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Abstract

Background

The first Covid-19 epidemic outbreak has enormously impacted the delivery of clinical

healthcare and hospital management practices in most of the hospitals around the world. In

this context, it is important to assess whether the clinical management of non-Covid patients

has not been compromised. Among non-Covid cases, patients with Acute Myocardial Infarc-

tion (AMI) and stroke need non-deferrable emergency care and are the natural candidates

to be studied. Preliminary evidence suggests that the time from onset of symptoms to emer-

gency department (ED) presentation has significantly increased in Covid-19 times as well

as the 30-day mortality and in-hospital mortality.

Methods

We check, in a causal inference framework, the causal effect of the hospital’s stress gener-

ated by Covid-19 pandemic on in-hospital mortality rates (primary end-point of the study) of

AMI and stroke over several time-windows of 15-days around the implementation date of

the State of Emergency restrictions for COVID-19 (March, 9th 2020) using two quasi-experi-

mental approaches, regression-discontinuity design (RDD) and difference-in-regression-

discontinuity (DRD) designs. Data are drawn from Spedali Civili of Brescia, one of the most

hit provinces in Italy by Covid-19 during March and May 2020.

Findings

Despite the potential adverse effects on expected mortality due to a longer time to hospitali-

zation and staff extra-burden generated by the first wave of Covid-19, the AMI and stroke

mortality rates are overall not statistically different during the first wave of Covid-19 than

before the first peak. The obtained results provided by RDD models are robust also when

we account for seasonality and unobserved factors with DRD models.
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Interpretation

The non-statistically significant impact on mortality rates for AMI and stroke patients pro-

vides evidence of the hospital ability to manage -with the implementation of a dual track

organization- the simultaneous delivery of high-quality cares to both Covid and non-Covid

patients.

Introduction

The Covid-19 pandemic has enormously impacted the delivery of clinical healthcare and hos-

pital management practices in most of the hospitals around the world. If on the one hand an

extraordinary effort has been exerted to face the workload due to hospital admissions of

Covid-19 patients on the other hand it is important to assess whether the clinical management

of non-Covid cases has not been compromised during the first unexpected epidemic outbreak.

Around the world, non-Covid hospital admissions felt precipitously with the declaration of

the coronavirus (Covid-19) pandemic [1]. Volumes declines for elective surgery or non-critical

patients’ medical services, as well as for acute cases like strokes and acute myocardial infarc-

tions ([2–6]) have been registered all over the world.

Declining hospitalization rates may indicate that patients defer care for life-threatening

conditions with substantial damage to public health. Moreover, changes in admissions rates

may differ by medical condition/diagnosis and ultimately by illness severity which may reflect

in significant changes of in-hospital mortality rates.

It can be reasonably stated that if Covid-19 has modified hospitalization selection criteria

(cutting hospitalizations for less severe patients), we may expect similar patterns on (raising)

in-hospital mortality, unless organizational changes implemented at the hospital level to face

the pandemic have ensured appropriate levels of clinical care for patients with non-Covid clin-

ical conditions.

It has been stated that non-Covid patients are not seeking hospital admissions because of

their concerns about the risk of nosocomial Covid-19 infection, as well as of the social limita-

tions put in place from governments and local health authorities to face the pandemic ([7, 8]).

In an interesting editorial on the New England Journal of Medicine, Lisa Rosenbaum [9]

defines this issue as an “untold toll” asking “As the coronavirus pandemic focuses medical atten-
tion on treating affected patients and protecting others from infection, how do we best care for
people with non–Covid-related disease?”. To this aim, monitoring the occurred changes at hos-

pital level for non-Covid cases is crucial for all the National Health Systems (NHS).

To assess this issue, literature has focused on a particular subgroup of hospital admissions.

Patients with acute myocardial infarction (AMI) and stroke -needing non-deferrable emer-

gency cares- may be considered the natural candidates as non-Covid patients to be studied.

Recent literature shows how -for urgent diseases- the time from onset of symptoms to the

emergency department (ED) presentation has increased in Covid-19 times in Lombardy

Region ([10, 11]). In addition, recent evidence from UK show how the pool of admitted

patients for AMI was easier to be admitted in hospital (due to a younger and less severe case-

mix) and, for NSTEMI and AMI, had higher 30-day mortality during the pandemic ([12, 13]).

