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Closure Technology) study showed that significant

peri-device flow >5 mm occurred only in 1% of pa-

tients on 1-year TEE. In our study, 1 patient (0.5%)

developed significant peri-device flow on 45-day TEE,

and none had DRT.

For WATCHMAN programs that deviate from

standard warfarin regimen post-LAAC, DRT is more

common with single/dual antiplatelet therapy than

OAC (warfarin and DOACs) (3). The rates of DRT were

similar in patients receiving DOAC (0.9%) compared

with warfarin (0.5%) in a retrospective multicenter

study (4). Thus, a 45-day assessment may be more

relevant in patients receiving single/dual antiplatelet

therapy post-LAAC. Additionally, it calls into ques-

tion the current practice of assessing DRT while on

OAC at 45 days. It may be more reasonable to assess

for DRT after discontinuation of OAC. This specific

question requires further investigation.

In this retrospective analysis, we showed that the

incidence of significant peri-device flow and DRT at

45 days is very low. Thus, a 45-day TEE post-

WATCHMAN implantation may not be necessary for

all patients, and OAC may be safely discontinued at

45 days without a TEE. Currently, the National Car-

diovascular Data Registry Left Atrial Appendage Oc-

clusion Registry requires documentation of device

closure and absence of DRT at 45 days post-LAAC.

Computed tomography is a reasonable alternative to

TEE for device surveillance (5). In our opinion (not

supported by the present study), the rationale for

foregoing a 45-day TEE should also extend to the

baseline TEE before LAAC. Use of computed tomog-

raphy may be considered. Amid the COVID-19

pandemic, deferring 45-day TEE post-WATCHMAN

implantation has the potential to minimize use of

personal protective equipment and reduce prevent-

able risks of viral transmission. Prospective trials are

warranted to see whether this practice should be

reconsidered even after the pandemic subsides (2).
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Cardiac Magnetic Resonance

Characterization of Myocarditis-Like

Acute Cardiac Syndrome in COVID-19

Novel coronavirus infection causes a systemic disease

(coronavirus disease-2019 [COVID-19]) with, most

frequently, respiratory involvement. In addition to

systemic and respiratory complications, COVID-19

can reveal itself as a myocarditis-like syndrome
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(AMCovS), whose underlying mechanism is largely

unknown. A limited number of case reports have

described cardiac magnetic resonance (CMR) findings

in AMCovS; only 2 of which included mapping (1,2).

This paper reports the first series of patients with

AMCovS (n ¼ 10; 8 females and 2 males; 52 � 6 years of

age) consecutively referred for CMR for suspected

myocarditis between March 15 and April 20, 2020, in 4

Italian university hospitals. Local ethical committees

approved or waived specific study approval, and the

study was conducted according to tenets of the

Declaration of Helsinki. Eight of 10 patients (80%)

experienced oppressive chest pain. The remaining

2 patients had dyspnea. All patients had unremark-

able cardiological history and a low rate of cardio-

vascular risk factors (median 0 [interquartile range

(IQR): 0 to 1]). High-sensitivity troponin (hsTn)

concentrations were elevated (median hsTn T in 4

patients was 120 ng/l [IQR: 103 to 157 ng/l]; normal

value <14 ng/l; median hsTn I value in 6 patients

FIGURE 1 CMR Findings In SARS-Cov-2þ Patients With a Myocarditis-Like Syndrome, With Acute Myocardial Injury in the Absence of

Obstructive Coronary Artery Disease
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CMR ¼ cardiac magnetic resonance; COVID-19 ¼ coronavirus disease-2019; IQR ¼ interquartile range; LGE ¼ late gadolinium enhancement; SARS-Cov-2 ¼ severe acute

respiratory syndrome-coronavirus-2; SSFP ¼ steady state free precession; STIR ¼ short tau inversion recovery; T2-ratio ¼ myocardial/skeletal muscle intensity ratio;

Tn ¼ troponin.
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was 1,626 ng/l [IQR: 1,340 to 2,538 ng/l]; normal

value <40 ng/l). Electrocardiography alterations were

observed in 8 of 10 patients, with ST-segment

elevation in 6 of 10, ST depression in 1 of 10, and T-

wave inversions in 1 of 10.

