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ABSTRACT

Objective: The coronavirus disease 2019 (COVID-19) pandemic has posed
challenges to health care services across the world. There has been a significant
restructuring of health care resources to protect services for patients with
COVID-19–related illness and to maintain emergency and urgent medical and surgi-
cal activity. This study assessed access to emergency treatment, logistical
challenges, and outcomes of patients with acute aortic syndrome during the early
months of the COVID-19 pandemic in the United Kingdom.

Methods: This was a multicenter study, fromMarch 1 to May 20, 2020 that included
19 cardiac centers, was a retrospective analysis of prospectively collected data
obtained from individual centers’ national cardiac surgical databases. Demographic
details, choice of treatment, operative details, and outcomes were collected.
COVID-19 screening, timing of surgery, and outcomes of COVID-19–positive and
–negative patients were also analyzed.

Results: In total, 88 patients presented with acute aortic syndrome to participating
centers from March 1 to May 20, 2020. There were 79 aortic dissections (89.8%), 7
intramural hematomas (7.9%), and 2 penetrating aortic ulcers (2.3%). Seventy-nine
patients (89.8%) underwent surgery. In-hospital mortality was 25.3% (n ¼ 20).
Postoperative complications included 13.9% postoperative stroke (11.4% perma-
nent and 2.3% temporary), 16.5% rate of hemofiltration, and 10.1% rate of trache-
ostomy. Nine patients were treated conservatively with a mortality of 60%. Seven
patients were diagnosed with COVID-19, and there was no associated mortality.

Conclusions: Despite extensive restructuring of health care resources, access to
emergency and urgent treatment for patients with acute aortic syndrome
was maintained in the early months of the COVID-19 pandemic in the United
Kingdom. Clinical outcomes were similar to the prepandemic period. (JTCVS
Open 2021;5:17-25)
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CENTRAL MESSAGE

The service provision for AAS
was maintained during the early
months of the COVID-19
pandemic in the United Kingdom
with a very low rate of surgical
turn down and COVID-19–related
complications.
PERSPECTIVE
Although most patients were operated on an un-
known COVID-19 status due to the natural history
of AAS outweighing the risk of postoperative
respiratory-related complications, only a minority
of patients developed COVID-19 disease, which
did not influence outcomes. With appropriate
precautions, emergency surgery can be provided
to patients with AAS with good outcomes during
the COVID-19 pandemic.

See Commentaries on pages 26 and 28.
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VIDEO 1. The senior author of the paper and principal investigator of the

study, Professor A. Oo, explains the relevance of the study and summarizes

its main results. Video available at: https://www.jtcvs.org/article/S2666-

2736(20)30149-2/fulltext.

Abbreviations and Acronyms
AAS ¼ acute aortic syndrome
COVID-19 ¼ coronavirus disease 2019
CT ¼ computed tomography
NHS ¼ National Health Service
PPE ¼ personal protective equipment
SARS-CoV-2 ¼ severe acute respiratory syndrome

coronavirus 2

Adult: Aorta Lopez-Marco et al
Video clip is available online.

The coronavirus disease 2019 (COVID-19) pandemic has
affected all aspects of life of people across the globe to an
unprecedented level. It has posed relentless challenges to
the health care services of every country. Governments
and health care systems were tasked with achieving a bal-
ance between public health care in containing severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) viral
infection and maintaining acute medical services to reduce
mortality secondary to acute cardiovascular emergency
conditions. This has led to extensive reorganization of
health care services in every region that involved protection
of critical care facilities for treatment of COVID-19–
affected patients and deferring elective surgery. In parallel
with this health care resource management, medical soci-
eties developed modified guidelines for patient selection
and indications for emergency and urgent treatments.1-4

In the United Kingdom, like the rest of theworld, all elec-
tive cardiac and aortovascular surgery was put on hold to
protect patients’ access to emergency and urgent surgery.
Patients with acute aortic syndrome (AAS), having a devas-
tating natural history with incremental hourly risk of
mortality, require emergency surgery.5 In this study, we
assessed the incidence, access to emergency treatment,
logistical issues, as well as clinical outcomes of patients
who presented with AAS during the early part of the
COVID-19 pandemic in the United Kingdom.