Similar results were also found in Norther Italy for patients with acute coronary syndrome

[13].
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Finally, a recent multicenter observational report from Italy found that AMI-related hospi-

talizations were reduced by almost 50% during the Covid-19 period and accompanied by a

threefold increase in mortality and complications [3].

To the best of our knowledge, such papers are mostly observational studies, showing

descriptive analysis (correlations, relative risks, or odds ratio) or focusing on mortality trends

for non-Covid patients [1], reporting de facto results before and after the Covid period after

having established some meaningful cut-off date (first case, lockdown etc.).

However, there is still a lack of such evidences in a causal inference framework using quasi-

experimental methods when there is potential endogeneity on comparisons and other factors

that could affect comparisons, such as seasonality in the assessed periods [14].

In this end, some US [6] and Italian studies [13] demonstrate that the fall of incidence of

hospitalizations for AMI during the first wave of Covid-19 pandemic, declined more than

expected by typical seasonal variation alone.

The aim of the present paper is to assess if the extra-burden on hospital’s management and

staff (in one hospital in the epicenter of the pandemic in Italy) caused by Covid-19 pandemic

has had consequences on intra-hospital mortality for patients admitted for non-Covid urgent

conditions. Beside mortality, we also assess if the case-mix of hospitalized patients changed

during the epidemic with respect to non-pandemic periods both in short and long-term per-

spectives. The analysis focused on the first wave of the pandemic only allowing us to observe

the very first reaction of the healthcare system to this unexpected event.

Data refer to hospitalizations of patients admitted for stroke and AMI at Spedali Civili, the

main hospital in the province of Brescia, one of the most hit provinces in Italy by Covid-19

during the first wave. In fact, as reported by the Italian Statistical Institute, in March 2020 this

province experienced an overall mortality increase of 292% compared with the average of the

same month in 2015–2019, and by the end of April it had registered 2,500 confirmed Covid-19

deaths [15].

The proposed analysis sheds light on potential effects of organizational and clinical practice

changes to face Covid-19 in assuring high quality care for non-deferrable acute admissions in

a pandemic period.

To this end, it is important to note that Spedali Civili has implemented specific operational

protocols to deliver an appropriate hospital care of non-Covid-19 emergency cases since the

beginning of the first Covid-19 wave.

In fact, a progressive increase in Covid-19-devoted beds, either non-ICU or ICU-specific,

rapidly reached around 800 beds out of a total of 1547 beds at the end of March 2020 (see Fig

A1 in S1 Appendix). To face this situation, ER admissions were structurally modified in a fully

dual track system by introducing a Covid-19-devoted triage and building external emergency

tents dedicated to Covid-19 admissions only. Spedali Civili was then literally transformed into

a Covid-19 hospital-hub meaning that a drastic modification has been realized both at struc-

tural and, most importantly, at organizational level: the already existing staff has been primar-

ily involved in handling the emergency. Physicians, nurses and sanitary workers from

infectious diseases wards, ICU, and pneumology received a specific training on Covid-19 man-

agement, also internal medicine doctors, cardiologists, neurologists, surgeons, and immunolo-

gists together with the related nurses were also active part of Covid-19 patient care delivery.

However, despite the general prioritization of staff and resources on Covid-19 patients, for

some time-dependent conditions (such as stroke, cardiovascular emergencies, neurosurgical

emergencies, and trauma) an organization based on a “hub-and-spoke” model has been

adopted and Spedali Civili was selected as the main regional “hub” in the eastern part of the

Lombardy region. Requirements for being selected as “hub” included the “presence of an inte-
grated trauma team 24/7 on active duty and supplementary surgical teams available on call,
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fast-track access to Emergency Department to reduce interpersonal contact between patients,
activation of separated pathways to assist and operate on COVID-19 and non-COVID-19
patients, and integration of local medical teams with those of the spoke centers” (see [16] for

more details). Within the described dual-track system Ami and Stroke Covid-19-positive

patients were admitted following a separated pathway with respect to non-Covid Ami and

Stroke patients. Moreover, they received the appropriate treatments generally delivered to

patients with AMI and Stroke in addition to some specific cares known to be effective in

reducing the Covid infection, as outlined in the literature ([17, 18] and similar to Table 4 of

[19]) and recently reported in a guidance document of the The European Society for Cardiol-

ogy [20].