Obstructive coronary artery disease was excluded

with invasive coronary angiography in the 8 patients

with electrocardiography abnormalities. Furthermore,

obstructive coronary artery disease was excluded

with coronary computed tomography angiography in

1 patient with reduced ejection at echocardiography

in the absence of electrocardiography alterations.

Coronary artery disease was not investigated in 1

patient because there were no electrocardiographic

and echocardiographic alterations.

All patients underwent CMR (1.5-T in 9 patients

and 3-T in 1 patient) within 1 week from troponin rise

and onset of cardiac symptoms (median of 3 days

[IQR: 2 to 4 days]). CMR protocol included multi-

planar cine imaging, short-tau inversion recovery

(STIR), and late gadolinium enhanced (LGE) imaging.

Native T1 and T2 mapping were available in 8 of

10 patients.

Cine images revealed normal left ventricle end-

diastolic volume in all patients (median 67 ml/m2

[IQR: 60 to 76 ml/m2]; normal value <90 ml/m2).

Two patients, both females, 58 and 61 years of age,

had severe depression of systolic function (ejection

fraction <40%) with apical ballooning, apical

edema, and absent LGE, suggesting Takotsubo car-

diomyopathy. Both of these patients experienced a

complete left ventricular function recovery in a few

days.

The remaining 8 patients (6 females and 2 males;

50 � 14 years of age) had no segmental wall motion

abnormalities. Five patients had preserved ejection

fraction (>55%), and 3 patients had mildly reduced

ejection fraction (40% to 55%). In all cases, CMR

showed diffuse intense myocardial edema, with

increased myocardial-to-skeletal muscle intensity

ratio on STIR images (median T2-ratio: 2.3 [IQR: 2.2 to

2.4]; normal value <1.9), increased native-T1 mapping

(at 1.5-T: median 1,156 ms [IQR: 1,123 to 1,198 ms];

normal value <1,045 ms; at 3-T: 1,378 ms; normal

value <1,240 ms) and increased T2 mapping (median

62 ms [IQR: 59 to 67 ms]; normal value <50 ms).

(Figure 1). Extracellular volume fraction was only

available for 2 of 10 cases. In both cases, the extra-

cellular volume fraction was elevated (30% and 36%,

respectively) as was native T1 and T2. Two patients

had borderline wall thickening (wall thickness of

13 mm in both cases) in regions of intense edema

and mild dysfunction.

Mild pericardial effusion was present in 6 of 8

patients (75%) (median: 5 mm [IQR: 3 to 11 mm])

without evidence of pericardial thickening (#3 mm).

Surprisingly, LGE images were unremarkable

(median 0% [IQR: 0% to 2%]). LGE images

were completely negative in 5 of 8 patients. In the

remaining 3 patients, a few thin and shadowed sub-

epicardial striae of LGE were detectable in the lateral

wall, accounting for 1%, 3%, and 3% of LV mass

respectively (Figure 1).

Based on updated 2018 Lake Louise criteria, CMR

findings, including T1 and T2 myocardial markers,

resulted in diagnoses of acute myocarditis in all 8

patients.

All patients were discharged at the time of writing,

with regression of cardiac injury markers and left

ventricular functional recovery. Nevertheless, no

prognoses could be inferred because of the limited

population size.

The absence or very minimal amount of LGE

observed in these patients with AMCovS agrees with

the few histological results published to date, report-

ing limited or absent myocyte necrosis (1,3), and may

suggest an indirect mechanism causing myocardial

inflammation. Endomyocardial biopsy was not per-

formed in the present patients, in consideration of

clinical stability and rapid functional recovery.

