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Abstract: The EASY-NET network program (NET-2016-02364191 - Effectiveness of Audit and
Feedback (A&F) strategies to improve health practice and equity in various clinical and
organizational settings), piloted a new and more structured A&F strategy. This study compared the
effectiveness of the new strategy versus the periodic publication of indicators alone in improving
the appropriateness and timeliness of emergency health interventions in patients with Acute
Miocardial Infarction (AMI) and ischemic stroke in the Lazio Region. Efficacy was evaluated
according to a prospective quasi-experimental design of pre-post (2021-2022) intervention type with
control group. The exposed are hospitals in the Lazio Region where professional teams voluntarily
participated in the intervention. The control group is involved only in the usual reporting activities.
Effectiveness analysis was conducted at the patient level. Regional health information systems were
used to calculate process and outcome indicators. The effectiveness of the intervention was assessed
with Difference In Difference models, comparing pre-post intervention periods between exposures
and controls. Estimates were calculated in terms of the difference in percentage points (pp) between
absolute risks. Sixteen facilities for the IMA pathway and 13 for the stroke pathway joined the
intervention. The intervention reduced the proportion of 30-days readmissions after a
hospitalization for ischemic stroke by 0.54 pp in the exposed patients with a significant difference
of -3.80 pp (1C95% -6.57; -1.03; 5453 patients, 63.7% cases) in the exposed compared to controls. There
were no statistically significant differences attributable to the implemented A&F intervention in the
other indicators considered. The results show, for the first time in Italy, the impact of A&F
interventions in an emergency setting using aggregated data from hospitals involved in the Lazio
Region emergency network.
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1. Introduction

Audit&feedback (A&F) is a proven and widely used methodology for improving continuous
quality of health care. It is essentially based on two aspects: audit, a systematic review of the quality
of processes and outcomes of care aimed at identifying and measuring critical issues through the
definition of criteria, indicators and standards to compare; feedback, returning summary reports of
the results of performance evaluation to health professionals involved to promote change [3-7].

A&F interventions produce improvements in professional practice of varying degrees [3-5]. A
Cochrane review published in 2012 concludes that A&F is effective with an absolute improvement of
4.3 percent (range interquartile 0.5, 16%) in adherence to evidence-based clinical practice
recommendations. The change seems modest in absolute terms, but the cumulative gain resulting
from repeated cycles of A&F can lead to large transformations. The ways in which A&F is
implemented are widely varied among different studies and contexts, [8-10] and, moreover, the
scientific progress on these important aspects over the last 20 years has been minimal [11-13].

The effectiveness of A&F can be increased if the feedback is posed by a colleague or supervisor,
if it is performed more than once, if it is offered in both verbal and written form, and if it includes
specific goals to achieve and an action plan to implement the changes. These and other
recommendations on how to perform A&F optimally were the subject of a recent paper published by
Brehaut et al. [14].

The experience of the ASPIRE (Action to Support Practice Implement Research Evidence) project in
UK provided concrete evidence of effectiveness on a high burden disease and applied to larger
populations through recommendation packages also based on the A&F tool, as it resulted in the
management of chronic pain in primary care [15].

The evidence on how well these recommendations is actually applied in A&F practice is still
scarce [16].

In Italy, A&F strategies are still underutilized in some contexts and rarely reported in scientific
studies. In fact, of the 140 studies included in the 2012 Cochrane review [11], only one was conducted
in Italy. This poses clear limitations in terms of transferability of the efficacy results of the meta-
analysis to the Italian context and supports the need to conduct experimental studies with a focus on
research on general and context-specific hindering and facilitating factors.

As part of the EASY-NET project (NET-2016-02364191) [17,18], Work Package 1 (WP1) Lazio
Emergency, through the Department of Epidemiology of the Regional Health Service (RHS) (namely
DEP Lazio), compared effectiveness in improving the appropriateness and timeliness of emergency
health interventions for acute myocardial infarction (AMI) and ischemic stroke between a structured
A&F strategy and the voluntary consultation of many process and outcome indicators, annually
updated, (“standard strategy”) through a dedicated regional web platform called P.Re.Val.E
(“Programma Regionale Valutazione Esiti” —Regional Program for Outcomes and Processes
Evaluation) [2]. Therefore, in this “standard strategy”, the “feed-back” 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 [14,19,20].

In 2021, 7766 hospitalizations for Acute Myocardial Infarction (AMI) and 3249 with ST elevation
(STEMI) were reported in Lazio [2]. Hospitalizations for IMA and STEMI appear to be progressively
declining over the past decade and this is in line with national and international evidence [1]. Also
30-day mortality, an indicator that reflects at least in part the quality of patient care provided, appears
to be declining in recent years for both IMA and STEMI [21]. In Lazio region, updated analyses to
2021 report a reduction from 9.7 percent to 7.6 percent and 11.1 percent to 8.8 percent, respectively,
compared with 2012 [2,22].

The objective of this work is to perform a quantitative evaluation of effectiveness of an
experimental A&F intervention as compared to the "standard strategy" in improving the adequacy
and timeliness of emergency health interventions in patients with AMI and Stroke in the Lazio
Region.
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2. Materials and Methods

2.1. Study Design, Participants and Patients

The quantitative evaluation of effectiveness was conducted according to a prospective quasi-
experimental pre-post intervention study with control group. The pre-and post-intervention periods
considered are respectively the years 2021 and 2022.

The participants to the intervention, generally called “recipients”, are teams of professionals
(clinical specialists and healthcare managers) involved in the emergency care for patients with AMI
or stroke at hospitals in the Lazio region. Those exposed are hospitals that voluntarily participated
in the intervention following a formal invitation. The control group is involved in usual reporting
activities.

The effectiveness analysis was performed at patient level. We can therefore identify in the two
periods, before and after the intervention, as exposed the patients admitted for AMI and/or stroke to
the hospitals participating in the intervention and as controls the patients admitted for AMI and
stroke to hospitals not participating in the intervention. (Figure 1).

Pre intervention — Data 2021

Exposed Controls
Patients from facilities in Lazio region Patients from other facilities in Lazio region
participating in the intervention not participating in the intervention

@ Intervention

Post intervention — Data 2022

Exposed Controls
Patients from facilities in Lazio region Patients from other facilities in Lazio region
participating in the intervention not participating in the intervention

Figure 1. Summary diagram of pre-post intervention design with control group.

