

The main features for drafting the feedback reports were defined in collaboration with
the PT and by administering a questionnaire to all the recipients for selecting the graphs,
tables and textual information they prefer. The overall intervention, lasting two years,
involves the delivery of feedback four times, once every six months. By the end of February
of each year, recipients are provided with preliminary feedback reporting the results related
to the first six months of the previous year, and by the end of September they receive
consolidated feedback reporting data related to the entire previous year.

Feedback is delivered both in verbal and written form. First, participants are invited to
an in-person meeting to introduce the feedback, to receive their “feedback on the feedback”
using structured questionnaires and to collect their experience.

The written feedback is delivered in two forms. A main document reports the results
of the set of indicators calculated for all participating hospitals. Results are reported using
bar graphs in which each bar corresponds to a specific hospital and one or more dotted
lines display reference values. Reference values may be “standard values” from current
national or regional regulation (if available) and/or the values calculated at regional level
(Lazio) as reported in P.Re.Val.E. Results are summarized above the figure. The second
provided document is a hospital-specific slide presentation comparing hospital data with
the mean value of all hospitals in Lazio region with similar volume of activities. This value
is used as reference since it is demonstrated that a higher volume of activity is associated
with better outcomes.

After receiving feedback, recipients are invited to organize clinical and organizational
audit meetings in their respective facilities with the aim to identify possible critical issues
and to define, where necessary, improvement actions, timing for actions and to nominate
a local responsible for the implementation. An “audit form” is provided, along with the
feedback, to collect information about the audit’s characteristics and also as an organiza-
tional guide. The information collected is reported in Table S1 (Supplementary Material).
During the “inter-feedback” period, recipients have the possibility to contact DEP Lazio
(the feedback provider) for any support request. Furthermore, the research team regularly
contacts recipients by phone and/or by e-mail with the purpose of updating the activities
and collecting any issues or suggestions.

2.3. Indicators and Population

Indicators included in the feedback were selected, in collaboration with health profes-
sionals participating in the PT, by using a modified Delphi method, i.e., a group process
used to survey and collect the opinions of experts on a particular subject [15,17].
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The preliminary list of indicators evaluated for inclusion comprised some of those
regularly published by the P.Re.Val.E. program [13] and additional ones proposed by TP
members. Table 1 shows the nine indicators reported in the first feedback.

Table 1. Volume, process and outcome indicators for the evaluation of in-hospital emergency care for
AMI patients.

Indicators Calculation Reference Value

AMI: volume of hospitalizations Number of hospitalizations of
patients diagnosed with AMI

100/y
(DM 70/2015)

STEMI: volume of
hospitalizations

Number of hospitalizations of
patients diagnosed with STEMI NA

STEMI: volume of
hospitalizations with at least one
PTCA

Number of hospitalizations of
patients diagnosed with STEMI
who received at least one PTCA

NA

STEMI: proportion treated with
PTCA within 90 min

Number of hospitalized patients
diagnosed with STEMI who
received PTCA within 90 min
from access to the ER/number of
hospitalization of patients
diagnosed with STEMI

≥60%
(DM 70/2015)

STEMI: proportion of PTCA
within 90 min of those treated
with PTCA within 12 h

Number of hospitalized patients
diagnosed with STEMI who
received PTCA within 90 min
from access to the ER/number of
hospitalization of patients
diagnosed with STEMI who
received PTCA within 12 h

NA
Compared to regional mean

AMI: in-hospital mortality

Number of hospitalized patients
diagnosed with AMI who died
during the hospital stay/number
of hospitalized patients diagnosed
with AMI

NA
Compared to regional mean

STEMI: in-hospital mortality

Number of hospitalized patients
diagnosed with STEMI who died
during the hospital stay/number
of hospitalized patients diagnosed
with STEMI

NA
Compared to regional mean

AMI: 30-day mortality

Number of hospitalized patients
diagnosed with STEMI who died
during the 30 days after hospital
discharge/number of hospitalized
patients diagnosed with AMI

NA
Compared to regional mean

STEMI: 30-day mortality

Number hospitalized patients
diagnosed with STEMI who died
during the 30 days after hospital
discharge/number of hospitalized
patients diagnosed with STEMI

NA
Compared to regional mean

STEMI: ST-elevation myocardial infarction, PTCA: percutaneous transluminal coronary angioplasty, ER: emer-
gency room, NA: not available.