METHODS
A multicentre service evaluation study was designed, and 19 centers

across United Kingdom were recruited to assess the access for treatment,

logistical limitations, and clinical outcomes of patients with thoracic aortic

diseases during COVID-19 pandemic. The study period commenced from

March 1, 2020, and patient recruitment is still ongoing at the time of data

analysis for the initial experience (Video 1).

The 19 participating centers, grouped by regions, are London—St Bar-

tholomew’s Hospital, Royal Brompton and Harefield Hospitals and Ham-

mersmith Hospital; Southeast—Royal Sussex County Hospital

(Brighton), University Hospital Southampton and John Radcliffe Hospital

(Oxford); West Midlands—Queen Elizabeth Hospital (Birmingham),
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University Hospital Coventry and Royal Stoke University Hospital; East

Midlands—Glenfield Hospital (Leicester); Northwest—Liverpool Heart

and Chest Hospital and Blackpool Victoria Hospital; Yorkshire and Hum-

berside—Sheffield Teaching Hospital and Castle Hill Hospital (Hull);

Northeast—Freeman Hospital (Newcastle) and James Cook University

Hospital (Middlesbrough), Scotland—Royal Infirmary of Edinburgh and

Aberdeen Royal Infirmary, and Northern Ireland—Royal Victoria Hospital

(Belfast). These centers represent 66% of the aortic units in the country,

including the largest specialized aortic centers and cover most of the

geographic areas. The other 15 aortic units declined to participate in the

study for different reasons, including inability to provide emergency

surgery cover during the COVID-19 pandemic, insufficient resources to

collect the data, and/or individual preferences.

In this substudy, we evaluated access to emergency and urgent treat-

ment, logistical limitations, and clinical outcomes of patients presented

with AAS to participating centers from March 1 to May 20, 2020.

This was a retrospective analysis of prospectively collected data

obtained from the National Cardiac databases of the individual centers.

Details about preoperative demographics and risk factors, type of AAS,

DeBakey classification, treatment of choice, operative details, outcomes,

and postoperative complications were obtained from National Cardiac

Databases of the individual centers. A detailed analysis of the COVID-

19 screening perioperatively and its effect on decision-making and timing

of the treatment were also analyzed. The anonymized patient data from in-

dividual centers were transferred securely to St Bartholomew’s Hospital for

data cleaning and analysis. Data analysis was performed with SPSS,

version 25 (IBM Corp, Armonk, NY).

Ethical approval was obtained from each participating center after

acceptance of the study protocol at the recruiting center (St Bartholomew’s

Hospital). Individual patient consent was waived by the local Ethical

Research Board due the anonymized nature of the data.

Modification of Guidelines for Patient Selection and
Management for Patients With Aortovascular
Conditions During the COVID-19 Pandemic

Amodified protocol for patient selection and treatment of aortovascular

conditions during the COVID-19 pandemic was developed on March 25,

2020, following a multidisciplinary team consultation involving cardiac

surgeons, vascular and endovascular surgeons, interventional radiologists,

cardiologists with interest in aortopathy, clinical geneticists, anesthetists,

and intensivists at St Bartholomew’s Hospital. It was developed after re-

viewing all existing clinical guidelines from international clinical societies

and also taken into consideration of the potential increased risk of treatment

if patient were to be infected with SARS-CoV-2 perioperatively.6 It was

https://www.jtcvs.org/article/S2666-2736(20)30149-2/fulltext
https://www.jtcvs.org/article/S2666-2736(20)30149-2/fulltext
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endorsed by the UK Aortic Surgery Group and the Society for Cardiotho-

racic Surgery.

The protocol defines the cohort of aortovascular patients eligible for

referral and treatment during the COVID-19 pandemic, triaged in several

categories depending on the level of urgency at time of referral/presenta-

tion. Patients with AAS and ruptured aneurysms of any anatomical location

were categorized as emergency conditions, and it was agreed that they

should be accepted and operated on at the earliest opportunity, including

out-of-hours, due to the increased risk of mortality while waiting.5 This

modified protocol was widely adopted in all participating centers.

