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Introduction
Direct current cardioversion (DCCV) is an integral part of a 

comprehensive approach to achieving and maintaining sinus rhythm 
(SR) in patients with atrial fibrillation (AF). It has undergone many 
technological and methodological changes since it was first described 
in 1962 1. Based on robust evidence, we now know the following: the 
adequate anticoagulation is required to prevent thromboembolic 2 

and bleeding 3 complications; DCCV is safe after exclusion of left 
atrial appendage thrombus by adequately indicated transesophageal 

echocardiography 3; how sedation/anesthesia should be managed 
during DCCV 4,5; pharmacological therapy before DCCV increases the 
chance of achieving and maintaining SR 6,7; in addition to the duration 
of AF 8,9, a measurement of functional and anatomical parameters of the 
atria is the most helpful factor in predicting the success of DCCV (right 
atrial emptying fraction is a better predictor of success in achieving and 
maintaining sinus rhythm than left atrial emptying fraction; similarly, 
right atrial size/volume is a better predictor of sinus rhythm than 
these parameters for the left atrium) 10,11. Furthermore, the presence of 
comorbidities reduces the long-term maintenance of SR 12,13, including 
diabetes mellitus 14, left ventricular diastolic dysfunction 15, amyloidosis 
16,17, and Fontan palliation in congenital heart disease 18.

For some factors, the published evidence is more ambiguous. 
Therefore, it requires further research 19, including the effect of patient 
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Abstract
Background: Direct current cardioversion (DCCV) is a safe and effective method of terminating persistent atrial fibrillation (AF) and 

recovering sinus rhythm (SR) rapidly. 

Aims: This study aimed to identify the effectiveness of DCCV in patients with persistent AF and the descriptors that drive cardiologists to 
use higher discharge energy. In addition, whether these parameters are associated with greater DCCV efficacy was also assessed. 

Methods: After a retrospective analysis of all consecutive DCCVs performed for persistent AF, we performed a multivariate analysis of 
factors associated with the choice of higher energy DCCV and the efficacy of DCCV in acutely achieving sinus rhythm.

Results: A total of 1853 DCCVs were performed in 1264 patients during the study period with a diagnosis of persistent AF. Applying one 
to three DCCV discharges in one series achieved SR in 89.6% of procedures. The mean energy of the DCCV was 119.0 J. The multivariate 
analysis then looked for parameters used by cardiologists to select DCCV energy higher than the median DCCV energy in our cohort. As a 
result, patient weight (P<0.0001) and amiodarone use (P=0.0069) were significantly associated with the choice of higher energy. However, 
in multivariate analysis, none of the examined parameters emerged as a potential predictor of success.

Conclusions: DCCV remains an effective method for the acute attainment of SR. In addition, cardiologists in this cohort subconsciously 
considered patient weight and amiodarone use as parameters for selecting higher energy for the first shock during DCCV. However, the 
multivariate analysis of patient outcomes did not support this practice for persistent AF.
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height and weight on DCCV success 8,9,20, antiarrhythmic pretreatment 
7,21,22, and DCCV energy selection strategies 23,24. Therefore, in this study, 
we focused on analyzing the factors that predict the DCCV energy 
choice strategy and whether this strategy is effective. The main long-
term goal is to bring evidence-based data to develop an algorithm to 
minimize the shocks while increasing success in the future.

Methods
Patient selection

This study retrospectively analyzed consecutive DCCVs performed 
in a tertiary cardiac center over an uninterrupted period of 49 months. A 
total of 1896 procedures in 1366 patients were assessed. Only DCCVs 
due to persistent AF were included in the analysis, which yielded 1853 
DCCVs in 1264 patients.

DCCV workflow
The cardiology consultant is responsible for the indication and 

preparation of the patient for DCCV. The actual DCCV was performed 
by a dedicated team consisting of a nurse specializing in acute care and 
a cardiology resident under the supervision of a cardiology consultant. 
First, adequate anticoagulation therapy for 3-4 weeks before DCCV 
was verified right before the procedure. Then, deep sedation with 
etomidate was provided, along with midazolam and fentanyl. In the 
case of high periprocedural risk (i.e., BMI > 40 kg/m2, history of sleep 
apnea, or difficulty in the previous DCCV), an anesthesiologist was 
mandated.  

Without a clear recommendation regarding the algorithm for 
selecting the DCCV discharge energy in the Czech Republic and 
European Union, the cardiologist chooses the actual DCCV energy 
based on his/her experience. In the event of a failure of the DCCV 
to restore the SR, a second and possibly third DCCV discharge was 
applied sequentially at the cardiologist’s discretion while ensuring 
adequate sedation.

DCCV was performed using paddles in an anterolateral 

configuration with manual pressure. A 12-lead ECG was recorded 
within minutes of the DCCV. The team monitored the patient’s vital 
signs and consciousness for another 120 minutes, at which point the 
patient was discharged with further care arrangements. 

Data collection
Heart rhythm at one minute after DCCV was recorded, and the 

presence of sinus rhythm or atrial fibrillation was further used for 
statistical analyses in this study.

Figure 1: Types of anticoagulants in patients with atrial fibrillation by 
year

Table 1: Characteristics of patients with atrial fibrillation  

Parameter Statistic All DCCVs Successful 
DCCVs

Unsuccessful 
DCCVs

P-value

Sex 0.0606

    Male n (%) 1199 1063 (88.7%) 136 (11.3%)

    Female n (%) 654 598 (91.4%) 56 (8.6%)

Age, years Mean (SD) 67.1 (10.2) 67.1 (10.2) 66.6 (9.7) 0.2383

Median (Q1 
- Q3)

68 (61 - 74) 68 (61 - 74) 67 (60 - 74)

Min - Max 16 - 91 16 - 91 41 - 91

Height, cm Mean (SD) 173.0 (10.1) 173.0 (10.2) 173.1 (9.3) 0.9903

Median (Q1 
- Q3)

174 (166 - 
180)

173 (166 - 
180)

174 (168 - 
180)

Min - Max 140 - 205 145 - 205 140 - 199

Weight, kg Mean (SD) 92.9 (18.5) 92.8 (18.3) 94.0 (19.6) 0.5202

Median (Q1 
- Q3)

92 (80 - 
104)

92 (80 - 104) 92 (80 - 107)

Min - Max 42 - 182 42 - 182 52 - 158

BMI, kg/m2 Mean (SD) 30.9 (5.2) 30.9 (5.2) 31.3 (5.7) 0.4748

Median (Q1 
- Q3)

30 (27 - 34) 30 (27 - 34) 31 (27 - 35)

Min - Max 16 - 55 16 - 55 19 - 49

Type of 
antiarrhythmic

0.5458

    Propafenone n (%) 320 292 (91.3%) 28 (8.8%)

    Sotalol n (%) 182 162 (89.0%) 20 (11.0%)

    Amiodarone n (%) 698 632 (90.5%) 66 (9.5%)

    Dronedarone n (%) 13 12 (92.3%) 1 (7.7%)

    Other n (%) 98 88 (89.8%) 10 (10.2%)

    None n (%) 542 475 (87.6%) 67 (12.4%)

Type of 
anticoagulant

0.1366

    Warfarin n (%) 674 608 (90.2%) 66 (9.8%)

    NOAC n (%) 928 838 (90.3%) 90 (9.7%)

    LMWH n (%) 217 184 (84.8%) 33 (15.2%)

    Other n (%) 7 7 (100%)

    None n (%) 27 24 (88.9%) 3 (11.1%)

Percentages were calculated based on number of all DCCVs in the corresponding parameter.
P-value was obtained by the chi-squared test for categorical variables. Wilcoxon p-value was 
obtained for continuous variables to compare successful and unsuccessful DCCVs.
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The following procedural and clinical patient data were collected 
from the medical records in the hospital information system: sex, age, 
height, weight, BMI, type of arrhythmia, type of antiarrhythmic drugs, 
type of anticoagulant, and the energy of the first, second, and third 
DCCV shocks. 

The study was approved by the Ethics Committee of Agel Trinec-
Podlesi Hospital (EK125/20) and was conducted in accordance with 
the provisions of the Declaration of Helsinki. All patients signed an 
informed consent to participate in the registry.

Statistical analysis
Continuous variables are presented as means with standard deviation 

(SD), medians with 25% and 75% quartiles (Q1, Q3), and minimum and 
maximum. Categorical variables are summarized using absolute counts 
and percentages. The relationships between patient characteristics 
and DCCV success were examined using the Wilcoxon and Mann-
Whitney U tests for continuous variables and the chi-squared test 

Table 2: Successful DCCV and energy of the last shocks in patients with 
atrial fibrillation 

Parameter

Number of DCCVs 1853

    Number of successful DCCVs after one shock 1428 (77.1%)

    Energy of the successful DCCV shock, J

      Mean (SD) 119.0 (18.7)

      Median (Q1 - Q3) 120 (100 - 120)

      Min - Max 50 - 200

    Number of successful DCCVs after one or two shocks 1604 (86.6%)

    Energy of the last successful DCCV, J

      Mean (SD) 122.9 (22.5)

      Median (Q1 - Q3) 120 (100 - 120)

      Min - Max 50 - 200

    Number of successful DCCVs after second shock 176

    Energy of the second successful DCCV, J

      Mean (SD) 154.3 (26.1)

      Median (Q1 - Q3) 150 (150 - 150)

      Min - Max 100 - 200

    Number of successful DCCVs after one, two, or three shocks 1661 (89.6%)

    Energy of the last successful DCCV, J

      Mean (SD) 124.6 (24.4)

      Median (Q1 - Q3) 120 (100 - 150)

      Min - Max 50 - 200

    Number of successful DCCVs after third shock 57

    Energy of the third successful DCCV, J

      Mean (SD) 173.9 (25.6)

      Median (Q1 - Q3) 170 (150 - 200)

      Min - Max 120 - 200

for categorical variables with a 5% alpha level for significance. All 
potential predictors of DCCV success and predictors of higher initial 
shock energy were assessed using univariate logistic regression. Odds 
ratios and 95% Wald confidence intervals are presented with P-values. 
Parameters significant at the 10% level of significance (P < 0.1) were 
included in a multivariate logistic regression model. All statistical 
analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).

Results 
Of the 1264 patients with persistent AF evaluated in this study, 992 

(72.9%) had one DCCV discharge, whereas 356 (28.2%) had multiple. 
Of the 1853 DCCVs, 1199 procedures were performed in men (64.7%) 
and 654 (35.3%) in women. SR was successfully achieved in 1661 
(89.6%) DCCVs. Failure, and thus the persistence of AF, occurred in 
192 (10.4%) DCCVs.

Table 1 summarizes the patient characteristics and DCCV success 
rates in various groups. The mean age was 67.1 (10.2) years, and the 
mean BMI was 30.9 (5.2) kg/m2. Amiodarone was the most commonly 
used antiarrhythmic drug (698 procedures, 37.7%). Supplementary 
Table S1 shows the percentage distribution of DCCVs by patient age; 
most were performed in older patients (34.2% of patients aged 70-79 
years).

SR was achieved after the first discharge in 1428 procedures (77.1%) 
with a mean energy of 119.0 (18.7) J. Cumulatively, SR was restored 
after the second and third discharges in 1604 (86.6%) and 1661 (89.6%) 
patients, respectively. The mean discharge energies of the second and 
third discharges were 154.3 (26.1) and 173.9 (25.6) J, respectively 
(Table 2).

One hundred and ninety-two DCCVs were unsuccessful, with an 
average discharge energy of 155.8 (35.4) J. Potential predictors of 
DCCV success were evaluated using univariate logistic regression. 
Parameters significant at P < 0.1 included sex and use of antiarrhythmic 
medication (Table 3). However, no predictor emerged as significant 
from the multivariate logistic regression model (which accounted for 
interactions between parameters).

In the study population, the median energy of the first DCCV was 
120 J. Subsequently, the parameters that led physicians to choose 
higher energies (i.e., higher than the median) for the first DCCV 
were examined to identify (subconscious) decision-making patterns. 
Potential predictors of selecting a higher initial discharge were assessed 
using univariate logistic regression, as shown in Table 4. The multivariate 
model, which accounts for interactions between parameters, is shown in 
Table 5. Weight and amiodarone use emerged as significant predictors 
of choosing higher initial discharge energy. Statistically, our data 
suggest that for every 10 kg increase above the average weight, the 
chance of the cardiologist choosing a higher energy DCCV was 22% 
greater. In addition, if the patient was taking amiodarone, the chance 
of the cardiologist choosing a higher energy DCCV was 41% greater 
than in a patient who was not taking amiodarone. 

Typically, we perform 30-35 DCCVs monthly at our center. During 
2020, however, the monthly mean dropped to 24.5 due to Covid-19. 
A detailed yearly analysis of DCCV is shown in Supplementary Table 
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expected” energy in selected patients in our study, suggesting their 
decisions were driven by specific patterns of intuitive behavior.

Higher patient weight and amiodarone use in the studied cohort 
were associated with (subconscious) selection of higher energy for the 
first DCCV discharge. Published data on the impact of patient weight 
on DCCV effectiveness is controversial, and our findings confirm the 
controversy. Higher weight was not associated with lower DCCV 
efficacy in the multivariate analysis. In contrast, lower energy can be 
speculated to have been chosen for low-weight patients to minimize the 
potential complications associated with DCCV. However, published 
safety data have not confirmed this suspicion, especially when using 
the so-called maximum fixed algorithm (up to 360 J, three times the 
biphasic DCCV energy discharge in one procedure) 24.

The use of amiodarone in this study led physicians to choose higher 
energy. Again, the published data are inconsistent on this issue. 
On the other hand, due to its known adverse effects, amiodarone is 
prescribed to patients with more severe comorbidities, patients in 
whom the physician assumes class I antiarrhythmic drugs have a 
lower chance of achieving and maintaining the SR. This fact may have 
subconsciously led cardiologists to choose higher energy for the first 
discharge. However, multivariate analysis of DCCV in this cohort did 
not show a significantly higher efficacy of DCCV in achieving SR 
with amiodarone.

The “physician-based” choice of energy in DCCV needs to be 
replaced with a standardized algorithm (or protocol) that will not be 
solely based on the knowledge of the success predictors or physician`s 
experience and intuition, as shown in the study. The discrepancies 
between the CHESS study and the OAFCP study in designing an 
effective predefined step-by-step strategy for DCCV energy selection 

S2. The median energy of the first discharge was 120 J. Amiodarone use 
decreased slightly from 56% in 2016 to 47.6% in 2020. Supplementary 
Figure S1 presents the success rates for each year, and Figure 1 shows 
a persistent decline in coumarin anticoagulation as DOACs began 
to dominate treatment. The distribution of antiarrhythmic drugs by 
age category is described in Supplementary Table S3. Amiodarone 
dominated in all age categories.

Discussion
The main objective of this study was to describe the success rate of 

DCCV in our cardiac center and to define the patterns of cardiologists’ 
behavior leading to the choice of DCCV energy. We also evaluated 
whether these patterns lead to success and were associated with higher 
SR achievement during DCCV.

The overall success rate of DCCV in achieving SR in this unselected 
cohort of persistent AF patients was 89.6%, and this success rate was 
stable over the years. Nearly 90% efficacy is comparable to published 
data 7,20,25. However, published improvements may offer a chance for 
better results. For example, using higher biphasic discharge energy 
(up to 360 J) 24, reducing transthoracic impedance by higher pressure 
on the patches (up to 80 N) 20, applying DCCV energy at the end of 
expiration or performing DCCV in an orthogonal arrangement with 
two defibrillators and four patches 26, showed improved efficacy.

The mean energy of the first DCCV was 120 J, with a success rate 
of 77.1%. However, this energy was lower than recommended in 
publications, indicating the need to analyze new potential algorithms 
for selecting DCCV energy 23,24.: an automatic algorithm with strictly 
defined discharge values or an algorithm based on probabilistic 
predictions that calculate the energy from the assumed predictors. 
Nevertheless, the attending cardiologists often chose “higher than 

Table 3: Univariate binary logistic regression of possible predictors of 
DCCV success in patients with atrial fibrillation 

Parameter Odds ratio 95% CI P-value

Sex (female vs. male) 1.366 0.985 - 1.894 0.0615a

Age, years 1.006 0.991 - 1.020 0.4544

Height, cm 1.000 0.985 - 1.015 0.9628

Weight, kg 0.996 0.989 - 1.004 0.3858

BMI, kg/m2 0.986 0.959 - 1.014 0.3275

Any antiarrhythmics (yes vs. no) 1.338 0.977 - 1.834 0.0699a

Amiodarone (yes vs. no) 1.173 0.857 - 1.605 0.3202

Propafenone (yes vs. no) 1.249 0.821 - 1.902 0.2993

Sotalol (yes vs. no) 0.929 0.569 - 1.518 0.7700

Dronedarone (yes vs. no) 1.389 0.180 - 10.735 0.7528

Other (yes vs. no) 1.018 0.520 - 1.993 0.9583

aSignificant at 10% significance level.

