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Abstract: The COVID-19 pandemic has deeply affected the activity and patient flows of Emergency
Departments (EDs), and concern for the worsening outcome of cardiovascular emergencies has been
raised. However, the impact of COVID-19 on all subtypes of acute aortic syndromes (AASs) has
not been evaluated so far. Cases of AASs managed in the ED of three hub hospitals in a large area
of Northern Italy were retrospectively analyzed, comparing those registered during the pandemic
(March 2020 to May 2021) with corresponding pre-COVID-19 periods. A total of 124 patients with
AAS were managed during the COVID-19 period vs. 118 pre-COVID-19 (p = 0.70), despite a −34.6%
change in ED visits. Posterior chest pain at presentation was the only clinical variable with a different
prevalence (46.0% vs. 32.2%, p = 0.03). Surgery and endovascular treatment rates were unchanged.
Time intervals influenced by patient transfer to the hub center were longer during the COVID-19
period and longest during high viral circulation periods. Ninety-day mortality was unchanged, with
a higher mortality trend during the pandemic surges. In conclusion, ED presentation and care of
AASs were marginally affected by COVID-19, but efforts are needed to preserve efficient patient
transfer to specialized centers and prevent mortality, especially during pandemic peaks.

Keywords: aorta; dissection; syndrome; COVID-19; SARS-CoV-2; emergency department

1. Introduction

Acute aortic syndromes (AASs) are a group of deadly conditions involving the tho-
racic aorta and sharing common pathophysiological, clinical, and therapeutic features.
They include aortic dissection (AD), intramural aortic hematoma (IMH), penetrating aortic
ulcer (PAU), and spontaneous aortic rupture (SAR) [1]. AASs are relatively rare, affecting
2 to 15 cases/100,000 individuals/year, but their unspecific clinical presentation includes
common symptoms such as chest, back, abdominal pain, syncope, and neurological
deficits [2]. Key factors affecting clinical outcomes of AASs are rapid diagnosis and treat-
ment, with Emergency Medical Services and Departments (EDs) acting as key players in the
initial management and transfer of patients from spoke to specialized aortic centers [3,4].

The COVID-19 pandemic has caused rapid saturation of health care resources for non-
COVID-19 patients, with a negative impact on elective interventions for AAS risk conditions
(aortic aneurysms and aortic valve diseases) and on blood pressure
control [5–7]. The pandemic has also heavily impacted patient flows, case mix, clini-
cal activity, and the organization of EDs [8]. Initial spreading of COVID-19 was associated
with an unprecedented drop in the number of total ED visits and in the number of patients
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diagnosed with acute cardiovascular conditions, with a possible subsequent rebound in
related hospitalizations [9–13]. Furthermore, COVID-19 has emerged as a novel risk factor
for cardiovascular emergencies involving immunothrombosis [14]. A study evaluating the
Society of Thoracic Surgeons Adult Cardiac Surgery Database found similar outcomes in
patients with type A AD treated before and during the first surge of the pandemic [15].
However, another study found that COVID-19 positivity worsened perioperative outcomes
in patients with type A AD [16]. To our knowledge, the effects of the COVID-19 pandemic
on other AAS subtypes and the focus on pre-surgical data are lacking.

In this study, we sought to evaluate the characteristics of ED presentation, manage-
ment, and outcomes of AASs during the COVID-19 era in consecutive patients presenting
or transferred to one of three EDs functioning as hub centers for AASs in a reasonably large
geographic area of Italy. Results are relevant to inform and update acute cardiovascular care
and emergency medicine practice in the current endemic COVID-19 phase and potentially
during new infectious outbreaks.

2. Materials and Methods
2.1. Setting

This retrospective observational study was performed in the high-volume EDs located
in the 3 AAS referral centers treating patients in the Western Piedmont and Valle d’Aosta
areas of Northern Italy: Ospedale Molinette (Torino), Ospedale Mauriziano (Torino), and
Ospedale S. Croce e Carle (Cuneo). In 2019, the census of the population living in the
referral area was 2.97 million subjects. The study complied with the Declaration of Helsinki,
and the local Ethics Committee (Comitato Etico Interaziendale A.O.U. Città della Salute
e della Scienza di Torino–A.O. Ordine Mauriziano–A.S.L. Città di Torino) approved the
study (00042/2020), and patients provided written informed consent and oral consent (the
latter during the COVID-19 period, due to infection risk management in the ED).

2.2. Inclusion and Exclusion Criteria

Inclusion criteria were: (1) patient age ≥ 18 years; (2) evaluation in the ED for acute
symptoms, dating no more than 14 days; and (3) confirmed diagnosis of AAS. The following
disease entities were all considered AASs: AD, IMH, PAU, and SAR, classified as either
type A or B according to the Stanford classification. Exclusion criteria include: (1) not
datable aortic disease, including asymptomatic or occasional findings during work-up for
non-related conditions; and (2) chronic aortic syndromes (i.e., symptom onset > 14 days).

