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Abstract

The first wave (FW) of COVID-19 led to a rapid reduction in total emergency department (ED) visits and hospital admis-

sions for other diseases. Whether this represented a transient “lockdown and fear” phenomenon, or a more persisting trend, 

is unknown. We divided acute from post-wave changes in ED flows, diagnoses, and hospital admissions, in an Italian city 

experiencing a FW peak followed by nadir. This multicenter, retrospective, cross-sectional study involved five general EDs 

of a large Italian city (January–August 2020). Percent changes were calculated versus 2019, using four 14-day periods (FW 

peak, early/mid/late post-wave). ED visits were 147,446 in 2020, versus 214,868 in 2019. During the FW peak, visits were 

reduced by 66.4% (P < 0.001). The drop was maximum during daytime (69.8%) and for pediatric patients (89.4%). Critical 

triage codes were unchanged. Reductions were found for all non-COVID-19 diagnoses. Non-COVID-19 hospital admissions 

were reduced by 39.5% (P < 0.001), involving all conditions except hematologic, metabolic/endocrine, respiratory diseases, 

and traumas. In the early, mid, and late post-wave periods, visits were reduced by 25.4%, 25.3% and 23.5% (all P < 0.001) 

respectively. In the late period, reduction was greater for female (27.9%) and pediatric patients (44.6%). Most critical triage 

codes were unchanged. Oncological, metabolic/endocrine, and hematological diagnoses were unchanged, while other diag-

noses had persistent reductions. Non-COVID-19 hospital admissions were reduced by 12.8% (P = 0.001), 6.3% (P = 0.1) and 

12.2% (P = 0.001), respectively. Reductions in ED flows, led by non-critical codes, persisted throughout the summer nadir 

of COVID-19. Hospital admissions for non-COVID-19 diseases had transient changes.
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Introduction

The first diffusion wave of COVID-19 in early 2020 led to 

a steep decline in total Emergency Department (ED) visits, 

contradicting previous experience with seasonal influenza 

and ED overcrowding [1–4]. This unpredicted phenom-

enon involved acute drops in the diagnoses and hospital 

admissions for time-dependent conditions, raising major 

clinical concerns [5–8]. However, cross-sectional details 

regarding ED visit characteristics, diagnostic outcomes, 

and disposed hospital admissions, have been sparse, and 

reports have focused on the initial phase of the COVID-

19 pandemic, when the first lockdown measures were 

disposed. In several countries, especially in Europe, an 

epidemiological post-wave nadir phase devoid of lock-

down measures was registered during the summer of 

2020. Trends in ED flows and activity after the first wave, 

beyond the initial “public fear and lockdown” response, 

are unknown. Understanding the dynamics and kinetics of 

this phenomenon is instrumental to guide organization of 

EDs, medical wards and hospital care at large, during and 

beyond the second wave of COVID-19.

In the city of Torino, a large northern Italian city 

(870,000 inhabitants), during the first wave of the pan-

demic, the number of daily COVID-19 diagnoses peaked 

in March–April 2020. Since June, a persistently low inci-

dence was registered throughout the summer of 2020, when 

restrictive measures were withdrawn. We took advantage 

of this epidemiological scenario, characterized by a well-

defined first wave and post-wave nadir phase, to evaluate ED 

flows, visit characteristics, diagnoses, and hospital admis-

sions, during the first wave and in the post-wave phase. Our 

working hypothesis was that these variables would return 

to previous standards after the resolution of the first wave 

and withdrawal of lockdown measures. Persistent changes, 

instead, would prompt to structural and long-lasting effects 

of the pandemics on use of/referral to EDs.

Methods

Study design and setting

We conducted a multicenter, observational, retrospective 

study in five hospitals in the urban area of Torino, Italy, 

covering all medical and surgical specialties. Participating 

centers (ESM Appendix Table 1) were: one large tertiary 

university hospital (coordinating center), one tertiary non-

university hospital, two secondary non-university hospi-

tals and one smaller community hospital. All are public 

hospitals (except for the latter, which is private providing 

public healthcare). The overall census of the participating 

EDs is about 320.000 ED visits/year (pre-COVID-19 

period), corresponding to ≈ 90% of ED visits in the urban 

area. Urban hospitals not participating to the present study 

were one small community hospital, a specialty trauma 

center, a specialty obstetrical/gynecological center and a 

specialty pediatric center.