Table 4:
Univariate binary logistic regression of possible predictors 
of a higher energy of the initial shock in patients with atrial 
fibrillation

Parameter Odds ratio 95% CI P-value

Sex (female vs. male) 0.727 0.559 - 0.945 0.0170a

Age, years 0.985 0.973 - 0.996 0.0087a

Height, cm 1.018 1.006 - 1.030 0.0039a

Weight, kg 1.021 1.014 - 1.027 <0.0001a 

BMI, kg/m2 1.062 1.039 - 1.086 <0.0001a

Any antiarrhythmics (yes vs. no) 1.484 1.118 - 1.969 0.0063a 

Amiodarone (yes vs. no) 1.456 1.141 - 1.858 0.0025a 

Propafenone (yes vs. no) 0.895 0.645 - 1.241 0.5058

Sotalol (yes vs. no) 1.073 0.720 - 1.597 0.7302

Dronedarone (yes vs. no) 0.399 0.052 - 3.078 0.3781

Other (yes vs. no) 1.010 0.590 - 1.728 0.9716

Higher initial shock is a shock above the median level (i.e., >120 J).
aSignificant at 10% significance level.
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Conclusion
DCCV is a safe and effective method of acutely restoring SR in 

patients with AF. However, none of the demographic or clinical 
parameters validated in our study predicted the need to choose higher 
energy DCCV. In contrast to this finding, our multi-year patient cohort 
analysis confirmed that cardiologists subconsciously and erroneously 
chose DCCV energies in higher-weight patients and those taking 
amiodarone.

Limitations 
A limitation of this study was that it was a single-center retrospective 

analysis. The retrospective approach was also a major limitation for 
the possibility of obtaining additional covariates, such as duration of 
atrial fibrillation before cardioversion, presence of diabetes mellitus, 
arterial hypertension, sleep apnea syndrome, ischemic heart disease, or 
previous catheter ablation for atrial fibrillation. All these parameters 
would have been important factors for multivariate analysis evaluating 
an association with both the choice of DCCV energy and the resulting 
efficacy, as they may have been causally related to the patient weight, 
amiodarone use or other studied variables. 

The retrospective analysis also accounted for the absence of data 
showing whether patients in our cohort had previously undergone 
DCCV and whether energy and outcome of previous DCCV played a 
role in energy selection in the current cardioversion we studied.
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Introduction
Pulmonary vein isolation (PVI) is a standard treatment for 

paroxysmal and persistent atrial fibrillation (AF) 1. With the 
development of contact force-sensing technology, radiofrequency 
ablation can now create more continuous and penetrating ablation lines 
2-5. However, the recurrence rate of AF remains significant, possibly
due to the reappearance of pulmonary venous conduction 6-8. High-
power, short-duration (HP-SD) ablation is a novel standard method
that can establish more continuous ablation lines than conventional-
power, conventional-duration (CP-CD) ablation 9, 10. The long-term
recurrence rates of AF after HP-SD ablation is similar to or better than 
those of AF after CP-CD ablation 11, 12.

However, some studies have reported that the depth of myocardial 
scar created by HP-SD ablation is shallower than that created by 
conventional CP-CD ablation 13, 14, and this can lead to pulmonary vein 
(PV) reconnections. This phenomenon is dependent on anatomical 
features. For example, the posterior wall of the left atrial myocardium is 
thin, and the mitral annulus and septal side of the right PV are thick 15.

Therefore, the current study aimed to investigate the differences 
between CP-CD and HP-SD ablation.

Methods
This was a single-center, retrospective study performed on patients 

who received PVI at Fujigaoka Hospital between May 2018 and June 
2020. Treatment was interrupted at least five half-lives preablation in 
patients taking antiarrhythmic drugs. All patients were followed-up 
at 1, 3, 6, and 12 months postoperatively. Patients who were followed-
up underwent 24-h Holter electrocardiography (ECG) and 12-lead 
ECG. Moreover, those who presented with AF recurrence within 3 
months postablation received antiarrhythmic therapy, which was then 
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Abstract
Background: Pulmonary vein isolation (PVI) is used for treating atrial fibrillation, and high-power, short-duration (HP-SD) radiofrequency 

ablation is considered effective. The depth of myocardial scar in HP-SD ablation is shallower than that in conventional-power, conventional-
duration (CP-CD) ablation, and this can be a possible limitation. Hence, the current study aimed to investigate the differences between CP-CD 
and HP-SD ablation.

Methods: Retrospective analyses were performed on patients who received PVI at Fujigaoka Hospital between May 2018 and June 
2020. All electroanatomic mapping was performed using EnSite-PrecisionTM cardiac mapping system (Abbott). In both methods, PVI was 
performed under the same lesion size index (LSI) guidance. The pulmonary veins (PVs) on both sides were divided into six segments (anterior, 
posterior, roof, bottom, and anterior and posterior parts of the carina). The characteristics of patients and procedures, remnant conduction 
and early reconnections of the PV after the initial PVI, and clinical outcomes were compared between the CP-CD and HP-SD groups.

Results: 200 consecutive patients who underwent same lesion size index-guided PVI were enrolled. The first half of consecutive patients 
(n = 100) underwent CP-CD ablation, and the second half (n = 100) underwent HP-SD ablation. The CP-CD group had a significantly longer 
procedure time than the HP-SD group. The remnant conduction and early reconnections in the right anterior carina were significantly less 
common in the CP-CD group than in the HP-SD group. The 2-year cumulative recurrence rate of all types of atrial fibrillation was comparable 
between the CP-CD and HP-SD groups.

Conclusions: CP-CD and HP-SD radiofrequency ablation had distinct features. Combined CP-CD and HP-SD based on the PV segment, 
particularly the right PV anterior carina, might be a reasonable approach.
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discontinued after a blanking period of 90 days. AF recurrence was 
defined as the presence of atrial tachycardia, flutter, or AF (lasting > 
30 s) 90 days after ablation.

Ablation method
Table 1 shows the procedure for each method. Figure 1 depicts the 

representative ablation lines. Contact force ablation was performed 
with TactiCath™ Contact Force Ablation Catheter, Sensor Enabled™ 
(Abbott, St. Paul, MN, the USA) along with EnSite-PrecisionTM 
cardiac mapping system (Abbott). Two sheaths were utilized for 
transseptal puncture. A bidirectional steerable transseptal guiding 
sheath (Agilis™ NxT Steerable Introducer; Abbott) was used as 
an ablation catheter sheath. For mapping, a 20-pole ring catheter 
(electrophysiology catheters, Inquiry™ and Optima™; Abbott) 
or an HD Grid catheter (Advisor™ HD Grid Mapping Catheter, 
Sensor Enabled™ or Bi-D High-Density Mapping Catheter, 
Sensor Enabled™; Abbott) with an 8.5-F sheath (Swartz™ Braided 
Transseptal Guiding Introducers SL™ Series; Abbott) was applied. 
A temperature probe (SensiTherm™, Abbott) was inserted into the 
esophagus for the real-time monitoring of esophageal temperature. A 
10-pole catheter was used in the coronary sinus (CS), and a 10- or 20-
pole catheter was utilized in the right ventricle. Transseptal puncture 
was performed under intracardiac echocardiography guidance. A 20-
pole ring catheter or an HD Grid catheter was inserted into the PV 
during the application of radiofrequency current, and an esophageal 
catheter and a CS 10-pole catheter were used for annotation. Mapping 
of the left atrium (LA) was performed during CS pacing (500–600 
msec). We performed cardioversion to restore sinus rhythm in patients 
with continuous AF. However, if the sinus rhythm could not be restored 
after cardioversion or if AF recurrence was observed immediately after 
cardioversion, LA mapping was performed during AF.

All patients were anesthetized using a laryngeal mask (i-gel), and 
their bispectral index was monitored (range: < 60) during the procedure. 
Dexmedetomidine and propofol were used to achieve deep sedation 
with controlled ventilation.

The ablation line was prepared using the extended PVI approach; 
however, more lines were added if considered fit by the operator. The 
following lines were added based on the operator’s discretion: roof, 
bottom, posterior, anterior, cavotricuspid isthmus, mitral valve isthmus, 
and superior vena cava (SVC) lines. All radiofrequency applications 
were performed in a power-control mode, and the upper-temperature 
limit was set at 45°C. The radiofrequency application was interrupted 
if the esophageal temperature reached 39°C and was resumed if 
the temperature dropped to 37°C. If there was a sudden spike in 
impedance or steam pops were observed, radiofrequency application 
was discontinued, and the site or method of catheter application was 
changed.

PVI was assessed using a 20-pole ring catheter or HD Grid catheter 
during CS pacing, and 10-V pacing was conducted from each PV 
segment using an ablation catheter to confirm bidirectional block. 
After the disappearance of the PV potential, a 10-min waiting period 
was observed. If remnant conduction and early reconnections were 
observed after the initial ablation, the conduction sites were reassessed 
using an ablation catheter, 20-pole ring catheter, or HD Grid catheter. 
Subsequently, additional radiofrequency applications were delivered 
at the conduction site, and the sites were reevaluated. Additional 
radiofrequency applications were performed via CP-CD ablation.

Based on a previous report, the bilateral PVs were divided into 
six segments: anterior and posterior, upper and lower roof, bottom, 
and carina 16. In each segment, the areas that required additional 
radiofrequency applications due to residual PV conduction were 
examined. Moreover, the most effective application method for each 
segment was examined. In both methods, PVI was performed under 
lesion size index (LSI) guidance. Patients with common PVs were 
excluded because of difficulties in domain segmentation.

Only the radiofrequency applications for PVI were considered; 
therefore, the applications for cavotricuspid isthmus, mitral valve 
isthmus, SVC, anterior, posterior, roof, and bottom isolations were 
excluded. The CP-CD and HP-SD ablation protocols are described 
below.

Figure 1:

Remnant conduction in the right PV anterior carina using HP-
SD ablation. The presence of remnant conduction and early 
reconnections after the initial ablation was assessed with an 
ablation catheter, 20-pole ring catheter, or HD Grid catheter. If 
remnant conduction and early reconnections were observed, 
additional radiofrequency applications were performed in that 
area in CP-CD ablation. PV: pulmonary vein, HP-SD: high-power, 
short-duration, CP-CD: conventional-power, conventional-
duration

Table 1: Ablation methods between conventional-power, conventional-
duration ablation and high-power, short-duration ablation

CP-CD ablation HP-SD ablation

Output, Watt 25–35 50

Irrigation flow, ml/min 17–30 30

Target contact force, g 10–20 10–20

Maximum duration, second 30 15

Target LSI 4.5 4.5

Auto mark away time, second 3 3

Minimum auto mark time, second 3 3

Auto mark spacing, mm 3 3

Ablation tag diameter, mm 4 6

Target inter-lesion distance, mm 4 6

Comparison of method, power, irrigation flow, target contact force, LSI and inter-lesion distance, 
and application duration.
CP-CD, conventional-power conventional-duration; HP-SD, high-power short-duration; LSI, lesion 
size index
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Informed consent was obtained from each patient, and the study 
protocol was approved by the Ethics Committee of Showa University 
Fujigaoka Hospital, Japan.

CP-CD ablation protocol
For saline irrigation, CP-CD was set at 17–30 mL/min. In the CP-

CD group (control), all applications were performed at 25–35 W. The 
power output was decreased in areas where the esophageal temperature 
increased. The target inter-lesion distance was set at 4 mm based on the 
EnSite-PrecisionTM cardiac mapping system (Abbott) 3D graphic 
image, and the target force was set at 10–20 g. The current was applied 
at a maximum of 30 s, and the target was to achieve an LSI of ≥4.5 at 
the end of the current application (Table 1).

HP-SD ablation protocol
For saline irrigation, HP-SD was set at 30 mL/min. All applications 

were performed at 50 W. The target inter-lesion distance was set at 6 
mm with the same method used in CP-CD ablation, and the target 
force was set at 10–20 g. The current was applied for 10 s (at a maximum 
of 15 s), and the target was to achieve an LSI of ≥4.5 at the end of the 
current application. If there was a sudden increase in the impedance or 
steam pop was observed, ablation was interrupted (Table 1).

We used a 20-pole ring catheter as the mapping catheter for the first 
40 patients in the CP-CD group; subsequently, 160 patients have used 
HD grid catheters.

Statistical analyses
Variables were presented as mean ± standard deviation or number 

(percentage), as appropriate. Continuous and categorical data were 
compared using the Student’s t-test and the χ2 test, respectively (or 
the Fisher’s exact test in case of a small sample). A p value of < 0.05 
was considered statistically significant. The time from catheter ablation 
to AF recurrence was described using the Kaplan–Meier curves and 
compared with the log-rank test. The JMP software program (version 
15.0; SAS, Cary, NC, the USA) was used for analysis.

Table 2: Baseline characteristics

CP-CD ablation HP-SD ablation p value

N 100 100

Age, years 68.0 ± 8.8 66.5 ± 10.3 0.26

Male sex, n (%) 75 (75.0) 71 (71.0) 0.63

BMI, kg/m2 23.5 ± 4.1 24.7 ± 3.5 <0.05

LVEF, % 58.8 ± 9.7 59.6 ± 9.8 0.60

LAD, mm 40.0 ± 6.3 39.3 ± 6.0 0.44

LAVI, ml/m2 39.9 ± 14.3 39.6 ± 12.7 0.90

Paroxysmal AF, n (%) 55 (55.0) 60 (60.0) 0.57

AF history, day 818.5 ± 1734.9 701.6 ± 1440.8 0.60

Hypertension, n (%) 50 (50.0) 57 (57.0) 0.40

Diabetes mellitus, n (%) 13 (13.0) 13 (13.0) 1.00

CHADS2 Score 1.5 ± 1.2 1.4 ± 1.1 0.62

Values were presented as mean ± SD, n/n (%), or n. 
CP-CD, conventional-power conventional-duration; HP-SD, high-power short-duration; BMI, body 
mass index; LVEF, left ventricular ejection fraction; LAD, left atrial dimension; LAVI, left atrial volume 
index; AF, atrial fibrillation; CHADS2, congestive heart failure, hypertension, age, diabetes, stroke

Results
There were four operators in total, and no particular operator 

performed only one particular method. In same period 223 consecutive 
patient were enrolled, the first half of consecutive patients (n = 106) 
underwent CP-CD ablation, and the second half of consecutive 
patients (n = 117) underwent HP-SD ablation. Finally, 200 patients 
were analyzed after excluding those who had common PVs (n = 21), 
did not undergo contact force-sensing ablation (n = 1), or could not 
be followed-up (n = 1). Table 2 shows the baseline characteristics of 
the patients. There were no significant differences in terms of age, sex, 
body mass index, left ventricular ejection fraction, left atrial dimension, 
left atrial volume index, prevalence of paroxysmal AF, history of AF, 
hypertension, and diabetes, or CHADS2 score between the CP-CD 
and HP-SD groups.

Table 3 presents procedural data. The CP-CD group had a 
significantly longer procedure time, fluoroscopy time, and average 
radiofrequency application time and greater number of radiofrequency 
applications and contact force than the HP-SD group. There were no 
significant differences in terms of total radiation dose, final success 
rate, LSI, and incidence rate of complications between the CP-CD 
and HP-SD groups. One case of cardiac tamponade in the CP-CD 
group was a complication related to septal puncture and not related to 
ablation. There were three cases of cerebral infarction in the CP-CD 
group and two cases in the HP-SD group; also, there was one case 
of thrombotic cerebral infarction with residual disability in the CP-
CD group. However, all the other cases had only minor neurological 
symptoms that required no special treatment, and had no residual 

Figure 2:

Remnant conduction and early reconnection sites in the CP-
CD and HP-SD groups. The upper figure shows the remnant 
conduction and early reconnections in each region of the 
right pulmonary vein, and the lower figure depicts remnant 
conduction and early reconnections in the left pulmonary vein. 
Values were expressed as n/N (%). PV: pulmonary vein, HP-
SD: high-power, short-duration, CP-CD: conventional-power, 
conventional-duration
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According to the findings of this study, the HP-SD ablation had a 
shorter procedure time, fluoroscopy time, total radiation dose than the 
CP-CD ablation, and both techniques had a similar complications 
rate. However, remnant conduction and early reconnections were more 
frequently encountered on the right PV anterior carina in the HP-SD 
group than in the CP-CD group. There was no significant difference 
in the cumulative recurrence rate of AF between the two groups.