The pre- and post-intervention periods were compared, between exposed and controls using
two process and/or outcome indicators of greatest interest per condition, listed below:

- 30-days mortality after hospital admission in patients with AMI;

- proportion of PTCA (Percutaneous Transluminal Coronary Angioplasty) performed in STEMI
(ST-Elevation Myocardial Infarction) patients within 90 minutes from the access to the hospital
Emergency Room (ER);

- in-hospital mortality in patients with ischemic stroke;

- proportion of hospital readmissions within 30-days from the discharge in patients with ischemic
stroke;

Details regarding these indicators (calculation formula, dimension, rational, period of
calculation, and link to the calculation protocol) were reported in relevant sheet reported in
supplementary material (Table S1 and S2).

2.2. A&F intervention and control group

Hospitals participating in the intervention were involved in the following periodic activities (6
months):

-the organization of periodic meetings to update project activities, present and discuss feedback
contents;

-following each meeting, the feedback report was sent in different way (an overall main
document and a hospital specific power point presentation) via e-mail to the hospital’s contact person
(for IMA and/or stroke, respectively), together with a form for collecting information on audit
meetings conducted after the feedback;

-a formal invitation to plan and conduct audit meetings following each feedback;
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-the return of the form with information on the characteristics of the conducted Audits (date,
participants, discussion of indicators, identification of improvement activities, Audit minutes etc) to
the research group.

More detail regarding the A&F intervention implementation were reported in Angelici et al. [17].

The controls had web access to the results of the Regional Program for the Evaluation of
Outcomes of Health Interventions (P.Re.Val.E.) [2] curated by DEP, which annually publishes process
and outcome indicators related to several chronic and acute conditions, including AMI and stroke.
Using a specific function available through the platform, a healthcare company has the possibility of
activating an Audit procedure also involving the Lazio DEP. Consultation is at the initiative of
professionals, and the minimum level of aggregation available is by facility. Other available
comparison data include data from other facilities, previous periods, and regional-level measures.

2.3. Data Sources

Pseudo-anonymized data collected through the health information systems (HIS) of the Lazio
Region were used to calculated the indicators and to retrieve variables used as adjustment covariates
in the analysis.

Specifically, the data sources included 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 ad-
mission 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 [2019]. Codes for each indicator are reported in
Supplementary Materials Table S3.

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, the “Tax Registry” that includes information on deaths
and the 2011 Census (Lazio Region Longitudinal Study) including information on patient’s education
qualification [23].

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

2.4. Variables in analysis

At patient level demographic, socioeconomic and clinical variables were analyzed.
Demographic data included sex and age categories. The level of education was used as a proxy of
socioeconomic position and defined on the basis of the 2011 Census or, if not available from this
source, of the information recorded in the HDR Education was analyzed according to the following
categories: bachelor's degree, lower middle high school, middle high school, none or elementary, not
stated.

The integration of different information sources allows us to trace the clinical history of patients
in the five years preceding the hospitalization of interest (index hospitalization).

Clinical information (comorbidities, drugs) was searched in the index hospitalization and/or
index admission to the hospital ER and/or in all hospitalizations or admissions to the ER in the
previous five years (further details in Table S1 and S2 of Supplementary material).

Finally, the type of hospital according to the Lazio Region adult emergency network [24] was
analyzed as context variables at the hospital level. The variable included the following categories:
Emergency Admission Department level I (EADI), Emergency Admission Department level II
(EADII) and hospitals with Emergency Room (ER) for AMI [24]; Neurovascular Treatment Unit level
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I (NTUI), Neurovascular Treatment Unit level II (NTUII), hospital with a Neurovascular Treatment
Team (NVT) and hospital without Neurovascular Treatment Team (noNVT) for stroke [25].

2.5. Data management and Statistical analysis

Analyses were performed at patient level. For each analyzed indicator a dichotomous outcome
variable was defined (Yes/No) (e.g. death or not death within 30-days from the hospital admission
for AMI).

Patients admitted to hospital with volume of activities lower than 50 were excluded from the
analyses to account for the relationship between volumes and outcomes [26] and to obtain more
reliable results.

Descriptive analyses of the demographic, socioeconomic, and clinical characteristics of patients
according to the exposed/control status and according to the outcome, in pre and post intervention,
were performed. P-values of association will be calculated by chi-square tests.

The effectiveness of the intervention was evaluated using Difference In Difference (D-I-D)
models [16-20] to compare the changes in the outcome occurring from pre to post intervention
periods between the exposed and controls, taking into account changes in secular trends and
controlling measured and unmeasured confounding factors. D-I-D models were implemented
through generalized linear models with Binomial probability distribution and with identity as a link
function. The estimates of D-I-D models were therefore presented in terms of the difference between
absolute risks and measured in percentage points (pp).

Hospital and patient level characteristics are expected to confound or to modify the relationship
between intervention and outcomes, and were evaluated as potential confounding factors or effect
modifiers.

In particular, the univariate association of each single demographic, socioeconomic, clinical and
contextual variable with the outcome of interest was tested, and a step-wise procedure was used to
identify the set of covariates entering the final multivariate model. All data were analyzed using SAS
version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

Eighteen of 70 (25.7%) hospitals in the Lazio region participated to the intervention for a total of
29 clinical pathways: 16 for AMI and 13 for stroke. The participating hospitals are shown in
supplementary material Table S4.

3.1. Participating hospitals

Thirty-one of 70 (44.3 %) hospitals with at least one AMI patient admission presented activity
volumes of 50 admissions or more in the years 2021 and 2022. Fifteen of these (48.4%) were exposed
to the A&F intervention, and 16 (51.6%) were not exposed (Descriptive details separately for exposed
and controls is shown in supplementary material Table S5). A total of 12196 AMI patients were
admitted to hospitals included in the analysis, 5986 (49.1%) in 2021 and 6210 (50.9%) in 2022. Of these,
7002 (57.4%) were admitted to exposed and 5194 (42.6%) to the not exposed hospitals (Table S5). Out
of 59 hospitals that admitted at least one STEMI patient in the years 2021 and 2022, 20 presented
activity volumes of at least 50, 12 (60%) exposed and 8 (40%) not exposed. A total of 5084 STEMI
patients were included in the analysis, 2433 (47.8%) in 2021 and 2651 (52.5%) in 2022. Of these, 3272
(64%) were admitted in the exposed hospitals and 1812 (36%) in the controls (Table 56).