Methods

The paper is an observational retrospective, pre- and post-implementation study using registry

data from an important hospital set in the epicenter of the Lombardy region, where the Covid-

19 epidemic has had a relevant impact in March-May 2020.

The main goal is to investigate the impact of Covid-19 pandemic on patients’ mortality for

AMI and stroke acute hospital admissions.

Specifically, the main end-point of the analysis is to study changes of in-hospital mortality

rates for AMI and stroke patients.

A standard causal inference method aims at estimating credible causal effects of treatments

or policies in a quasi-random framework, when randomized controlled trials (RCTs) are not

possible or not ethically/practically feasible.

Quasi-experimental techniques are very useful in this context and may provide a robust

tool to draw information on causal impacts. To this end, the regression discontinuity design

(RDD, [21]) is a quasi-experimental method that takes advantage of clinical or policy decision

rules in which people are differentially assigned to a treatment or intervention if they fall

above or below an arbitrary cut-off value of a continuous variable.

Causal inference within an RDD framework comes from the assumption that, aside from

differential use of treatment, those on either sides -yet close to the cut-off- are otherwise simi-

lar, and validity of the approach relies on the hypothesis that patients on either sides of the

threshold have comparable characteristics (as in a pure randomized study).

We take advantage of the sharp cut-off date for the introduction of the Covid-19 lockdown

in Italy, which was March 9th, 2020, that naturally divides the population of hospitalized

patients into a treatment group composed by patients hospitalized after the cut-off date and a

control group of patients hospitalized before the cut-off date.

In the RDD analysis patients in the treatment group, those admitted to the Spedali Civili of

Brescia hospital with acute stroke or AMI during the first epidemic period (from March, 9th to

May, 31st 2020) were compared to patients admitted before the lockdown implementation

(January, 1st to March, 8th 2020) for the same diseases.

After having checked for observable differences in the covariates around the cut-off, simi-

larly to [22] we then use calendar week as running variable while the treatment status is identi-

fied adopting different time-windows around the cut-off date. In particular, we assessed

treatment effect by RDD in several time windows (5 to 10 weeks before and after the cutoff

date) assuming that any observed mortality change was due to the hospital-stress introduced

by Covid-19 pandemic. We start with a 5 weeks’ time window estimating a Firth’s penalized

Maximum Likelihood logistic model [23] to deal with separation and rare events having small

sample sizes, which is a relevant issue especially in the shorter time windows around the cut-

off date. Having access to regional or national level data would enable us to get a more precise
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estimate of these effects with shorten time windows around the cut-off date, however at the

time of this study the data available only referred to Spedali Civili hospital.

A second analysis was conducted to investigate differences in mortality in an even more

robust fashion. Although RDD design addresses the endogeneity of treatment in a quasi-

experimental fashion, mortality differences by treatment (in the pandemic period) may be also

induced by temporal trends or seasonal factors (i.e. winter vs spring) or by other underlying

time-varying factors affecting mortality around the cut-off date. To this end, in the spirit of the

difference in difference estimator, we compare mortality in the period surrounding the imple-

mentation of the measures in 2020 to the same time period in the two years preceding the

Covid-19 pandemic (pooling 2019–18). More explicitly, mortality differences among treated

(March, 9th to May, 31st 2020) and control patients (January, 1st to March, 8th 2020) were com-

pared with differences in mortality of patients admitted during the corresponding periods in

2019–18, when no restrictions were in place, and no stress due to the Covid-19 pandemic

affected the hospital’s activities.

In this end, we adopt a Difference-in-Regression-Discontinuity design (DRD, see [24] and

[22]) which identifies the effect of Covid-19 pandemic on mortality as the difference between

the estimated effects on mortality of an RDD around the lockdown date (March, 9th) in the

year of Covid-19 outbreak (2020) with the ones of an RDD around the same date in the pooled

period 2019–18, to control for pre-existing (observed or unobserved) differences in mortality

determinants around the cut-off date.

The causal impact was then estimated with a logistic regression that models the probability

of death at patient level (outcome variable) as a function of a treatment dummy (assuming

value of 1 after the cut-off date and 0 before the cut-off date in 2020), a cohort dummy (equal

to 1 for cohort 2020 and 0 for cohorts 2019–18), the running variable (the exposure to treat-

ment, i.e. the week when a patient was evaluated around the cutoff) and their interactions plus

other individual covariates to control for unbalanced case-mix among cohorts or among

treated and controls in 2020.