2.3. Patient Search and Inclusion Process

Patients were identified and annotated prospectively during the ED visit and, sec-
ondly, by query on the electronic ED database using ICD-9-CM codes identifying AASs
(Supplementary Table S1), in order to obtain consecutive AAS patients managed in the
study periods. ED charts (including the chart of the spoke ED referring patient) and hospi-
tal charts were collected and examined for satisfaction of inclusion and exclusion criteria.
Cases with incomplete clinical charts were excluded.

For data analysis, two time periods were identified: the COVID-19 period
(from 1 March 2020 to 31 May 2021) and the pre-COVID-19 period (from 1 March 2018
to 31 May 2018 and from 1 March 2019 to 29 February 2020). The COVID-19 period was
chosen based on the local detection of the first COVID-19 clusters on 21 February 2020,
with national lockdown measures imposed from 9 March 2020, until the end of the second
pandemic wave (Figure 1). The pre-COVID-19 period was chosen to coincide with the same
months of the COVID-19 period, considering the seasonality of AAS incidence [17].
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Figure 1. Number of new COVID-19 cases per day in Italy. Red-shaded areas represent pandemic
peaks and high viral circulation periods.

2.4. Collected Variables and Outcomes

For each patient, the following variables were obtained from the medical charts
and inputted in an anonymized database: gender, age, presenting symptoms, symptom
onset, past medical history, clinical variables defining pre-test probability of AAS, vital
parameters at presentation, laboratory values (white blood cell count, creatinine, D-dimer,
troponin), nasopharyngeal swab for SARS-CoV-2 at ED presentation and during hospital-
ization, date/time of triage (first ED contact and hub center if the patient was transferred),
date/time of CTA (or other advanced imaging) leading to diagnosis, AAS type, date/time
of surgery or endovascular repair (EVAR), survival/death during hospitalization and at
90 days. The pre-test probability of AAS was measured using the aortic dissection detection
(ADD) risk score and the simplified AORTAs score (Supplementary Tables S2 and S3) [1,18].

Outcomes compared between the COVID-19 and pre-COVID-19 periods were: number
of AASs, intervals between key clinical timestamps, and mortality.

2.5. Statistical Analysis

General characteristics were assessed with median and interquartile range (IQR) for
continuous variables and with proportion and 95% confidence interval (CI) for categorical
variables. Statistical differences were compared using the Mann–Whitney U test for contin-
uous variables and the χ2 or Fisher’s exact test for proportions, as appropriate. Count data
were expressed as an absolute number and proportion.

Count data were compared with the Poisson regression, through which the percent
(%) change and its CI were estimated from the exponentiated Poisson regression coefficient.
Time differences were compared using a multivariate linear regression model for the natural
logarithm (ln) of the time differences, with the COVID-19 period as the reference period
and “center” as an additional independent variable. The percent change was calculated
from the exponentiated beta coefficient. Differences in 90-day mortality were assessed
using a multivariate Cox regression model using the pre-COVID-19 period as the reference
period and type A AD as the reference for AAS subtypes, after adjusting for age, sex,
and nasopharyngeal swab positivity. The Kaplan–Meier estimator was used to plot the
survival curves of each AAS subtype, divided into pre-COVD-19 and COVID-19 periods.
The survival curves were compared using the log-rank test. A sensitivity analysis grouping
patients presenting during low-viral circulation timeframes with patients presenting in
the pre-COVID-19 period was carried out to evaluate the impact of different COVID-19
pandemic phases on time differences and 90 day mortality. p-values were considered
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significant if <0.05. Statistical analysis was carried out using R version 4.1.3 (R Foundation
for Statistical Computing, Vienna, Austria).

3. Results
3.1. Characteristics of AAS Patients in the Two Periods

The census of total ED visits in the participating centers was 154 517 in the COVID-19
period and 236 318 in the pre-COVID-19 period (percent change −34.6% [95% CI −34.8 to −34.4],
p < 0.001). In the study period, 266 patients were selected as potential cases of AASs;
24 patients were excluded for having a final diagnosis different from an AAS (13 from the
pre-COVID-19 period and 11 from the COVID-19 period), and 242 patients were further
analyzed (Supplementary Figure S1). A total of 124 were managed during the COVID-19
period and 118 during the pre-COVID-19 period (p = 0.70 for % change), corresponding
to an incidence of 3.34 and 3.18 cases/100.000 ED visits/year, respectively (rate ratio 1.05
[95% CI 0.81–1.36], p = 0.70). A total of 87 (70.2%) patients presented to a spoke ED during
the COVID-19 period vs. 81 (68.6%) during the pre-COVID-19 period (p = 0.80).

Table 1 shows the demographic and clinical data of patients with AASs in the COVID-
19 period, compared to the pre-COVID-19 period. There was no significant difference for
most variables except for posterior chest pain at presentation, which was more frequent in
the COVID-19 period (46.0% vs. 32.2%, p = 0.03). In the COVID-19 period, four patients
tested positive for SARS-CoV-2, of whom one died within 90 days.

Table 1. General characteristics of the patients stratified according to pre-COVID-19 and COVID-19 periods.