The list of indicators includes:

- Three volume indicators to provide a description of the amount of activity in each partici-
pating facility, which are useful for the interpretation of process and outcome indicators.

Two reference values for comparison are defined according to evidence and Italian
legislation. The decree of the specially appointed commissioner of the Lazio Region
(“Decreto del Commissario ad Acta” DCA) “DCA 412/2014” defined a minimum annual
volume of 300 hospitalizations for AMI and at least 400 percutaneous transluminal coronary
angioplasties (PTCAs). At national level, the Ministry Decree (“Decreto Ministeriale-DM”)
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“DM 70/2015” [18] indicated a minimum annual volume of 100 hospitalizations for AMI
and at least 250 PTCAs.

- Two process indicators, evaluating PTCA in ST-segment-elevation myocardial infarc-
tion (STEMI) patients. In Italy, the DM 70/2015 indicates as a target value a minimum
proportion of patients treated with PTCA within 90 min of 60%. The second indicator
is a modified version of the first one calculated with the intention of excluding those
patients for whom PTCA is no longer appropriate due to the large timeframe (longer
than 12 h) passed since the access in the ER. In these patients, we can consider that
PTCA was appropriately not performed.

- Four outcome indicators, evaluating 30-day mortality and in-hospital mortality for
AMI and STEMI inpatients. As no standard values are available for these indicators,
the regional mean was used as reference value.

In addition, all indicators calculated by facility were compared to values calculated
for groups of hospitals characterized by similar volumes of activity.

In the final part of the feedback report, two summary grids are provided for an overall
view of all the indicators for all participating hospitals. The grids are defined based on a
series of cut-off points starting from the target values indicated by the literature and by
current legislation (where available). According to the P.Re.Val.E., previously identified
categories were used [13].

Each indicator for each hospital is colored according to a color scale proportionally to
the corresponding score. The synthetic grid for the volume indicators reports each class
of volume according to a scale of blue where the dark blue corresponds to the highest
volume (volume < 5 are indicated in gray). The synthetic grid for the process and outcome
indicators reports each class of performance according to a red-to-green scale where the
dark red corresponds to the lowest performance and the dark green to the highest one
(hospitals with volume of activity < 5 are indicated in gray). For comparison purposes,
the second grid is populated based on adjusted measures. Where it was not possible to
estimate adjusted measures, the crude values are reported and identified by a star (*).

Reading the grid along the row, it is possible to visually evaluate the overall perfor-
mance of a hospital and to identify critical indicators. On the contrary, reading the column,
it is possible to compare the performance measured by a particular indicator across all the
participating hospitals and to identify hospitals for which that indicator is critical.

2.4. Data Sources

The indicators were calculated using pseudo-anonymized data collected through
the health information system (HIS) of the Lazio Region. Specifically, the data sources
used include the Italian Hospital Discharge Registry (HDR), the Healthcare Emergency
Information System (HEIS) and the Tax Registry. The HDR information system contains
sociodemographic and clinical data systematically collected during each hospital admis-
sion and discharge from facilities of the Lazio region, including the main and additional
diagnoses and all the procedures carried out. Eligibility and exclusion criteria for the
selection of the cohort of interest were defined according to the International Classification
of Disease, Ninth Revision, Clinical Modification, (ICD-9-CM) codes [19]. Codes for each
indicator are reported in Supplementary Materials Table S2.

An anonymous identification code, assigned from the HIS, was used as the key for
the record-linkage procedure applied using the deterministic methodology. Data from the
HDR were linked to data collected through the Information System of Health Emergency
(HEIS) that routinely collects sociodemographic and clinical information about treatments
and access to all the Emergency Department of hospitals in the Lazio region and the “Tax
Registry” that includes information on deaths.