Epidemiological scenario and lockdown timing

During the first wave of the pandemic, the national peak 

of COVID-19 cases was reached on 20–28th March 2020. 

To reduce viral diffusion, a national lockdown was imposed 

from 9th March to 17th May 2020. On 3rd June 2020, key 

restrictive measures were withdrawn, and from May, no 

excess mortality was registered across the nation [9]. In the 

city of Torino, the number of daily COVID-19 diagnoses 

peaked at about 300/day from 20th March to 14th of April 

2020, and stably returned at < 10/day from 18th of June, with 

low incidence persisting throughout the summer.

Measurements

The study period was 1st January to 31st August, 2020 and 

2019. ED data were extracted in each center from the health 

record database in anonymized form. An automatic query 

was performed to extract the following data from each visit: 

patient gender, age, date of ED registration, triage prior-

ity, time of arrival, triage main symptom, date of discharge, 

patient destination (discharge vs hospital admission), and 

final diagnosis. Data extraction did not involve evaluation of 

individual medical charts or registration of additional per-

sonal/clinical information, and data treatment conformed to 

Italian D. Lgs. 196/2003 and European regulation 2016/679. 

Since the study focused on general ED flow analysis (sys-

tem-level) and not on individual patients, only utilized 

anonymized data, and was retrospective observational in 

nature, Ethic Committee approval was waived, as confirmed 

by the Hospital Board (prot. 101035, 23rd October 2020).

Triage codes and symptoms

Triage priority was based on standard triage nurse evaluation 

using color-codes following national indications. Briefly, a 

red code is attributed when a patient is suspected of having 

a life-threatening condition or vital sign modification, imply-

ing immediate evaluation. A yellow code is given when a 

patient displays signs/symptoms that could underlie a seri-

ous illness with evolving risk, implying medical visit within 

30 min. A green code is assigned when a patient does not 

present warning signs/symptoms, and whose medical evalu-

ation can be deferred. A white code is attributed when a 

patient complains symptoms that could be evaluated during 

an ambulatory medical visit in the following hours.
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Triage evaluation includes a structured interview by a 

trained nurse, also defining main triage symptom. From 

March 2020, systematic triage assessment of key COVID-

19 symptoms was also applied, to allow early allocation of 

patients satisfying criteria to a dedicated ED area. Color 

code evaluation was unchanged. In data analysis, the fol-

lowing main triage symptoms were queried: dyspnea, chest 

pain, abdominal pain, psychiatric symptom.

Diagnostic classification

Discharge diagnoses were grouped using the ICD-9-CM 

classification, with few modifications based on clinical rea-

soning. Within the ICD group “16–symptoms, signs, and 

ill-defined conditions”, selected diagnoses were analyzed 

per se because frequently leading to ED visits (syncope, 

unspecific chest pain), or were grouped within organ-spe-

cific categories (ESM Appendix Table 2). Fever and sepsis/

septic shock were grouped within infectious diseases, dysp-

nea was grouped within respiratory diseases, palpitations 

were grouped within cardiovascular diseases, and convul-

sions were grouped within neurological diseases. Pediatric 

patients were defined by age < 14 years. Based on the local 

practice of all participating centers, ICD-9-CM codes defin-

ing SARS-CoV-2 infection were: 79.82, 480.3 or V01.82.

Statistical analysis

For statistical analysis, the study focused on four 14-day 

periods in 2020, which were compared to the correspond-

ing periods in 2019: 31st March–13th April (climax of the 

first wave), 16th–29th June (early post-wave), 14th–27th 

July (mid post-wave) and 18th–31st August (late post-wave 

period). The last three study periods were chosen a priori to 

be evenly distributed, allowing two weeks of adaptation after 

withdrawal of lockdown measures.

