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Table 1 (Continued)

Patient Characteristics Cardiac resynchronization therapy p-value

No (N = 12,278) Yes (N = 3,289)

Obesity 8.14% 7.96% 0.856

In-hospital events

Cardiogenic shock 3.86% 3.81% 0.674

Stroke 1.14% 0.89% 0.368

Acute kidney injury (AKI) 14.31% 15.64% 0.273

Blood transfusion 8.36% 7.10% 0.046

Outcomes

Mortality 2.77% 2.28% 0.249

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

Reference 0.79 (0.54-1.12)

0.98 (0.65-1.46)

0.197

0.939

Routine Discharge home* 64.78% 66.78% 0.457

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

Reference 1.09 (0.97-1.22)

1.08 (0.95-1.23)

0.114

0.201

30-day readmissionsy 29.35% 32.09% 0.108

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

Reference 1.14 (1.01-1.27)

0.94 (0.81-1.09)

0.030

0.414

Length of stay, d 2 (1-6) 2 (1-6) 0.924

Values are median (interquartile range) or n (%), unless otherwise indicated. Categorical variables were compared using Fisher exact test or chi-square test,

while continuous variables were compared using Mann-Whitney U test. ORs and 95% CIs were estimated in univariable and multivariable logistic regression

models. In multivariable logistic regression models, all variables for patient characteristics were included as covariates.

CI = confidence interval; MI = myocardial infarction; OR = odds ratio; PCI = percutaneous coronary intervention.

* Includes only patients discharged alive;
y Includes only patients discharged alive before December of each year to allow for a minimum 30 days of follow-up after discharge in the Nationwide

Readmissions Database.
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international trial4 showed a similar
profile among those poorly respon-
sive to CRT, and confirmed their
high HF rehospitalization rate and
poor survival. Importantly, such
“nonresponders” received little fur-
ther treatment and were passively
managed. Although causes for nonre-
sponse are multiple, nonelectrical sol-
utions may be beneficial and should
be considered. Among these, correc-
tion of persistent MR among CRT
recipients with MitraClip is an effec-
tive and safe intervention.

The limitations of our study include
lack of echocardiographic data that is,
inability to assess MR and left ventricu-
lar function. In conclusion, the findings
of our study are important and highlight
that MitraClip is safe and effective in
patients with prior CRT.
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COVID-19 Vaccine and

Myocarditis
The introduction of the various coro-
navirus disease-2019 (COVID-19) vac-
cines has resulted in a significant
decline in COVID-19 related morbidity
and mortality worldwide, and all the
approved COVID-19 vaccines have
proven to provide benefits that out-
weigh the potential risks among differ-
ent age groups.1−3 Recent reports have
raised concerns for myocarditis related
to different types of COVID-19 vac-
cines. However, there are limited data
on the characteristics and outcomes of
myocarditis in these patients. In this
report, we aim to pool the available
data to better understand the character-
istics and outcomes of the COVID-19
vaccine-related myocarditis.

We conducted a search in the
PubMed/Medline database from
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Table 1

Characteristics and outcomes of patients with myocarditis related to COVID-19 vaccine

Age Sex Type of vaccine Dose Peak cardiac

troponin I (ng/mL)

Peak cardiac

troponin T (ng/L)

LVEF (%) Time to resolution (days)

1 25 M Moderna 2nd 20.4 55% 3

2 21 F Moderna 2nd 4.4 50% 1

3 17 M Pfizer-BioNTech 1st 51.37 53% 6

4 28 M J&J NA 17.08 50% 2

5 39 M Pfizer-BioNTech 2nd 11.01 56% 4

6 39 M Moderna 2nd 13 52% 3

7 24 M Pfizer-BioNTech 1st 0.37 48% 2

8 19 M Pfizer-BioNTech 2nd 4.49 50% 3

9 20 M Pfizer-BioNTech 2nd 0.48 52% 4

10 23 M Pfizer-BioNTech 2nd 7 50% 2

11 52 M Moderna 2nd 6.77 54% 4

12 16 M Pfizer-BioNTech 2nd 1693 61% 6

13 30 M Pfizer-BioNTech 2nd 12.56 "normal" Resolved (duration not reported)