Characteristic Overall
(N = 242)

Pre-COVID-19 Period
(N = 118)

COVID-19 Period
(N = 124) p-Value

Demographics
Age (years) 71 (58, 78) 71 (61, 80) 70 (57, 78) 0.4
Sex (Female) 78 (32.2%) 35 (29.7%) 43 (34.7%) 0.4
Symptoms onset (hours) 3.0 (2.0, 10.0) 3.0 (1.1, 9.8) 3.0 (2.0, 12.0) 0.3
Presenting signs and symptoms
Anterior chest pain 145 (59.9%) 68 (57.6%) 77 (62.1%) 0.5
Posterior chest pain 95 (39.3%) 38 (32.2%) 57 (46.0%) 0.03
Abdominal pain 75 (31.0%) 38 (32.2%) 37 (29.8%) 0.7
Lumbar pain 33 (13.6%) 12 (10.2%) 21 (16.9%) 0.13
Limb ischemia 18 (7.4%) 11 (9.3%) 7 (5.6%) 0.3
Syncope 40 (16.5%) 17 (14.4%) 23 (18.5%) 0.4
Hypotension 48 (19.8%) 23 (19.5%) 25 (20.2%) 0.9
Hypotension, shock, or cardiac arrest 52 (23.5%) 26 (24.8%) 26 (22.4%) 0.7
Comorbidities
Hypertension 154 (63.6%) 75 (63.6%) 79 (63.7%) 0.9
Diabetes 16 (6.6%) 6 (5.1%) 10 (8.1%) 0.4
Active smoking 64 (26.4%) 31 (26.3%) 33 (26.6%) 0.9
Coronary artery disease 24 (9.9%) 10 (8.5%) 14 (11.3%) 0.5
Risk factors for AAS
Connective tissue disease 7 (2.9%) 2 (1.7%) 5 (4.0%) 0.4
Known TAA 40 (16.5%) 17 (14.4%) 23 (18.5%) 0.4
Aortic valve disease 12 (5.0%) 5 (4.2%) 7 (5.6%) 0.6
Family history of AAS 9 (3.7%) 3 (2.5%) 6 (4.8%) 0.5
Recent aortic manipulaton (<1 month) 10 (4.1%) 4 (3.4%) 6 (4.8%) 0.7
Pain characteristics
Abrupt onset 154 (63.6%) 72 (61.0%) 82 (66.1%) 0.4
Severe pain (NRS = 7) 170 (70.2%) 81 (68.6%) 89 (71.8%) 0.6
Ripping pain 98 (40.5%) 45 (38.1%) 53 (42.7%) 0.5
High-risk features at the physical examination
Perfusion deficit 63 (26.0%) 29 (24.6%) 34 (27.4%) 0.6
Neurological deficit 42 (17.4%) 21 (17.8%) 21 (16.9%) 0.9
New diastolic aortic murmur 3 (1.2%) 3 (2.5%) 0 (0.0%) 0.11
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Table 1. Cont.

Characteristic Overall
(N = 242)

Pre-COVID-19 Period
(N = 118)

COVID-19 Period
(N = 124) p-Value

Risk scores
ADD score 0.5
0 24 (9.9%) 14 (11.9%) 10 (8.1%)
1 97 (40.1%) 50 (42.4%) 47 (37.9%)
2 97 (40.1%) 45 (38.1%) 52 (41.9%)
3 24 (9.9%) 9 (7.6%) 15 (12.1%)
High risk per ADD score (≥2) 121 (50.0%) 54 (45.8%) 67 (54.0%) 0.2
High clinical probability per AORTAs (≥2) 165 (74.7%) 75 (71.4%) 90 (77.6%) 0.3
Vital signs and selected biomarkers at presentation
SBP (mmHg) 130 (105, 150) 130 (100, 153) 130 (110, 150) 0.9
DBP (mmHg) 75 (60, 85) 80 (60, 90) 75 (60, 84) 0.3
HR (bpm) 78 (65, 90) 78 (64, 90) 79 (67, 90) 0.6
White blood cells (109/L) 12.3 (9.2, 16.8) 12.2 (8.8, 18.7) 12.3 (9.6, 15.8) 0.9
Creatinine (mg/dL) 1.0 (0.8, 1.3) 1.0 (0.8, 1.3) 1.0 (0.8, 1.4) 0.5
hs-cTn (ng/L) 14.5 (7.2, 38.0) 16.0 (7.3, 50.0) 14.0 (7.4, 30.5) 0.7

D-dimer (mg/dL) 5126 (1723,
20,000) 4629 (1780, 20,000) 5419 (1540, 19,974) 0.9

ADD: Aortic Dissection Detection, DBP: diastolic blood pressure, HR: heart rate, hs-cTn: high-sensitivity cardiac
troponin, NRS: numeric rating scale, SBP: systolic blood pressure, TAA: thoracic aortic aneurysm.