Count data were expressed with absolute number and 

proportion. Using the Poisson regression, we estimated the 

percent change and its 95% confidence interval (CI) from 

the exponentiated Poisson regression coefficient. Type-III P 

values were used to assess whether the Poisson regression 

model with a specific variable was statistically significant (P 

value < 0.05). Data were displayed using locally estimated 

scatterplot smoothing (LOESS), in order better show data 

trend (smoothing span conservatively set at 14%). Extraction 

of count data and graphs were done with Microsoft Excel 

(Microsoft Corp., ver. 16.0), MedCalc (MedCalc Software 

Ltd, ver. 19.5.2), and all statistical analyses were performed 

using SPSS (IBM Corp., ver. 25.0).

Results

Visit number and characteristics

In the study centers, total ED visits were 147,446 from Janu-

ary to August 2020, and 214,868 in the corresponding period 

of 2019. The number of daily ED visits is shown in Fig. 1a. 

Trends were similar across all centers (ESM Appendix 

Fig. 1). The incidence of COVID-19 diagnoses identified 1st 

March to 15th May 2020 as the first wave period (Fig. 1b).

During the first wave peak, ED visits were reduced by 

66.4% compared to 2019 (P < 0.001; Table 1). The reduc-

tion was 69.8% during daytime (8 a.m. to 4 p.m.; P < 0.001), 

64.1% in the evening (4 p.m. to 0 a.m.; P < 0.001) and 58.6% 

during nighttime (P < 0.001). The reduction in ED visits was 

71.7% (P < 0.001) for patients aged < 50 years and 61.7% 

for patients aged > 75 years (P < 0.001). A maximum 89.4% 

reduction was found for pediatric patients (P < 0.001). The 

first wave peak reduction in ED visits was similar for female 

and male patients (64.4% and 68.4%; both P < 0.001).

The reduction in total ED visits persisted also after the 

first COVID-19 wave, by 25.4%, 25.3% and 23.5% (all 

P < 0.001) in the early, mid and late post-wave periods, 

respectively. In the post-wave periods, reductions were 

homogenous across daytime and adult patient age (ESM 

Appendix Table 3). ED visits for pediatric patients were 

substantially and persistently reduced in all post-wave 

periods, by 57.6%, 39.9% and 44.6% (all P < 0.001) in the 

early, mid and late post-wave periods, respectively. Reduc-

tions in ED visits were persistently larger for female than 

for male patients: 33.6% vs 17.5% in the early, 29.3% vs 

22.2% in the mid, 27.9% vs 19.1% in the late post-wave 

period (all P < 0.001).

Triage data

Within triage priority, most urgent/critical codes were 

unchanged in 2020 compared to 2019, both during and 

after the first wave (Fig. 1c). Significant reductions were 

observed for less urgent codes, both within the first wave 

peak and in the post-wave periods (Fig. 1d). The greatest 

reductions were observed for most deferrable cases (ESM 

Appendix Table 4). In the late post-wave period, yellow, 

green and white codes were persistently reduced by 19.4%, 

20.2% and 34.7% (all P < 0.001), respectively.

All main triage symptoms showed a statistically signifi-

cant reduction, both during and after the first wave (ESM 

Appendix Table 4). The lowest change was registered 

for dyspnea, which presented similar reductions during 

(13.8%; P = 0.011) and after (19.8%, P = 0.001; 15.9%, 

P = 0.016; 14.8%, P = 0.017) the first wave.
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ED diagnoses

During the first wave peak, all non-COVID-19 diagnoses 

showed a significant reduction compared to 2019 (Fig. 2 

and ESM Appendix Table 5), ranging from a minimum of 

27.2% (P < 0.001) for infectious diseases to a maximum 

of 80.8% (P < 0.001) for neurologic diseases. After the 

first wave, diagnoses of oncological, metabolic/endocrine 

and hematological diseases were statistically unchanged, 

in the early, mid and late periods. Infectious, psychiatric, 

neurological, non-COVID-19 respiratory, gastrointestinal, 

urological, obstetrical/gynecological diseases and trauma 

showed a significant reduction in all post-wave periods. 

In the late period, reductions ranged from a minimum of 

10.7% (P = 0.034) for psychiatric diseases to a maximum 

of 30.8% (P < 0.001) for infectious diseases. Cardiovas-

cular diseases and unspecific chest pain were statistically 

unchanged in the early post-wave period and reduced sub-

sequently (15.8% and 33.7% respectively in the late period, 

both P < 0.001).