Preclinical studies may validate the results of this study. In a previous 
preclinical study performed in a myocardial phantom made using an 
agar powder substitute, the lesion width was comparable between the 
HP-SD and CP-CD groups (5.4 vs. 5.2 mm). Meanwhile, the lesion 
depth was shallower in the HP-SD group than in the CP-CD group 
13 (2.2 vs. 2.7 mm). Similarly, in another preclinical study using an in 
silico model and a porcine ex vivo model, the HP-SD group had a 
significantly larger lesion diameter than the CP-CD group (7.5 ± 0.6 vs. 
8.9 ± 0.4 mm, p < 0.01). However, the HP-SD group had a significantly 
smaller lesion depth than the CP-CD group (5.7 ± 0.6 vs. 4.7 ± 0.6 
mm, p < 0.01) 17. Thus, the HP-SD ablation may not be sufficient if the 
myocardial wall is thick. In an anatomical study on 34 dissected human 
hearts, the septal region had the greatest mean left atrial wall thickness, 
followed by the anterior wall, posterior wall, and roof (2.2 ± 0.82, 1.86 
± 0.59, 1.4 ± 0.46, and 1.06 ± 0.49 mm, respectively; p < 0.05) 15. The 
septum may require a longer current application time, which can be 
the underlying reason for the significant number of right PV anterior 
carina reconnections in our study.

Recently, PVI with very HP-SD (90 W, 4 seconds) ablation using 

disability.

The two groups were similar in terms of the frequency of additional 
lines. However, the addition of the SVC line was more frequent in the 
CP-CD group than in the HP-SD group. Meanwhile, the HP-SD 
group commonly required the addition of roof and bottom lines.

After the waiting period of post-PV potential disappearance in all 
12 PV segments, there was a high rate of remnant conduction and early 
reconnections in the right PV anterior carina, right PV posterior carina, 
and left PV posterior roof regions irrespective of the radiofrequency 
application method (Fig. 2). In the right PV anterior carina, the CP-
CD group had a significantly lower rate of remnant conduction and 
early reconnections after the initial ablation than the HP-SD group 
(12% vs. 24%, P = 0.04). Figure 3 shows the results of the Kaplan–Meier 
survival analysis of the cumulative recurrence-free rate after a single 
ablation in all patients with AF (A), paroxysmal AF (B), persistent AF 
(C), and longstanding AF (D) who were not on antiarrhythmic drugs. 
There was no significant difference in terms of the recurrence rates of 
any type of AF between the HP-SD and CP-CD groups.

Discussion

Figure 3:

(a) Freedom from ATA after single RFA in all patients. Kaplan–
Meier curves showing the rates of freedom from AF and AT/
AFL after the initial 3-month blanking period without any
antiarrhythmic drugs in the CP-CD and HP-SD groups. (b)
Freedom from ATA after single RFA in patients with PAF.
Kaplan–Meier curves showing the rates of freedom from AF
and AT/AFL after the initial 3-month blanking period without
any antiarrhythmic drugs in both groups. (c) Freedom from ATA
after single RFA in patients with Per AF. Kaplan–Meier curves
showing the rates of freedom from AF and AT/AFL after the
initial 3-month blanking period without any antiarrhythmic
drugs in both groups. (d) Freedom from ATA after single RFA in
patients with LSAF. Kaplan–Meier curves showing the rates of
freedom from AF and AT/AFL after the initial 3-month blanking
period without any antiarrhythmic drugs in both groups. 

ATA: atrial tachyarrhythmia, PAF: paroxysmal atrial fibrillation, Per AF: persistent atrial fibrillation, 
LSAF: longstanding atrial fibrillation, RFA: radiofrequency ablation, AF: atrial fibrillation, AT: atrial 
tachycardia, AFL: atrial flutter, HP-SD: high-power, short-duration, CP-CD: conventional-power, 
conventional-duration

Table 3: Procedural and follow-up details in all participants

CP-CD ablation HP-SD ablation p value

N 100 100

Procedure time, min 182.6 ± 60.5 136.0 ± 47.3 < 0.0001

Fluoroscopy time, min 63.2 ± 20.8 48.0 ± 17.3 < 0.0001

Exposure dose, Gly 401.5 ± 256.0 377.5 ± 277.0 0.53

No. of application 150.6 ± 39.7 65.7 ± 14.5 < 0.0001

Average RF application 
time, seconds

13.3 ± 2.7 9.9 ± 0.9 < 0.0001

Contact force, g 15.9 ± 2.7 12.0 ± 2.8 < 0.0001

Watt 30.6 ± 1.1 46.7 ± 0.9 < 0.0001

LSI 4.8 ± 0.3 4.9 ± 0.4 0.74

Successful PVI 97 (97) 100 (100) 0.25

Additional line 72 (72.0) 60 (60.0) 0.10

 roof and bottom line 8 (8.0) 23 (23.0) < 0.05

 Anterior line 1 (1.0) 2 (2.0) 1.00

 Mitral isthmus 8 (8.0) 8 (8.0) 1.00

 CTI 59 (59.0) 51 (51.0) 0.32

 SVC 9 (9.0) 0 <0.005

Complication 4 (4.0) 2 (2.0) 0.44

 Cerebral infarction 3 (3.0) 2 (2.0) 0.68

 Tamponade 1 (1.0) 0 1.00

 Atrioesophageal fistula 0 0 1.00

Values are n/N (%), mean ± SD, or mean (median; range)
Procedure time was from the local anesthesia to sheath removal.
CP-CD, conventional-power conventional-duration; HP-SD, high-power short-duration; PVI, 
pulmonary vein isolation; RF, radio frequency; LSI, lesion size index; CTI, cavotricuspid isthmus line; 
SVC, superior vena cava
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Limitations
The current study had several limitations that should be recognized. 

First, this was a single-center retrospective serial study, not randomized. 
Second, in the current study, longer continuous ECG monitoring was 
not performed. Only 24-hour Holter ECG was performed to confirm 
recurrence. Hence, a longer ECG monitoring could have detected 
potential recurrences. Furthermore, additional lines were performed 
based on the operator’s discretion. Therefore, it is difficult to rule out 
differences in outcomes between the two approaches in a relatively 
small series of patients. Third, in the HPSD group, the ILD was set at 
6 mm, 1.5 times ILD of the CPCD group, which may have resulted in 
a higher number of the remnant conduction and early reconnections. 
To accurately compare the two groups, we should set to the same ILD, 
but based on in vitro reports 26, we set the longer ILD in the HPSD 
ablation.

However, there was no significant difference in the remnant 
conduction and early reconnections except in the right PV anterior 
carina segment, suggesting that LSI 4.5 for HP-SD ablation is less 
reliable than LSI 4.5 for CP-CD ablation in terms of a depth.

Finally, in this study, adenosine triphosphate (ATP) was not 
administered to confirm dormant conduction after PVI, and only 
a 10-min waiting period was used. There are some reports on the 
evaluation and usefulness of ATP and on a longer waiting time for 
dormant conduction 6, 27, 10. However, the results of a previous study did 
not show that ATP was beneficial 26, and we performed PVI without 
ATP. Therefore, dormant conduction was mot conducted using ATP. 
Nevertheless, a longer waiting time and ATP could have been used to 
more accurately evaluate remnant conduction and early reconnections.

Conclusion
Compared with CP-CD ablation, HP-SD ablation is associated with 

a significantly reduced procedure time, and the two techniques have a 
comparable recurrence rate in the chronic phase. However, LSI-guided 
CP-CD ablation may be more suitable for managing the right PV 
anterior carina segment than the HP-SD ablation. Therefore, it may be 
considered desirable to combined the HP-SD and CP-CD ablation.
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a novel QDOT MICRO (Biosense Webster, Inc., Irvine, California) 
catheter set at over 50 W has been reported. A previous clinical study 
using this catheter for very HP-SD ablation showed a similarly low 
fluoroscopy time and an even lower procedure time 18. Another study 
using a QDOT MICRO catheter for CP-CD ablation showed a 
similarly low fluoroscopy time and an even lower procedure time 19. 
Therefore, it may be possible to obtain better results by combining 
CP-CD and very HP-SD based on the PV segment.

In a clinical setting, late gadolinium-enhanced cardiac magnetic 
resonance imaging (LGE-CMRI) is one of the best tools for assessing 
scars created by catheter ablation. A clinical study used LGE-CMRI 
at 3 months postablation in 70 consecutive patients with AF. Results 
showed that the CMR-based scar group had a significantly greater 
ablation time and force-time integral than the nonscar group. 
Meanwhile, the mean contact force, change in catheter tip temperature, 
and impedance did not significantly differ between two groups 20. Thus, 
the duration of radiofrequency current application matters more than 
the impedance or contact force. The minimum ablation times to create 
durable scar lesions were 17.6, 13.6, and 11.0 s at 25, 35, and 50 W, 
respectively 20. In HP-SD ablation, the current application time is set at 
an upper limit of 15 s. If it is beyond 15 s, it can be associated with a risk 
of steam pop, a limitation of the HP-SD ablation 13. Meanwhile, in CP-
CD ablation, the current application time can be set at a higher limit 
(upper limit of 60 s), which may be more suitable for thicker walls, such 
as the septal side of the anterior wall. In addition, other studies have 
reported that the HP-SD group requires more additional applications 
on the right PV carina segment than the CP-CD group 21. Using the 
HP-SD ablation, an additional application at the carinal line, a more 
proximal location of the ablation line, or its use in combination with 
CP-CD ablation in the right PV anterior carina may further reduce the 
possibility of right PV reconnections; however, further studies should 
be conducted to elucidate the ideal approach.

In previous reports, esophagus-related complications in HP-SD 
ablation did not differ from those in CP-CD ablation 22, 23. In this study, 
there was no significant difference in esophagus-related complications, 
and no significant difference was observed in remnant conduction and 
early reconnections in the anterior esophagus (LPV posterior bottom 
segment).

This study used a steerable sheath in both groups for the highest 
possible stability. Improving catheter stability using steerable sheaths 
reduces PV reconduction, thereby decreasing the fluoroscopy time and 
improving acute and chronic outcomes 24, 16. The high stability and a 
similar LSI obtained in our study may reflect the main difference in 
the ablation method compared with a previous study. The procedure 
time of HP-SD ablation was shorter than that of CP-CD ablation 
by approximately 45 min, even though reapplication may be required 
in certain regions occasionally. Shin et al. recently utilized the CP-
CD ablation for the posterior and posteroinferior lines and the HP-
SD ablation for other areas. Their results suggested that the HP-SD 
ablation had a lower procedure time than the conventional method 25. 
Therefore, the CP-CD ablation might be an appropriate procedure 
for treating the right PV anterior carina segment. Therefore, this 
study partially explains one of the limitations associated with HP-SD 
ablation.
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Introduction
Trans-septal puncture (TSP) is commonly performed to achieve 

left atrial (LA) access for a variety of common cardiac procedures, 
including pulmonary vein (PV) isolation (PVI) for atrial fibrillation 
(AF) treatment, catheter ablation of left-sided accessory pathways 
and ventricular tachycardia, LA appendage (LAA) closure and mitral 
valve procedures1. 

TSP has always been a challenge for the operator, due to the position 
of the fossa ovalis (FO), the site of lowest resistance, which is located 
within the inter-atrial septum (IAS) between the posterior atrial 
wall and the bulb of the aorta. Traditionally, it has been performed 
using only fluoroscopic guidance, in which anatomic structures are 
not visualized directly and the catheter position is estimated solely by 
its relationship to the cardiac silhouette. Using fluoroscopic guidance 

only, complications associated with TSP are estimated to occur in 
approximately 1% of procedures and are mostly related to perforation 
of the posterior atrial wall or aortic root2.

Intracardiac echocardiography (ICE), first described in 1981, is a 
useful tool in cardiac catheterization and electrophysiology labs, capable 
of providing detailed near-field and far-field real-time images that can 
facilitate TSP3. For this reason, it has recently become a complementary 
tool to fluoroscopy for safer LA access, reducing complication rates4. 
As a matter of fact, when advanced in the right atrium, the ICE probe 
provides a cross-sectional view of the FO, where the correct positioning 
of both the needle and the sheath in the middle of the FO can be 
confirmed. This helps determine the exact puncture site by looking for 
tenting of the IAS induced by the needle2. 

We hereby report a case of intra-procedural LA thrombus formation, 
showing the importance of ICE guidance for TSP in order to avoid 
procedural complications.

A Case Description
A 59-year-old male patient without cardiovascular risk factors was 

referred to our center for PVI for paroxysmal AF episodes leading to 
dyspnea and palpitations, not well controlled with pharmacological 
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Abstract
Trans-septal puncture (TSP) is a challenging step in pulmonary vein isolation (PVI) procedure for atrial fibrillation. Fluoroscopy guidance 

alone is burdened by a high rate of complications. Therefore, additional transesophageal echocardiography or intracardiac echocardiography 
(ICE) guidance is recommended to reduce the risk of adverse events. We report the case of a PVI procedure using cryoablation complicated 
by the formation of a serpiginous left atrial swinging thrombus after TSP. This high-risk adverse event was resolved without sequelae using 
ICE guidance.
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therapy at the maximum tolerated dose (Flecainide PR 200 mg/day 
and Bisoprolol 2.5 mg/day). 

Considering that the patient missed a dose of his anticoagulation 
regimen with Rivaroxaban 20 mg qd in the week before the procedure, 
pre-procedural TEE was undertaken, showing preserved biventricular 
function with normal chambers size and morphology, except for mild 
LA dilation, and absence of significant valve disease or septal defects. 
LAA emptying velocity was normal (40 cm/sec) and LAA thrombosis 
was excluded.

Therefore, a PVI by cryoablation attempt was performed on the 
same day. Three femoral venous accesses were obtained, two in the right 
vein, one for TSP and the other for insertion of a decapolar diagnostic 
catheter (Dynamic Xt 10-poles, Boston Scientific), and the last in the 
left vein for insertion of the ICE probe (Viewflex Xtra ICE, 3Mhz, 
Abbott Medical). For TSP, an 8Fr Swartz introducer (Abbott Medical) 
with a Brockenbrough needle (Abbott Medical) inside of it was used. 
After some attempts due to elastic resistance by the floppy IAS, TSP 
with ICE guidance was performed safely. The patient assumed his last 
dose of Rivaroxaban approximately 16 hours before the procedure. 
An IV bolus of unfractionated heparin (UFH) was administered 
according to patient weight (10,000 UI). Before advancing PVI-tools, 
an angiography was performed to document PV anatomy, and LA and 
vascular integrity were confirmed using both ICE and angiography. 
Checking the correct position of the introducer in the LA with ICE, the 
formation of a hitherto undiagnosed serpiginous thrombus was noticed 
swinging from the tip of the introducer (Figure 1). Activated clotting 
time was therefore tested, being 221 sec. Therefore, an additional IV 
bolus of 2000 UI of UFH was administered. Under continuous ICE 
and fluoroscopic guidance, the introducer was carefully removed from 
the LA, taking care not to detach the clot from the introducer.

The patient remained asymptomatic throughout the procedure and 

was transferred to the cardiac intensive care unit for further monitoring 
and to continue anticoagulation therapy with UFH IV infusion. After 
4 days, UFH anticoagulation therapy was switched to Rivaroxaban 
and the patient was discharged without documented thromboembolic 
complications. 

Three weeks later, a second successful PVI attempt was conducted 
using the same TSP technique described above. The procedure was 
undertaken without suspension of the anticoagulation regimen. 
Intraprocedural anticoagulation was administered after TSP (IV 
bolus of 10’000 UI of unfractionated heparin), aiming to ACT >300 
sec. However, considering that in this case ACT was <300 (i.e.  221 
sec), an additional iv bolus of 2000 UI of unfractionated heparin was 
administered, reaching the target ACT.

The patient was discharged in sinus rhythm after a two-day 
observation period, switching from Flecainide to Propafenone 300 
mg tid and maintaining anticoagulation therapy with Rivaroxaban 
20 mg qd. At 3-month follow-up, no AF recurrences were reported.

Discussion
The use of ICE guidance as a complementary tool to fluoroscopy for 

TSP has many advantages.

First, considering that ablation procedures may last long (up to 3-4 
hours in complex cases), with an effective mean radiation dose up to 15 
mSv (equivalent to 150 chest X-ray scans), the use of complementary 
imaging techniques, such as ICE or TEE, may allow to reduce 
fluoroscopy times. Razminia et al6 showed, in a retrospective study on 
500 patients, that ablation procedures may be performed safely and 
effectively without fluoroscopy, using only ICE and electro-anatomical 
mapping with dedicated probes. 