14 24 M Moderna 2nd 18.94 65% Resolved (duration not reported)

15 39 M Pfizer-BioNTech 1st 854 "normal" 6

M =male; F = female; LVEF = left ventricular ejection fraction.
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inception till June 27, 2021, using the
following terms: ("myocarditis" and
"covid-19" and "vaccine") with no lan-
guage restriction. Inclusion criteria
were: (1) case reports, case series, and
cohort studies; and (2) individuals who
developed myocarditis following a
COVID-19 vaccine, regardless of the
type or dose of the vaccine. The out-
comes of interest were peak cardiac tro-
ponin I or T levels, left ventricular
ejection fraction (LVEF), duration of
symptom, and any reported complica-
tion.

Our search yielded a total of 15
studies. After applying our inclusion
criteria, only 8 studies were included
with a total of 15 patients.4−11 Two
of the included studies were case
series,4,6 whereas the rest were case
reports.5,7−11 Fourteen of 15 (93%)
of the patients were males. The age
range was 17 to 52 years with a
mean age of 28 years. Sixty percent
of the myocarditis related COVID-19
vaccine cases were associated with
the Pfizer-BioNTech vaccine, 33%
were associated with the Moderna
vaccine, and 7% were associated with
the Johnson & Johnson vaccine. All
the myocarditis related to the Mod-
erna vaccine (5/5) occurred following
the second dose of the vaccine,
whereas 6/9 (66.7%) of the myocardi-
tis related to the Pfizer-BioNTech
vaccine occurred following the sec-
ond dose of the vaccine. Peak cardiac
troponin I level (ng/mL) was reported
in 13/15 patients, and it ranged
between 0.37 and 51.37 ng/mL
(mean 12.9 ng/mL). Peak troponin T
levels were reported in the other 2/15
patients and were 854 ng/L and
1,693 ng/L. Transthoracic echocar-
diogram in all these patients showed
preserved LVEF; exact LVEF value
was reported in 13/15 patients with a
mean LVEF of 53.5% and a range of
48% to 65%. In the other 2/15
patients, the LVEF was reported as
normal with no value. There were no
regional wall abnormalities in 14/15
of the patients; 1 patient had subtle
apical septal and apical lateral hypo-
kinesis with a LVEF of 52%. All
patients recovered within 6 days of
their presentation with complications
reported (Table 1).

This pooled analysis of the avail-
able data shows several important
findings. First, myocarditis related to
COVID-19 vaccines mostly occurs in
young male individuals following the
second dose of the vaccine. Second,
myocarditis related to COVID vac-
cines mostly occurs with mRNA vac-
cines (ie, Pfizer-BioNTech and
Moderna COVID-19 vaccines). Third,
in all the reported cases of myocardi-
tis related to COVID-19 vaccine,
clinical symptoms resolved within
6 days with preservation of the car-
diac function. Third, no complica-
tions were reported in any of these
patients. This analysis shows that
myocarditis related to COVID-19
vaccine has an overall fast recovery
with no short-term complications.
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The Burden of

Hospitalizations for
Vaccine-Preventable

Infections in Heart

Transplant Recipients
Over 3,000 heart transplants were
performed in the United States in 2020,
a 30% increase from 10 years prior.1

Heart transplant (HT) recipients require
life-long immunosuppression, render-
ing them susceptible to infections. Vac-
cine-preventable infections (VPI)
remain a significant source of morbidity
among HT patients. We investigated
admissions for VPI and associated
healthcare burden in HT recipients.