Fig. 1  a Daily number of ED visits in 2020 (red) and 2019 (blue), 

from 1st January to 31st August. b Number of new daily diagnoses 

of COVID-19 in the Torino province, in 2020. c Daily number of red 

(most urgent/critical; red dots/line), yellow (urgent for evolutive risk; 

yellow dots/line) green (non-urgent, deferrable; green dots/line) and 

white codes (least urgent, deferrable to ambulatory clinic; light blue), 

in 2019. d Daily number of red, yellow, green and white codes, in 

2020 (Color figure online)

Table 1  ED visit count and 

corresponding % change in the 

selected periods

Period analyzed 2019 2020 % change (95% CI) P value

ED visit count ED visit count

First-wave peak

(31st Mar–13th Apr)

12,420 4168 66.4% (65.2–67.6) < 0.001

Early post-wave

(16th–29th Jun)

12,609 9404 25.4% (23.4–27.4) < 0.001

Mid post-wave

(14th–28th Jul)

11,768 8796 25.3% (23.2–27.3) < 0.001

Late post-wave

(18th–31st Aug)

11,365 8693 23.5% (21.3–25.6) < 0.001
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Hospital admissions

Total ED-disposed hospital admissions for non-COVID-19 

diseases are shown in Fig. 3a. Non-COVID-19 admissions 

were reduced by 39.5% (P < 0.001) during the first wave 

peak, and by 12.8% (P = 0.001), 6.3% (P = 0.104) and 12.2% 

(P = 0.001) in the early, mid and late post-wave period, 

respectively (ESM Appendix Table 6). The admission rate 

(Fig. 3b) reached a climax during the first wave, with a slight 

but persistent increase throughout the post-wave period (in 

the late period, 13.5% vs 11.9% in 2019).

Percent changes in hospital admissions for non-

COVID-19 diagnoses are shown in Fig. 4 and detailed in 

ESM Appendix Table 6. During the first wave peak, admis-

sions were significantly reduced for infectious, oncological, 

psychiatric, neurological, cardiovascular, gastrointestinal, 

urological, obstetric/gynecological diseases and syncope 

(Fig. 4a), ranging from a minimum of 43.6% (P < 0.001) for 

cardiovascular diseases to a maximum of 83.3% (P = 0.019) 

for syncope. In the post-wave period, hospital admissions 

were significantly reduced in the early period for psychiat-

ric, non-COVID-19 respiratory and obstetric/gynecological 

diseases (Fig. 4b), and in the late period for psychiatric and 

obstetric/gynecological diseases (Fig. 4d).

Discussion

This is the first study analyzing the long-term effects of 

COVID-19 on ED flows beyond the early diffusion phase 

and throughout the epidemiological nadir observed during 

the summer of 2020 in European countries [2, 4, 5]. Reduc-

tions, during and after the first wave peak, mostly derived 

from non-urgent codes, i.e. cases amenable to deferrable 

evaluation and potentially indicative of ED misuse. Instead, 

the number of urgent codes was unchanged. During the wave 

Fig. 2  Percent change (with 95% CI) in ED diagnoses other than 

COVID-19, during a  the first wave peak (31st March–13th April 

2020), b early post-wave period (16th–29th June 2020, c mid post-

wave period (14th–27th July 2020), and d  late post-wave period 

(18th–31st August 2020), compared to the corresponding periods of 

2019
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peak, changes were more pronounced during daytime and in 

younger patients, also indicating a prevalent effect on defer-

rable cases. The drop was very substantial and persistent 

for pediatric patients, as previously reported [10, 11]. In the 

post-wave periods, the reduction in ED visits was also more 

pronounced for female patients, indicating gender-specific 

differential effects.

In line with previous reports, we also found a major 

reduction in cardiovascular and neurologic diagnoses dur-

ing the wave peak, but moderate reductions also persisted 

in the post-wave phase [5–8]. Related hospital admissions 

normalized after the peak, potentially indicating a prevalent 

reduction in milder cases. For several other conditions, the 

post-wave period was also characterized by a long-lasting 

reduction in ED diagnoses, while admissions were nor-

malized. Overall, these data indicate potential ED under-

treatment as a COVID-19 side effect, but also that several 

patients may have been managed outside EDs [12]. Both 

ED diagnoses and admissions for onco-hematological and 

metabolic/endocrine diseases returned to pre-COVID-19 

standards early after the first wave, potentially indicating 

lower disposal or efficiency of alternative care to EDs for 

these conditions.