The causal effect of DRD is identified as the cohort and treat interaction parameter, whose

exponential value can be interpreted as the odds of mortality difference post/pre lockdown in

the considered time windows following the implementation of the COVID-19 lockdown

(March, 9th 2020) versus the odds of the same event across similar time windows (around the

lockdown date) in previous years (2019–18) without the pandemic (See S2 Appendix for meth-

odological details on RDD and DRD models).

However, the choice of the cut-off date may have a different impact on the results of the sta-

tistical analyses. Establishing a reliable threshold date is particularly important, especially

when we focus on the impact of organizational changes on mortality. Alternative cut-off dates

proposed by the literature are February 20th 2020, the date when the first COVID-19 case was

identified in Lombardy (Italy) region [13] and February 24th 2020, the date when the first

emergency measures were adopted at regional level in Lombardy before the national lockdown

date of March 9th ([25, 26]).

To this end, since in a similar context of the same region the reduction of hospitalizations

started approximatively two weeks before the beginning of the national lockdown [25], as a

robustness check for our estimates, we then implemented a sensitivity analysis according to a

new cut-off date artificially set at February 24th, 2020 instead of March 9th, 2020.

Data are gathered from the hospital information system of Spedali Civili of Brescia and col-

lect anonymized information on all patients admitted from January, 2018 to May, 2020. The

electronic hospital discharge data contains basic demographic information (age, gender),

information on hospitalization (length of stay, special-care unit use, transfers within the same

hospital or through other facilities, and in-hospital mortality), and a total of 6 diagnosis codes
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and procedures defined according to the International Classification of Diseases, Ninth Revi-

sion, Clinical Modification (ICD-9- CM).

The analysis was limited to the following ICD-9- CM codes detected as the principal diag-

nosis: 410 (Acute Myocardial Infarction) and 434 (Occlusion of cerebral arteries—stroke). We

exclude all discharges including as principal diagnosis the code 410.9, corresponding to an

AMI with unspecified site. Patients with a principal diagnosis coded 410.7 are detected as AMI

with Non-ST Elevation Myocardial Infarction (NSTEMI), while the other 410 codes indicate

an AMI with ST Elevation Myocardial Infarction (STEMI).

A set of selected variables at patient level were chosen to control for determinants of patient

mortality that may be used in the RDD and DRD models in case of unbalanced case-mix

among treated and control groups. In particular, at the patient level we control for patient’s

age (in years), gender, foreign status and coexisting conditions identified by the Elixhauser

algorithm [27].

To complement the previous analyses, we also examine times from the onset of patients’

symptoms to door and to balloon. In this end, it is important to note that -as pointed out in

some recent contributions in the literature- Lombardy region has experienced -on average- an

increase in the time from the onset of the first symptoms to the patients hospitalization during

the pandemic and we know from the literature how early recognition of symptoms along with

shorten time to intervention usually results in better outcomes following both stroke and AMI

([28–30]).

Although times from the onset of patients’ symptoms to door and to balloon are not avail-

able for the whole sample of hospitalizations under study, we were able to retrieve aggregated

information on a subsample composed by 164 patients hospitalized in the 2020 first lockdown

period compared with patients hospitalized in the same period in 2019 years.

Results

Data refer to 416 hospitalizations in 2020 (224 between March 9th–May 31st, the post-lock-

down period) and 841 (405 in the post-lockdown period), in 2019–18, as reported by totals in

Tables 1 and 2. Table 1 illustrates the trend in the number of patients admitted at the hospital

with a main diagnosis of AMI (both STEMI and NSTEMI), as well as the trend of patients’

overall mortality rate during the same time periods (Pre and Post lockdown) in each of the last

three years.

Overall, the number of AMI cases does not change dramatically over time, but we observe

that the composition in terms of STEMI and NSTEMI changes in the last year if compared to

2019–18. In 2018 and 2019 STEMI represents the 40% of the AMI admitted at Spedali Civili,

while in 2020 the number of STEMI rises to 65% of the total. Suggestive evidence points out

how this difference in AMI composition may be driven by modifications in the hospital

Table 1. Mortality rates of AMI by type (STEMI and NSTEMI) (January 1- May 31, by year).