3.2. AAS Subtypes and Treatment Strategies

AAS subtypes managed during the COVID-19 and pre-COVID-19 periods are shown
in Figure 2. There was no statistical difference in the % change of different AAS subtypes
(Table 2).
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Table 2. Percent change and its 95% CI for the total number of AAS and their subtypes in Poisson
regression models adjusted for hub center. AAS: Acute Aortic Syndrome; AD: aortic dissection; IMH:
intramural hematoma; PAU: penetrating aortic ulcer; SAR: spontaneous aortic rupture.

Dependent Variable Percent Change (95% CI) p-Value

All AASs 5.1% (−18.3–35.3) 0.70
Type A AD 7.4% (−22.9–49.6) 0.67
Type B AD −8.0% (−48.1–62.3) 0.77

Type A IMH 12.5% (−57.0–199.5) 0.81
Type B IMH 80.0% (−37.8–486) 0.29

PAU −66.6% (−96.2–33.6) 0.18
SAR 33.4% (−53.7–305) 0.59

In the COVID-19 period, 83 (66.9%) patients underwent surgery and 19 (15.3%) tho-
racic endovascular aortic repair (TEVAR), vs. 84 (71.2%, p = 0.3) and 10 (8.5%; p = 0.10),
respectively, in the pre-COVID-19 period. Among the seventy-three patients with type
A AD (for whom surgery is the gold standard treatment) in the COVID-19 period, eight
(11.0%) were not operated on (in the pre-COVID-19 period, they were 6/68 [8.8%], p
= 0.89). These eight patients were significantly older (median age 75 [67 to 84] vs. 65
years, p = 0.03) and comorbid (CAD frequency was 38% vs. 7.7%, p = 0.04). The time from
symptom onset to ED presentation was 150 (60 to 240) minutes in patients who underwent
surgery and 360 (225 to 900) minutes in patients who did not undergo surgery (p = 0.02).
This was not true for the pre-COVID-19 period, when only the age was significantly higher
in patients who did not undergo surgery.

3.3. Time Intervals

Time intervals between management checkpoints are shown in Table 3. Intervals
influenced by patient transfer from spoke to hub center were longer during the COVID-19
period: triage at spoke to triage at hub ED 296 vs. 248 min (p = 0.008) in the pre-COVID-19
period, and triage at spoke to surgery 312 vs. 263 min (p = 0.04). These findings remained
consistent in the sensitivity analysis grouping patients presenting during the pre-COVID-19
period with pandemic periods at low viral circulation: triage at spoke to triage at hub ED
297 vs. 251 min (p = 0.10), and triage at spoke to surgery 313 vs. 283 min (p = 0.03), as
shown in supplementary Table S4. The other time intervals (time from symptom onset to
ED presentation, time from first triage to CTA, time at hub ED to surgery for transferred
patients) were comparable between the two periods and in the sensitivity analysis.

Table 3. Time intervals between major checkpoints. The percent change was calculated with a linear
regression model adjusted for age and AAS subtype, with the natural logarithm of the time interval
as the dependent variable.

Time Interval (min) COVID-19
Period

Pre-COVID-19
Period

Percent Change
(95% CI) p-Value

Symptom onset to first
ED triage 180 (120, 720) 120 (60, 525) 34.6% (−10.4–102) 0.15

Triage to the CTA 115 (52, 238) 97 (53, 229) 13.0% (−18.1–55.9) 0.46
First triage to surgery 264 (170, 450) 217 (146, 454) 12.4% (−13.9–46.7) 0.39

Triage at spoke ED to surgery 312 (206, 560) 263 (163, 478) 32.7% (2.0–72.6) 0.04
Triage at the hub ED to surgery

(only transferred patients) 30 (12, 54) 27 (9, 41) 18.1% (−27.3–91.9) 0.50

Triage at spoke ED to triage at
hub ED 296 (187, 530) 248 (132, 369) 45.1% (10.3–90.8) 0.008

CTA: CT angiography, ED: emergency department.

3.4. Outcome

Patient stratification according to 90-day mortality is shown in supplementary Table S5.
As expected, non-survivors were older, presented more frequently with hypotension or
shock, had lower BP values, higher hs-cTn blood levels, and were more frequently diag-
nosed with SAR. Overall all-cause 90-day mortality was 27.4% in the COVID-19 period and
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24.6% in the pre-COVID-19 period (p = 0.68 at the log-rank test, Figure 3). Across the whole
study, 90-day mortality for type A AD it was 27.0%, for type B AD it was 12.5%, for type A
IMH it was 23.5%, for type B IMH it was 14.3%, for type A PAU it was 12.5%, and for SAR
it was 85.7%. All were not statistically different in the two study periods (Supplementary
Figure S2A–F). In a multivariate Cox-regression model adjusted for age, the COVID-19
period had an HR of 1.09 (0.66–1.79) for 90-day mortality (Supplementary Table S6). In the
sensitivity analysis, the HR for mortality during the high viral circulation period was 1.64
(0.98–2.75, p = 0.06). A positive COVID-19 test was not a statistically significant predictor
of 90-day mortality in both analyses, although the number of positive NF swabs was small
(N = 4).J. Clin. Med. 2023, 12, x FOR PEER REVIEW  8  of  11 
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4. Discussion