Eighteen of 70 (25.7 %) hospitals with at least one ischemic stroke patient admission presented
activity volumes of 50 admissions or more in the years 2021 and 2022. Ten of these (66.6%) were
exposed to the A&F intervention, and 8 (44.4%) were not exposed (Descriptive details separately for
exposed and controls is shown in supplementary material Table S7). A total of 12196 AMI patients
were admitted to hospitals included in the analysis, 5986 (49.1%) in 2021 and 6210 (50.9%) in 2022. Of
these, 7002 (57.4%) were admitted to exposed and 5194 (42.6%) to the not exposed hospitals (Table
S5). A total of 5949 patients with ischemic stroke (who met the inclusion criteria for calculating the
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"In-hospital mortality for ischemic stroke") were admitted to hospitals included in the analysis, 2954
(49.7%) in 2021 and 2995 (50.3%) in 2022. Of these, 3793 (63.8%) were admitted to exposed hospitals
and 2156 (36.2%) to the controls (Table S7a). A total of 5453 ischemic stroke patients (who met the
inclusion criteria for calculating the "30-day readmissions following an ischemic stroke") were
analysed, 2685 (49.2%) in 2021 and 2768 (50.8%) in 2022. Of these, 3471 (63.7%) were admitted to the
exposed hospitals and 1982 (36.3%) to controls (Table S7b).

3.2. Patients’ populations

3.2.1. AMI patient’s cohort

Of the total of 12196 AMI patients admitted to the hospitals included in the analyses in the two
years (2021 and 2022), 70% were male with an average age of 69 years. Descriptive details are reported
in supplementary material Table S8.

No significant differences in terms of demographic and socioeconomic characteristics were
found between exposed and controls patients, either in total and separately in the compared years
2021 and 2022. On the other hand, statistically significant differences were found between the
frequency of some clinical conditions between exposed and controls including arterial hypertension
(p=0.007), chronic kidney disease (p=0.006), previous coronary angioplasty (p=0.003), previous
coronary artery bypass grafting (p=0.026). The hospital type of admission also showed significant
differences (p<0.001) (supplementary material Table S8, Table S9, Table S10).

In total (2021 and 2022), 839 (6.9%) patients admitted for AMI died within 30-days from the first
hospital contact, 51.3% of these in the post-intervention year 2022 (Table 1 and supplementary
material Table S11 and S12). Descriptive results are showed in Table 1. Higher 30-days mortality was
significantly associated with lower education, with being female and with being in the higher age
class. Several clinical conditions were also associated with the outcome (Table 1).

Table 1. Characteristics of patients included in the AMI cohort in 2021 and 2022 from participating
facilities by 30-days mortality after first hospital admission (Yes/No).

30-days mortality after first hospital

admission in patients with AMI X2
Yes No Total p-value
N row% N row% N

Total 839 11357 12196

A&F intervention 0.011
Exposed 517 7.4 6485 92.6 7002
Control 322 6.2 4872 93.8 5194

Year 0.842
2021 409 6.8 5577 93.2 5986
2022 430 6.9 5780 93.1 6210

Sex <.0001
Female 354 9.8 3251 90.2 3605
Male 485 5.6 8106 944 8591

Age (years) <.0001
19-59 60 1.9 3033 98.1 3093
60-69 92 3.0 2976 97.0 3068
70-79 220 7.3 2795 92.7 3015
80-100 467 155 2553 84.5 3020

Education level <.0001
Degree 69 5.5 1175 94.5 1244
Lower middle high school 215 54 3731 94.6 3946
Middle high school 176 5.1 3292 94.9 3468

None or elementary 340 11.2 2692 88.8 3032
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Not stated
Concomitant clinical conditions
Cancer
Diabetes
Lipid metabolism disorders
Obesity
Obesity at index admission
Anaemias
Anaemias at index admission
Coagulation defects
Coagulation defects at index
admission
Other haematological diseases
Other haematological diseases at
index admission
Arterial hypertension
Previous myocardial infarction
Other forms of ischemic heart disease
Heart failure
Not well-defined forms and
complications of heart disease
Rheumatic heart disease
Rheumatic heart disease at index
admission
Cardiomyopathies
Cardiomyopathies at index admission
Acute endocarditis and myocarditis
Other cardiac conditions
Other cardiac conditions at index
admission
Conduction disorders and
arrhythmias
Cerebrovascular diseases
Cerebrovascular diseases at index
admission
Vascular diseases
Vascular diseases at index admission
Chronic obstructive pulmonary
disease (COPD)

Chronic nephropathy
Chronic kidney disease
Chronic diseases (liver, pancreas,
intestines)

Chronic diseases (liver, pancreas,
intestine) at index admission
Previous coronary artery bypass
grafting
Previous coronary angioplasty
Cerebrovascular revascularization
Other heart surgery
Other vessel surgery
Type of hospital*

39

97
89
25

13
62
54

7.7

14.4
12.3
7.1
7.6
24
19.0
9.7
16.7

6.5
8.7

9.1
5.7
9.0
16.6

8.0
14.0
16.9
145
5.8

13.3
10.8
13.1
114
10.2

13.3
6.5

13.2

15.7
10.9

13.2
10.0

9.7

53
7.9
17.6
11.4

467

577
633
329
61
525
264
504

29
42

1125
895
905
452

69
37
133
47
131
91
289

499
366
300

260
348

249

364
945

59

63

287

1168
70
61

233

92.3

85.6
87.7
92.9
92.4
97.6
81.0
90.3
83.3

100.0
93.5
91.3

90.9
94.3
91.0
83.4

92.0
86.0
83.1

85.5
94.2
100.0
86.7

89.2

86.9
88.6
89.8

86.7
93.5

86.8

84.3
89.1

86.8

90.0

90.3

94.7
92.1
82.4
88.6

506

674
722
354
66
538
326
558

31
46

1237
949
995
542

75
43
160
55
139
105
324

574
413
334

300
372

287

432
1061

68

70

318

1233
76
74

263

<.0001
<.0001
0.890
0.823
<.0001
<.0001
0.008
0.343

0.638
0.925
0.626

0.001

0.132

0.005
<.0001

0.701
0.066
<.0001

0.024
0.599
0.506
0.009

0.005

<.0001
0.000
0.016

<.0001
0.741

<.0001

<.0001
<.0001

0.038

0.301

0.041

0.019
0.726
0.000
0.003
0.120
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EADI 554 6.8 7575 93.2 8129
EADII 262 7.3 3327 92.7 3589
ER 23 4.8 455 95.2 478

* EADI: Emergency Admission Department level I, EADII: Emergency Admission Department level II; ER:
Hospital Emergency Room.