This series suggests inflammation as a possible

substrate underlying myocardial injury in COVID-19

patients. Diffuse edema can be the only CMR hall-

mark of myocardial inflammation in COVID-19,

because LGE may be completely absent or minimal,

revealing unremarkable myocyte necrosis.
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Innovative Transthoracic

Echocardiographic Imaging on Prone

Ventilated Patients With COVID-19 Using a

Transesophageal Probe

Coronavirus disease-2019 (COVID-19) is causing se-

vere pneumonia leading to acute respiratory distress

syndrome, a condition where prone ventilation for

>12 h/day has proven beneficial (1). Transthoracic

echocardiography (TTE) to assess COVID-19-related

cardiac complications (2) is very challenging for pa-

tients in the prone position. The aim of this study was

to examine the feasibility of an innovative use of a

transesophageal echocardiography (TEE) probe to

perform TTEs in patients with COVID-19 who were

invasively ventilated in the prone position.

Twenty-one patients were examined. All scans

were performed using an Affiniti or CVx system and

the X7-2t or X8-2t TEE probes (Philips Healthcare,

Andover, Massachusetts). In a small number of pa-

tients, several frequencies and harmonics were

tested. The low fundamental frequency (“Pen” se-

lection: 2.4 MHz) was found to provide the best im-

age quality as visually assessed by 2 operators. The

average duration of a scan with the TEE probe was 16

� 3 min. In 18 of 21 patients (85.7%), conventional

TTEs were performed using the same ultrasound

machines and the S5-1 TTE probe (Philips) with the

patients in the supine position. For those scans,

the operators selected the frequency and harmonic

functions based upon their discretion for optimal

visualization (HGen: 1.6/3.2 MHz or HPen: 1.3/2.6

MHz). The studies were performed as part of

routine clinical assessment or under ethical approval

granted by the National Health Service Health

Research Authority (REC20/EE/0131). The mean time

between the 2 examinations was 3.6 days (range 0 to

12 days) and the order of the scans in each patient

was random.

In order to acquire transthoracic images with the

TEE probe, the operator stood on the left side of the

patient at the level of their head, facing the patient’s

right side and caudally (Figure 1A). The probe was

slid between the bed mattress and the patient’s chest

wall. Ultrasound gel was applied to the transducer

surface. The direction of the probe was oblique from

the patient’s shoulder toward the mid-sternum. The

transducer faced upward and was supported under-

neath by the operator’s left hand. The probe shaft

was held with the right hand to allow rotation, and

the machine was operated by another operator. The

tip of the probe was placed in the conventional left

parasternal position, in the third or fourth left

intercostal space. Images of the long axis of the heart

were obtained at zero angle as in the conventional

TTE parasternal long-axis view (Figure 1B). By

increasing the angle to 60-120 degrees, a short axis

view of the heart could be obtained, usually at the

level of the mitral valve. Rotating the probe clock-

wise, the mid-papillary level and apical short axis

views were obtained (Figure 1B), whereas with

counterclockwise rotation, the great arteries were

imaged. The application of color Doppler and pulsed

and/or continuous wave Doppler allowed assessment

of flow (Figure 1C).

The majority of patients were male (81%) and 48%

were black. The mean age of the cohort was 55.9 � 7.7

years, and the mean body mass index was 28.0 �

4.6 kg/m2. Three patients (14.3%) had a history of

coronary artery disease, 5 (23.8%) were diabetic, 3

(14.3%) were smokers, and 4 (19.1%) had a history of

lung disease.

The TEE and TTE probe echocardiograms were

reviewed and interpreted independently by 2 blin-

ded readers, and the image quality was graded as

poor, fair, or good, by using criteria previously

described (3). From the TEE probe scans, 4 were

graded as nondiagnostic (19.0%), 5 were poor

(23.8%), 1 was fair (4.8%), and 11 were good (52.4 %).

From the 4 echocardiograms performed using the

TEE probe, which were nondiagnostic, 2 correlated

to poor conventional TTE image quality (both on

female patients), and in the other 2, the conventional

TTE was also nondiagnostic (both on male patients).

The poor quality TEE probe scans corresponded to 3

poor and 1 good quality TTE probe scans (in 1 pa-

tient, a TTE probe scan was not available). The fair

quality TEE probe scan corresponded to a fair quality

TTE scan, and the 11 good quality TEE probe scans

correlated to 1 fair and 8 good quality TTE probe

scans (in 2 patients, TTE probe scans were not

available).
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