To our knowledge, this is the first study assessing the characteristics of ED presentation,
management, and outcome characteristics of all AAS subtypes during the COVID-19
pandemic, as well as estimating the effect of high vs. low viral circulation pandemic phases.
Based on data regarding other cardiovascular emergencies such as myocardial infarction
and stroke and preliminary reports on small case series, the COVID-19 pandemic has been
postulated as a potential detrimental factor for the diagnosis and management of AASs
in Emergency Medical Services and EDs, leading to worse clinical outcomes [9–13,16,19].
Data from our study detected a potential detrimental effect of COVID-19 on AAS mortality
only during high viral circulation periods.

A key finding of our study is that the total number of AASs and subtypes diagnosed
in the COVID-19 period was not significantly different from the pre-COVID-19 period,
despite a major decrease in total ED visits. This data suggests the absence of any detectable
effect of COVID-19 on the risk factors and pathological/molecular mechanisms leading
to AASs. The stable number of AASs managed in the COVID-19 period indicates that the
hypothesis of missed AAS cases due to underuse of ED services by patients during the
COVID-19 pandemic is unlikely [10,11,20]. However, the design of the study does not
provide insights on the incidence of AASs during the COVID-19 period, as the number of
AASs presenting with out-of-hospital sudden death could potentially be different in the
two periods. Also, the time from symptom onset to triage was unchanged in the COVID-19
period, further indicating that the COVID-19 pandemic did not lead to increased latency
in hospital evaluation or to the late presentation of patients with AASs. Furthermore, the
percentage of patients transferred from spokes to hub centers was similar in the two study
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periods, reassuring the local preservation of the AAS transfer process to hub centers during
the COVID-19 pandemic.

We found that presentation signs and symptoms were not different in the two periods,
except for posterior chest pain, which was reported more frequently in the COVID-19 period.
This was not associated with an increased frequency of Stanford type B subtypes. The
cause of this finding is unknown. A possible explanation could be the increased attention
given to treating physicians for posterior chest pain during the COVID-19 period due to
the potential correlation of this symptom with the pulmonary and pleural consequences
of COVID-19. However, this data needs confirmation in other case series. An important
finding is that patient stratification according to pre-test risk scores (ADD, AORTAs) was
not modified in the COVID-19 period, indicating that their applicability is not modified
throughout pandemic periods.

This study did not find statistically significant delays in the presentation to the ED and
diagnosis of AAS with CTA, although it did show an increase in time intervals involving
patient transfer from spoke to aortic hub center, reaching their longest delays during high
viral circulation periods. In contrast, this study did not show any delay in hub centers
for surgery access. This could be due to the saturation of ambulance services for COVID-
19 patients, with an increased number of transports per day and an increased delay for
vehicle disinfection [21,22]. Surgery and TEVAR procedures were unchanged during the
two periods, suggesting that the reorganization of EDs, radiology, cardiac, and vascular
surgery units did not significantly affect the potential of aortic centers. This finding is in
line with a previous report of UK surgery services during COVID-19 in terms of access to
surgery and turn-down proportion [23]. However, a delay in ED presentation could not be
ruled out as a factor affecting surgery turn-down, although older age and comorbidities
may have a larger role in this decision, as “late presenters” had their median symptom
onset (only) 6 h prior to presentation.

Overall mortality for AASs was similar in the COVID-19 vs. pre-COVID-19 period
in our cohort, in line with a previous study from China [24]. Although the prevalence
of COVID-19 NF swab positivity was low in our cohort, a positive COVID-19 NF swab
was not a significant predictor for mortality, differently from a previous study involving
only perioperative outcomes of patients with type A AD [16]. Apart from the different
outcomes considered in the two studies, the present study could be underpowered to
detect the impact of swab positivity on 90-day mortality. Mortality by AAS subtype was
also comparable to pre-COVID-19 standards [25]. Nonetheless, this study showed a trend
towards higher mortality during the high viral circulation periods, possibly and partly
related to the higher transfer times. Taken together, these results seem to indicate that,
while the hospital services reorganization, including surgical and interventional radiology
departments, could efficiently cope with the COVID-19 pandemic, ambulance transfer
services suffered most during the pandemic surges, possibly reflecting the overwhelming
request of ambulances for pre-hospital emergency care.

Some limitations must be highlighted. First, data collection in a retrospective study,
notwithstanding the author’s efforts, could be imprecise. Second, the study may be un-
suited for subgroup comparisons or the detection of small changes. Third, these findings
might not be generalizable to other healthcare systems. However, most countries suffered
similar restrictions during the pandemic, and Northern Italy was one of the most heavily
struck areas in the world by the first and second waves of COVID-19 [26].