3.2.2. STEMI patient’s cohort

Of the total of 5984 STEMI patients admitted to the hospitals included in the analyses in the two
years, 74% were male with an average age of 66 years. Descriptive details are reported in
supplementary material Table S13.

No significant differences in terms of demographic and socioeconomic characteristics were
found between exposed and controls patients, either in total and separately in the compared years
2021 and 2022. Statistically significant associations emerge instead between the frequency of some
clinical conditions between exposed and controls including obesity at index admission (p=0.009),
Previous myocardial infarction (p=0.017), cardiomyopathies at index admission (p=0.001), and prior
coronary angioplasty (p<0.001). The hospital type of admission also showed significant differences
(p<0.001) (supplementary material Table S13, S14, S15).

In total (2021 and 2022), 3077 (60.5%) patients underwent PTCA within 90 minutes of admission
to the ED, 52% of these in the post-intervention year 2022. Descriptive results are showed in Table 2.
Higher proportion of PTCA performed in STEMI patients within 90 min of admission to the ED was
significantly associated with lower education, with being male and being in the age class 58-65.
Several clinical conditions were also associated with the outcome (Table 2 and supplementary
material Table 516 and S17).

Table 2. Characteristics of patients included in the STEMI cohort in 2021 and 2022 from participating
facilities according to performing of PTCA within 90 minutes of admission to the ER (Yes/No).

% PTCA STEMI patients within 90 min

of admission to the ER X2
Yes No Total p-value
N row% N row% N
Total 3077 2007 5084
A&F intervention 0.069
Exposed 1950 59.6 1322 404 3272 '
Control 1127 62.2 685 37.8 1812
Year
2021 1420 58.4 1013 41.6 2433 0.003
2022 1657 62.5 994 37.5 2651
Sex
Female 701 545 586 455 gy <000
Male 2376 62.6 1421 374 3797
Age (years) <0001
21-57 879 67.3 428 32.7 1307
58-65 808 66.5 407 33.5 1215
66-75 781 60.1 519 39.9 1300
76-100 609 48.3 653 51.7 1262
Education level <0001
Degree 339 58.8 238 41.2 577
Lower middle high school 1031 62.2 626 37.8 1657
Middle high school 988 63.0 581 37.0 1569
None or elementary 548 54.0 467 46.0 1015

Not stated 171 64.3 95 35.7 266
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Concomitant clinical

conditions
Cancer 109 449 134 55.1 243 <.0001
Diabetes 67 41.6 94 58.4 161 <.0001
Lipid metabolism disorders 36 45.0 44 55.0 80 0.004
Obesity 7 43.8 9 56.3 16 0.169
Obesity at index admission 126 56.8 96 43.2 222 0.240
Anaemias 16 26.7 44 73.3 60 <.0001
Anaemias at index admission 60 37.7 99 62.3 159 <.0001
Coagulation defects 1 100.0 _ _ 1 0.419
Coagulation c%eff:cts at index 1 100.0 B B 1 0.419
admission
Other haematological 5 33.3 10 66.7 15 0.031
diseases
_ Other haematological 11 64.7 6 35.3 17 0.724
diseases at index admission
Arterial hypertension 166 51.1 159 48.9 325 0.000
Previous myocardial 81 38.4 130 61.6 211 <0001
infarction
Other forms .of ischemic heart 9% 44 121 55.8 217 <0001
disease
Heart failure 27 32.5 56 67.5 83 <.0001
Not well-defined forms and 4 308 9 9.0 13 0.028

complications of heart disease
Rheumatic heart disease 4 50.0 4 50.0 8 0.542
Rheumatic heart disease at

. . . 18 419 25 58.1 43 0.012
index admission

Cardiomyopathies 3 18.8 13 81.3 16 0.001

Cardiomyopathies atindex 39.7 35 60.3 58 0.001

admission
Acute endocar‘d{tls and ) ) 1 100.0 1 0216
myocarditis

Other cardiac conditions 2 15.4 11 84.6 13 0.001

Othel: cardiac co.nd.ltlons at 1 318 45 8.2 66 <0001
index admission

Conduction disordersand 36.9 77 63.1 122 <.0001

arrhythmias

Cerebrovascular diseases 54 45.0 66 55.0 120 0.000

Cereb.rovascular. dl'seases at o 344 80 65.6 12 <0001
index admission

Vascular diseases 28 35.0 52 65.0 80 <.0001

Vascular diseases at index 39.6 64 60.4 106 <.0001

admission
Chronic obstructive
2 . 7 1.7 .

pulmonary disease (COPD) 3 38.3 3 6 60 0.000

Chronic nephropathy 37 38.1 60 61.9 97 <.0001

Chronic kidney disease 131 44.3 165 55.7 296 <.0001

Chronic diseases (liver, 9 474 10 56 19 0.240

pancreas, intestines)
Chronic diseases (liver,
pancreas, intestine) at index 13 48.1 14 51.9 27 0.187
admission
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Previous coronary artery

. 19 41.3 27 58.7 46 0.007
bypass grafting
Previous coronary angioplasty 159 50.6 155 49.4 314 0.000
Cerebrovascular 10 62.5 6 37.5 16 0.871
revascularization

Other heart surgery 6 28.6 15 71.4 21 0.003
Other vessel surgery 25 37.9 41 62.1 66 0.000
Type of hospital* 0.142

EADI 1909 61.3 1204 38.7 3113

EADII 1168 59.3 803 40.7 1971

* EADI: Emergency Admission Department level I; EADII: Emergency Admission Department level II.

3.2.3. Ischemic stroke patient’s cohort

The eligibility criteria for including patients in the stroke cohorts for calculating the two
indicators considered are different, so the two cohorts are described separately.