Preoperative COVID-19 Screening
OnMarch 26, 2020, a preoperative screening protocol for SARS-CoV-2

virus was introduced at St Bartholomew’s Hospital after multidisciplinary

review of available evidence and Public Health England guidance.7 It

included a combination of 2 negative nasopharyngeal swabs for polymer-

ase chain reaction for ribonucleic acid analysis, a noncontrast computed to-

mography (CT) of the thorax to assess changes in the lung parenchyma

suggestive of COVID-19 disease, and analysis of the lactate dehydrogenase

levels and lymphocyte counts. This screening protocol was disseminated

through the Society for Cardiothoracic Surgery to the rest of United

Kingdom and was adopted widely.8,9

However, in the case of patients with AAS requiring emergency surgery,

although nasopharyngeal swabs were taken on admission to cardiac surgi-

cal centers, the surgical teams proceeded without waiting for results. This

was due to the balanced decision that the incremental time delay–related

increased risk of mortality was more significant than the risk of increased

perioperative complications from COVID-19 infection.8,9

Irrespective of the patient’s COVID-19 status, the surgical procedures

and postoperative care in intensive therapy unit environments were per-

formed using universal measures of personal protective equipment

(PPE)10 and with a limited number of theater staff in contact with the pa-

tient before endotracheal intubation (consultant anesthetist, anesthetic

trainee, and operative department practitioner wearing full PPE) as well

as a 20-minute period before other theater staff could enter the theater

and start to allow the air in theater to be recycled to reduce the viral

load. This practice precaution was to protect staff members from undiag-

nosed infection as well as to protect patients from staff, given the fact

that staff were not routinely tested for this virus.
FIGURE 1. Number of patients that presented with an acute aortic syndrome t

DeBakey anatomical classification: DeBakey I (affecting the ascending aorta, ar

aorta, n ¼ 7) and DeBekay III (confined to the descending aorta, n ¼ 10). Rep
RESULTS
In total, 189 patients with aortovascular conditions were

admitted to the 19 participating centers between March 1
and May 20, 2020. There were 88 patients who presented
with an AAS and were the focus of this substudy.
AAS was categorized per subtypes: aortic dissection

(n ¼ 79, 89.8%), intramural hematoma (n ¼ 7, 7.9%),
and penetrating aortic ulcer (n ¼ 2, 2.3%) and by anatom-
ical locations: DeBakey I (n ¼ 71, 81%), DeBakey II
(n ¼ 7, 8%), and DeBakey III (n ¼ 10, 11.4%). (Figure 1).
Surgically Treated Group
In total, 79 patients (89.8%) were treated with surgery.

Mean age of this cohort was 62 years (range, 29-83 years)
and 32.9% (n ¼ 26) were female. Rest of comorbidites
and cardiovascular risk factors are listed in Table 1. The sur-
gical procedures performed were aortic valve and ascending
aorta replacement (n¼ 6), aortic root replacement (n¼ 32),
ascending aorta and hemiarch replacement (n ¼ 23), total
arch replacement (n ¼ 18), frozen elephant trunk repair of
descending thoracic aorta (n¼ 7), descending thoracic aorta
replacement (n¼ 4), and thoracic endovascular aortic repair
(n ¼ 2).
Surgery was offered predominantly as emergency during

the same day of the admission (n ¼ 55, 69%) or the
following day (n ¼ 12, 15.2%). In another 12 cases, the
operation was performed within 15 days of the admission
(mean 7.4 days, range 2-15 days) due to progression of
the presenting disease (ie, expanding intramural hematomas
or penetrating ulcers, complicated DeBakey III aortic
dissection), the need for surgical planning (ie,
debranching þ thoracic endovascular aortic repair) or
o the participating centers and were included in the study, according to the

ch and descending aorta, n¼ 71), DeBakey II (affecting only the ascending

rinted with permission from Servier Medical Art.
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TABLE 1. Demographics and preoperative risk factors