In conclusion, we found that in a large representative area of Northern Italy, despite
significant diversion of staff and system resources, ED presentation of AASs was largely
unchanged, and only checkpoints involving patient transfer were affected by the rise of the
COVID-19 pandemic. In clinical terms, the most relevant finding was a reduced efficiency
of patient transfer from spoke to hub centers, warranting specific corrections in case of
future pandemic outbursts, and a trend towards higher mortality during pandemic surges.
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Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jcm12206601/s1, Table S1. ICD-9-CM codes used to retrieve
patients from the electronic health records; Table S2. The ADD risk score; Table S3. The AORTAs
risk score. The total score is obtained by summing the points of each risk factor; Table S4. Sensitivity
analysis of time intervals between major checkpoints, according to high or low viral circulation,
which was coupled with the pre-COVID period. The percent change was calculated with a linear
regression model adjusted for age and AAS subtype with the natural logarithm of the time interval
as the dependent variable; Table S5. Patient baseline characteristics by 90-day mortality; Table S6.
Multivariable Cox regression model for 90-day mortality. The regression model was adjusted for
age and sex. 4 NF swabs were positive, of whom 1 died within 90-day; Figure S1. Patient flowchart;
Figure S2. Kaplan-Meier estimator of 90-day mortality for type A AD (A), type B AD (B), type A
IMH (C), type B IMH (D), type A PAU (E), SAR (F).

Author Contributions: Conceived the study and coordinated data gathering, P.B. (Paolo Bima) and
F.M.; database completion, J.D.G., P.R., F.R. and P.B. (Paolo Balzaretti); performed the statistical
analysis, P.B. (Paolo Bima); supervised all phases of the study, D.V., G.L., E.L. and F.M.; drafted the
manuscript and designed the tables and figures, P.B. (Paolo Bima) and F.M. All authors discussed
the results and commented on the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding. The APC was funded by the Department of
Medical Sciences, University of Turin.

Institutional Review Board Statement: The study complied with the Declaration of Helsinki, and
the local Ethics Committee (Comitato Etico Interaziendale A.O.U. Città della Salute e della Scienza
di Torino–A.O. Ordine Mauriziano–A.S.L. Città di Torino) approved the study (00042/2020), and
patients provided written informed consent and oral consent (the latter during the COVID-19 period,
due to infection risk management in the ED).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are made available upon reasonable request to the corresponding
author (Fulvio Morello).

Conflicts of Interest: F.M. receives a RiLO ex-60% grant from the Università degli Studi di Torino,
unrelated to the present research. The other authors declare no financial or non-financial conflict
of interest.

References
1. Erbel, R.; Aboyans, V.; Boileau, C.; Bossone, E.; Bartolomeo, R.D.; Eggebrecht, H.; Evangelista, A.; Falk, V.; Frank, H.; Gaemperli,

O.; et al. 2014 ESC Guidelines on the diagnosis and treatment of aortic diseases: Document covering acute and chronic aortic
diseases of the thoracic and abdominal aorta of the adult. The Task Force for the Diagnosis and Treatment of Aortic Diseases of
the European Society of Cardiology (ESC). Eur. Heart J. 2014, 35, 2873–2926. [CrossRef] [PubMed]

2. Wundram, M.; Falk, V.; Eulert-Grehn, J.J.; Herbst, H.; Thurau, J.; Leidel, B.A.; Goncz, E.; Bauer, W.; Habazettl, H.; Kurz, S.D.
Incidence of acute type A aortic dissection in emergency departments. Sci. Rep. 2020, 10, 7434. [CrossRef] [PubMed]

3. Umana-Pizano, J.B.; Nissen, A.P.; Sandhu, H.K.; Miller, C.C.; Loghin, A.; Safi, H.J.; Eisenberg, S.B.; Estrera, A.L.; Nguyen, T.C.
Acute Type A Dissection Repair by High-Volume Vs Low-Volume Surgeons at a High-Volume Aortic Center. Ann. Thorac. Surg.
2019, 108, 1330–1336. [CrossRef] [PubMed]

4. Morello, F.; Santoro, M.; Fargion, A.T.; Grifoni, S.; Nazerian, P. Diagnosis and management of acute aortic syndromes in the
emergency department. Intern. Emerg. Med. 2021, 16, 171–181. [CrossRef]

5. Gaudino, M.; Chikwe, J.; Hameed, I.; Robinson, N.B.; Fremes, S.E.; Ruel, M. Response of Cardiac Surgery Units to COVID-19.
Circulation 2020, 142, 300–302. [CrossRef]

6. Bonalumi, G.; Giambuzzi, I.; Buratto, B.; Barili, F.; Garatti, A.; Pilozzi Casado, A.; Di Mauro, M.; Parolari, A. The day after
tomorrow: Cardiac surgery and coronavirus disease-2019. J. Cardiovasc. Med. 2022, 23, 75–83. [CrossRef]

7. Laffin, L.J.; Kaufman, H.W.; Chen, Z.; Niles, J.K.; Arellano, A.R.; Bare, L.A.; Hazen, S.L. Rise in Blood Pressure Observed Among
US Adults During the COVID-19 Pandemic. Circulation 2022, 145, 235–237. [CrossRef]

8. Kirby, J.J.; Iloma, C.; Khong, A.; Magee, M.J.; Alanis, N.; Willis, J.; d’Etienne, J.P. ACEP COVID-19 Field Guide: Facility Changes. Available
online: https://www.acep.org/corona/covid-19-field-guide/work-safety/facility-changes/ (accessed on 8 September 2022).