By integrating data from different data sources, a demographic and health-related
profile is defined, allowing for patients’ clinical history for the five years preceding the
admission of interest to be traced.
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2.5. Data Management and Statistical Analysis

The calculation formulas of the included indicators are reported in Supplementary
Materials Table S2. Each indicator is calculated by facility for groups of hospitals with the
same volume of activity and at the regional level [13,20,21].

The adjusted measures and related 95% CIs are calculated by generalized linear models
with binomial distribution and logit as a link function adjusting for demographics and
clinical characteristics selected by means of a stepwise procedure (Supplementary Material
Tables S3 and S4). The threshold values used to define the classes of performance reported
in the grids were defined using the “Jenks natural breaks” algorithm [22]. These values
are dynamic, and the identification of classes needs to be periodically updated. Statistical
analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).

3. Results

Out of the total of 43 facilities in the cardiological emergency network in Lazio region,
16 participate in the intervention for the AMI pathway evaluation. We report a selection of
the results from the first feedback for the most relevant volume and quality indicators. All
other results are available in Supplementary Material Figures and Tables S5–S9.

The results presented refer to the first reporting period, namely 1 January to the
31 December 2021. The feedback was delivered by the end of September 2022.

3.1. Volume Indicators

In 2021, 7766 hospitalizations for AMI were reported in the Lazio region, of which 3249
(41.8%) were STEMI. Hospitalizations for AMI have been progressively decreasing since
2015 and for STEMI since 2010 [23]. Hospitalizations for both conditions fell dramatically
in 2020 as compared to 2019, greater for AMI (−17.7%) than for STEMI (−12%), largely due
to the COVID-19 pandemic (Table 2). The progressive decline in hospitalizations for AMI
and STEMI is in line with national and international evidence [23].

Table 2. Number of hospitalizations of patients with AMI by facility (2019, 2020, 2021).

Facility
Volume of Activity

2019 2020 2021

Lazio 9794 8061 7766

Facility 1 710 584 514
Facility 2 506 413 442
Facility 3 696 420 418
Facility 4 470 363 416
Facility 5 491 427 378
Facility 6 426 378 354
Facility 7 399 306 295
Facility 8 289 266 292
Facility 9 389 306 266

Facility 10 396 323 231
Facility 11 253 230 218
Facility 12 305 237 143
Facility 13 97 75 91
Facility 14 106 72 56
Facility 15 51 27 20
Facility 16 9 10 7

Figure 1 shows the volume of activities for AMI by participating facilities in 2021.
Considering results calculated for the entire year 2021, 6 of the 16 facilities (38%) met the
target defined by DCA 412/2014. Twelve facilities (75%) met the target defined by DM
70/2015 (details for years 2019, 2020 and 2021 are given in Table 2). Since 2020, a general
reduction in hospitalization for AMI is shown.
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Figure 1. Number of hospitalizations of patients with AMI by facility (2021).

Figure 2 shows the activity volumes per facility in 2021, relating only to STEMI
hospitalizations in which at least one PTCA was performed. In 2021, 4 out of 16 facilities
(25%) reported more than 150 STEMI admissions with at least one PTCA and 5 out of 16
(31%) between 100 and 150 admissions per year. One facility has less than 50 admissions
per year, while four facilities reported no STEMI admissions with at least one PTCA (data
for years 2019, 2020 and 2021 are given in Table 3).