Admission data indicate that, in spite of a long-last-

ing decline in ED visits, the number of hospital beds 

needed for non-COVID-19 diseases after a wave is largely 

unchanged, especially for patients affected by metabolic/

endocrine and hematologic diseases. Results also show 

that during a pandemic peak, the admission rate for non-

COVID-19 conditions reaches a climax, likely due to burn-

out of ED resources by COVID-19, increased difficulties in 

outpatient management, loss of beds in ED-driven obser-

vation units, and increased proportion of patients with 

more severe conditions seeking ED care.

While facing a second COVID-19 wave worldwide, 

study results have practical implications. Reduced num-

bers of patients accessing EDs constitutes an unprece-

dented opportunity to preserve or even increase the quality 

of ED care. However, additional barriers may counterbal-

ance the potential benefits of visit reduction, such as the 

necessity of pre-triage, additional testing, and patient dis-

tancing. Unless well designed strategies are put in place, 

insufficient ED facilities and long turnaround times for 

testing will prevail, leading to dangerous overcrowding 

and increased boarding time.

The current study does not provide data on the causes 

leading to ED visit reduction, and quantification of patients 

inappropriately avoiding or delaying ED visits was not pos-

sible. Differential effect on women, pediatric patients and 

triage codes indicate that this is likely a multifactorial phe-

nomenon, warranting further category-specific investigation.

The study has limitations. First, results essentially apply 

to areas experiencing a clear-cut viral wave followed by 

nadir. Second, sub-analyses of ED discharge diagnosis 

must be interpreted with caution. Such diagnosis, chosen 

by the attending physician as the prevalent diagnosis, may 

not correspond to subsequent medical evaluations and may 

represent the prevalent, but not the only, clinically mean-

ingful condition. Third, sub-analyses are less powered for 

infrequent disease categories (thus leading to type II error). 

Fig. 3  a Daily hospital admissions and b hospitalization rate from 1st 

January to 31st August 2020 (red dots/line) and 2019 (blue dots/line). 

c Daily number of new COVID-19 diagnoses in the Torino province 

in the same period of 2020 (Color figure online)
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Fourth, visits for most severe obstetrical/gynecological 

diagnoses, traumas and pediatric patients may be under-

represented (selection bias), because locally, these cases 

are frequently conducted to the corresponding specialty ED 

not included in the present study. In general, reductions in 

ED visits, diagnoses and hospital admissions may be less 

pronounced in referral centers accepting most severe cases 

from large areas.

In conclusion, we found that the first wave of COVID-

19 modified ED flows in the long-term, with measurable 

changes during the summer of 2020, after withdrawal of 

lockdown measures and return of local COVID-19 incidence 

to a minimum. Reductions in total visits were dragged by 

non-urgent triage codes, and more pronounced for female 

and pediatric patients. Hospital admissions acutely declined 

during the first wave, but rapidly returned post-peak almost 

to previous standards. Admissions for certain conditions 

(metabolic/endocrine and hematologic diseases), however, 

were unchanged even during the peak, indicating that a suf-

ficient number of hospital beds for non-COVID-19 diseases 

must be guaranteed throughout a peak, rapidly reverting 

to standard numbers after the peak resolution. Finally, this 

unprecedented reduction in ED visits should be regarded as 

a proof-of-concept that ED overuse and overcrowding are 

hard yet affordable endpoints for strong healthcare policies.

Supplementary Information The online version contains supplemen-

tary material available at https ://doi.org/10.1007/s1173 9-021-02667 -2.

Acknowledgements We thank all members of the ED teams for their 

work, and the informatic service of the HG Hospital for support in 

data extraction.

Author contributions FM conceived the study, PBi-EF-MC-PBa-

GT-PP collected the data, FA-DV-GC-EL supervised data collection, 

FM-PB analyzed the data and drafted the manuscript, EEP provided 

statistical advice, FA-EL contributed substantially to its revision, FM 

takes responsibility for the paper as a whole.