30-days in hospital mortality after first hospital admission in patients with ischemic stroke

Of the total 5949 ischemic stroke patients admitted to the hospitals included in the analyses in
the two years, 54% were male with an average age of 74 years. Descriptive details are reported in
supplementary material Table S18.

No significant differences in terms of demographic and socioeconomic characteristics were
found between exposed and controls patients, either in total and separately in the compared years
2021 and 2022 except for educational qualification (p<0.001). Statistically significant differences were
found between the frequency of some clinical conditions between exposed and controls, among them:
obesity and anaemias at index admission (p=0.038 and p<0.001), coagulation defects at index
admission (p=0.001), previous other forms of ischemic heart disease (p=0.002), previous not well-
defined forms and complications of heart disease (p=0.004), rheumatic heart disease (p=0.001) and
other previous cardiac conditions (p=0.003). Finally, also the type of emergency stroke network
hospital of admission was associated with exposure status (p<0.001) (supplementary material Table
518, 519, S20).

In total (2021 and 2022), 432 (7.3%) patients died in hospital within 30-days of first admission to
the hospital, and of these, 46% in 2022. Descriptive results are showed in Table 3. Higher 30 days
mortality after first hospital admission was significantly associated with lower education, with being
female sex and with being in the higher age class. Several clinical conditions were also associated
with the outcome (Table 3 and supplementary material Table S21 and 522).

Table 3. Characteristics of patients included in the ischemic stroke cohort in 2021 and 2022 from
participating facilities by in hospital mortality within 30-days of first hospital admission in patients
with ischemic stroke (Yes/No).

In hospital 30-days mortality after

admission in patients with ischemic stroke X2
Yes No Total p-value
N row% N row% N
Total 432 5517 5949
A&F intervention 0.006
Exposed 249 8.2 2803 91.8 3052
Control 183 6.3 2714 93.7 2897
Year 0.081
2021 232 7.9 2722 92.1 2954
2022 200 6.7 2795 93.3 2995
Sex <.0001

Female 243 8.8 2512 91.2 2755
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Male 189 5.9 3005 94.1 3194
Age (years) <.0001
35-66 26 1.7 1482 98.3 1508
67-76 71 4.8 1401 95.2 1472
77-83 111 7.8 1318 92.2 1429
84-100 224 14.5 1316 85.5 1540
Education level <.0001
Degree 24 4.2 543 95.8 567
Lower middle high school 107 6.7 1492 93.3 1599
Middle high school 76 5.5 1304 94.5 1380
None or elementary 211 10.0 1901 90.0 2112
Not stated 14 4.8 277 95.2 291
Concomitant clinical conditions
Cancer 21 9.9 192 90.1 213 0.137
Diabetes 34 11.8 254 88.2 288 0.002
Lipid metabolism disorders 7 6.4 103 93.6 110 0.714
Obesity 4 11.1 32 88.9 36 0.372
Obesity at index admission 9 6.5 130 93.5 139 0.718
Anaemias 23 13.5 147 86.5 170 0.001
Anaemias at index admission 11 6.1 169 93.9 180 0.546
Coagulation defects _ _ 3 100.0 3 0.628
Coagulation defects at index admission 1 8.3 11 91.7 12 0.886
Other haematological diseases 1 6.7 14 93.3 15 0.929
Other haematologl.cal' diseases at index 4 93 39 90.7 43 0.605
admission
Arterial hypertension 71 12.0 520 88.0 591 <.0001
Previous myocardial infarction 14 11.1 112 88.9 126 0.092
Other forms of ischemic heart disease 27 10.7 226 89.3 253 0.033
Heart failure 50 174 237 82.6 287 <.0001
Not m.rellrdefmed forms. and 4 9.8 37 90.2 1 0537
complications of heart disease
Rheumatic heart disease 8 17.8 37 82.2 45 0.006
Rheumatic hear.t d}sease at index 5 33 58 96.7 60 0.239
admission
Cardiomyopathies 3 10.0 27 90.0 30 0.562
Cardiomyopathies at index admission 3 8.3 33 91.7 36 0.804
Acute endocarditis and myocarditis _ _ 3 100.0 3 0.628
Other cardiac conditions 12 14.6 70 85.4 82 0.010
Other cardiac co.nd'ltlons at index 8 35 220 9.5 28 0.026
admission
Conduction disorders and arrhythmias 55 14.6 321 85.4 376 <.0001
Cerebrovascular diseases 40 9.6 378 90.4 418 0.059
Vascular diseases 11 8.0 126 92.0 137 0.726
Vascular diseases at index admission 15 6.0 233 94.0 248 0.452
Chronic obstructive pulmonary disease
(COPD) 21 16.9 103 83.1 124 <.0001
Chronic nephropathy 26 16.4 133 83.6 159 <.0001
Chronic nephropathy at index 29 132 191 868 220 0.001
admission
Chronic kidney disease 3 8.6 32 914 35 0.765
Diseases chronic diseases (liver, 48 40 952 o 0.531

pancreas, intestine)
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Diseases chronic diseases (liver,

. . . o . 6.3 135 93.8 144 0.636
pancreas, intestine) at index admission

Cerebrovascular revascularization _ _ 27 100.0 27 0.145
Other heart surgery 13 194 54 80.6 67 <.0001
Other vessel surgery 11 8.5 119 91.5 130 0.594
Type of hospital* 0.207

noNVT 15 12.0 110 88.0 125

NVT 11 6.3 164 93.7 175

NTUI 209 7.1 2742 92.9 2951

NTUII 197 7.3 2501 92.7 2698

* noNVT: Hospital without Neurovascular Treatment Team; NVT: Hospital with a Neurovascular Treatment
Team; NTUIL Neurovascular Treatment Unit level I; NTUII: Neurovascular Treatment Unit level II.

% of in-hospital readmissions within 30-days of discharge for ischemic stroke

Of the total of 12196 AMI patients admitted to the hospitals included in the analyses in the two
years (2021 and 2022), 70% were male with an average age of 69 years. Descriptive details are reported
in supplementary material Table 523.

No significant differences in terms of demographic and socioeconomic characteristics were
found between exposed and controls patients, either in total and separately in the compared years
2021 and 2022 except for educational qualification (p<0.001). Statistically significant differences were
found between the frequency of some clinical conditions between exposed and controls including;
anaemia and coagulation defects at index admission (p<0.001), prior myocardial infarction (p=0.034),
other forms of ischemic heart disease (p=0.006), heart failure (p=0.019), rheumatic heart disease at
index admission (p=0.001) and other cardiac conditions (p=0.019). Finally, also the type of emergency
stroke network hospital of admission was associated with exposure status (p<0.001). (Supplementary
material Table 523, 524, S25).