n/Mean (range) %

Age 62 (29-83) –

Female sex 26 32.9

Hypertension 59 74.7

Diabetes 6 7.6

Hypercholesterolemia 12 15.2

COPD 7 8.9

Creatinine 97.7 (42-288) –

Dialysis 1 1.3

Ex-smoker 12 15.2

Current smoker 13 16.5

Previous stroke 2 2.5

Previous TIA 4 5.1

Peripheral vascular disease 7 8.9

Previous myocardial infarction 5 6.3

Previous PCI 1 1.3

Atrial fibrillation 8 10.1

Poor EF 3 3.8

Moderate EF 6 7.6

Previous cardiac surgery 7 8.9

Previous aortic surgery 5 6.3

Previous endovascular treatment 2 2.5

EuroSCORE II 9.6 (1.8-40.8) –

COPD, Chronic obstructive pulmonary disease; TIA, transient ischemic attack; PCI,

percutaneous coronary intervention; EF, ejection fraction; EuroSCORE, European

System for Cardiac Operative Risk Evaluation.

Adult: Aorta Lopez-Marco et al
waiting for the COVID-19 screening results in urgent
patients (Table 2).

In-hospital mortality was 25.3% (n ¼ 20), with a 10.1%
rate of intraoperative deaths (n ¼ 8). Cause of death were
categorized as follows: cardiac (n ¼ 9, 45%), multiorgan
failure (n ¼ 5, 25%), stroke (n ¼ 3, 15%), abdominal
TABLE 2. Postoperative complications

n (%)

Intraoperative death 8 (10.1)

Hospital death 20 (25.3)

Reintubation 5 (6.3)

Tracheostomy 8 (10.1)

Bleeding/tamponade 9 (11.4)

GI bleeding 0 (0.0)

Mesenteric ischemia 2 (2.5)

Stroke 11 (13.9)

Myocardial infarction 0 (0.0)

Renal failure 18 (22.8)

Hemofiltration 13 (16.5)

Atrial fibrillation 26 (32.9)

GI, Gastrointestinal.

20 JTCVS Open c March 2021
ischemia (n ¼ 2, 10%), and aortic rupture (n ¼ 1, 5%).
Postoperative complications included 13.9% postoperative
stroke (11.4% permanent and 2.3% temporary), 16.5%
rate of hemofiltration, and 10.1% rate of tracheostomy.
Mean length of mechanical ventilation time was 71.5 hours
(30 minutes to 53 days), and mean length of intensive ther-
apy unit stay was 4.8 days (2 hours to 53 days).

Nonsurgical Treatment Group
A total of 9 patients were not managed surgically due to a

variety of reasons. Three patients were accepted for emer-
gency surgery but died either waiting for transfer or en route
to the specialized center or during the anesthetic induction
due to aortic rupture and cardiac tamponade. Mean age was
63.3 years (range, 45-81 years).

Five patients were denied emergency surgery due to clin-
ical complexity. Three of them had a history of previous car-
diac or aortic surgery, and 1 of them had signs of COVID-19
on the preoperative CT scan. Mean European System for
Cardiac Operative Risk Evaluation II was 16.9%. Two pa-
tients were discharged alive; hence, the mortality for this
group was 60%.

Another patient was admitted with a noncomplicated De-
Bakey III aortic dissection and did not require surgical treat-
ment. He was diagnosed with COVID-19 during the
hospital admission but did not develop any symptoms or
respiratory complications and was discharged home.

Regional and Temporal Variation in Presentation of
AAS

There was a clear regional variation in the presentation of
the AAS (Table 3), with the London region accumulating
the greatest number of cases, even exceeding the prepan-
demic activity. This variation is due to the creation of the
Pan London Emergency Cardiac Surgery Service, which
concentrated all the cardiac and aortic surgical activity for
the region in 2 of the participating centers (St Bartholo-
mew’s Hospital and Brompton and Harefield National
Health Service [NHS] Trust), designed as COVID-19–free
environments11 (Figure 2). The majority of regions have
managed to maintain the same activity compared with the
prepandemic period (Figure 3). There was a clear impact
of the start of the lockdown in the UK, with no patients
with AAS being admitted to the hospital during the first
week of the lockdown followed by the activity exponen-
tially increasing immediately after and reaching a plateau
by the end of April 2020 (Figures 4 and 5, Video 1).