The use of TEE was widespread in ablation procedures before 

Figure 1:
Intracardiac echocardiography images (A-F) of a serpiginous thrombus swinging from the tip of the introducer in the left atrium, 
after transeptal puncture conducted for pulmonary vein cryoablation. Red markings externally to the contour of the thrombus were 
delineated in some images (C, F) to facilitate visualization.
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the advent of ICE and is currently still used in some centers due to 
operator preferences. However, even if TEE may reduce radiation 
exposure, it has less favorable characteristics compared to ICE. First, it 
reduces patient discomfort, the probe being is introduced through the 
femoral vein under local anesthesia, thus avoiding general anesthesia 
(with or without endotracheal intubation) that is needed for TEE. 
This prevents the risk associated with anesthesia, such as aspiration 
pneumonia and anesthesia awareness, and may reduce procedural times 
(i.e. no anesthesia induction and recovery times). Superiority of ICE 
in this regard was proven by Bartel et al5 in a study in which ICE was 
compared to TEE in device closure of IAS communications, showing 
that ICE was better tolerated and reduced fluoroscopy and procedural 
times. Second, ICE avoids the risk of pharyngeal and esophageal injury, 
which is common with TEE. As a matter of fact, Freitas-Ferraz et 
al demonstrated, in a prospective study on 50 patients undergoing 
structural cardiac interventions, that most of them had some form of 
esophageal injury associated with TEE, with longer procedural time 
and poor or suboptimal image quality determining an increased risk7. 
Moreover, ICE allows continuous monitoring of the needle position by 
the first operator, without the need for additional specialized medical 
personnel (i.e. TEE operator)5. In addition, ICE is cost-effective and 
reduces procedural times. In the study by Hemam et al, in which ICE 
versus TEE was confronted in 50 patients undergoing LAA closure, 
it was shown that costs were comparable between the two techniques, 
with a significant reduction in procedural times in the ICE group8, 
confirming the results of Bartel et al5. Finally, ICE is usable when TEE 
is contraindicated, i.e. when esophageal varices, stenosis or lesions 
are present. Fassini et al9 presented a case of LAA closure using ICE 
guidance in a patient who was not candidable for TEE. 

Other situations where ICE guidance is desirable are pacemaker 
lead implantation in pregnant women, extraction of cardiac devices, 
retrograde balloon valvuloplasty, and endomyocardial biopsy10.

In our case, ICE guidance allowed early diagnosis of LA 
thrombus formation on the tip of the introducer used for PVI 
after introduction into the LA, thus avoiding thromboembolic 
complications. If only fluoroscopy guidance had been used, it would 
not have been possible to diagnose such thrombus formation and 
therefore prevent thromboembolic complications, such as ischemic 
stroke. The diagnosis of the thrombus may also have been missed 
using TEE. This is a further potential limitation of this technique, 
while ICE has a complementary value in re-screening the LA for 
thrombus.  Symptomatic thromboembolic events are a rare (0.4%)4 
yet devastating complication of PVI. However, asymptomatic embolic 
brain infraction and micro-bleeds at the same location of micro-
infarctions were detected in 87.5% and 65% of patients, respectively, 
by magnetic resonance imaging performed 1-3 days after PVI with 
only fluoroscopic guidance and subsequently after 6 months11. Future 
research is warranted to understand the long-term consequences 
of these lesions and to determine optimal strategies to avoid them. 
In this context, ICE guidance could reduce both symptomatic and 
asymptomatic thrombo-embolism, with fewer complications and better 
tolerability compared to TEE.

With this case report, we have shown that the use of ICE for TSP 
and during the whole PVI procedure improves procedural safety and 

efficacy. We hope to encourage further research in that direction, 
comparing outcomes and complications of PVI with ICE and TEE 
guidance to fluoroscopic guidance alone.
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Case Report
Introduction

Flecainide is a commonly used IC class antidysrhythmic with narrow 
therapeutic index which is indicated for rhythm control in patients with 
atrial fibrillation and other supraventricular or ventricular arrhythmias. 
It is a generally safe drug, however, the prescription must be especially 
careful in elderly patients or when potential drug interactions are 
expected. In cases of toxicity, patients may develop rhythm disturbances 
which might be potentially harmful and challenging to manage. Here 
we report a case of severe flecainide toxicity in an elderly patient and a 
review of the clinical presentation, electrocardiographic findings and 
possible therapeutic approaches. 

Case presentation 
We present the case of an 80-year-old female with paroxysmal 

atrial fibrillation treated with flecainide 100 mg with a “pill-in-
the-pocket” approach and major depression disorder managed with 
sertraline 100 mg daily and trazodone 50 mg daily. She was found at 
her home lying on the floor with signs of cranioencephalic trauma. 
She was transferred to the emergency department with low level of 
consciousness and hypotension with blood pressure of 86/54 mmHg. 
The electrocardiogram (ECG) of admission showed atrial fibrillation 

with ventricular rate of 86 bpm, wide QRS 170 ms complex with right 
bundle-branch block (RBBB) morphology and rSR’ in precordial leads 
V1 and V2 resembling Brugada type I ECG pattern (Figure 1B). 

The patient was pale and presented profuse sweats, low level of 
consciousness and tachypnea despite a basal blood oxygen saturation 
of 94%. While blood samples extraction, a drastic change in the 
morphology and width of the QRS was observed on the monitor. This 
time, the ECG showed idioventricular rhythm with a heart rate of 72 
bpm, a very wide QRS 206 ms with left bundle-branch block (LBBB) 
morphology and a corrected QT interval of 710 ms (Figure 1A). Any 
abnormalities were noticed in previous ECGs (Figure 1C). From that 
moment on, the patient presented constant changes in width and 
morphology of the QRS. 

Chest X-ray did not show any relevant abnormalities and a cranial 
computerized tomography did not reveal signs of acute intracranial 
complication. 

An echocardiogram was performed, but no structural or functional 
abnormalities were observed. Coronary anatomy was not assessed.

The patient presented no abnormalities in the hemogram. She had a 
preserved renal function with creatinine of 0.7 mg/dl (0.51-0.95 mg/
dl) and estimated glomerular filtration rate of 81 ml/min-1/1.73 m2. 
Potassium levels were 4.2 mmol/l (3.5-5.1 mmol/l) which discarded
hyperpotassemia as the etiology of the case. The venous gasometry
revealed metabolic acidosis with pH 7.29 (7.35-7.45), pCO2 42 mmHg 
(35-45 mmHg), bicarbonate 20.2 mmol/L (22-28 mmol/L) and high 
levels of lactate 3.20 mmol/L (0.5-2.2 mmol/L). Troponin I was 0.02
ng/dl (<0.08 ng/dl), negative as the rest of myocardial damage markers. 
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Abstract
An 80-year-old female with paroxysmal atrial fibrillation treated with flecainide 100 mg with a “pill-in-the-pocket” approach presented 

at the emergency department with cranioencephalic trauma and low level of consciousness followed by voluntary flecainide intoxication. 
The admission ECG revealed atrial fibrillation with ventricular rate of 86 bpm, wide QRS 170 ms complex with right bundle-branch block 
(RBBB) morphology and rSR’ in precordial leads V1 and V2 resembling Brugada type I ECG pattern alternating with idioventricular rhythm 
with left bundle-branch block wide QRS complex and prolonged QTc interval. The patient developed hemodynamic deterioration and extreme 
bradycardia. Sodium bicarbonate and 20% lipid emulsion were administered to revert the flecainide effect. While supportive isoprenaline 
perfusion was started, urgent fluoroscopy-guided transfemoral temporary pacing was also initiated but unable to capture. Finally, the patient 
died despite advanced cardiopulmonary resuscitation.
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Urine test for toxics resulted negative and ethanol levels were slightly 
elevated 12 mg/dl (<10 mg/dl). 

Consequently, fluid therapy was initiated to maintain blood pressure. 
After that, the patient confirmed that she had ingested more than ten 
pills of flecainide (which means more than 1000 mg of flecainide) and 
several tablets of trazodone. Therefore, we suspected flecainide toxicity 
in the context of a probable intended suicidal overdose as primary 
etiology of the case, despite determination of flecainide blood levels 
was not available. 

Then, she was admitted to the acute cardiovascular care unit 
presenting hemodynamic instability requiring vasoactive drug support 
with norepinephrine. Administration of oral activated carbon was 
considered, but the ingestion took place more than 6 hours ago, so this 
strategy was considered futile. 

Soon after, the patient developed progressive refractory hemodynamic 
deterioration. Administration of 250 ml of intravenous (IV) sodium 
bicarbonate 1/6 M perfusion and IV 20% lipid emulsion with initial 
bolus of 1.5 m l/kg followed by 15 ml/kg/h perfusion for 20 minutes, 
which have been pointed as potentially beneficial strategies, was 
initiated 1,2. An urgent fluoroscopy-guided transfemoral transient 
pacemaker was placed due to 35 bpm bradycardia but it was unable 
to capture regardless maximum output settings, well positioning 
and correction of metabolic acidosis (Figure 2), a phenomenon that 
has only been previously reported a few times in the literature 3,4. 
Meanwhile, supportive isoprenaline perfusion was initiated. In the 
following hours, she required orotracheal intubation. Extracorporeal 
membrane oxygenation (ECMO) was considered 2,5 but finally 
discarded due to frailty of the patient. After 6 hours of hospitalization, 
the patient suffered cardiac arrest and after 25 minutes of advanced 
cardiopulmonary resuscitation, she died.

Discussion 
We report a severe case of flecainide toxicity, which is an uncommon 

situation but with highly relevant complications, especially in elderly 
patients. With this case, we aim to emphasize early recognition of 
flecainide toxicity electrocardiographic signs of flecainide toxicity and 
to review potentially beneficial therapeutic strategies, as well as the need 
of caution when prescribing flecainide in elderly patients, particularly 
if they present comorbidities or possible pharmacological interactions. 

Flecainide is a class IC lipophilic antidysrhythmic with narrow 
therapeutic index (200-800 μg/L) and 12-30 hours half-life, which 
mainly blocks sodium channels affecting the phase 0 of the action 
potential, prolonging the PR, QRS, and QTc interval. This drug has 
also negative inotropic effect due to antagonism on calcium channels 1. 
It is mainly used in patients without structural heart disease for rhythm 
control strategy in atrial fibrillation and to treat other supraventricular 
and ventricular arrythmias6. Whereas there are no stablished 
contraindications, it must be used with caution in elderly patients, 
reserving it for specific  situations such as intolerance or failure of other 
antidysrhythmic drugs or very symptomatic paroxysmal episodes of 
atrial fibrillation, as this patient had. Flecainide is mainly metabolized 
in the liver by cytochrome P450 2D6 isoenzyme and mostly eliminated 
by renal excretion. Consequently, the concomitant use of drugs which 
share the same metabolic pathway (such as selective serotonin reuptake 
inhibitors like sertraline or benzodiazepines like trazodone) as well 
as conditions that impair renal clearance might lead to an increase of 
flecainide systemic effect 7.

In cases of overdose, patients may present bradycardia, wide 
QRS complex tachycardia and ventricular fibrillation 1. It has also 
been described Brugada type I ECG pattern in patients without 
channelopathy with flecainide supratherapeutic blood levels 8. This 
ECG pattern might be explained by the blockade of sodium channels 
produced by flecainide, which are also the ones that are congenitally 
affected in the Brugada syndrome. Moreover, flecainide toxicity might 
set as supraventricular tachycardia with very wide QRS with LBBB 
or RBBB morphology. According to a systematic review, if QRS is 
less than 200 ms it is more likely to manifest as RBBB and shorter 
QTc interval (Figure 1B) while if it is over 200 ms, QRS usually has 
a LBBB morphology, loss of P waves and longer QTc interval, which 
perfectly fits our patient electrocardiograms. Additionally, longer 
QRS complexes have been related with requirement of mechanical 
circulatory support and mortality 9

There is no specific treatment or antidote for flecainide toxicity, 
but several strategies have been proposed as potentially beneficial, 
added to mechanical hemodynamic and ventilatory support, as 
well as correcting electrolyte imbalance 5. However, the evidence to 
support these therapies remain to be scarce and is based on animal 
models and case reports. Firstly, sodium bicarbonate leads to a serum 
alkalinization and elevation of sodium concentration which might 
interfere the sodium channel blockade effect of flecainide. According 
to this, a pH target of 7.5 has been proposed 3.On the other hand, the 
use of intravenous lipid emulsion perfusion is based on the “lipid-
sink theory” favouring the redistribution of the lipophilic drug into 
the intravascular lipid phase. It is believed that a 20% lipid emulsion 
infusion might also participate as a metabolic stimulator of the myocyte, 

Figure 1:

(A) ECG at admission showing idioventricular rhythm with
heart rate of 72 beats per minute (bpm) with wide QRS 206
ms and left bundle-branch-block (LBBB) morphology and QTc
710 ms. (B) ECG at admission, showing atrial fibrillation with 
ventricular rate of bpm, wide QRS 170 ms with RBBB and rSR’
morphology in V1 and V2 resembling type I Brugada syndrome
ECG pattern (blue arrows). (C) Previous ECG, sinus rhythm and
narrow QRS.
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opening the calcium channels increasing cardiomyocyte contractility 
and reducing the sodium channel blockade 3,10. More research is needed 
to support the efficacy of these strategies as inconclusive results have 
been observed in animal models 10, but case reports provide several 
successful experiences with them 11,12. 

In conclusion, flecainide is a frequently used drug for atrial fibrillation 
rhythm control but in case of toxicity it can lead to severe complication 
with scarce evidence to guide its management. Therefore, flecainide 
must be cautiously used in patients with comorbidities or with possible 
pharmacological interactions. 
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Figure 2:
Agonic rhythm and failure to capture (red arrows) regardless 
maximum output of fluoroscopy-guided transfemoral 
temporary pacemaker settings and well positioning.
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Background 
Phrenic nerve injury (PNI) is a known, but rare complication for 

patients undergoing pulmonary vein isolation (PVI)1. The incidence 
of PNI is higher with cryo-balloon ablation versus radiofrequency 
ablation (5% vs 1%)2. The right phrenic nerve (RPN) usually descends 
anterior to the mid to distal right superior pulmonary vein (RSPV) 
and can be injured during isolation of RSPV. To assess proximity of the 
nerve to RSPV antrum, high output bipolar pacing to check for phrenic 
nerve stimulation is typically utilized and delivery of energy is usually 
avoided at sites of phrenic nerve capture3,4 (Figure 1). 

As there is no reliable method of predicting PNI during PVI, 
electrophysiologists should be aware of different anatomical 
variations and course of RPN in relation to pulmonary veins, to allow 
close monitoring and careful evaluation of phrenic nerve during the 
procedure. In this case series, we describe 4 cases where the RPN had 
a markedly aberrant course, coursing inferomedially along the antral 
region of the carina between the two right sided veins anteriorly and 
then along the antrum of the right inferior pulmonary vein (RIPV).

Mapping technique for Phrenic nerve
Mapping the location of phrenic nerve, along the line of ablation was 

routinely performed with a point-by-point stimulation with pacing at 
20mA@2ms pulse width. When no phrenic nerve capture was observed 
at the site of intended ablation, other areas that do capture the phrenic 
nerve were mapped. This is how the aberrant course of the phrenic 
nerve were identified.

Case Description
We report 4 Cases where the right phrenic nerve had a markedly 

aberrant course. Informed consent was taken from all the patients prior 
to the procedure.

Patient 1: 62-year-old female with hypertrophic cardiomyopathy, 
who underwent PVI for symptomatic paroxysmal AF (Figure 2A).

Patient 2: 70-year-old male with hypertension, coronary artery 
disease status post bypass surgery, AtriclipTM implant, dilated 
cardiomyopathy, with symptomatic paroxysmal AF. (Figure 2B).

Patient 3: 82-year-old male with hypertension, chronic obstructive 
pulmonary disease, and cardiomyopathy (ejection fraction 40-45%), 
who underwent PVI and cavotricuspid isthmus ablation. (Figure 3A).

Patient 4: 74-year-old male with hypertension, obstructive 
sleep apnea, preserved ejection fraction who underwent PVI and 
cavotricuspid ablation. (Figure3B).
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Abstract
Phrenic nerve injury (PNI) is a rare complication of pulmonary vein isolation (PVI). The right phrenic nerve (RPN) usually descends anterior 

to right superior pulmonary vein (RSPV) but occasionally can take an aberrant course. It is important to recognize different anatomical 
variations of phrenic nerve while performing PVI. Here were report a case series, where the RPN descended inferomedially, overlying the 
antrum of the right inferior pulmonary vein (RIPV). When testing for RPN stimulation, one should consider including the RIPV antrum and 
consider wider ablation lines anterior to RIPV to avoid PNI.
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In all four cases, RPN had an aberrant course, with evidence of 
phrenic nerve capture while pacing at 20mA @ 2ms pulse width at 
sites along the ostium of the RSPV and coursing infero-medially 
along the antral region of the carina between the 2 right sided veins 
anteriorly and then along the antrum of the RIPV.  Interestingly, all 4 

patients had a challenging transseptal access with displacement of the 
fossa ovalis posteriorly. Intracardiac echocardiography and fluoroscopy 
of the transseptal access showed marked posterior displacement of 
interatrial septum (Transseptal needle had to be angled to ~6-7’O clock 
to puncture mid posterior septum).  This surprising finding prompted 
change to a wider ablation line (Figures 2 and 3) anterior to RIPV. 
None of the patients had any procedure-related complications or RPN 
injury during follow-up.