In total (2021 and 2022), 392 (7.2%) patients experienced hospital readmission within 30-days of
discharge for ischemic stroke, 54% of these in the post-intervention year 2022. Descriptive results are
showed in Table 4. Higher proportion of in hospital readmissions within 30-days of discharge for
ischemic stroke was significantly associated with being in the higher age class (p= 0.005). Several
clinical conditions were also associated with the outcome (Table 4 and Table S26 and S27).

Table 4. Characteristics of patients included in the stroke cohort in 2021 and 2022 from participating
facilities according to of in-hospital readmissions within 30-days of discharge for ischemic stroke

(Yes/No).
% of in hospital readmissions within 30-
days of discharge for ischemic stroke X2
Yes No Total p-value
N row% N row% N
Total 392 5061 5453
A&F intervention 0.910
Exposed 201 7.8 2580 92.8 2781
Control 191 7.7 2481 92.9 2672
Year 0.248
2021 182 7.3 2503 93.2 2685
2022 210 8.2 2558 924 2768
Sex 0.062
Female 159 6.9 2321 93.6 2480
Male 233 8.5 2740 92.2 2973
Age (years) 0.005
35-66 71 5.5 1296 94.8 1367

67-76 101 8.1 1240 92.5 1341
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77-83 125 9.4 1323 91.4 1448
84-100 95 7.9 1202 92.7 1297
Education level 0.432
Degree 41 8.2 498 92.4 539
Lower middle high school 96 6.9 1384 93.5 1480
Middle high school 90 7.5 1202 93.0 1292
None or elementary 149 8.7 1719 92.0 1868
Not stated 16 6.2 258 94.2 274
Concomitant clinical conditions
Cancer 16 9.1 175 91.6 191 0.518
Diabetes 18 7.8 232 92.8 250 0.994
Lipid metabolism disorders 7 7.5 93 93.0 100 0.941
Obesity 4 14.3 28 87.5 32 0.243
Obesity at index admission 4 3.2 125 96.9 129 0.069
Anaemias 12 9.0 133 91.7 145 0.608
Anaemias at index admission 12 8.1 149 92.5 161 0.895
Coagulation defects 1 50.0 2 66.7 3 0.080
Coagulation defects at index admission 1 11.1 9 90.0 10 0.731
Other haematological diseases 1 7.7 13 92.9 14 0.995
Other haematologl.cal. diseases at index 5 56 36 947 38 0.645
admission
Arterial hypertension 35 7.3 481 93.2 516 0.708
Previous myocardial infarction 7 6.7 104 93.7 111 0.716
Other forms of ischemic heart disease 17 8.3 205 92.3 222 0.782
Heart failure 27 13.0 207 88.5 234 0.009
Not V\'relltdeflned forms' and 4 191 13 892 37 0392
complications of heart disease
Rheumatic heart disease 5 16.1 31 86.1 36 0.118
Rheumatic hear‘t dfsease at index 10 213 a7 85 57 0.002
admission
Cardiomyopathies 1 3.8 26 96.3 27 0.482
Cardiomyopathies at index admission 3 10.0 30 90.9 33 0.671
Acute endocarditis and myocarditis _ _ 3 100.0 3 0.630
Other cardiac conditions 8 13.3 60 88.2 68 0.142
Other cardiac co.nd'ltlons at index 16 79 203 9.7 219 0.945
admission
Conduction disorders and arrhythmias 30 10.5 286 90.5 316 0.102
Cerebrovascular diseases 32 9.4 340 91.4 372 0.274
Vascular diseases 11 9.6 114 91.2 125 0.481
Vascular diseases at index admission 11 5.0 221 95.3 232 0.140
Chronic obstructive pulmonary disease
(COPD) 10 10.8 93 90.3 103 0.318
Chronic nephropathy 18 15.9 113 86.3 131 0.003
Chronic nephropathy at index 23 139 166 878 189 0.007
admission
Chronic kidney disease 6 23.1 26 81.3 32 0.011
Diseases chromc. dlseéses (liver, 3 83 36 93 39 0.903
pancreas, intestine)
Diseases chronic diseases (liver, 9 73 123 93.0 132 0.868

pancreas, intestine) at index admission
Cerebrovascular revascularization _ 27 100.0 27 0.147
Other heart surgery 7 15.2 46 86.8 53 0.088
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Other vessel surgery 11 10.5 105 90.5 116 0.334
Type of hospital* 0.551
noNVT 8 7.8 102 92.7 110
NVT 16 11.0 146 90.1 162
NTUI 197 7.9 2506 92.7 2703
NTUII 171 7.4 2307 93.1 2478

* noNVT: Hospital without Neurovascular Treatment Team; NVT: Hospital with a Neurovascular Treatment
Team; NTUIL Neurovascular Treatment Unit level I; NTUII: Neurovascular Treatment Unit level II.

3.3. Intervention effectiveness evaluation

Unadjusted and adjusted results of D-I-D models applied to compare each indicator between
exposed and controls patients in the pre and post intervention periods are reported in Table 5, Table
6 and Figure 2.

Regarding the AMI/STEMI pathway, the adjusted analyses of the 30-days mortality after the first
hospital contact of patients with AMI showed a reduction by 0.22 pp from 2021 to 2022 in exposed
and by 0.14 pp in controls with a DID estimate of -0.08 pp (CI95% -2.80; 2.65, p-value=0.956) showing
a non-significant difference in favour of those exposed.

The proportion of patients with STEMI treated with PTCA within 90 minutes from the access to
the ED increased by 1.31 pp from 2021 to 2022 in exposed and by 8.63 pp in controls with a DID
estimate of -7.29 pp (CI95% -12.75; -1.83, p-value=0.009) showing a significant difference in favour of
the controls.

This result contrasts with the expectation that the A&F intervention would lead to a significantly
higher improvement in the exposed, so some sensitivity analyses were conducted with exclusion
from the calculation of facilities (only one) that although they received periodic reporting (feedback)
never returned information on the conducted audits, either through the proposed grid or in verbal
form or at meetings, not adhering, therefore, to the protocol of the A&F intervention. The results of
the sensitivity analysis confirm a tendency of the controls to show greater improvement than the
exposed although the estimate loses significance: -4.38 (-10.0; 1.23), p-value= 0.1259.