Patients With COVID-19
A total of 7 patients were diagnosed with COVID-19 in

the perioperative period. Five were diagnosed in the postop-
erative period, having been operated on with unknown
COVID-19 status due to the clinical emergency. The diag-
nosis of COVID-19 with positive swab was made between



TABLE 3. Number of patients with acute aortic syndromes operated

in each of the participating centers during the study period

(pandemic activity) and during the equivalent months before the

pandemic (March to May 2019; prepandemic activity)

Centre

Pandemic

activity

Prepandemic

activity

St Bartholomew’s Hospital 27 (34.2%) 14 (17.5%)

Royal Brompton and Harefield NHS Trust 8 (10.1%) 6 (7.5%)

Hammersmith Hospital 0 3 (3.7%)

Royal Sussex County Hospital 1 (1.3%) 5 (6.2%)

University Hospital Southampton 6 (7.6%) 5 (6.2%)

John Radcliffe Hospital 6 (7.6%) 6 (7.5%)

Queen Elizabeth Hospital 0 3 (3.7%)

University Hospital Coventry 1 (1.3%) 2 (2.5%)

Royal Stoke University Hospital 1 (1.3%) 0

Glenfield Hospital 2 (2.6%) 1 (1.2%)

Liverpool Heart and Chest Hospital 7 (8.9%) 9 (11.2%)

Blackpool Victoria Hospital 4 (5.1%) 2 (2.5%)

Sheffield Teaching Hospital 6 (7.6%) 3 (3.7%)

Castle Hill Hospital 2 (2.6%) 2 (2.5%)

Freeman Hospital 5 (6.3%) 4 (5%)

James Cook University Hospital 1 (1.3%) 2 (2.5%)

Royal Infirmary of Edinburgh 3 (3.4%) 4 (5%)

Aberdeen Royal Infirmary 0 1 (1.2%)

Royal Victoria Hospital Belfast 3 (3.4%) 4 (5%)

NHS, National Health Service.
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postoperative days 2 and 24 (mean day 10). Only 1 of these
patients required prolonged mechanical ventilation, but
there was no COVID-19–related mortality.

One patient had signs of COVID-19 disease in the preop-
erative CT despite being asymptomatic and swab negative.
He required reintubation and ventilation 7 days after sur-
gery and died of respiratory failure. The last patient who
tested positive for COVID-19 on admission was treated
conservatively due a noncomplicated DeBakey III aortic
dissection and did not develop any COVID-19–related
complications.
DISCUSSION
The COVID-19 pandemic has affected health care ser-

vices to an unprecedented scale globally. In the United
Kingdom, the NHS was reorganized across all regions
with the guidance of Public Health England and the Central
Government, reducing or even stopping the elective surgical
activity in most of the regions after the declaration of the
lockdown on March 23, 2020.7,10

There was a clear impact at the start of the lockdown,
with no patients with AAS being admitted to hospital during
the first week of the lockdown. This reflects the fear and
anxiety of the general population not presenting their illness
to Accident and Emergency services. Although there was an
exponential increase in AAS admissions during the
following weeks in April, it took 3 weeks before activity
reaching to a prelockdown level in the United Kingdom.
In London, in comparison with the prepandemic period,

overall the service provision for AAS has been maintained
by concentrating all the aortic surgical activity for the re-
gion as part of the Pan London Emergency Cardiac Surgery
Service.11 However, the activity in the majority of individ-
ual centers were just below the number of AAS cases oper-
ated during the same equivalent period last year. This was
also supported by the adoption of the modified clinical
guidelines for patient selection and indications for sur-
gery.1-4,6 This has protected access of patients with aorto-
vascular conditions for emergency and urgent surgery. It
has certainly posed a challenge to achieve a balance be-
tween protection the patients with AAS versus protection
of NHS for the rest of the population.
The result of the COVID-19 screening was not awaited in