We queried the National Inpatient
Sample database years 2012 to 2014 for
patients with and without HT using
International Classification of Disease
(Ninth edition) Clinical Modification
code (ICD-9) V42.1. We then found
hospitalization records for VPI by using
principal ICD-9 diagnoses for VPI -
Herpes Zoster (O53.x), Varicella (O52.
x), Meningococcus (O36.x), Influenza
(487.x), and Pneumococcal diseases
(481, 320.1, 041.2). We excluded
patients less than 18 years of age, other
organ transplants, hospitalizations with
missing death indicators, and elective
admissions. The primary outcome was
principal diagnosis of VPI. Secondary
outcomes were in-hospital death, length
of stay, and total hospital charges. Chi-
square or Fisher’s Exact test was used
for categorical variables and Student’s t
test was utilized for continuous varia-
bles. Multivariate logistic regression
models were generated to identify inde-
pendent predictors. Elixhauser score
was used to quantify each hospitalized
patient’s total comorbidity burden.
Data from the National Inpatient Sam-
ple database are publicly available and
de-identified; our study was exempt
from the institutional review board
evaluation. All statistical analyses were
conducted with Stata IC 16 (Stata-
Corp, College Station, TX) and
accounted for complex survey design
and clustering.

The final weighted analysis included
67,528,415 hospitalized patients after
exclusions. 505 patients were admitted
with VPI and HT; 193,829 patients
were admitted with VPI and without
HT. Compared with non-transplant
recipients, HT patients who were
admitted with VPI were younger (56.15
§ 1.67 vs 66.08 § 0.09, p <0.001), less
likely female (24.75% vs 55.12%, p
<0.001), had a lower overall Elixhauser
Comorbidity Score (6.05 § 0.79 vs
8.25 § 0.05, p <0.001), more likely to
be admitted in an urban teaching setting
(p <0.001) and at a large hospital (p
<0.001). Baseline characteristics are
shown in Table 1A. Influenza (7.4 per
1,000) and herpes zoster (5.5 per 1,000)
were the most common in HT patients.
HT recipients had a higher incidence of
admission for VPI compared to the gen-
eral population (14.6 vs 2.9 per 1,000, p
<0.001) (Figure 1A). HT status was a
significant contributor in admission for
VPI in both the unadjusted and adjusted
model (adjusted-OR 5.11; 95% CI 4.19
to 6.23, p <0.001) (Table 1B). There
was no significant difference in mortal-
ity (p = 0.53), length of stay (p = 0.23),
and total hospital charges (p = 0.48)
(Figure 1B).

Post-transplant recipients are immu-
nosuppressed, resulting in an attenuated
response to vaccines; therefore, timing
of post-transplant vaccinations is usu-
ally delayed until immunosuppression
levels are maintained. As such, pre-
transplant vaccinations are critical to
establishing immunogenic responses.
From 2013 to 2018, Jandhyala and
Lewis reported a 58.5% rate of pre-
transplant pneumococcal conjugate
vaccination and 48.8% rate of pneumo-
coccal polysaccharide vaccination in
HT recipients.2 Blanchard-Rohner et al
suggested catch-up immunizations prior
to solid organ transplant significantly
increased immunity vaccine serological
titers, revealing a major window of
opportunity during pre-transplant eval-
uations.3 Waller et al supported higher
rates of influenza and pneumococcal
disease in solid organ transplant recipi-
ents compared to the general popula-
tion.4 Pergam et al reported herpes
zoster in 40.0 per 1,000 HT patients in
the United States Department of Veter-
an’s Affairs healthcare system, with HT
recipients having the highest incidence
of herpes zoster infection compared to
other types of solid organ transplant
recipients.5 Similar to these previous
studies, influenza and herpes zoster
were the most encountered VPIs in our
cohort of HT patients. Our study is lim-
ited by its observational nature, risk of
selection biases and residual confound-
ing, and lack of long-term outcomes
and possible deaths that took place out-
side of hospitalizations.

In conclusion, the odds of having a
hospital admission for VPI in HT recip-
ients are significantly higher compared
to the general population. Influenza and
herpes zoster were the most common
VPIs in HT recipients. This study
emphasizes the importance of optimiz-
ing immunization strategies in HT
recipients, especially during the pre-
transplant period. Further prospective
studies are needed to better characterize
outcomes in vaccinated HT recipients.
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