Healthcare 2023, 11, x FOR PEER REVIEW 7 of 15 
 

 

Facility 4 470 363 416 

Facility 5 491 427 378 

Facility 6 426 378 354 

Facility 7 399 306 295 

Facility 8 289 266 292 

Facility 9 389 306 266 

Facility 10 396 323 231 

Facility 11 253 230 218 

Facility 12 305 237 143 

Facility 13 97 75 91 

Facility 14 106 72 56 

Facility 15 51 27 20 

Facility 16 9 10 7 

Figure 2 shows the activity volumes per facility in 2021, relating only to STEMI hos-

pitalizations in which at least one PTCA was performed. In 2021, 4 out of 16 facilities (25%) 

reported more than 150 STEMI admissions with at least one PTCA and 5 out of 16 (31%) 

between 100 and 150 admissions per year. One facility has less than 50 admissions per 

year, while four facilities reported no STEMI admissions with at least one PTCA (data for 

years 2019, 2020 and 2021 are given in Table 3). 

 

Figure 2. Number of hospitalizations of patients with STEMI treated with PTCA by facility (2021). 

Table 3. Number of hospitalizations of patients with STEMI treated with PTCA by facility (2019, 

2020, 2021). 

Facility 
Volume of Activity 

2019 2020 2021 

Lazio 2870 2625 2719 

Facility 1 369 274 232 

Facility 6 215 188 229 

Facility 3 217 178 180 

Facility 2 172 140 169 

Facility 4 162 139 144 

Facility 5 156 146 140 

Facility 9 172 118 128 

Facility 11 121 121 114 

Facility 8 114 113 110 

Facility 10 112 99 87 

Facility 7 87 80 75 

Figure 2. Number of hospitalizations of patients with STEMI treated with PTCA by facility (2021).

3.2. Process Indicators

Figure 3 shows the proportion of PTCAs performed within 90 min from the access to
emergency room (ER) in patients diagnosed with STEMI, by facility in 2021. Five out of
sixteen facilities (31.3%) meet the minimum target value of 60%. Further three facilities are
slightly below the minimum target value. The remaining three facilities are significantly
below the minimum target value (raw and adjusted proportions are reported in Table 4).
Finally, five facilities had very low values, which did not permit calculation of the adjusted
indicator (raw proportions in Table 4).
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Table 3. Number of hospitalizations of patients with STEMI treated with PTCA by facility (2019, 2020,
2021).

Facility
Volume of Activity

2019 2020 2021

Lazio 2870 2625 2719

Facility 1 369 274 232
Facility 6 215 188 229
Facility 3 217 178 180
Facility 2 172 140 169
Facility 4 162 139 144
Facility 5 156 146 140
Facility 9 172 118 128

Facility 11 121 121 114
Facility 8 114 113 110

Facility 10 112 99 87
Facility 7 87 80 75

Facility 12 105 72 43
Facility 14 0 0 0
Facility 13 0 1 0
Facility 16 1 0 0
Facility 15 0 0 0
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Figure 3. Proportion of patients with STEMI treated with PTCA within 90 min from access to ER, by
facility (2021).

Considering the volumes of PTCA performed in STEMI patients for the year 2021
(Figure 3 and Table 4), facilities were divided into four volume categories (≤50; 51–100;
101–150; >150 number of PTCA). Each facility can then be compared with the value calcu-
lated for all the facilities of the Lazio region in the same category (also not participants).
The graphs by facilities are shown in Supplementary Material Figure S6. In general,
five facilities present lower adjusted proportions than the value calculated within the same
volume class.

3.3. Outcome Indicators

Figure 4 shows the mortality within 30 days from the first hospital admission of
patients diagnosed with STEMI, by facility. Results for the year 2021 are shown in Figure 4
and Table 5. No standard reference value is available for this indicator. Four facilities have
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showed values above the regional reference value. Three facilities had very low values,
which made it impossible to calculate the adjusted mortality. The crude proportion is
reported and is higher than the regional value in all cases. For one facility, on the other
hand, the crude mortality is zero (crude and adjusted mortality reported in Table 5).

Table 4. Proportion of patients with STEMI treated with PTCA within 90 min from access to ER, by
facility (2021).