9. De Filippo, O.; D’Ascenzo, F.; Angelini, F.; Bocchino, P.P.; Conrotto, F.; Saglietto, A.; Secco, G.G.; Campo, G.; Gallone, G.;
Verardi, R.; et al. Reduced Rate of Hospital Admissions for ACS during COVID-19 Outbreak in Northern Italy. N. Engl. J. Med.
2020, 383, 88–89. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm12206601/s1
https://doi.org/10.1093/eurheartj/ehu281
https://www.ncbi.nlm.nih.gov/pubmed/25173340
https://doi.org/10.1038/s41598-020-64299-4
https://www.ncbi.nlm.nih.gov/pubmed/32366917
https://doi.org/10.1016/j.athoracsur.2019.04.040
https://www.ncbi.nlm.nih.gov/pubmed/31158351
https://doi.org/10.1007/s11739-020-02354-8
https://doi.org/10.1161/CIRCULATIONAHA.120.047865
https://doi.org/10.2459/JCM.0000000000001223
https://doi.org/10.1161/CIRCULATIONAHA.121.057075
https://www.acep.org/corona/covid-19-field-guide/work-safety/facility-changes/
https://doi.org/10.1056/NEJMc2009166


J. Clin. Med. 2023, 12, 6601 10 of 10

10. Baum, A.; Schwartz, M.D. Admissions to Veterans Affairs Hospitals for Emergency Conditions During the COVID-19 Pandemic.
JAMA 2020, 324, 96–99. [CrossRef]

11. Jeffery, M.M.; D’Onofrio, G.; Paek, H.; Platts-Mills, T.F.; Soares, W.E., 3rd; Hoppe, J.A.; Genes, N.; Nath, B.; Melnick, E.R. Trends in
Emergency Department Visits and Hospital Admissions in Health Care Systems in 5 States in the First Months of the COVID-19
Pandemic in the US. JAMA Intern. Med. 2020, 180, 1328–1333. [CrossRef]

12. Bollmann, A.; Hohenstein, S.; Pellissier, V.; König, S.; Ueberham, L.; Hindricks, G.; Meier-Hellmann, A.; Kuhlen, R. Hospitalisa-
tions for emergency-sensitive conditions in Germany during the COVID-19 pandemic: Insights from the German-wide Helios
hospital network. Emerg. Med. J. 2021, 38, 846–850. [CrossRef] [PubMed]

13. Morello, F.; Bima, P.; Ferreri, E.; Chiarlo, M.; Balzaretti, P.; Tirabassi, G.; Petitti, P.; Apra, F.; Vallino, D.; Carbone, G.; et al. After the
first wave and beyond lockdown: Long-lasting changes in emergency department visit number, characteristics, diagnoses, and
hospital admissions. Intern. Emerg. Med. 2021, 16, 1683–1690. [CrossRef] [PubMed]

14. Portier, I.; Campbell, R.A.; Denorme, F. Mechanisms of immunothrombosis in COVID-19. Curr. Opin. Hematol. 2021, 28, 445–453.
[CrossRef] [PubMed]

15. Arnaoutakis, G.J.; Wallen, T.J.; Desai, N.; Martin, T.D.; Thourani, V.H.; Badhwar, V.; Wegerman, Z.K.; Young, R.; Grau-Sepulveda,
M.; Zwischenberger, B.; et al. Outcomes of acute type A aortic dissection during the COVID-19 pandemic: An analysis of the
Society of Thoracic Surgeons Database. J. Card. Surg. 2022, 37, 4545–4551. [CrossRef]

16. Lopez-Marco, A.; Harky, A.; Malvindi, P.G.; Verdichizzo, D.; McPherson, I.; Roman, M.; Oo, A.; Ohri, S. Type A aortic syndromes
in COVID-19 positive patients: Case series from a UK multicentre study. J. Card. Surg. 2021, 36, 2692–2696. [CrossRef]

17. Wu, H.; Wang, Z.; Li, M.; Liu, Q.; Liu, W.; Qiao, Z.; Bai, T.; Liu, Y.; Zhang, C.; Sun, P.; et al. A Systematic Review and Meta-Analysis
of Seasonal and Monthly Variability in the Incidence of Acute Aortic Dissection. Ann. Vasc. Surg. 2022, 85, 383–394. [CrossRef]

18. Morello, F.; Bima, P.; Pivetta, E.; Santoro, M.; Catini, E.; Casanova, B.; Leidel, B.A.; de Matos Soeiro, A.; Nestelberger, T.; Mueller,
C.; et al. Development and Validation of a Simplified Probability Assessment Score Integrated with Age-Adjusted d-Dimer for
Diagnosis of Acute Aortic Syndromes. J. Am. Heart Assoc. 2021, 10, e018425. [CrossRef]