Discussion
The regional anatomy of the phrenic nerve in relation to the 

pulmonary veins, superior vena cava, lateral right atrium, and the 
left atrial appendage must be well understood prior to the delivery of 
radiofrequency energy at these locations4. This case series highlights 
anatomic variations of the RPN, altering its relationship to the RSPV 
and RIPV, and impacting risk of PNI during pulmonary vein isolation. 
In all our cases except one, there was evidence of phrenic nerve capture 
at the common anticipated locations near the RSPV. But continued 
testing showed evidence of capture at more inferior locations as 
described above. The observation that this was associated with marked 
rotation of the transseptal access site could explain variation in regional 
anatomy of the phrenic nerve based on differing degrees of cardiac 
rotation. Need for a posteriorly directed transseptal access could be a 
marker for the electrophysiologist to evaluate for atypical course of the 
right phrenic nerve.

One large case series (Sacher et al) studied 3755 consecutive patients 
who underwent AF ablation at five centers reported 18 (0.48%) cases 
of PNI1. Right PNI occurred during right superior pulmonary vein 
ablation or SVC disconnection, and left PNI occurred during left 
atrial appendage ablation. Three mechanisms have been described as 
cause of PNI during PVI which are (1) direct heat energy transfer from 
the catheter contact site to the nerve, regardless of the energy source 
used for ablation; (2) effect of a high intensity electromagnetic field 
transiently generated at the catheter tip; (3) generation of a resonance 
current around the heart; furthermore, the PN is more sensitive to 

Figure 1: Path of the phrenic nerve in association with Pulmonary veins.

Figure 2: Pathway of the aberrant right phrenic nerve.

Schematic representation of the right phrenic nerve to right superior pulmonary vein and superior 
vena cava. In order to avoid diaphragmatic injury, a pacing catheter is placed deep into the SVC. 
With high output stimulation, persistent phrenic nerve stimulation occurs that can be mapped.
[Reproduced with permission from: Mears JA, Lachman N, Christensen K, Asirvatham SJ. The 
Phrenic Nerve and Atrial Fibrillation Ablation Procedures. J Atr Fibrillation. 2009;2(1):176. Published 
2009 Jun 1. doi:10.4022/jafib.176]

Figure 2A and 2B shows the electro-anatomic map of patients 1 (Panel 2A) and 2 (Panel 2B) 
undergoing right pulmonary vein isolation. Yellow line indicates the stim sites for phrenic nerve, 
whereas the brown dots indicate the course of the phrenic nerve. Red dots indicate wider modified 
ablation lines after aberrant phrenic pathway was plotted in the 2 patients.

Figure 3: Modification of Ablation lines 

This figure shows the aberrant course of right phrenic nerve in association to right inferior 
pulmonary veins in patients 3 (Panel 3A) and 4 (Panel 3B). Yellow line indicates the stim sites 
for phrenic nerve. In panels 3A and 3B, the brown and green circles represent right phrenic nerve 
course respectively. In both cases the ablation lines follow a modified wider pathway for isolation 
of the right pulmonary vein.
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heating than the myocardium5. One study reported that the shortest 
distance between RPN and RIPV ostium was 17.24 ± 4.88 mm (range 
7.2–33.94 mm). Thus, getting deeper into the RIPV might increase 
the risk of PNI6.  Due to the above-mentioned correlation, pulmonary 
veins are isolated ≥5 mm from the ostium. However, this can vary, 
as illustrated in our series, and is therefore important to thoroughly 
evaluate the RPN course with high output stimulation, to avoid PNI. 
All our patients also had posteriorly rotated left atria which may have 
altered the course of the RPN. Thus, in these situations, testing for 
RPN stim should include the RIPV antrum and anterior aspect of 
RIPV as well.

Limitations
Fluoroscopic images of the relationship between the hemidiaphragm 

at the location of the RIPV were not saved during the procedure.

Conclusion
We report 4 cases where the RPN had a markedly aberrant course, 

descending inferomedial and overlying the antrum of the RIPV. All 
four patients had posterior rotation of LA which may have altered 
the course of the RPN. In this scenario, testing for RPN stim should 
include the RIPV antrum.
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Introduction
Focal atrial tachycardias (AT) account for about 15% of all 

supraventricular tachycardias (SVTs) and Crista terminalis (CTer) 
appears to be the commonest site of origin1. Ablation in this region can 
be hazardous because of the proximity of the right phrenic nerve (RPN) 
as it courses down the posterolateral wall of the SVC, with a distance 
as little as 0.3±0.5 mm and only the pericardium separating these 
structures2. Phrenic nerve injury (PNI), although mostly temporary, 
may persist in ≤33% of patients and may be responsible for a variegated 
spectrum of symptoms, as the patient can remain asymptomatic or 
experience respiratory failure2,3. Proximity to the nerve can be identified 
by capture during high amplitude pacing. Several strategies of PN 
displacement by using an epicardial placed balloon, sheath/catheter 
combination, and pericardial injection of saline, air, or both have been 
reported in case reports or small series of patients2,4,5-9.

Below we discuss a case of AT arising from the superior part of the 
CTer,  in which successful radiofrequency catheter ablation (RFCA) 
without causing PNI,  has been reached by delivering energy from 
inside the right superior pulmonary vein (RSPV).

Case Report 
A 56 years old man with a history of right atrial flutter (AFL) and 

atrial fibrillation (AF) presented to our hospital for several symptomatic 
episodes of fast atrial tachycardia (AT) resistant to anti-arrhythmic 
therapy. The patient already underwent pulmonary vein isolation (PVI), 
left atrial posterior wall isolation  (LAPWI) and posterior mitral-line 
ablation in the past.

The Last echocardiography showed a normal left ventricular systolic 
function with no chamber enlargement or valvular heart disease and the 
surface ECG (Figure 1, Panel A) recorded during palpitations showed 
the presence of an AT with a 2:1 atrioventricular conduction and a heart 
rate of 115 bpm. P wave morphology (positive in II,III, aVF, biphasic 
in V1, positive in I) was suggestive of AT arising from CTer or RSPV.

The patient was therefore scheduled for RFCA of the arrhythmogenic 
substrate by using the CARTO® 3D mapping system (Biosense 
Webster, Irvine, CA). After gaining the informed consent, the 
procedure was performed under general anaesthesia, with a 3-days 
discontinuation of Sotalol. 

During manipulations of the catheters inside the atria, sustained 
AT with a cycle length (CL) of  332 msec, a proximal to distal CS 
activation and the same P wave morphology as the one recorded during 
the hospitalization, was induced. Voltage map and pacing manoeuvres 
confirmed the isolation of all four pulmonary veins and LAPWI 
together with the absence of reconnection through the posterior mitral 
line (Supplementary Figure 1). Since the earlier signal was recorded 
inside the isolated RSPV (far-field signal), we mapped the right atrium 
confirming the origin of the AT to be located in the superior part of the 
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Abstract
Ablation of atrial tachycardias arising from the superior portion of Crista Terminalis may be risky because of the possibility to injure the 

right phrenic nerve.  Although few techniques for phrenic nerve displacement have been reported, their execution can be difficult, time-
consuming and expose the patient to further complications related to epicardial puncture.  In our case, radiofrequency catheter ablation from 
the right superior pulmonary vein allowed us to successfully treat the arrhythmia without hampering the phrenic nerve integrity.  
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CTer (Propagation map video in the Supplementary video). 

Our 3D mapping findings (Figure 2, Panels A and B) have been 
supported by intracardiac EGMs that showed signals with the earliest 
activation in the upper CTer, with a far-field signal in the RSPV.

Unfortunately, high output pacing (20 mA; pulse width of 2 msec) 
in the upper CTer revealed diaphragmatic contractions. A progressive 
reduction of the pacing output showed PN stimulation to be present 
even at a pacing output of  2 mA x 2 msec. We decided to try to focus 
our attention slightly caudal to the point of earliest activation, in an 
area with fractionated potentials and without PN capture. Nevertheless, 
despite eleven RF applications with a 4-mm tip ablation catheter with a 
contact-force sensor (20-30 Watts for 60 sec, Max T 45°C) AT resulted 
still easily inducible even during catheters manipulation. A standard 
8 Fr 6 mm cryoablation catheter was not available at that time in our 
cathlab. Therefore, before performing a subxiphoid puncture to get the 
pericardial access and try to displace the RPN, since the 3D anatomical 
map showed a clear closeness of the RSPV anterior wall with the 
earliest activation site in the CTer (Figure 2, Panel B), confirmed by 
the CT scan (Figure 1, Panel B), we decided to approach the AT from 
the RSPV.  Since high-output pacing from the anterior side of RSPV 
did not show phrenic nerve capture, ten RF applications (25 - 35 Watts, 
60 sec, max T 45°C) were delivered in this area during sinus rhythm. 
After 30 minutes from the last ablation, the arrhythmia remained 
non-inducible despite aggressive pharmacological and programmed 
stimulation that included infusion of > 6 μg/min of isoproterenol, 
application of 4 extra-stimuli, and burst pacing. The patient was 
discharged the day after the procedure without complications and 24-
hour Holter-ECGs after 4 and 12 weeks did not show AT recurrences 
or sinus node dysfunction.

Discussion
Among the ATs, the ones originating from the CTer are common 

and, as reported by Kalman and coworkers10, the superior and the 
medium part of the CTer appeared to harbour ectopic foci more 
frequently than the inferior part of it. 

The CTer is an area of marked anisotropy due to poor transverse 
cell-to-cell coupling11. Such anisotropy, by creating a region of slow 
conduction, favours the development of micro-reentry. In addition, 
the normal sinus pacemaker complex is distributed along the long axis 
of the CT12.

Although the rate of successful catheter ablation is reported to 
be high1,10 (> 92%), the proximity of RPN to CTer may render the 
ablation particularly dangerous for the patient. Therefore, several nerve 
displacing methods, requiring subxiphoid access, have been described 
to protect the RPN from ablation-associated injury2,4,5-9.

In our patient, the arrhythmogenic myocardium was located in 
the superior portion of the CTer and pacing from this site induced 
diaphragmatic contractions, indicating the extreme closeness of RPN 
with the AT site of origin. Although the high effectiveness, obtaining 
percutaneous subxiphoid pericardial access together with using tools 
to dislocate the PN from its position may raise the risk of procedure-
related complications, are time-consuming and not easy to perform2. 
This seems to be largely related to the limited space between the RSPV 
and right atrium— SVC region that limits manoeuvrability in the 
pericardium near the RPN so that about 50% of patients require the 
use of multiple displacement techniques2. 

Taking into consideration the aforementioned information, since the 
closeness of the RSPV anterior portion to the CTer and the absence of 
RPN capture during pacing, we tried to deliver RF ablations in this area 
to epicardially reach the arrhythmogenic focus, without compromising 
the integrity of the nerve.

The lack of RPN capture during pacing from the RSPV was probably 
due to the medial position of our catheter compared to the nerve 
which usually runs in the posterior or postero-lateral side of the upper 
right atrium13. In the same way, the effectiveness of our ablation has 
been likely derived from the delivery of energy in a posteromedial to 
anterolateral fashion, creating a lesion that managed to extend from 
the RSPV endocardium to the AT’s focus of origin in the CTer. After 
the ablation, a fast mapping of the CTer endocardium in proximity 
to the RSPV ablated area showed no signals, demonstrating the 
lesion extension from the PV endocardium to the CTer endocardium. 
Moreover, enough distance from the nodal artery (that can provide a 
cooling effect so reducing the efficacy of energy delivery)14 has been 
another possible reason that made our ablation successful. 

Conclusions
RPN injury may be a serious complication after catheter ablation 

of ATs arising from the CTer. Despite some methods of phrenic 
nerve displacement has been reported in case reports and small series 
of patients, they are sometimes complex and time-consuming. We 
reported the first case to date of successful RFCA of AT arising from 
the superior part of CTer, performed from the RSPV endocardium. 

Figure 1:

Panel A shows the surface ECG of our patient during AT. As 
can be noticed P wave morphology during tachycardia is very 
similar to the one present in sinus rhythm (positive in the 
inferior leads, iso-diphasic in V1 and negative in aVR); this 
feature creates suspicion of focal activity arising from CTer or 
RSPV.  Panel B shows the heart CT-scan of the patient. The 
encircled area, corresponding to the ablation spots from the 
anterior portion of RSPV, is very close to the CTer.
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Further studies involving more patients are required to confirm the 
feasibility and the real effectiveness of our initial finding on a larger 
scale.
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Figure 2:

Panel A and Panel B show activation maps  from CARTO of 
both atria. As the reader can notice, the activation recorded 
by the mapping catheter in the CTer, is earlier than the one 
(far-field, encircled in red) recorded inside the RSPV (CTer 160 
msec earlier than CS 5-6; RSPV (far-field) 131 msec earlier 
than CS 5-6). Panel C and Panel D, display the activation map 
of the LA and RA respectively. The CTer is activated slightly 
before the RSPV as EGMs and propagation map (video in 
the supplementary material) shows. RF ablations have been 
delivered both in the supero-medial CTer  and in the anterior 
portion of the RSPV, but only those last ones were effective. 

http://jafib.com/PMC/XML/Inprogress/20200655/Carto_AT-3D.mp4
http://jafib.com/PMC/XML/Inprogress/20200655/Supplementary_Figure.pptx
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Introduction
Atrial standstill (AS) is characterized by lack of electrical  and 

mechanical activity that is often seen in older adults with scarred atria 
post ablation or post cardiac surgery.. 

We report a unique case of a young patient who presented with 
symptomatic junctional bradycardia and was found to have atrial 
electrical inactivity (absence of p waves) and mechanical standstill.

A 43-year-old female presented with dyspnea and lightheadedness 
with a junctional rhythm at a rate of 32 bpm. Transthoracic Echo 
demonstrated EF of 65%.with severe biatrial enlargement with no 
A wave on tissue doppler. With exercise, junctional tachycardia was 
noted. Holter monitor demonstrated junctional rhythm with heart 
rates ranging from 26 bpm to 65 bpm. There was no evidence of sinus 
activity on EKG. Cardiac MR demonstrated global cardiomegaly 
and small subendocardial delayed enhancement in anterior wall. Left 
and  right heart catheterization revealed normal coronary arteries, 
pulmonary artery systolic pressure of 59 mmHg, and wedge of 17 
mmHg. Symptoms persisted despite diuresis and decision was made 
to implant a  pacemaker. During pacemaker implantation, It was noted 
that the right atrium was inexcitable with lack of atrial capture and 
sensing. A catheter in coronary sinus also revealed only ventricular far 
field signals with absence of atrial electrical activity in left atrium as 
well. A single  lead was implanted In the right ventricle. No retrograde 
atrial activity was noted with ventricular pacing. She was placed on 
apixaban for anticoagulation. Genetic testing was negative and only 
revealed a RYR2 gene variant c.3026G>A of unknown significance.

This case demonstrates lack of atrial sensing and capture due to 
congenital atrial electrical absence.

Congenital atrial standstill is rare and usually associated with 
SCN5A mutation and Connexin 40 polymorphisms. 

Management includes pacemaker implantation and anticoagulation.
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Epidemiology
Myocarditis refers to inflammation of the myocardium caused by 

infectious and non-infectious process. The prevalence of myocarditis 
worldwide is estimated at 10.2-105.6 cases per 100,000 population 
annually1. Review of postmortem autopsy reports revealed that 
myocarditis is often overlooked, and its incidence is around 0.11% 
and 0.007% for non-specific myocarditis and giant cell myocarditis 
respectively2, 3. The average age for myocarditis is 40 ± 16 yrs4, 5. 
Generally, it is believed that myocarditis is more common in males as 
compared to females due to the protective effects of hormonal profile 
(estrogen and progesterone) on autoimmune responses6-8.  Younger 
men presenting with myocarditis have rapid clinical progression with 
higher risk of death whereas females tend to present at older age 
with  ventricular arrhythmias secondary to myocarditis8.Some of the 
common etiological factors include infections, toxins, drugs, infiltrative 

diseases and autoimmune diseases1. 1-5% of patients with documented 
viral infection progress to develop myocarditis8. It should be considered 
in any patient presenting with unexplained congestive heart failure, 
ventricular arrhythmias, atrial fibrillation or dilated cardiomyopathy1. It 
accounts for up to 46% of cases in young children with sudden cardiac 
death and dilated cardiomyopathy9. 