Fig. 4  Percent change (with 95% CI) in hospital admissions for non-

COVID-19 diseases, during a  the first wave peak (31st Mar–13th 

April 2020), b early post-wave period (16th–29th June 2020), c mid 

post-wave period (14th–27th July 2020), and d late post-wave period 

(18th–31st August 2020), compared to the corresponding periods of 

2019

https://doi.org/10.1007/s11739-021-02667-2


1690 Internal and Emergency Medicine (2021) 16:1683–1690

1 3

Funding Open access funding provided by Università degli Studi di 

Torino within the CRUI-CARE Agreement. Grant GR-2013-02355449 

to FM (Ministero della Salute), unrelated to the present study.

Code availability Not applicable.

Compliance with ethical standards 

Conflict of interest The author(s) declare that they have no conflict of 

interest.

Statements on human and animal rights Since the study was retro-

spective observational based on de-identified data and did not involve 

extraction of individual patient data, Ethic Committee approval was 

waived.

Informed consent Not applicable.

Consent for publication Not applicable.

Availability of data and material (data transparency) Study data are 

available from the corresponding author upon reasonable request.

Open Access This article is licensed under a Creative Commons Attri-

bution 4.0 International License, which permits use, sharing, adapta-

tion, distribution and reproduction in any medium or format, as long 

as you give appropriate credit to the original author(s) and the source, 

provide a link to the Creative Commons licence, and indicate if changes 

were made. The images or other third party material in this article are 

included in the article’s Creative Commons licence, unless indicated 

otherwise in a credit line to the material. If material is not included in 

the article’s Creative Commons licence and your intended use is not 

permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 

copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Boserup B, McKenney M, Elkbuli A (2020) The impact of the 

COVID-19 pandemic on emergency department visits and patient 

safety in the United States. Am J Emerg Med 38(9):1732–1736. 

https ://doi.org/10.1016/j.ajem.2020.06.007

 2. Jeffery MM, D’Onofrio G, Paek H, Platts-Mills TF, Soares WE 

3rd, Hoppe JA, Genes N, Nath B, Melnick ER (2020) Trends in 

emergency department visits and hospital admissions in health 

care systems in 5 states in the first months of the COVID-19 pan-

demic in the US. JAMA Intern Med. https ://doi.org/10.1001/jamai 

ntern med.2020.3288

 3. Pines JM, Hilton JA, Weber EJ, Alkemade AJ, Al Shabanah H, 

Anderson PD, Bernhard M, Bertini A, Gries A, Ferrandiz S, 

Kumar VA, Harjola VP, Hogan B, Madsen B, Mason S, Ohlen G, 

Rainer T, Rathlev N, Revue E, Richardson D, Sattarian M, Schull 

MJ (2011) International perspectives on emergency department 

crowding. Acad Emerg Med 18(12):1358–1370. https ://doi.org/1

0.1111/j.1553-2712.2011.01235 .x

 4. Westgard BC, Morgan MW, Vazquez-Benitez G, Erickson LO, 

Zwank MD (2020) An analysis of changes in emergency depart-

ment visits after a state declaration during the time of COVID-19. 

Ann Emerg Med 76(5):595–601. https ://doi.org/10.1016/j.annem 

ergme d.2020.06.019

 5. Baum A, Schwartz MD (2020) Admissions to veterans affairs hos-

pitals for emergency conditions during the COVID-19 pandemic. 