Year Stat STEMI NSTEMI TOT

Pre Post Tot Pre Post Tot Pre Post Tot
2018 Mean (Std. Dev) 0.046 (0.213) 0.108 (0.314) 0.075 (0.265) 0.023 (0.152) 0.044 (0.208) 0.036 (0.188) 0.034 (0.184) 0.067 (0.251) 0.052 (0.223)

N 43 37 80 43 67 110 86 104 190

2019 Mean (Std. Dev) 0.131 (0.342) 0.074 (0.264) 0.097 (0.298) 0.000 (0.000) 0.037 (0.192) 0.016 (0.128) 0.047 (0.213) 0.056 (0.231) 0.051 (0.222)

N 38 54 92 67 53 120 105 107 212

2020 Mean (Std. Dev) 0.101 (0.304) 0.048 (0.216) 0.074 (0.263) 0.055 (0.232) 0.000 (0.000) 0.031 (0.175) 0.084 (0.279) 0.033 (0.180) 0.059 (0.237)

N 59 62 121 36 28 64 95 90 185

https://doi.org/10.1371/journal.pone.0257910.t001
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catchment area with the local healthcare system funneling many STEMI cases from decentral-

ized hospitals (or some smaller cardiovascular and neurological departments which were rap-

idly closed just after the beginning of the pandemic) to the Spedali Civili, which was the hub

hospital in the Brescia province in the considered period.

In addition, we observe an almost steady total mortality rate for patients affected by AMI

(around 5% with a non-statistically significant difference of 0.0007, p-value = 0.513) over the

first two years considered (2018 and 2019). The overall AMI mortality rate is still non-signifi-

cantly different in 2020 if compared to 2019 (difference -0.007, p-value = 0.371). These first

descriptive comparison points towards a lack of significant change in volumes of total admis-

sions and mortality, suggesting a likely adequate response for this kind of time-depending and

high-risk clinical condition, despite the pandemic exposed the hospital to an overwhelmed

additional and unforeseen stress.

Table 2 exhibits an increase, even if at the limit of the common significance levels (p-

value = 0.066), in mortality rates (increase of 0.039) for stroke cases among 2018 and 2020

with a stable trend in 2020 with respect to 2019 (difference of 0.004, p-value = 0.430).

In the first analysis, we focused on the comparison of mortality around the national lock-

down date (March, 9th 2020) in 2020. Fig 1 reports the observed weekly mortality rates

(15-days windows) around the cutoff. It evidences a steady path in mortality after the threshold

for AMI patients and a reversed U-shaped pattern for stroke patients.

Fig 2 reports the estimated causal effect of the Covid-19 pandemic around the implementa-

tion date of the State of Emergency national restrictions in the RDD model. Results show a

non-statistically significant effect of the Covid-19 extra burden on hospitals activities on both

AMI and stroke mortality rates in all the 6 different time windows considered around the lock-

down date (from 5-weeks to 10 weeks). The RDD Firth’s logistic equation includes also covari-

ates that are not balanced around the cutoff for the largest study period of 10 weeks.

Table 2. Mortality rates of stroke (January 1- May 31, by year).

Year Stat STROKE

Pre Post Tot
2018 Mean (Std. Dev) 0.011 (0.107) 0.066 (0.249) 0.043 (0.203)

N 87 121 208

2019 Mean (Std. Dev) 0.094 (0.293) 0.057 (0.234) 0.077 (0.268)

N 127 104 231

2020 Mean (Std. Dev) 0.041 (0.199) 0.111 (0.316) 0.082 (0.275)

N 97 134 231

https://doi.org/10.1371/journal.pone.0257910.t002

Fig 1. Observed 15-days windows mortality rates around the lockdown cutoff (March, 9th 2020). The red lines

identify the average mortality in the pre and post lockdown periods.

https://doi.org/10.1371/journal.pone.0257910.g001
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Around this threshold, the two groups are well balanced across the considered covariates

except for few case-mix variables and comorbidities, such as length of hospital stay (increased

after the cut-off date) and presence of peripheral vascular disorders (whose prevalence

decrease after the cut-off) for AMI and diabetes complicated (whose prevalence decreases,

although in a not significant manner) for stroke patients (see Tables A1 and A2 in S1

Appendix).