Prompt diagnosis and treatment is required, otherwise unrecognized 
myocarditis can rapidly progress to cardiogenic shock with increase in 
mortality and morbidity10. Although various etiologies such as viruses 
and autoimmune phenomenon have been proposed, there are many 
unanswered questions regarding the underlying pathophysiology 
that initiate and trigger myocardial inflammation10. These gaps in 
knowledge need to be addressed by developing appropriate myocarditis 
disease models for understanding the interaction of initial insult with 
myocardial tissue, autoimmunity, and host genetics so as to develop 
novel diagnostic and therapeutic modalities that can halt the disease 
progression for better clinical outcomes. 

Etiology 
The aetiology of myocarditis is very much varied and can be 

summarized as follows: Infectius agents (bacteria, virues, fungi, 
protozoa and parasites), toxins, drugs, autoimmunity, hypersensitivity, 
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Abstract
Myocarditis refers to inflammation of the myocardium caused by infectious and non-infectious process. It should be considered in any 

patient presenting with unexplained congestive heart failure, ventricular arrhythmias, atrial fibrillation or dilated cardiomyopathy .  Prompt 
diagnosis and treatment is required, otherwise unrecognized myocarditis can rapidly progress to cardiogenic shock with increase in mortality 
and morbidity. Although various etiologies such as viruses and autoimmune phenomenon have been proposed, there are many unanswered 
questions regarding the underlying pathophysiology that initiate and trigger myocardial inflammation. These gaps in knowledge need to 
addressed by developing appropriate myocarditis disease models for understanding the interaction of initial insult, autoimmunity, and host 
genetics so as to develop novel therapeutic modalities that can halt the disease progression for better clinical outcomes. This review focuses 
on etiology, pathophysiology, symptomatology, diagnosis, treatment and directions of myocarditis.
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systemic inflammatory diseases, chemicals, radiation exposure and 
idiopathic11, 12. 

Viruses
The viruses that had been in implicated in the causation of myocarditis 

include adenoviruses (Coxsackie A&B, ECHO, influenza, and Polio), 
enteroviruses, adenoviruses, mumps, measles, rubella, hepatitis C&B, 
COVID-19 and HIV11, 12.

Bacteria
Bacteria such as Staphylococcus, Streptococcus, Corynebacterium 

diphtheriae, Ehrlichia, Borrelia, Legionella, Clostridium, Mycoplasma 
pneumonia, Treponema pallidum,  Salmonella and Shigella species etc. 
are also known to cause myocarditis11, 12. 

Fungal
Although fungal myocarditis is rare, the most frequently encountered  

opportunistic invasive fungal infections of the  myocardium are due to 
Candida, Aspergillus, Cryptococcus, Histoplasma, Blastomyces and 
Coccidioides38. 

Protozoal
The most common protozoa parasites known to cause infection in 

the myocardium include Trypanosoma cruzi, Toxoplasma, Plasmodium, 
Entamoeba, Leishmania, Balantidium and Sarcocystis12, 39. 

Parasites
Some of the parasites implicated in myocarditis include larva migrans 

and schistomiasis12.

Toxins / drug-induced  
Toxin induced cardiomyopathy occurs mostly in individuals with 

long-term occupational exposure (lead, mercury, arsenic), medically 
prescribed drugs (tricyclic antidepressants, dobutamine,  anthracycline 
lithium, epinephrine, radiotherapy, catecholamines, doxirubucin and 
trastuzumab) or with illicit drugs (cocaine, amphetamines, alcohol) 
and IL-2 40,12, 41. myocarditis 

Hypersensitivity drug reactions
Myocarditis can be secondary to hypersensitivity reaction to 

administration of drugs such as antibiotics (ampicillin, cephalosporins, 
tetracycline and sulfasoxazole), diuretics (hydrochlorthiazide and 
spironolactone), digoxin,  dobutamine, tricyclic anti-depressants, 
lithium and indomethacin11, 12. 

Systemic diseases
Systemic inflammatory diseases such as Systemic lupus erythematosus 

(SLE), Sjogren’s syndrome, Chagas disease, Inflammatory bowel 
disease, Takayasu arteritis, Thyrotoxicosis, Churg-strauss syndrome 
and Sarcoidosis can be associated with myocarditis as a secondary 
phenomenon due to molecular mimicry and deposition of antigen-
antibody complexes in the myocardium11, 12.

Pathophysiology
Viruses were implicated in up to 69% cases of myocarditis. The 

pathophysiology of clinical myocarditis can be divided into three 
phases. Phase I (viral access into myocardium and initiation of 
adaptive immune response), Phase II (autoimmune phase including 
role of T-cells, cytokines, and auto-antibodies) and Phase III (chronic 
myocarditis and dilated cardiomyopathy).

Phase I: Viral infection and initial activation of innate immunity 
(1-7 days)

Cardiotropic viruses such as Adenovirus and Coxsackie virus are 
implicated as most important causative factors for myocarditis. Once 
they enter the body through respiratory tract or gut, they initially 
get localized into the immune cells of the neighboring lymphoid 
organs, which provides them temporary shielding against immune 
clearance. They eventually are transported to the distant target organs 
such as heart causing myocarditis and cardiomyopathy. These viruses 

Figure 1:

Phase 1 Pathogenesis of Myocarditis. Infiltration of viral 
organisms in the lungs leads to hematologic spread of viral 
tissue to healthy myocardial tissue. An immune response 
mediated by the innate immune system, via monocytes, 
neutrophils, NK cells and mast cells, and ultimately the 
recruitment of the adaptive immune system, via CD4+ T-cells 
and TH1 cells leads to a cascade of necrosis. This causes a 
systemic inflammatory response, leading to the production of 
Ly6Chigh Monocytes in the spleen.

Table 1: Infectious etiologies of Myopericarditis

Viruses (common) Bacteria Fungal Protozoans

Adenovirus Staphylococcus (most 
common bacterial cause)

Candida Trypanosoma 
(Chaga’s disease)

Enterovirus (Coxsackie A/B) Streptococcus Aspergillus Toxoplasma

Parvovirus Corynebacterium 
diphtheria

Cryptococcus Plasmodium

Ebstein Bar Virus Ehrlichia Histoplasma Entamoeba

Herpesviridae Borrelia Blastomyces Leishmania

Human Immunodeficiency 
Virus

Mycobacteria Coccidioides Balantidinum

Corona virus Salmonella Sarcocystis

Hepatitis Chlamydia

Influenza

Varicella
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are predominantly regarded as cardiotropic as they have predilection 
towards heart and act by binding through transmembrane receptor 
known as CAR (Coxsackie virus and adenovirus receptor) and decay 
accelerating receptor (DAR)10, 12. Induction of cytokine mRNA, 
expression of interferons, interleukins, TNF-alpha and induction 
of cardiac auto-antibodies are some of the findings that can occur 
during this phase12.Viral antigens can activate the immune system 
with the help of  major histocompatibility complex (MHC) and T-cell 
membrane–associated tyrosine kinase p56lck43. The various mechanisms 
by which viral laden cardiomyocytes are killed by cytotoxic lymphocytes 
in this phase  can range from perforins, serine proteases and Fas-ligand 
pathway44. Immune responses during phase I can be considered to 
be a double-edged sword as they serve a dual purpose by helping in 
clearing of viral infected cardiomyocytes as well as aggravating virus 
induced myocardial damage44. It is important to understand that if 
T-cell mediated immune responses were not successful in curtailing, 
restricting and healing of viral myocarditis in this early phase, then it
most likely progresses to phase II44.

Innate immune response:
Once viral infection occurs, both cardiomyocytes and innate immune 

cells will be activated by toll like receptors (TLRs), nucleotide binding 
oligomerization domain like receptors (NOD), pathogen associated 
molecular patterns (PAMPs) and damage associated molecular patterns 
(DAMPs) such as ATP, S100A8 and S100A945-48. Their activation 
leads to secretion of cytokines, chemokines, and interferons as well 
as inflammasome activation in macrophages thereby resulting in the 
migration of innate immune cells such as monocytes, mast cells, natural 
killer cells and neutrophils towards the site of damage in the myocardial 
tissue48, 49. The main purpose of this innate immune response is to 
eliminate the viruses from the body, to neutralize the viral induced 
myocardial damage, and prevent the progression to inflammatory 
cardiomyopathy. Coordinated and synchronized innate immune 
response is a crucially significant defense mechanism unleashed by 
the body for clearing the virus from the body and reversing the virus 
induced myocardial damage.

 Unfortunately disjointed and unabated actions of innate immune 
cells can result in excessive loss of myocardial contractile units which 
can potentially be exacerbated by effects of adaptive immune system 
in phase II.

Monocytes:

Table 2: Non-infectious etiologies of Myopericarditis

 Drugs & toxins Autoimmune Malignancy Vaccine 
associated

Occupational exposure to 
lead, arsenic, mercury

CTDs (SLE, RA, 
Scleroderma, MCTD)

Lung cancer, breast 
cancer, melanoma

Smallpox 
vaccine

Prescription drugs (TCAs, 
dobutamine, anthracycline, 
epinephrine, trastuzumab, 
methyldopa)

Inflammatory Bowel 
Disease (Crohn’s Ulcerative 
Colitis), Scleroderma, 
Celiac disease

Illicit substances (cocaine, 
amphetamines, alcohol)

Eosinophilic

CTD= Connective Tissue Disease, SLE=Systemic Lupus erythematous, RA=Rheumatoid Arthritis, 
MCTD=Mixed Connective Tissue Disease

Once these viruses enter into the cell, they multiply within the host cell, 
causing cytoskeletal dismantling and ultimately leading to myocardial 
tissue  degradation10. This  results in the release of intracellular danger 
signals including myocyte antigens into the circulation triggering 
the activation of adaptive immune response12. On the other hand, 
myocardial tissue damage also releases IL-1β, PAMPs and DAMPs 
into the circulation which triggers emergency hematopoiesis in the 
bone marrow, resulting in the release of myeloid progenitor cells into 
the circulation. These myeloid progenitor cells eventually migrate 
into the spleen triggering extra medullary hematopoiesis leading to 
the production of pro-inflammatory Ly6Chigh monocytes (figure 1)50. 
Interferon gamma (IFNy) produced by inflamed cardiomyocytes 
induces the fibroblasts within the myocardium to produce chemokines 
(CCL2 & CCL7) which attracts Ly6Chigh monocytes towards the 
myocardium. Accordingly, blockade of these chemokines resulted in 
decreased migration of these Ly6Chigh monocytes and attenuation of 
destructive autoimmune process of myocarditis51. The monocytes that 
are recruited and transformed into macrophages in the myocardium 
have dual function  including secretion of anti-inflammatory cytokines 
that promote tissue repair as well as secretion of pro-inflammatory 
cytokines such as TNF-alpha and IL-6 that can provoke myocardial 
tissue damage10. 

Although main purpose of recruiting monocytes to the myocardium 
is to mount an immune response for clearing the viral infection, most 
often it proceeds in an uncontrolled and disjointed manner leading 
to excessive myocardial damage and loss of myocyte contractile 
units51. In experimental autoimmune myocarditis, IL-17A signals 
through fibroblasts to inhibit efferocytosis (removal of dead myocytes 
by macrophages) and promote pro-inflammatory gene expression in 
Ly6Chighmonocyte-derived macrophages (MDMs), thereby inciting 
rapid myocardial damage in viral myocarditis52. In the contrary, MDMs 
with M2 gene expression are known to facilitate the recruitment of 
regulatory T-cells (Treg) into the myocardium which are preferentially 
instrumental in halting the myocardial damage by attentuation of  

Figure 2:

Phase 2 Pathogenesis of Myocarditis. A cytokine storm, 
generated by the downregulation of regulatory T cells and 
upregulation of TH17 cells in lymph nodes, further causes 
myocardial damage. The production of autoantibodies against 
myocardial tissue further potentiates the damage by B-cells.
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of myocardial necrosis and is associated with major adverse cardiac 
complications in patients with myocarditis58, 59. Furthermore, it has 
also been shown that neutrophils can accentuate the progression 
of myocarditis by sustaining the severity of CD8+ T lymphocyte 
migration to the injured myocardium which is independent of T-cell 
migration associated with adaptive immune response 60. However, in 
CVB3 viral myocarditis neutrophil migration was shown be beneficial 
rather than counterproductive where IL-12 mediated protection 
included upregulation of interferon-gamma (IFN-y) and increased 
neutrophil and macrophage accumulation for clearance of virus from 
the infected myocardium61. Furthermore, neutrophil induced secretion 
of alarmins (S100A8 and S100A9) also promotes the progression of 
inflammatory cardiomyopathy10. Interestingly, neutrophil induced 
myocardial necrosis coincides with elevation of alarmins in the plasma 
of patients with active myocarditis as compared to healthy controls 
which can be used as biomarkers for flaring of myocardial inflammation 
47. 

Phase II:Activation of adaptive immune response 
Prominent features of this stage include activation of adaptive 

immune response, T-cell activation, chemokine & cytokine secretion, 
T-cell mediated clearance of virus, T-cell mediated myocardial injury
and accumulation of cardiac specific auto-antibodies (figure 2)12. This 
phase can last from few weeks to few months and result in decrease in
viral titers, clearance of virus and improvement of contractile function. 

Role of T-cells
Myocardial damage in viral myocarditis, autoimmune myocarditis 

and autoimmune inflammatory cardiomyopathy is usually mediated 
by activated T-cell  repertoire10. Viral antigens processed by Golgi 
apparatus of cardiomyocytes are presented on the cell surface with the 
help of major histocompatibility complex (MHC)43. Antigen presenting 
cells (APCs) present these viral antigens to the T-lymphocytes in the 
neighboring lymphoid organs which leads to activation of T-cells 
which actively seek viral infected myocytes to destroy and eliminate 
them by cytokine mediated or perforin based lysis mechanisms43. Some 
of the viruses such as EBV are known to trigger a massive CD8+ T-cell 
influx towards myocardium thereby amplifying the immune response10. 

hyperactive adaptive immune system51. 

Mast cells, Natural Killer cell, Dendritic cells, and Neutrophils
Earliest cell mediated immune response to viral infection of 

myocardium includes migration and degranulation of mast cells 
for secretion of cytokines such as TNF-alpha, IL-4 and IL-1β 
for neutralizing the viruses and  confine the myocardial damage10. 
Furthermore, mast cells also secretes matrix metalloproteinases 
(MMPs) and fibrinogenic mediators (chymases and tryptases) that 
mainly functions to induce the fibroblasts within the myocardium and  
thereby producing stem cell factors that can potentially differentiate 
into more mast cell precursors in the myocardium53. It has been shown 
that, gene expression of mast cell enzymes(chymase and tryptase) 
increases during the active phase of myocarditis and sub-acute phase 
of congestive heart failure emphasizing its protective role in myocardial 
necrosis and fibrosis respectively53. To prevent the progression of 
inflammatory myocarditis and promote the clearance of viral infection, 
natural killer (NK) cells are usually recruited into the site of myocardial 
injury. NK-cells have been shown to be protective against coxsackie 
B virus (CBV) and cytomegalovirus (CMV) induced myocarditis 
by their inherent lytic effect54. Their principal mechanisms of action 
in myocarditis include formation of perforin induced pores in viral 
infected cardiomyocytes, limiting viral replication and attenuating the 
inflammatory response54. Furthermore, the protective effects of NK cell 
include suppression of auto-reactive T-cells and monocyte maturation 
for myocardial regeneration51. 

Neutrophils
Neutrophils are one  of the earliest  immune cells that migrate to 

the myocardium after viral infection for initiating and maintaining 
myocardial inflammation through a process called NETosis (neutrophil 
extracellular traps), a process which has been demonstrated in mice 
with experimental autoimmune myocarditis55,56. Downstream signaling 
events that occurred after neutrophil recruitment to the myocardial 
tissue include NF-kB activation, upregulation of CD11b, increased 
adhesion to fibrinogen/fibronectin, secretion of pro-inflammatory 
mediators (myeloperoxidase, IL-6, IL-8, TNF-alpha & IL-1β)57. 
Increase in neutrophil to lymphocyte ratio (NLR) reflects the extent 

Figure 3:

Transformation of Subacute Myocarditis to Chronic Dilated 
Cardiomyopathy. A combination of cytokines, miRNA and 
virally induced damage precipitates the dilation of the heart 
and the further loss of contractility.