Table 5. Unadjusted and Adjusted D-I-D model results for assessment of change (pp; 95% CI)
pre/post-intervention for indicators in AMI/STEMI pathway.

AMI/STEMI PATHWAY
Facilities 30-days mortality after Facilities % PTCA STEMI patients
INDICATORS . first hospital admission . within 90 min
(patients) in patients with AMI (patients) of admission to the ER
Unadjusted Adjusted® Unadjusted  Adjusted**
EXPOSED
Pre-2021 (%) 12 (3393) 7.40 10.51 12 (1541) 58.66 58.12
Post-2022 (%) 15 (3609) 7.37 1029  12(1731) 60.43 59.43
Difference Post/Pre (pp) -0.03 -0.22 1.77 131
CONTROL
Pre-2021 (%) 15 (2593) 6.09 9.48 8 (892) 57.85 56.79
Post-2022 (%) 16 (2601) 6.31 9.34 8 (920) 66.41 65.42
Difference Post/Pre (pp) 0.22 -0.14 8.56 8.63
DID pp -0.24 -0.08 -6.80 -7.29
(95%CI) (-2.03; 1.56) (-2.80; 2.65) (-12.38;-1.22) (-12.75;-1.83)
p-value for interaction 0.794 0.956 0.017 0.009

DID: Change Post/Pre in exposed-Change Post/Pre in controls percentage points (PP). After step-wise procedure
on all variables associated with outcome: *the model was adjusted for sex, age in classes, cancer, anaemia, prior
myocardial infarction, heart failure, diabetes, prior coronary angioplasty systolic; **the model was adjusted for



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 February 2024 d0i:10.20944/preprints202402.1450.v1

15

seX, age in classes, cancer, anaemia present at STEMI episode, prior myocardial infarction, conduction disorders
and arrhythmias and chronic nephropathy present at STEMI episode;.

For ischemic stroke patients, the adjusted DID model showed that in-hospital mortality was
reduced by 0.74 pp from 2021 to 2022 in exposed and was increased by 0.26 pp in controls with a non-
significant difference in favour of the exposed of -0.99 pp (CI195% -2.93; 0.95, p-value=0.315). Finally,
30-days readmissions after a hospitalization for ischemic stroke were reduced from 2021 to 2022 in
the exposed by 0.54 pp and was increased by 3.25 pp in controls with a DID estimate of -3.80 pp
(CI95% -6.57; -1.03, p-value=0.007) showing a significant difference in favour of those exposed (Table
6, Figure 2).

Table 6. Unadjusted and Adjusted D-I-D model results for assessment of change (pp; 95% CI)
pre/post-intervention for indicators in ischemic stroke pathway.

ISCHEMIC STROKE PATHWAY

In hospital 30-days % of in-hospital
INDICATORS Faci'lities fnorta!ity afte'r acnimissio'n Faci'lities readmissio'ns within 30-
(patients) in patients with ischemic (patients) days of discharge for
stroke ischemic stroke
Unadjusted Adjusted” Unadjusted Adjusted
EXPOSED
Pre-2021 (%) 8 (1885) 8.54 7.89 8 (1711) 7.36 7.33
Post-2022 (%) 8 (1908) 6.87 7.15 8 (1760) 6.88 6.79
Difference Post/Pre (pp) -1.67 -0.74 -0.48 -0.54
CONTROL
Pre-2021 (%) 8 (1069) 6.64 6.65 8 (974) 5.75 5.51
Post-2022 (%) 9 (1087) 6.35 6.91 9 (1008) 8.83 8.76
Difference Post/Pre (pp) -0.29 0.26 3.08 3.25
DID pp -1.38 -0.99 -3.57 -3.80
(95%CI) (-4.07;1.30) (-2.93; 0.95) (-6.42; -0.72) (-6.57;-1.03)
p-value for interaction 0.313 0.315 0.014 0.007

DID: Change Post/Pre in exposed-Change Post/Pre in controls percentage points (PP). After step-wise procedure
on all variables associated with outcome: * the model was adjusted for gender, age in classes, chronic
nephropathy, rheumatic heart disease at admission for ischemic stroke; ** the model was adjusted for gender,
age in classes, heart failure, cerebrovascular disease at the time of admission for ischemic stroke, hypertension.
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Figure 2. D-I-D adjusted model for evaluation of change (pp) pre/post-intervention in: a) 30-days
mortality after first hospital admission of AMI patients; b) proportion of PTCA performed in STEMI
patients within 90 min of admission to the ER; c) in hospital mortality within 30-days of first hospital
admission in patients with ischemic stroke; d) proportion of in-hospital readmissions within 30-days
of discharge for ischemic stroke, in exposed and controls ischemic stroke patients.

4. Discussion

This work evaluated effectiveness of an experimental A&F intervention compared to that of the
"usual reporting strategy" (P.Re.Val.E) in improving the appropriateness and timeliness of
emergency health interventions in patients with AMI and ischemic stroke, using process and outcome
indicators. Although the intervention was focused on the in-hospital emergency pathways, all the
organizations involved in the regional time-dependent network of Lazio [27] were invited to
collaborate.

The results are heterogeneous. Regarding the AMI/STEMI conditions, the percentage of PTCA
performed in STEMI patients within 90 minutes improved both in exposed and unexposed and,
although the improvement was significantly higher in the latter, this result became not significant at
sensitivity analysis performed excluding hospitals that practically did not carry-out the intervention.
No differences were found in the 30-day mortality after an AMI admission. Instead, regarding the
ischemic stroke, the percentage of patients readmitted within 30 days from the discharge showed a
significant reduction in exposed as compared to an increase in unexposed. Eventually, there was no
significant effect on in-hospital mortality in patients with ischemic stroke. In general, and in line with
the literature, changes in mortality are likely to need a longer follow-up to demonstrate the
effectiveness of quality improvement interventions [3].