JAMA 324(1):96–99. https ://doi.org/10.1001/jama.2020.9972

 6. De Filippo O, D’Ascenzo F, Angelini F, Bocchino PP, Conrotto F, 

Saglietto A, Secco GG, Campo G, Gallone G, Verardi R, Gaido 

L, Iannaccone M, Galvani M, Ugo F, Barbero U, Infantino V, 

Olivotti L, Mennuni M, Gili S, Infusino F, Vercellino M, Zuc-

chetti O, Casella G, Giammaria M, Boccuzzi G, Tolomeo P, 

Doronzo B, Senatore G, Grosso Marra W, Rognoni A, Trabat-

toni D, Franchin L, Borin A, Bruno F, Galluzzo A, Gambino A, 

Nicolino A, Truffa Giachet A, Sardella G, Fedele F, Monticone 

S, Montefusco A, Omede P, Pennone M, Patti G, Mancone M, 

De Ferrari GM (2020) Reduced rate of hospital admissions for 

ACS during COVID-19 outbreak in Northern Italy. N Engl J Med 

383(1):88–89. https ://doi.org/10.1056/NEJMc 20091 66

 7. Lange SJ, Ritchey MD, Goodman AB, Dias T, Twentyman E, Fuld 

J, Schieve LA, Imperatore G, Benoit SR, Kite-Powell A, Stein Z, 

Peacock G, Dowling NF, Briss PA, Hacker K, Gundlapalli AV, 

Yang Q (2020) Potential indirect effects of the COVID-19 pan-

demic on use of emergency departments for acute life-threatening 

conditions—United States, January–May 2020. Am J Transplant 

20(9):2612–2617. https ://doi.org/10.1111/ajt.16239 

 8. Kansagra AP, Goyal MS, Hamilton S, Albers GW (2020) Collat-

eral effect of COVID-19 on stroke evaluation in the United States. 

N Engl J Med 383(4):400–401. https ://doi.org/10.1056/NEJMc 

20148 16

 9. Alicandro G, Remuzzi G, La Vecchia C (2020) Italy’s first wave of 

the COVID-19 pandemic has ended: no excess mortality in May, 

2020. Lancet 396(10253):e27–e28. https ://doi.org/10.1016/S0140 

-6736(20)31865 -1

 10. Dopfer C, Wetzke M, Zychlinsky Scharff A, Mueller F, Dressler 

F, Baumann U, Sasse M, Hansen G, Jablonka A, Happle C (2020) 

COVID-19 related reduction in pediatric emergency healthcare 

utilization—a concerning trend. BMC Pediatr 20(1):427. https ://

doi.org/10.1186/s1288 7-020-02303 -6

 11. Even L, Lipshaw MJ, Wilson PM, Dean P, Kerrey BT, Vukovic 

AA (2020) Pediatric emergency department volumes and through-

put during the COVID-19 pandemic. Am J Emerg Med. https ://

doi.org/10.1016/j.ajem.2020.09.074

 12. Schriger DL (2020) Learning from the decrease in US emergency 

department visits in response to the Coronavirus Disease 2019 

pandemic. JAMA Intern Med. https ://doi.org/10.1001/jamai ntern 

med.2020.3265

Publisher’s Note Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ajem.2020.06.007
https://doi.org/10.1001/jamainternmed.2020.3288
https://doi.org/10.1001/jamainternmed.2020.3288
https://doi.org/10.1111/j.1553-2712.2011.01235.x
https://doi.org/10.1111/j.1553-2712.2011.01235.x
https://doi.org/10.1016/j.annemergmed.2020.06.019
https://doi.org/10.1016/j.annemergmed.2020.06.019
https://doi.org/10.1001/jama.2020.9972
https://doi.org/10.1056/NEJMc2009166
https://doi.org/10.1111/ajt.16239
https://doi.org/10.1056/NEJMc2014816
https://doi.org/10.1056/NEJMc2014816
https://doi.org/10.1016/S0140-6736(20)31865-1
https://doi.org/10.1016/S0140-6736(20)31865-1
https://doi.org/10.1186/s12887-020-02303-6
https://doi.org/10.1186/s12887-020-02303-6
https://doi.org/10.1016/j.ajem.2020.09.074
https://doi.org/10.1016/j.ajem.2020.09.074
https://doi.org/10.1001/jamainternmed.2020.3265
https://doi.org/10.1001/jamainternmed.2020.3265

	After the first wave and beyond lockdown: long-lasting changes in emergency department visit number, characteristics, diagnoses, and hospital admissions
	Abstract
	Introduction
	Methods
	Study design and setting
	Epidemiological scenario and lockdown timing
	Measurements
	Triage codes and symptoms
	Diagnostic classification
	Statistical analysis

	Results
	Visit number and characteristics
	Triage data
	ED diagnoses
	Hospital admissions

	Discussion
	Acknowledgements 
	References