As well as in the RDD case, we check the plausible causal effect of the Covid-19 over several

time-windows of 15-days around the implementation date of the State of Emergency restric-

tions for Covid-19 on March, 9th 2020 when compared with the same mortality difference in

the previous years.

Moreover, a comparison among 2020 and 2019–18 cohorts’ characteristics revealed a simi-

lar composition of hospitalizations for both AMI and stroke with some exception: AMI

patients were slightly younger in 2020 (67.7 vs 70.1), and the quota of NSTEMI significantly

decreases in 2020 (33.8% vs 56.2%). Prevalence of comorbidities varies significantly among

cohorts for cardiac arrhythmias (increases at 22.5% from 10.1%), peripheral vascular disorders

(increases at 5.6% from 1.6%), and other neurological disorders (increased at 1.9% from 0.2%).

As for stroke cases, cohorts are largely balanced for demographics and comorbidities,

except for prevalence of patients affected by congestive heart failure (that falls at 0.46% in 2020

from 2.8% in 2018–19). See Tables A3 and A4 in S1 Appendix for more details.

Results of the estimated causal effects on mortality provided by the difference in regression-

discontinuity model with the estimates’ confidence intervals (at 95%) are reported in Fig 3.

Fig 2. Coefficient (95% CI) indicating mortality differences across various time windows following

implementation of the COVID-19 lockdown (March, 9th 2020) versus mortality in similar time windows

preceding the measures in 2020. Estimates derived from regression-discontinuity design adopting a Firth logit model.

https://doi.org/10.1371/journal.pone.0257910.g002

Fig 3. Coefficient (95% CI) indicating mortality difference post/pre lockdown in various time windows following

implementation of the COVID-19 lockdown (March, 9th 2020) versus the same event in the similar time windows

in previous years (2019–18). Estimates derived from difference in regression-discontinuity design adopting a Firth

logit model.

https://doi.org/10.1371/journal.pone.0257910.g003
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Results of DRD, which controls for unobserved and seasonal effects, confirm the main RDD

results: differences are still non-significant and similar in their magnitude at the different

time-windows considered, when compared with RDD ones.

For both analyses, differences in mortality are stable over time demonstrating that mortality

rates in the Covid-19 period were comparable with pre-Covid-19 levels from the very begin-

ning of the lockdown up to May 2020. Reaction to Covid stress for stroke seemed very well

managed since the very beginning with mortality rates in the Covid period non-different from

pre-Covid levels up to 10 weeks after the lockdown (end of April).

For what concerns times from the onset of patients’ symptoms to door and to balloon,

Table 3 offers descriptive statistics of the mean time (in minutes) occurred from the onset of

first symptoms to door and to balloon as well as of the within hospital time between door and

balloon. We then registered a statistically significant (at 10% level of confidence only) increase

of 2 hours and 51 mins on average from the onset of symptoms to door and a non-significantly

different from 2019 but larger time from door to balloon of 18 mins -which may be due to

Covid-19 testing procedures at the hospital admission stage- in 2020.

On average a total increase of the global time from the onset of symptoms to Balloon is

around 3 hours and 41 mins (statistically significant at a 5% confidence level).

A similar pattern has been experienced also for stroke episodes with an average increase of

10 mins -from 126 mins in 2019 to 136 mins in the first half of 2020- in the onset of symptoms

to door time computed using all direct in-hospital admissions via ambulance.

Discussion

During the first wave of the Covid-19 epidemic, hospitals in many parts of the world were

required to operate in crisis capacity and have suffered dramatic reductions of their daily activ-

ity, such as urgent surgery and oncological programs ([31, 32]), acute myocardial infarctions

treatments [3], acute coronary syndrome admissions [13], pediatric emergency departments

activities [25], Emergency Department workload [26], mental health therapies [33] and stroke

interventions [5].

Recent studies reported a three-fold increase in AMI-related mortality and complications

in Italy during the COVID-19 period if compared with the same period of the year before [3]

as well as a significant increase of overall mortality for all causes (+7.5%) -largely due to out-

of-hospital mortality (+43.2%) especially related to cardiovascular (+32.7%) diseases [26].