Facility N Crude % 95% CI Adj % 95% CI

Lazio 2601 55.48 53.56 57.38 _ _ _

Facility 10 55 89.09 78.17 94.90 88.80 76.56 95.25
Facility 6 206 82.04 76.23 86.68 82.98 76.89 87.77
Facility 7 71 67.61 56.06 77.34 70.66 58.68 80.39
Facility 11 109 67.89 58.64 75.92 68.15 58.37 76.60
Facility 1 201 66.67 59.89 72.82 63.85 56.60 70.53
Facility 8 110 61.82 52.49 70.35 58.73 48.91 67.93
Facility 4 164 51.83 44.23 59.35 53.93 45.84 61.84
Facility 9 122 54.10 45.27 62.68 50.76 41.70 59.79
Facility 2 161 45.96 38.45 53.67 44.68 36.97 52.67
Facility 3 168 40.48 33.35 48.03 41.62 34.09 49.56
Facility 5 136 40.44 32.57 48.84 40.14 32.00 48.88
Facility 12 39 38.46 24.89 54.10 _ _ _
Facility 14 6 0.00 0.00 _ _ _ _
Facility 15 3 0.00 0.00 _ _ _ _
Facility 13 2 0.00 0.00 _ _ _ _
Facility 16 1 0.00 0.00 _ _ _ _
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Figure 4. Mortality within 30 days after first admission to hospital for STEMI, by facility (2021).

Considering the admission volumes for STEMI for the year 2021 (Table S1), the facilities
were divided into four volume categories (≤50; 51–100; 101–150; >150 number of PTCA).
Each facility can then be compared with the value calculated for all the facilities of the
Lazio region in the same category (also not participants). The graphs by facilities are shown
in Supplementary Material Figure S7. In general, six structures show a higher adjusted
mortality than the value calculated within the same volume class.

Figure 5A,B summarize the results of the indicators calculated by facility. Twelve
facilities present high or very high (AMI and STEMI > 51) volumes in all volume indicators,
while three facilities present low or very low volumes (AMI and STEMI ≤ 50). Concerning
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the quality indicators, four facilities do not present critical indicators or have average results
(very high or high), three facilities do not present critical indicators but average results in
at least one of the indicators (very high or high or medium), six facilities present for at least
one of the indicators a critical or very critical value (low or very low) and for two facilities
it is not possible to calculate the adjusted value for any of the included indicators.

Table 5. Mortality within 30 days after first admission to hospital for STEMI, by facility (2021).

Facility N Crude % 95% CI Adj % 95% CI

Lazio 2623 8.84 7.82 9.99 _ _ _

Facility 6 206 2.43 1.04 5.56 2.54 1.01 6.31
Facility 4 164 7.32 4.23 12.35 6.18 3.17 11.86
Facility 9 122 4.92 2.27 10.32 6.31 2.75 14.09
Facility 10 77 7.79 3.62 15.98 6.36 2.61 14.98
Facility 5 136 8.09 4.58 13.90 6.38 3.22 12.40
Facility 8 110 5.45 2.52 11.39 6.82 2.92 15.45
Facility 7 71 8.45 3.93 17.24 7.24 2.96 17.08
Facility 1 201 8.46 5.35 13.13 10.01 5.90 16.68
Facility 3 168 11.90 7.84 17.67 12.32 7.53 19.79
Facility 11 109 11.93 7.10 19.34 12.42 6.73 22.23
Facility 2 161 13.66 9.20 19.82 14.38 8.99 22.53
Facility 12 39 25.64 14.57 41.08 _ _ _
Facility 15 3 33.33 6.15 79.23 _ _ _
Facility 14 6 33.33 9.68 70.00 _ _ _
Facility 13 2 0.00 _ _ _ _ _
Facility 16 1 0.00 _ _ _ _ _

Healthcare 2023, 11, x FOR PEER REVIEW 10 of 15 
 

 