19. Lyon, A.; Gunga, Z.; Niclauss, L.; Rancati, V.; Tozzi, P. Case Report: Are We Witnessing an Increase of Chronic Ascending Aortic
Dissection as a Collateral Effect to the COVID-19 Pandemic? Front. Cardiovasc. Med. 2021, 8, 645135. [CrossRef]

20. Lange, S.J.; Ritchey, M.D.; Goodman, A.B.; Dias, T.; Twentyman, E.; Fuld, J.; Schieve, L.A.; Imperatore, G.; Benoit, S.R.; Kite-
Powell, A.; et al. Potential indirect effects of the COVID-19 pandemic on use of emergency departments for acute life-threatening
conditions—United States, January-May 2020. Am. J. Transpl. 2020, 20, 2612–2617. [CrossRef]

21. Park, H.A.; Kim, S.; Ha, S.O.; Han, S.; Lee, C. Effect of Designating Emergency Medical Centers for Critical Care on Emergency
Medical Service Systems during the COVID-19 Pandemic: A Retrospective Observational Study. J. Clin. Med. 2022, 11, 906.
[CrossRef]

22. Velasco, C.; Wattai, B.; Buchle, S.; Richardson, A.; Padmanaban, V.; Morrison, K.J.; Reichwein, R.; Church, E.; Simon, S.D.; Cockroft,
K.M. Impact of COVID-19 Pandemic on the Incidence, Prehospital Evaluation, and Presentation of Ischemic Stroke at a Nonurban
Comprehensive Stroke Center. Stroke Res. Treat. 2021, 2021, 6624231. [CrossRef] [PubMed]

23. Roman, M.; Harky, A.; Brazier, A.; Lim, K.; Gradinariu, G.; Oo, A.; Mariscalco, G.; Lopez-Marco, A. Turn down of acute aortic
syndrome cases during COVID-19: Results from UK multicentre studies. J. Card. Surg. 2021, 36, 199–202. [CrossRef]

24. Zhang, C.H.; Ma, W.G.; Zhong, Y.L.; Ge, Y.P.; Li, C.N.; Qiao, Z.Y.; Liu, Y.M.; Zhu, J.M.; Sun, L.Z. Management of acute type A
aortic dissection during COVID-19 outbreak: Experience from Anzhen. J. Card. Surg. 2021, 36, 1659–1664. [CrossRef] [PubMed]

25. Evangelista, A.; Isselbacher, E.M.; Bossone, E.; Gleason, T.G.; Eusanio, M.D.; Sechtem, U.; Ehrlich, M.P.; Trimarchi, S.; Braverman,
A.C.; Myrmel, T.; et al. Insights from the International Registry of Acute Aortic Dissection: A 20-Year Experience of Collaborative
Clinical Research. Circulation 2018, 137, 1846–1860. [CrossRef] [PubMed]

26. Istituto Superiore di Sanità. Characteristics of SARS-CoV-2 Patients Dying in Italy. Report Based on Available Data on January
10th, 2022. Available online: https://www.epicentro.iss.it/en/coronavirus/bollettino/Report-COVID-2019_10_january_2022.pdf
(accessed on 11 June 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1001/jama.2020.9972
https://doi.org/10.1001/jamainternmed.2020.3288
https://doi.org/10.1136/emermed-2021-211183
https://www.ncbi.nlm.nih.gov/pubmed/34544781
https://doi.org/10.1007/s11739-021-02667-2
https://www.ncbi.nlm.nih.gov/pubmed/33683538
https://doi.org/10.1097/MOH.0000000000000666
https://www.ncbi.nlm.nih.gov/pubmed/34232139
https://doi.org/10.1111/jocs.17085
https://doi.org/10.1111/jocs.15625
https://doi.org/10.1016/j.avsg.2022.04.008
https://doi.org/10.1161/JAHA.120.018425
https://doi.org/10.3389/fcvm.2021.645135
https://doi.org/10.1111/ajt.16239
https://doi.org/10.3390/jcm11040906
https://doi.org/10.1155/2021/6624231
https://www.ncbi.nlm.nih.gov/pubmed/33505649
https://doi.org/10.1111/jocs.15187
https://doi.org/10.1111/jocs.15041
https://www.ncbi.nlm.nih.gov/pubmed/32939857
https://doi.org/10.1161/CIRCULATIONAHA.117.031264
https://www.ncbi.nlm.nih.gov/pubmed/29685932
https://www.epicentro.iss.it/en/coronavirus/bollettino/Report-COVID-2019_10_january_2022.pdf

	Introduction 
	Materials and Methods 
	Setting 
	Inclusion and Exclusion Criteria 
	Patient Search and Inclusion Process 
	Collected Variables and Outcomes 
	Statistical Analysis 

	Results 
	Characteristics of AAS Patients in the Two Periods 
	AAS Subtypes and Treatment Strategies 
	Time Intervals 
	Outcome 

	Discussion 
	References