the majority of the patients with AAS, as it was considered
that the risk of mortality while waiting for the swab results
exceeded the risk of developing COVID-19–related compli-
cations in the immediate postoperative period.5 However,
the number of patients in this cohort diagnosed with
COVID-19 in the immediate postoperative period was min-
imal (n¼ 7), with the majority of those whowere diagnosed
in the early weeks of the study and at least 1 week after the
operation, whilst already in contact with the general popu-
lation. There was no COVID-19–related mortality in this
group. The most likely explanation for this is after the
declaration of the lockdown, the patients presenting in hos-
pital with AAS were already isolating at home and were
shielded in hospital only in contact with staff wearing full
PPE measures, and those factors contributed to the low
rate of postoperative COVID-19 infection compared with
other surgical series.12

The proportion of patients with AAS treated surgically
during this period of the pandemic reached almost 90%,
against initial predictions where planned surgical activity
could have been severely affected by lack of intensive
care beds, shortage of intensive care nurses, the fear of
the health care professionals to expose themselves to
aerosol-generated procedures, or the uncertainty of level
of protection ensured by PPE measures.
During this early part of COVID-19 pandemic, there was

a shortage of PPE in NHS hospitals. There has been uncer-
tainty in the level of protection provided by PPE for both pa-
tients as well as health care workers. Moreover, operating
such long surgical procedures wearing full PPE in theaters
with restricted staff flow has a significant impact on the
comfort zone of the team as a whole. The effect of FFP3
(ie, filtering face piece class 3) masks (and with surgical
JTCVS Open c Volume 5, Number C 21
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FIGURE 2. Geographic variation in presentation of acute aortic syndromes to hospital during the study period in the 19 participating centers in the United

Kingdom. The graded colors represent the number of patients with acute aortic syndromes that were admitted to hospital for assessment and/or surgical

treatment according each geographical region. The areas displayed in gray were the regions covered by centers not contributing to the study.
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FIGURE 3. Geographic variation in presentation of acute aortic syndromes to hospital in the 19 participating centers in the United Kingdom during the

equivalent months to the study period but the previous year (2019). The graded colors represent the number of patients with acute aortic syndromes that were

admitted to hospital for assessment and/or surgical treatment according each geographical region, showing similar activity when compared with the

pandemic period displayed in Figure 2. The areas displayed in gray were the regions covered by centers not contributing to the study.
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mask as an additional outside layer) and visors on the
routine team communication as well as physical exhaustion
of staff cannot be underestimated.
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Surgical mortality of this cohort was 25%, which is
similar to the reported outcomes before the pandemic.5,13,14

This is worthy of note, as the multidisciplinary teams were
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operating under undue pressure, facing potential risk of
devastating infection, as well as working in unfamiliar
and restricted theater practices including use of full PPE.
Moreover, these patients with AAS were managed in inten-
sive care unit by staff with full PPE and were not allowed to
have family members support as routine. Therefore, it was a
notable achievement by the clinical teams that the clinical
outcomes for patients with AAS were maintained during
this period. There were a small number of patients
(n¼ 9) who were not treated surgically showed a high mor-
tality (60%) as initially expected. Once again, the reasons
for turning down patients with AAS for surgery were not
related to COVID-19 status or a reduction in hospital equip-
ment or staffing but most commonly due to the complexity
of the cases, with most of the patients having had previous
cardiac and/or aortic surgery, making an out-of-hours redo
operation very challenging with the current mandatory
PPE measures.

CONCLUSIONS
The service provision for AASwasmaintained during the

early months of the COVID-19 pandemic in the United
Kingdom by a significant restructuring of NHS, with a
very low rate of surgical turn down and COVID-19–related
complications. Although most patients were operated on
with an unknown COVID-19 status due to the devastating
natural history of the condition outweighing the risk of post-
operative respiratory-related complications, only a minority
of patients developed COVID-19 in the postoperative
period, which did not influence outcomes. The findings
from this study indicate that, with appropriate precautions,
emergency surgical treatment can be provided to patients
with AAS with good outcomes during the COVID-19
pandemic.
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