Facility 2 161 13.66 9.20 19.82 14.38 8.99 22.53 

Facility 12 39 25.64 14.57 41.08 _ _ _ 

Facility 15 3 33.33 6.15 79.23 _ _ _ 

Facility 14 6 33.33 9.68 70.00 _ _ _ 

Facility 13 2 0.00 _ _ _ _ _ 

Facility 16 1 0.00 _ _ _ _ _ 

Figure 5A,B summarize the results of the indicators calculated by facility. Twelve fa-

cilities present high or very high (AMI and STEMI > 51) volumes in all volume indicators, 

while three facilities present low or very low volumes (AMI and STEMI ≤ 50). Concerning 

the quality indicators, four facilities do not present critical indicators or have average re-

sults (very high or high), three facilities do not present critical indicators but average re-

sults in at least one of the indicators (very high or high or medium), six facilities present 

for at least one of the indicators a critical or very critical value (low or very low) and for 

two facilities it is not possible to calculate the adjusted value for any of the included indi-

cators. 

 

Figure 5. Summary grid for (A) volume indicators (2021) and (B) process and outcome indicators 

(ADJ % 2021). 

4. Discussion 

The objectives of the present work were to describe a new audit and feedback inter-

vention for improving the quality of the in-hospital emergency care pathway for AMI im-

plemented in the Lazio region and to report the results of the first delivered feedback. This 

research is part of the EASY-NET research program (NET-2016-02364191), and the final 

goal is to compare the efficacy of the intervention in improving timeliness and outcome 

of emergency care for AMI as compared to the existing A&F strategy in the region [13]. 

The study involved all hospitals in Lazio; those that adhered to the intervention are con-

sidered as “exposed” and those that did not adhere as “not exposed”. In order to account 

Figure 5. Summary grid for (A) volume indicators (2021) and (B) process and outcome indicators
(ADJ % 2021).



Healthcare 2023, 11, 1651 11 of 15

4. Discussion

The objectives of the present work were to describe a new audit and feedback in-
tervention for improving the quality of the in-hospital emergency care pathway for AMI
implemented in the Lazio region and to report the results of the first delivered feedback.
This research is part of the EASY-NET research program (NET-2016-02364191), and the final
goal is to compare the efficacy of the intervention in improving timeliness and outcome of
emergency care for AMI as compared to the existing A&F strategy in the region [13]. The
study involved all hospitals in Lazio; those that adhered to the intervention are considered
as “exposed” and those that did not adhere as “not exposed”. In order to account for
previously existing A&F strategies at the hospital level, we performed a baseline analysis
of the state of the art. The study by Angioletti et al. highlighted that A&F, and assimilating
activities, are widely used among the hospitals of the Lazio region, but there is a large
variability in their characteristics. In most cases, these are limited to the discussion of
clinical cases or the consultation of indicators, while the definition of improving activities
and the identification of those responsible for the implementation of these activities is rarely
reported [16]. Starting from this baseline picture, we elaborated an A&F strategy consisting
mainly of the delivery of periodic feedback reports, the invitation to organize audit meeting
starting from the reported results and the invitation to periodic in-person meetings with
the feedback provider (DEP Lazio). The strategy was designed taking into account the
most recent evidence on the characteristics that could improve the effectiveness of the feed-
back. Recently, Brehaut and colleagues [9] identified 15 key suggestions for designing and
delivering effective practice feedback interventions. Although not all suggestions could be
applied to all A&F strategies, they represent a useful guide to design an A&F intervention
informed by the evidence. According to the first group of suggestions, regarding the type
of actions that recipients should put into practice to improve their performance, we focused
on the in-hospital part of the emergency care pathway for AMI by setting the specific goal
to improve the timeliness of care (e.g., PTCA) that is essential to reach better outcomes
(e.g., reducing mortality for AMI). In this context, the improving actions are specific and
under the control of the recipients. After receiving the feedback, recipients have the oppor-
tunity, if relevant, to ask the provider (DEP Lazio) for detailed information at patient level,
allowing re-examination of the cases to better understand how they can improve. Secondly,
as the authors suggested, we planned to deliver feedback periodically every six months
and to provide data at unit level (a small group of different professionals from different
disciplines working together). In order to optimize the feedback display, we included
synthetic written messages along with graphical data representation. The intervention
was planned in collaboration with the recipients. The indicators used for evaluating the
care pathway of interest and the main features of the feedback report (graph, tables, text)
were defined by consulting participating health professionals (recipients) using a struc-
tured methodology (modified Delphi methods [15,17] and structured electronic surveys).
In particular, an objective and subjective evaluation of the clarity of different graphical
solutions was performed by conducting a survey involving the recipients. For selecting the
graphics to use, the objective evaluation (correct interpretation assessed through specific
questions) took priority over the subjective evaluation (collected as personal preference).
The active involvement in constructing the feedback, along with the use of a limited but
representative group of indicators, made it possible to reduce the cognitive load for the
recipients when they receive the feedback. Finally, during the face-to-face meetings, we
periodically collected the “feedback on the feedback” from the recipients, with the objective
of improving the materials provided. Indeed, it has been reported in literature that socially
constructed feedback could be more effective [9,14].