Thus, we expected an increase of in-hospital mortality and complications for patients with

non-Covid clinical conditions (AMI and stroke) that require appropriate levels of clinical care

in the main hospital of the Brescia province, one of the most hit provinces in Italy by Covid-

19. In this context, quasi-experimental methods reveal to be useful tools to get clear causal evi-

dence to support policy makers in pandemic times.

Table 3. Descriptive statistics of AMI time from onset symptoms, by year and difference.

Year N. Obs Onset Symptoms to Door Door to Balloon Onset Symptoms to Balloon

Mean

(minutes)

Std. Dev. Mean

(minutes)

Std. Dev. Mean

(minutes)

Std. Dev.

2019 64 206 30.13 77.68 11.3 254.72 28.45

2020 100 377.12 85.41 95.82 11.11 476.31 88.7

2019–2020 -171.12 90.57 -18.13 15.86 -221.58

t-stat -1.88 -1.14 -2.37

p-value 0.061 0.254 0.019

https://doi.org/10.1371/journal.pone.0257910.t003
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Both RDD and DRD results demonstrates that, although we expected illness severity in

non-Covid-19 admissions to increase (due to possible selection criteria that could have

skimmed less severe patients) in-hospital mortality in acute non-Covid patients was not differ-

ent during the first wave of the pandemic with respect both to the pre-lockdown period and

previous years. In-hospital mortality rates in the Covid-19 period remain stable with respect to

pre-lockdown for both AMI and stroke patients.

These results seem to be even more important in the Italian context where it has been

recently found a substantial excess of mortality not accounted in Covid-related deaths, as large

as 90% in some municipality during the first peak of the outbreak [34], raising the question of

whether some patients died without medical attention during the Covid-19 pandemic [13],

especially for outpatients [26].

Concerning admission criteria of hospitalization in the two analyzed periods (2020 vs

2019–18), patients’ characteristics of hospitalized patients are largely similar, with some excep-

tions (Cardiac Arrhythmias and Peripheral Vascular Disorders, which are significantly

increased in 2020 for AMI patients, unlikely a large reduction in NSTEMI patient). A similar

decreasing pattern was observed for Congestive Heart Failure patients admitted for stroke.

Moreover, the key finding of our study, i.e. a not significant increase of Spedali Civili in-

hospital mortality for cardiovascular and stroke patients during lockdown, differs from find-

ings of other Italian studies ([13, 26, 35]) pointing out the crucial role of appropriate hospital

management strategies to prevent adverse effects on non-Covid acute cases.

In fact, results show that non-Covid cases (in particular, non-deferrable cases) can be effec-

tively managed adopting a fully dual track system in the hospital setting which helps in avoid-

ing that the unexpected extra-stress due to Covid-19 hospitalizations would compromise the

quality of cares to provided.

Another relevant point in the analysis is the choice of the cut-off date: a different date may

have a different impact on the results of the statistical analyses. In a recent Italian study, com-

parisons using different threshold date (i.e. February, 24th) found no significant differences in

overall and in-hospital mortality with respect to one year before the pandemic [26]. Our sensi-

tivity analyses, which use the same alternative cut-off date, confirms these findings as well as

our main results.

However, March 9th seems to us the appropriate reference date, given that our study aims

at assessing potential differences in AMI and stroke mortality rates due to the extra hospital

stress induced by the admission of a relevant number of Covid-19 patients. This credibly

started to affect hospitals management and daily organization after March 9th, 2020 and not in

the two weeks before (see Fig A1 of S1 Appendix).

Finally, we observed an increase in average times to door and time to balloon after the

lockdown.

Our estimates (onset of symptoms to Balloon) is in line with recent studies regarding

Humanitas hospital in Lombardy [30].

While we directly cannot assess out-of hospital mortality with the available data (which we

likely suppose increased a lot given the large increase in time from the onset of symptoms to

door), we are able to provide evidence on in-hospital mortality. We thus expect an in-hospital

mortality rate significantly different compared to the previous years. However, our RDD and

DRD results show that there wasn’t any difference between the treated and control groups.