This heterogeneity could be explained with different considerations. First of all, the post
intervention period analyzed was short. The intervention started on February 2022 and lasted until
September 2023, then in present analyses only the first 11 months of the post intervention period
(2022) were included. Furthermore, the participating hospitals completed the first audit meeting in
the first six months, then improving actions were implemented in the following period and,
consequently, changes could begin to be seen during the last five months of the year. A further
interpretation of the heterogeneity found could be that in 2021, differently from 2022, some hospitals,
among both those exposed and unexposed, were still allocating entire wards to the care of COVID-
19 patients, and this influenced strongly and in a variable way the internal processes and patients’
outcomes. This element could had led to an improvement of some indicators in those hospitals
between 2021 and 2022, regardless of the intervention, because they were less affected by infection
control measures. As the information about which hospitals and which wards included in the
analyses were in this situation was not available, it was not possible to correct the association for
these data.
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A further explanation could be that also some hospitals in the non-exposed group could have
carried-out other quality improvement activities independently of the EASY-NET project and,
therefore, this could have influenced the analysis. Since this information was not available, it was not
possible to adjust analyses also for this factor.

Finally, it is important to consider that the intervention was focused only on the in-hospital part
of the pathway without taking into account the how the entire network works. In fact, within the
network, the emergency service (ARES118- Regional Health Emergency Company) transports
patients to the most appropriate hospital emergency room based on their clinical severity and this
could influence the comparison between exposed (including a large percentage of hospitals
delivering emergency care of higher intensity) and controls (e.g. Supplementary material Table S8).
Nevertheless, to account for this limitation, the analyses were adjusted by hospital type.

Despite quantitative results seem not conclusive and further analyses considering a longer
follow up are needed, additional valuable results deserve to be discussed regarding the positive
impact that the intervention had towards the creation of links and opportunities for discussion and
benchmarking between professionals from different disciplines (cardiology, neurology, emergency,
health management, epidemiology), hospitals and settings. They contributed to improve the quality
of the data collected in the participating institutions that feed the health information flows. In fact,
during the periodic meetings the professionals involved, researchers and regional referents could
discuss results of indicators that appeared not matching their expectations. For example, in different
cases this was due to the incorrect use of codes or mistakes in marking the time of procedures during
the data entry process. Specific audits on data quality were then organized [28]. This fact could also
impact on the effectiveness evaluation because the follow-up did not yet include a period following
the implementation of data quality improving actions.

Another plus arising from the intervention was the contribution that all the participants made
to the production of audit support materials (reports and audit form) agreed among professionals
and regional referents, that could be used in the daily practice beyond the end of the research project.
As recent publications suggested [14,19], involving recipients since the A&F design (indicators
selection and definition, feedback materials and timing), integrating both verbal and written feedback
(reports document and in person meeting), giving them the opportunities to periodically discuss in
social occasions their results, problems and solutions and stimulating a peer collaboration could
enhance motivation and prevent discontinuation. All the hospitals but one participated in all the
scheduled activities and actively contributed to the meeting discussions. Furthermore, hospitals
could organize periodic audit meetings independently by the research group in order to adapt as
much as possible activities to the specific context of hospitals differing in size, complexity, volume of
activities and process organization.

In an era of increasing complexity and demand for value, the insights generated aim to enhance
evidence-based practice and contribute to the ongoing evolution of healthcare delivery models. The
provision of feedback and the establishment of cyclical audit processes could support the effective
implementation of networks that improve the appropriateness and timeliness of emergency health
interventions for patients with time-dependent conditions.

The proposed intervention involved all actors of the time-dependent emergency network in the
context of the Lazio region, although the focus of the activities was the in-hospital pathway. There is
evidence that clinical networks can improve the delivery of healthcare though there are few high-
quality quantitative studies of their effectiveness [29]. Organizations in such networks need to
collaborate and coordinate their actions to achieve their common purpose. They also need to align
goals, balance power, manage conflict, monitor performance, and hold members accountable for
network-level outcome [30].

Current performance measurement systems in Italy provide feedback on time-dependent
conditions of care [1,2,31,32], but rarely allow the evaluation of interventions at the network level.
Further opportunities for research in this filed should adopt a network vision in order to evaluate
and to improve the entire emergency pathway that could largely influence critical nodes also in other
parts of the patients’ journey.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 February 2024 d0i:10.20944/preprints202402.1450.v1

18

5. Conclusions

Results show, for the first time in Italy, the impact of A&F interventions in an emergency
environment using aggregated data from hospitals involved in the Lazio Region Emergency network.
The provision of feedback and the establishment of cyclical audit processes could support the
effective implementation of networks that improve the appropriateness and timeliness of emergency
health interventions for patients with time-dependent conditions.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1. Detailed cardiovascular area (AMI/STEMI) indicators sheets. Table S2.
Detailed cerebrovascular area indicators sheet. Table S3. ICD-9-CM codes. Table S4. List of participating
facilities. Figure S1. Flow chart of inclusion of Lazio facilities who have in charge AMI patients. Figure S2. Flow
chart of inclusion of Lazio facilities who have in charge STEMI patients. Figure S3. Flow chart of inclusion of
Lazio facilities who have in charge ischemic stroke patients. Table S5. Distribution of patients belonging to the
IMA cohorts by year of analysis and facility. Table S6. Distribution of patients belonging to the STEMI cohorts
by year of analysis and facility. Table S7. Distribution of patients belonging to stroke cohorts by year of analysis
and facility (a and b). Table S8. Characteristics of patients included in the AMI cohort in 2021 and 2022 from
participating facilities according to A&F intervention exposure status. Table S9. Characteristics of patients
included in the AMI cohort in 2021 (PRE) from participating facilities according to A&F intervention exposure
status. Table S10. Characteristics of patients included in the AMI cohort in 2022 (POST) from participating
facilities according to A&F intervention exposure status. Table S11. Characteristics of patients included in the
AMI cohort in 2021 (PRE) from participating facilities by 30-days mortality after first hospital admission in
patients with AMI (Yes/No). Table S12. Characteristics of patients included in the AMI cohort in 2022 (POST)
from participating facilities by 30-days mortality after first hospital admission in patients with AMI (Yes/No).
Table S13. Characteristics of patients included in the STEMI cohort in 2021 and 2022 from participating facilities
according to A&F intervention exposure status. Table S14. Characteristics of patients included in the STEMI
cohort in 2021 (PRE) from participating facilities according to A&F intervention exposure status. Table S15.
Characteristics of patients included in the STEMI cohort in 2022 (POST) from participating facilities according
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