On the other hand, it must be considered that feedback delivered by a research
team, as in our case, might be less effective than that delivered by a supervisor or a
respected colleague [9]. This could be due to the scarce credibility to the feedback process
(i.e., available data, data collection process, data analysis) [9]. To overcome this possible
limitation, we made all efforts to address the credibility of the provided information. For
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example, participants have the opportunity to ask any questions or for clarifications both
during the in-person meeting and via email, call/videocall or online meeting.

A total of 16 health facilities of the Lazio region participate in the EASY-NET program
for the AMI pathway evaluation. The indicators selected included volume, timeliness and
outcome indicators. The volume of activities represents a measurable process and can serve
as effect modifiers with respect to the effectiveness of healthcare interventions. There is a
great body of literature that demonstrates the association between the volume of activities
and outcomes of health interventions [24]. Hospitalizations for AMI and PTCA are among
the interventions for which the association between the volume of activities and the patient
outcomes (in-hospital and 30-day mortality) has been demonstrated [21].

In Italy, target volumes are currently defined by the DM 70/2015 and, at a regional
level, by the DCA 412/2014. DM 70/2015 defines target volumes corresponding to at least
100 admissions for AMI and at least 250 PTCAs in a year. DCA 412/2014 sets targets for a
volume of at least 300 admissions for AMIs and at least 400 PTCAs.

Six of the sixteen hospitals (38%) met the target values defined by the DCA 412/2014,
and twelve (75%) met the target values defined by DM 70/2015. Furthermore, 4 of 16
reported (25%) more than 150 STEMI admissions with at least one PTCA and 5 (31%)
between 100 and 150 admissions per year. One facility has less than 50 admissions per year,
while four facilities reported no STEMI admissions with at least one PTCA.

Regarding the process indicators, is well documented that timely and effective treatments
are essential for the survival of the patient with AMI [25]. In recent years, 30 day-mortality
from AMI has been significantly reduced [26]. In the Lazio region, according to P.Re.Val.E.
program data, over the last 10 years, the 30-day mortality for AMI has also been reduced
from 9.69% (95% CI: 9.08–10.30%) to 7.55% (95% CI: 6.93–8.17%), while the percentage of
patients with STEMI who promptly underwent PTCA has increased from 29.54% (95% CI:
28.1–30.98%) to 55.48% (95% CI: 53.56–57.40%) [13,23].

Considering the proportion of PTCAs performed within 90 min from the first access
to the ER in patients diagnosed with STEMI, only 5 out of 16 facilities (31.3%) met the
minimum target value of 60% in 2021, while three presented values significantly under
the target. In those cases, a recommendation to carry out a revision of all the phases of the
in-hospital pathway was formulated.

Finally, the outcome indicators included the 30-day mortality (after discharge), an
indicator that reflects at least in part the quality of care provided to the patient. In the Lazio
region, this appears to be declining in recent years for both AMI and STEMI from 10.6%
to 7.1% and from 12.3% to 9% from 2010 to 2019, respectively. In 2020, again in relation to
the COVID-19 pandemic, a reversal is observed with a slight increase to 7.8% and 9.6%,
respectively [13,23].