One explanation of the non-significant difference in mortality between the great 2020 lock-

down period and the same period in 2019–18 may be the results of a good hospital manage-

ment of AMI and stroke cases given the implemented dual-track organizations. More

explicitly, having a dedicated admission to the Emergency Department and a 24/7 dedicated

team of doctor and nurses as well as ICU beds availability, it seems to have contributed in

PLOS ONE The impact of COVID-19 on AMI and stroke mortality in Lombardy

PLOS ONE | https://doi.org/10.1371/journal.pone.0257910 October 1, 2021 10 / 15

https://doi.org/10.1371/journal.pone.0257910


containing the potential negative effects of longer times to hospitalization, at least for what

concerns the hospital possibilities.

An alternative explanation may relate the insignificant difference to the result of the disease

itself, which does not necessarily show an increase in mortality rates when below a certain

value of the door to balloon time. For example, for AMI patients this value is equal to a 95

mins door to balloon time [36] similar to the one registered at Spedali Civili in 2020, which

may partially explain our results. In fact, the increase in onset to door time for AMI patients

remains particularly relevant, seriously harming patients’ probability to survive before being

hospitalized. In addition, the ability of keeping the time from door to balloon below 95 mins

for AMI should be attributed either to good management practices or to pure luck (e.g. the

time to perform a Covid-19 test is short enough not to harm the total door to balloon time).

Which of the two explanations is true still remains an open question for which our analysis

cannot offer an exhaustive response. Similar reasoning applies for stroke cases.

At least four limitations need to be considered this study. First, the proposed evidence is

limited to one single hospital, and this might not reflect the clinical outcomes at every hospital

in Northern Italy during the first wave of the pandemic. Availability of similar data for the

national or regional context would be helpful in further substantiate the obtained findings and

in exploring existing differences in efficacy of different managerial settings implemented in

Lombardy hospitals.

Second, we only measure in-hospital mortality and therefore we are unable to quantify nei-

ther mortality for not hospitalized patients or mortality post-discharge (i.e. 30 days mortality),

potentially underestimating the overall true mortality rate. Considering the relevant increase

in time from the onset of symptoms to hospital presentation, indeed data on other outcomes

also need to be considered (e.g. in-hospital heart failure, need for inotropic infusion, ejection

fraction at discharge) in future studies to investigate more in depth if any relevant adverse

effect (in addition to mortality rate) has been experienced by AMI and stroke patients during

Covid-19 time [37, 38].

Moreover, we think it is particularly important to study which management practices at

hospital level revealed to be effective in containing the potential adverse effects of the Covid-19

hospital stress, specifically for non-Covid patients being hospitalized during the first wave.

Third, our analysis reflects less than a full year of Covid-19 data ending in May 2020. Fourth,

unfortunately, it is not possible to formally consider the time-to-hospitalization as a covariate

in our models given the availability of this information only at aggregated level for stroke cases

and for a subsample of AMI patients.

Conclusions

To our knowledge, our study is the first attempt to assess the impact of COVID-19 and related

burden and hospital stress on in-hospital mortality for AMI and stroke in one of the largest

Northern Italian hospitals sited in the province of Brescia (the pandemic epicenter in Europe

in the first wave, recording 2,500 confirmed COVID-19 deaths by the end of April 2020) in a

causal inference framework being able to control for seasonal and other unobserved factors

that were possibly in place before the pandemic.

Results agree that -even if the extra-burden faced during the lockdown period has changed

many of the ordinary activities of the hospital- acute AMI and stroke mortality have not been

affected by Covid-19 stress experienced by the healthcare system, demonstrating that the miti-

gation strategies put in place by the Spedali Civili of Brescia to simultaneously face Covid-19

and non-Covid-19 healthcare delivery have been successfully implemented.
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This study suggests that effective organizational changes (i.e. a dual track system) are able

to face the adverse effects of the pandemic in terms of in-hospital mortality containment for

AMI and stroke patients, ensuring appropriate levels of clinical care for admitted patients with

non-Covid and non-deferrable clinical conditions. Moreover, as suggested by recent studies

[38], better communication strategies should be implemented in epidemic times by public

health authorities to ensure timely presentation of individuals (preventing the huge increase in

time to door registered during Covid-19 outbreak) with acute non-deferrable diseases such as

AMI and stroke.

This is particularly important in a regional context where the strong impact caused by

Covid epidemic has moved experts and health managers on re-thinking the system supporting

the best practices which have been able to timely and safely help in reacting to the unexpected

health emergency ([39, 40]).
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