Table 3: Treatment options of non-virus NICM

Guideline directed medical therapy All patients with reduced left ventricular 
ejection fraction (LVEF)

Immunosuppressive therapy (prednisone + 
azathioprine)

Noted to have improved LVEF, decreased 
mortality, and decreased NYHA class (TMIC 
study) in conditions like giant cell myocarditis, 
eosinophilic myocarditis, granulomatous 
myocarditis, and inflammatory myocarditis 
associated with sarcoid 

IVIG

Intramyocardial administration of high 
doses of triamcinolone

To avoid clinical side effects of IST

Combination of monoclonal anti-CD3 
antibodies, methylprednisolone, and 
cyclosporine

Treatment for idiopathic giant cell myocarditis

Trans-endocardial stem cell injection of 
allogenic human mesenchymal stem cells 

Increased EF, improved exercise performance 
and decreased MLHFQ

IL-1 receptor blockade (Anakinra) Demonstrated improvement in fulminant 
myocarditis

IST – Immune suppressive therpy
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myocarditis from phase II to phase III44. Recruitment and activation 
of T-lymphocytes in myocardium sets in motion a cascade of events 
by secretion of pro-inflammatory mediators such as TNF, IL-1a, 
IL-1b and IFN-gamma leading to myocardial damage, destruction 
of  myocyte contractile units and interstitial matrix12, 43. Moreover, 
predominance of Th17 immuno-phenotype in myocarditis was 
associated with elevated pro-inflammatory cytokines such as  IL-6, 
IL1-β, TGF-β1& IL-23 which  play a major  role in pathogenesis of 
heart failure and dilated cardiomyopathy in myocarditis65. According 
to Roseet al, the inflammatory phase of autoimmune myocarditis is 
mediated by Th17 cell induced cytokines such as IL-17A, IL-17F, and 
IL-2268. IL-1 beta and TNF-alpha are the cytokines that are present in 
the earlier stages whereas IFN-gamma and IL-2 are the cytokines that 
predominate in the later stages of the viral myocarditis69.IL-4, IL-5, 
IL-23 and IL-12 are responsible for progression of phase II to phase 
III of myocarditis68. In the contrary, IL-10, IL-13 and IFN-gamma 
offer protection against decreasing the severity of auto-immune phase 
of myocarditis68. Furthermore, viral induced necrosis of cardiomyocytes 
can release IL-1, TNFα into the interstitium which can stimulate the 
macrophages leading to production of pro-inflammatory cytokine IL-1 
beta which can in turn precipitate the migration of more inflammatory 
cells into the myocardium perpetuating the cycle of cardiomyocyte 
destruction, cardiomyopathy and heart failure70. Regulatory T cells such 
as Th2 can secrete cytokines such as IL-10 and IL-13 which can have 
immunomodulatory properties such as inhibition of pro-inflammatory 
cytokines and macrophage function68, 69. Administration of antibodies 
against cytokines offered protection by attenuating the severity of 
murine myocarditis44. Suppression of Toll-like receptor signaling, and 
cytokine mediated signaling which are important in the development of 
innate and adaptive immunity offered protection against autoimmune 
myocarditis and dilated cardiomyopathy in animal models71.

Auto-antibodies (Role of B-cells)
The presence of viral antigens in the cardiomyocytes or circulation 

can activate the CD4+ lymphocytes leading to B-cell proliferation 
and resultant antibody production43. Previous studies indicate that 
heart specific antibodies are present in at least 60% of the patients with 
viral inflammatory cardiomyopathy10. The presence of auto-antibodies 
against the components of myocardium in the patients with chronic 
myocarditis can promote the disease progression44. In patients with 
myocarditis, numerous antibodies have been detected including anti-
sarcolemma antibody, anti-myosin alpha and beta heavy chains, anti-
troponin antibodies, anti-acetylcholine receptor antibodies, anti-beta-1 
adrenergic antibodies, anti-cytoskeleton antibodies (actin, laminin 
and desmin), anti-mitochondrial antibodies (NAD, Creatine kinase 
and pyruvate kinase), anti-heat shock protein (60&70) antibodies and 
anti-membrane antibodies44, 48. Passive transfer of these auto-antibodies 
developed in rats immunized with cardiac myosin heavy chain, cardiac 
troponin, muscarinic receptor M2 and beta1-adrenergic receptor into 
normal rats resulted in cardiomyocyte necrosis and inflammatory 
cardiomyopathy10.

Gene-environment interactions
Previous studies had revealed that risk of developing dilated 

cardiomyopathy is related to the presence of mutant loci on HLA1 
and HLA II class proteins10. Moreover, gut bacteria such as bacteroides 
can precipitate the immune response as well as development of auto-

In animal models, there are two subsets of T-lymphocytes namely 
Th17 and Treg which are involved in the pathogenesis of autoimmune 
myocarditis10. 

Regulatory Treg cells have a protective function against myocarditis 
and cardiomyopathy by attenuating the cardiac inflammation10. In 
experimental autoimmune myocarditis, the percentage of Treg cells 
is inversely correlated with disease severity. Treg cells downregulate 
the virus induced myocardial inflammation by secreting inhibitory 
cytokines (TGF-β1&IL-10) or expressing surface molecules(CTLA-4 
or glucocorticoid-induced TNF receptor) and thereby halt the 
progression of myocarditis to dilated cardiomyopathy 62. One of the 
important proposed mechanisms for COVID-19 induced myocardial 
damage include cytokine storm with increased Th17 lymphocytes 
caused due to imbalance of TH1 and TH2 regulatory cells63, 64. 

Th17 cells are elevated in the animal models with viral myocarditis 
and dilated cardiomyopathy65. Viral infection of cardiomyocytes is 
followed by active replication, myocardial cell death, necrosis, and 
lysis. Myocardial necrosis leads to extravasation of cardiac myosin 
into interstitium. This cardiac myosin can act through TLR2 ligands 
of CD14+ monocytes and stimulate the production of IL-6, TGF-
β1and IL-23 resulting in down-regulation of Treg phenotype and 
up-regulation of Th17 phenotype65. Furthermore, cardiac fibroblasts 
can secrete chemokine (CCL20) to recruit the Th17 cells into the 
myocardium which amplify the local inflammatory response in active 
viral myocarditis66. Integrin CD11b (expressed by dilated myocardial 
cells and monocytes) can promote the differentiation of naive CD4+ 
T-cell precursors to Th17 cells in the spleen and thereby increase the
levels of IL-17, IL-23 and STAT-3 expression in the heart tissues
in viral myocarditis67. Predominance of Th17 phenotype in human
myocarditis is associated with dilated cardiomyopathy, cardiac fibrosis 
and heart failure65. 

Cytokine activation and storm
T-cell derived cytokines can be helpful in promoting the recovery

of the disease process as well as accelerating the progression of

Figure 4:

Symptomology of Myocarditis. Prodrome symptoms present 
4-6 weeks prior to the development of myocarditis, followed by 
the development of acute myocarditis, fulminant myocarditis,
or inflammatory cardiomyopathy. Fulminant myocarditis 
precipitates congestive heart failure (CHF) 1-2 days following
febrile symptoms.
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imbalance in the ratio of cytotoxic T-cells (Killer T-cells) to  regulatory 
T-cells (Treg) with associated downregulation of regulatory Treg cells 
leading to increased activation of cytotoxic T-cells with associated 
increased production of  pro-inflammatory cytokines leading to 
deleterious consequences in this regard51.

Role of miRNAs
MiRNAs such as miR-21, miR-208b and miR-499 have been 

speculated to be involved in progression of viral myocarditis to dilated 
cardiomyopathy79.   Furthermore miR-21, miR-146a/b, -155, -423-5p, 
and the miR-17-92 cluster have been implicated in NICM and LV 
systolic dysfunction79. 

Histopathology
The histopathological findings can depend on the etiology, duration 

of myocardial injury and stage of myocarditis. Endomyocardial biopsy 
might reveal different histological patterns ranging from eosinophils, 
granulomatous changes, giant cells, mono-nuclear cells, histiocytes 
along with varying degrees of myocardial necrosis and fibrosis80-82. 
Myocarditis can also be classified based on cellular infiltrate present 
such as lymphocytic myocarditis, lympho-histiocytic myocarditis, 
neutrophilic myocarditis, giant cell myocarditis, eosinophilic 
myocarditis, and granulomatous myocarditis80, 83. In few cases, the 
cellular infiltrate is associated with vasculitis component which 
might complicate the clinical scenario83. In myocarditis associated 
with Kawasaki disease, the inflammatory infiltrate is usually 
localized to epicardial layer at the base of the heart after 10 days of 
infection84. Involvement of myocardium in  systemic sarcoidosis is 
usually characterized by presence of non-necrotizing epithelioid cell 
granulomas composed of lymphocytes, epithelioid histiocytes and 
multinucleated giant cells85.  Fulminant myocarditis is characterized 
by multiple foci of active inflammation and myocyte necrosis and is 
fatal unless patients are promptly diagnosed and aggressively treated. 
In COVID-19 induced myocarditis, the predominant cellular infiltrate 
include lymphocytes, macrophages and granulomas (giant cells and 
eosinophils)86. In some cases, COVID-19 induced myocarditis can 
be associated with involvement of endothelial cells (endothelitis) 
and lead to micro or macrothrombi, inflammation and intraluminal 
megakaryocytes in microvasculature10, 86, 87. Systemic sarcoidosis may 
be associated with presence of non-caseating granulomas in the 
pericardium88. 

Symptomatology
Most of the patients of myocarditis have a prior viral prodrome 

comprising of fever, chills, flu like symptoms 9, 10, 12. After few weeks 
of viral prodrome, the clinical manifestations of acute myocarditis can 
range from chest pain, shortness of breath, syncope, cardiogenic shock, 
ventricular arrhythmias to sudden cardiac death9, 10, 12. In some cases, 
patients can have fulminant myocarditis presenting with cardiogenic 
shock and severe LV dysfunction requiring inotropes, mechanical 
ventilation and cardiac transplantation. Patients with acute myocarditis 
can be asymptomatic or present with EEG changes ranging from 
premature-ventricular complexes, irregular / polymorphic ventricular 
tachycardia and ventricular fibrillation89. In young and middle aged 
patients, acute fulminant myocarditis has presented with sudden cardiac 
death89. Healed myocarditis on the other hand can present with regular 

antibodies against myocardial tissue due to cross reactivity between 
myosin 6 antigen and myosin peptide10.

Phase III: Chronic myocarditis and dilated cardiomyopathy
The third phase is chronic myocarditis which includes chronic 

inflammation, cardiac remodeling and dilated cardiomyopathy which 
can last weeks to months10, 12. Although speculative, some of the 
mechanisms proposed for the progression into chronic myocarditis 
(phase III) include viral persistence, viral gene expression, virus induced 
remodeling, autoimmune mechanism, exaggerated inflammatory 
response and post injury adverse remodeling44, 72. The pathophysiology 
of phase III myocarditis is summarized in figure 3. 

Viral persistence 
A characteristic feature  common to adenoviruses, enteroviruses and 

parvoviruses is that they tend to persist in low levels in the myocardial 
tissue thereby perpetuating chronic inflammation and LV dysfunction10, 

43. In few cases of dilated cardiomyopathy, the latent viruses can be 
localized to dead and degenerating myocytes, inflammatory cells and 
endothelial cells which can be identified by in -situ hybridization 
technique44. One of the important mechanisms through which 
viruses persist within the myocardium include 5’ terminal deletions 
in genomic RNA so that they can trigger chronic inflammatory 
state and dilated cardiomyopathy10. The presence of gene loci such as 
HLA-DRB1*0901 and HLA-DRB1*1201are also associated with 
chronic persistence of hepatitis C viruses in the myocardium10, 73.Viral 
persistence causes development of auto-antibodies against cardiac 
myosin which can cross react with viral and myosin epitopes due to 
molecular mimicry, thereby resulting in autoimmune myocarditis 
and dilated cardiomyopathy. The most probable cause suggested for 
progression to dilated cardiomyopathy is latent coxsackie virus protease 
2A induced destruction of sarcolemma membrane and dystrophin43, 

74, 75. The underlying mechanisms that are speculated in parvovirus 
induced cardiomyopathy include endothelial dysfunction, upregulation 
of E-selectin, T-cell recruitment, coronary vasospasm, cardiac ischemia, 
myocyte necrosis and systolic dysfunction12, 76.

Cytokine mediated changes
Th17, Th9 and Th22 phenotypes of T cells are mainly implicated 

for the casuation  of  autoimmune myocarditis and its progression 
to dilated cardiomyopathy51. Initial remodeling changes begins in 
earlier stages of myocarditis due to pro-fibrotic effects of T-cell secreted 
cytokines (IL-1beta, TNF-alpha, IL-4 & IL-17) which progresses to 
cardiac fibrosis in later stages, leading to dilated cardiomyopathy72. 
In this regard, extracellular matrix remodeling ( a critical step for 
progression of acute myocarditis into dilated cardiomyopathy) is 
precipitated by pro-inflammatory cytokines (TNF-alpha& IL-1 
beta) that are elevated in phase I of myocarditis72. Cytokines activate 
matrix metalloproteinases (collagenase, elastase and gelatinase) that 
can initiate extracellular matrix remodeling for disease progression to 
chronic myocarditis43, 77. In animal models, TH2 helper cells, IL-4 and 
M2 macrophages were responsible for progression of acute myocarditis 
to dilated cardiomyopathy through low level inflammation, necrosis 
and fibrosis72. It has been hypothesized that, cytokines mediated death 
signaling mechanisms will result in adverse cardiac remodeling and 
progressive heart failure leading to dilated cardiomyopathy43, 78. Patients 
with myocarditis who progress to dilated cardiomyopathy usually have 
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and without heart failure and sudden cardiac death89, 90. Giant-cell 
myocarditis and Lyme myocarditis can present clinically with AV block 
with or without LV systolic dysfunction in younger population due to 
direct compression of conduction system97, 98.  Unexplained sudden 
cardiac death might be the initial presentation in young and middle 
aged adults with inflammatory cardiomyopathies99. Inflammatory 
cardiomyopathies can clinically present with ventricular arrhythmias 
such as premature ventricular complexes (PVCs), ventricular 
tachycardia and ventricular fibrillation due to automaticity or re-
entry mechanisms100. Specifically, acute myocarditis presents with 
irregular and polymorphic ventricular tachycardia whereas burnout or 
healed myocarditis presents with regular or monomorphic ventricular 
tachycardia 100. COVID-19 myocarditis can present with symptoms 
ranging from fatigue, dyspnea, tachycardia, chest pain, chest tightness, 
acute-onset heart failure and cardiogenic shock101. Sometimes, it can 
also present as fulminant myocarditis with ventricular dysfunction 
and heart failure within 2-3 weeks of viral exposure29, 101. In Lyme 
myocarditis, involvement of atrio-ventricular node is common with 
patient presenting with partial or complete heart block  necessitating  
immediate diagnosis and antibiotic treatment102. Moreover, myocardial 
involvement with mild-moderate LV dysfunction which is self-limiting 
in few weeks has also been reported in few clinical case reports 103, 104. 
In the typical clinical presentation of Giant-cell myocarditis, there is a 
rapid progression to fulminant form with symptoms and signs of severe 
LV dysfunction and cardiogenic shock105. Other forms of presentation 
with giant-cell myocarditis include AV block, ventricular arrhythmias 
and indolent form where clinical symptoms are absent and diagnosis 
is confirmed at autopsy or transplantation106, 107. 

Diagnosis
Diagnosis of myocarditis does not depend on clinical presentation 

alone due to wide array of symptoms. As a clinician, it is always 
prudent to have a high level of suspicion because of atypical 
presentation and rapid progression to fulminant myocarditis in few 
cases which necessitates prompt confirmation and tailored therapy 
to prevent morbidity and mortality. Biomarkers such as troponins 
or creatinine kinase (CK) lack specificity. Checking troponin levels 
during acute cardiomyopathy due to suspected myocarditis is a class 1C 
recommendation108, 109. Serum markers of inflammation like leukocyte 
count and C reactive protein can be elevated, however, normal values 
do not exclude myocarditis. The utility of viral serology is limited e.g., 
for PVB19 myocarditis, majority of patients are already positive for 
PVB19 immunoglobulin G antibodies due to its high prevalence. Every 
patient with cardiac symptoms should get an EKG as a screening tool, 
although it has very low sensitivity for myocarditis110. The EKG findings 
vary from nonspecific ST segment and T wave changes, heart blocks, 
Q waves or left bundle branch block. Presence of Q waves during acute 
myocarditis has been associated with higher CK levels, significantly 
lower LV ejection fraction (EF), higher incidence of cardiogenic 
shock and conduction abnormalities111. Studies which have evaluated 
ECG recording at the time of myocardial biopsy have shown that the 
presence of QTc prolongation greater than 440 milliseconds, QRS 
duration greater than 120 milliseconds and abnormal QRS axis are 
associated with worse outcomes112.

There are no pathognomonic features specific for myocarditis on 
echocardiogram. Studies have been done to evaluate echocardiographic 

ventricular tachycardia89. 