Regarding the participating hospitals, four had an adjusted 30-day mortality in STEMI
patients above the regional value, and six showed a higher adjusted mortality than the
value calculated for hospitals within the same volume class. Although the 30-day mortality
depends only in part on the in-hospital care, professionals were invited to revise the clinical
cases of AMI patients who died during the 30 days after the discharge with the aim to
identify possible critical points also considering the in-hospital mortality.

This research presents different strengths as well as limitations.
Firstly, the described methodology was designed considering the most relevant and

recent evidence on the ways of optimizing A&F, including engagement of participants
in the development phase. A second strength is related to the data sources used that
are represented by the HIS that represent a very comprehensive source of information.
Furthermore, since they are regularly collected, they provide the opportunity for healthcare
organizations and systems to develop regular quality improvement programs. Beyond
the strengths, they also present limitations, mainly related to the quality of the collected
data [27,28]. As the process of entering incorrect data causes erroneous results [29], it is of
paramount importance to audit the quality of the data recorded in the health information
systems in order to ensure the correct handling of the input data [30] involved in the
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calculation of the indicators. Moreover, the research team produces and sends well defined
and standardized feedback reports, thus giving hospitals the possibility to organize the
audit meetings independently. This can certainly create problems of heterogeneity and
coordination among the participating facilities but gives them the possibility to adapt the
meetings to their own needs. In any case, to improve coordination, periodic meetings for
discussion were organized, and numerous contacts were held via email and telephone with
all the participants.

During the experimental intervention, after receiving the feedback, participants (“ex-
posed”) could observe a discrepancy between the provided data and their performance.
In these cases, they were invited to require data quality audits involving the feedback
providers. The P.Re.Val.E. program [13,23] (available for all the hospitals in the region, in-
cluding the “not exposed”) regularly conducts data quality audits in hospitals with results
which deviate significantly from the regional average. The aim of these audits is to identify
possible critical points, which can require specific interventions to improve data quality.

5. Conclusions

Although the difference in the effect measurements across studies is large, A&F is
recognized as an effective strategy. The effectiveness of these interventions depends on
how it is constructed and delivered. Our analysis of hospital performance highlighted
heterogeneity among participating hospitals and some critical issues in some of them
on a variable number of indicators. The A&F methodology designed and implemented
in the EASY-NET project in the Lazio region represents a useful instrument to promote
quality of care. The following feedback reports, delivered to the recipients, will support
clinical-organizational audit meetings, as each facility will be able to analyze critical issues,
involving all relevant figures and define appropriate improvement actions. The outcome of
these actions will be monitored through subsequent reporting to support the continuous
care quality improvement process. Improvements will be monitored during the entire study
period and, finally, analyzed to demonstrate the efficacy of the experimented intervention.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/healthcare11111651/s1, Table S1: Type of information
collected in the “Audit form”; Table S2: ICD-9-CM codes; Table S3: Link to indicator protocols
for AMI pathways; Table S4: Link to indicator protocols for ischemic stroke pathways; Figure S1
and Table S5: Number of hospitalizations of patients with STEMI by facility (2021); Figure S2 and
Table S6: Proportion of patients with STEMI treated with PTCA within 90 min from access to the ER
of total treated with PTCA within 12 h, by facility (2021); Figure S3 and Table S7: Mortality within
30 days after first admission to hospital for AMI, by facility (2021); Figure S4 and Table S8: In-hospital
mortality within 30 days after first admission to hospital for STEMI, by facility (2021); Figure S5 and
Table S9: In-hospital mortality within 30 days after first admission to hospital for AMI, by facility
(2021); Figure S6: Proportion of patients with STEMI treated with PTCA within 90 min from access to
the ER, by facility (2021). A: facility in volume class 0–10, B: facility in volume class 11–50, C: facility
in volume class 51–100, D: facility in volume class 101–150, E: facility in volume class ≥ 150; Figure S7:
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