Furthermore, patients can present with significant conduction 
disturbances or fatal ventricular arrhythmias raising the possibility 
of giant cell myocarditis, cardiac sarcoidosis or borrelia burgdorferi 
infection9. Most commonly, patients with arrhythmias secondary to 
myocarditis present with syncope, palpitations, shortness of breath, 
and dizziness thus alerting the clinician to perform relevant diagnostic 
workup9.

It is not uncommon to find myocarditis in postmortem autopsy of 
patients who developed sudden cardiac death secondary to malignant 
ventricular arrhythmia9. The clinical course of myocarditis is quite 
variable and depends on the etiological factors, risk factor profile and 
treatment response. Most of the patients (50%) with myocarditis who 
present with mild LV dysfunction recover with no clinical sequelae12. 
However, at least 25% of the patients progress to develop end stage 
cardiomyopathy needing heart transplantation12. Previous studies 
indicate that the mortality rate in viral myocarditis has been estimated 
to be 20% and 56% at 1 year and 5 years respectively12. It is important 
to note that one of the important prognostic factors for recovery of LV 
function in myocarditis is the extent of myocardial damage in acute 
phase I9.The symptomatology and prognostic factors of myocarditis is 
summarized in figure 4.

Inflammatory cardiomyopathy is associated with atrial and 
ventricular tachyarrhythmias89.  The pathophysiology of arrhythmias 
in inflammatory cardiomyopathy involves direct myocardial injury, 
microvascular ischemia, broken intercellular gap junctions and 
fibroblast remodeling89.

Inflammation can initiate AF through modification of atrial 
electrical circuit and structural remodeling thereby altering the 
atrial electrophysiology90.  Electrophysiological changes that can be 
attributed to inflammation induced atrial electrical remodeling include 
decreased action potential duration, dysfunctioning of gap junctions 
and alteration of intercellular connections between atrial myocytes89-91. 
TNF-alpha which is upregulated in inflammation can induce atrial 
fibrosis via activation of smad-2,3 / TGF-beta signaling pathway90, 

92. Some of the systemic inflammatory diseases which have increased
propensity to AF include Rheumatoid Arthritis (RA), collagen induced 
arthritis, Psoriasis, Inflammatory bowel disease (IBD) and Ankylosing 
Spondylitis (AS)93-96.

Systemic inflammation which is frequently associated with 
increased thrombin formation and hypercoagulation causes fibrotic 
changes in the atrial wall and increased propensity to AF generation90. 
Local myocardial inflammation such as pericarditis and myocarditis 
which are highly associated with occurrence of AF have evidence of 
inflammatory sequelae in the atrial myocardial tissue such as higher 
CD45+ and CD68 lymphocytes, increased cardiac MCP-1 (Monocyte 
chemoattractant protein-1), upregulated Toll-like receptors (TLR-4 
& TLR-2) and NLRP3 inflammasome activation (NACHT, LRR, 
and PYD domains-containing protein 3)90. The clinical spectrum of 
inflammatory myocarditis can range from asymptomatic LV failure 
to fulminant myocarditis presenting with atrio-ventricular block, 
atrio-ventricular tachyarrhythmias, left ventricular dysfunction with 
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associated with ventricular fibrillation or high degree heart block 
unresponsive to standard heart failure treatment122. The use of EMB has 
been growing as a diagnostic tool for patients presenting with systolic 
or diastolic dysfunction to diagnose myocarditis. ESC working group 
on myocardial and pericardial diseases identifies acute myocarditis from 
EMB by evidence of myocyte necrosis and myocardial inflammation 
based on immuno-histochemical finding of ≥ 14 infiltrating immune 
cells/mm2 (CD3+T-lymphocytes and/or CD68+ macrophages). In 
case of chronic myocarditis, there is no finding of acute myocyte injury, 
but inflammation and interstitial fibrosis are evident 123. In 1986, a 
formal criterion for diagnosis of myocarditis, called the Dallas criteria, 
was established124. However, questions associated with sampling error, 
variation in observer interpretation, and lack of correlation between 
Dallas criteria myocarditis and demonstration of viral genomes in 
heart tissue have rendered the criteria inadequate125. EMB can be used 
to identify individual types of myocarditis, such as lymphocytic or 
eosinophilic myocarditis, which can be of prognostic value. In addition, 
EMB can also improve our understanding of the cellular and molecular 
pathophysiology of cardiovascular disease. Inspite of having all these 
pitfalls, EMB should be recommended as a supplementary diagnostic 
tool for aiding in diagnosis of unexplained, idiopathic and rapid onset 
myocarditis for delivering personalized and focused therapy based on 
the clinical scenario. 

Fulminant myocarditis: workup
The lab workup of the patient presenting with fulminant myocarditis 

(FM) should include echocardiography, cardiac CT, cardiac MRI, 
nuclear imaging, endomyocardial biopsy and coronary angiography126, 

127. Some of the frequently encountered features with FM in
echocardiography can range from bi-ventricular dysfunction, increased 
LV diameter, increased septal wall thickness, increased interstitial
edema and pericardial effusion. Identification of diffuse late gadolinium 
enhancement (LGE) with cardiac MRI is diagnostic of fulminant
myocarditis which should be managed with appropriate therapy. In
cardiac sarcoidosis and inflammatory cardiomyopathies like fulminant 
myocarditis, focused or diffused uptake of 18FDG on PET scan is
indication of active inflammation and should be followed by initiation 
of anti-inflammatory therapy89, 128. It is important to note that, FDG-
PET scan is not only used for diagnosis but also for monitoring
response to anti-inflammatory therapy in fulminant myocarditis as well 
as cardiac sarcoidosis89, 128. Although endomyocardial biopsy is rarely
used in the diagnosis of fulminant myocarditis, it should be considered 
in the following clinical scenarios as per the AHA (American Heart
Association) guidelines namely new onset clinical heart failure (2 weeks 
to 3 months) with ventricular arrhythmias, II/III degree AV block and 
refractory to standard  heart failure therapy 129. Endomyocardial biopsy 
and pathological examination revealed lymphocytic myocarditis (72%), 
giant-cell myocarditis (14%) and eosinophilic myocarditis (12%) in
patients with fulminant myocarditis 126.

Current and future therapeutic interventions
Myocarditis that occurs secondary to infections, toxins and systemic 

diseases will usually subside with treatment of underlying condition. In 
the contrary, the treatment of non-infectious myocarditis is challenging 
and there are currently wide array of treatment options that can be 
explored. Previous studies have demonstrated that in patients with virus 
free NICM, immunosuppressive therapy (IST) will have at least 90% 

parameters in fulminant versus acute myocarditis. This has prognostic 
implication because patients with fulminant myocarditis show 
substantial improvement in LV function after six months compared with 
those of acute myocarditis113. In patients with fulminant myocarditis, 
LV is not dilated but the walls are thickened when compared to 
acute myocarditis, where there is marked LV dilation with normal 
wall thickness113. The severe inflammation in fulminant myocarditis 
is known to cause interstitial edema and myocardial wall thickening 
with decreased LV contractility.  The utility of echocardiography in 
myocarditis is more relevant particularly in patients who  initially 
present with cardiomyopathy, LV dysfunction and full blown heart 
failure114.

Cardiac magnetic resonance imaging (cMRI) has evolved over the 
years as an important non-invasive diagnostic tool for myocarditis. 
cMRI is sensitive to changes in the tissue that occur during myocardial 
inflammation. cMRI is particularly useful in diagnosing myocarditis in 
hemodynamically stable patients, thereby avoiding invasive procedures 
like coronary angiography and endomyocardial biopsy (EMB)115. Role 
of cMRI is minimal in hemodynamically unstable patients due to 
irregular heart rate, tachycardia and mechanical ventilation interfering 
with adequate imaging. The pattern of late gadolinium enhancement 
(LGE) in myocarditis is usually epicardial or in the  myocardial wall116. 
cMRI is also used to stratification of high-risk patients based on their 
scar pattern in the myocardial wall. In acute myocarditis, presence of 
myocardial edema but absence of LGE on cMRI has been associated 
with better clinical outcomes in terms of recovery117. Lake Louise 
criteria 2009 proposed cMRI findings consistent with myocarditis if at 
least 2 criteria are present – 1) T2W imaging with edema, hyperemia, 
necrosis, or scar; 2) Global early gadolinium enhancement ratio 
between myocardium and skeletal muscle on T1W; 3) Non-ischemic 
LGE pattern. In 2018, latest criteria requires 2 of 2 to be positive for a 
strong MRI diagnosis of acute myocardial inflammation: 1) Myocardial 
edema in T2 mapping or T2W images; 2) non-ischemic myocardial 
injury (abnormal troponin, LGE)118. Ferreira et al. reported that, native 
T1 mapping detects inflammation and myocarditis without the need 
for gadolinium enhancement agents119. MyoRacer trial compared 
T1, T2 mapping with gold standard EMB, concluding that in acute 
myocarditis (symptom duration <14 days), T1 mapping was superior 
in detecting myocardial inflammation (Area under curve (AUC) -  
0.82) whereas in chronic myocarditis (symptom duration >14 days), 
T2 mapping showed acceptable results (AUC – 0.77)120. Positive T1 
and T2 mapping together increases the specificity for diagnosing acute 
myocardial inflammation. These findings show that T1 and T2 based 
measurements complement each other and need to be included in the 
CMR protocols. Currently, cMRI is a class IC recommendation as per 
2012 ESC (European Society of Cardiology) guidelines5, 121. Few MRI 
images showing late gadolinium enhancement (LGE) indicating the 
myocardial inflammation in transmural, epicardial, mid-myocardial  
and sub-epicardial  layers are included in this manuscript as well.

Although EMB is a gold standard for diagnosis, it is rarely performed 
for diagnosis and management of myocarditis due to its invasive nature 
and associated local complications. However, according to ESC 
(European Society of Cardiology) and ACC (American College of 
Cardiology), EMB is performed in sudden onset of severe heart failure 
within 2 weeks of viral infection as well as in fulminant myocarditis 
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present with can be managed with inotropic agents, vasopressors, 
mechanical ventilation, intra-aortic balloon counter pulsation and 
extracorporeal membrane oxygenation (ECMO)127. The diagnosis of 
cardiac sarcoidosis by MRI warrants treatment with corticosteroids 
along with azathioprine / methotrexate / cyclophosphamide126, 127. 
Giant cell myocarditis is treated with corticosteroids, thymoglobulins 
and cyclosporine126, 127.  In lymphocytic myocarditis with the presence 
of LV dysfunction, administration of interferon-gamma for 24 weeks 
resulted in substantial clinical benefit and clearance of viral genomes 
from the tissues141. Indications of implantable cardioverter defibrillator 
(ICD) is indicated in fulminant myocarditis with sustained ventricular 
arrhythmias, LVEF < 35%, LGE on cardiac MRI, inducible ventricular 
arrhythmias, syncope/near syncope and  IIIrd degree AV block as these 
patients are more prone to sudden cardiac death (SCD)89, 142. According 
to the European heart association guidelines, CRT-D (Cardiac 
resynchronization therapy) is indicated whenever there is LBBB 
(Left Bundle Branch Block) in NYHA (New York Heart Association) 
functional heart failure II-IV and LVEF < 35%143. Catheter ablation is 
contemplated in patients with fulminant myocarditis who are refractory 
to immunosuppressive / anti-arrhythmic therapy, who have atrial 
arrhythmias, electrical storm and sustained ventricular tachycardia89, 

144. Although transcatheter endocardial radiofrequency ablation
approach is used for controlling ventricular arrhythmias refractory to
anti-arrhythmic medications, combining it with an epicardial approach 
has been suggested for complete elimination of arrhythmogenic
foci in myocarditis induced rhythm disturbances145-147. Treatment
options for patients with fulminant myocarditis who are refractory
to anti-arrhythmic therapy and catheter ablation include cardiac
sympathectomy, LV assist device and finally cardiac transplantation89, 

148.

Burned out or recovered myocarditis - role of EP study / ablation 
/ ICD

Burned out hypertrophic myocarditis (BO-HCM) occurs during 
the late phases of hypertrophic cardiomyopathy when myocardial 
tissue is replaced by overgrowth of fibrotic tissue[149]. The underlying 
mechanism of this phenomenon can be explained by ischemia 
of small intramural coronary arteries, excessive alcohol intake and 
genetic factors149. Morphologically, there is LV dilation, ventricular 
wall thinning and systolic dysfunction developing the late phases of 
hypertrophic cardiomyopathy149. It is a diagnosis of exclusion and 
more likely to be diagnosed at the time of heart transplantation or at 
autopsy149.  The clinical progression of this clinical entity is usually slow, 
unpredictable with potential to develop atrial fibrillation (AF) 150. It is 
always prudent to administer a cardioverter-defibrillator for monitoring 
of any arrhythmias. The mortality of burnt out myocarditis is around 
11%150. AF associated with BO-HCM is usually associated with cardiac 
decompensation, LV dysfunction, thromboembolic events and higher 
chances of hospitalization151. In apical hypertrophic cardiomyopathy 
progressing into burnout stage, indications for radiofrequency ablation 
are VT storm and ventricular fibrillation that are unresponsive to 
medications and defibrillator implantation152. Currently, the efficacy 
of atrioventricular  (AV) node ablation and biventricular pacing in 
the management of refractory AF associated with BO-HCM is not 
clearly established153. 

In the patients with previous myocarditis, presence of active 

efficacy in resolution of myocardial inflammation130.The benefits of 
IST in NICM can be explained by increased myocardial proliferation, 
upregulated synthesis of contractile proteins and inhibition of 
cardiomyocyte death130. Accordingly, usage of IST is justified in giant 
cell myocarditis, eosinophilic myocarditis, granulomatous myocarditis 
and inflammatory myocarditis associated with sarcoidosis130. The 
response to IST can depend on many factors but most importantly, 
upregulation of HLA has been demonstrated to be positive indicator for 
response to IST. The combination of prednisolone and azathioprine has 
been associated with favorable improvement in LVEF and reduction 
in LV chamber dilation in 88% of NICM as compared to patients 
receiving placebo therapy130. In eosinophilic myocarditis, the usage of 
prednisolone and azathioprine combination resulted in improvement 
of mean survival of 8.4% on 90% of the patients48, 131. In TIMIC study, 
the patients with auto-reactive myocarditis who were treated with 
prednisolone and azathioprine combination had decrease in New York 
Heart Association class status, LV end-diastolic diameter & LV end-
diastolic volume along with drastic improvement in LVEF48, 132. Prior 
studies had investigated the use of intravenous immunoglobulin therapy 
(IVIG) in NICM due to its anti-inflammatory effect, upregulation of 
anti-inflammatory cytokines, down-regulation of complement cascade, 
increased FC-gamma receptor saturation and inhibitory action on 
dendritic cells, leukocyte adhesion, apoptosis & metalloproteinases48, 133. 

To avoid systemic side effects of IST, some researchers have tried 
loco-regional approach with intra-myocardial administration of high 
doses of triamcinolone with favorable clinical outcomes. Another 
approach used in NICM is immune adsorption which involves removal 
of anti-cardiac antibodies along with pro-inflammatory cytokines 
with better patient outcomes 48, 134, 135.  The proposed treatment for 
idiopathic giant cell myocarditis  include, monoclonal anti-CD3 
antibodies, methylprednisolone and cyclosporine48. In rat model of 
dilated cardiomyopathy, intra-myocardial injection of mesenchymal 
stromal cells from bone marrow or adipose tissue resulted in 
improvement of EF (Ejection Fraction), LV end-systolic diameter 
(LVESD), systolic volume & LV function along with reorganization 
of myocardial tissue due to increased angiogenesis and anti-fibrotic 
effects136. In NICM, trans-endocardial stem cell injection of allogenic 
human mesenchymal stem cells (hMSCs) resulted in increased EF, 
improved exercise performance and decreased MLHFQ (Minnesota 
living and heart failure questionnaire) score137. In fatal myocarditis with 
end-stage heart failure, treatment with IL-1 receptor blockade or IL-1 
inhibition resulted in amelioration of cardiac function, weaning from 
extra-corporeal membrane oxygenation and removal of left ventricular 
assist device & respiratory support138. Newer therapies such as IL-1 beta 
inhibitors (Anakinra) have been found to be efficacious in fulminant 
myocarditis although their toxic profile is not entirely known139. In acute 
myocarditis and experimental autoimmune myocarditis, HMGB1 
(high mobility group box protein 1) inhibitors have been proven to be 
a novel therapeutic strategy in improving LV pump function and long-
term prognosis140. In NICM and autoimmune dilated cardiomyopathy, 
intra-myocardial injection of mesenchymal stromal cells (autologous or 
allogenic) were found to be associated with improvement in LV systolic 
function and myocardial regeneration136, 137. 

Fulminant myocarditis: Current treatment guidelines
Cardiogenic shock in patients with fulminant myocarditis who 
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mechanism postulated was that virus can enter into the endothelial cells 
via the ACE2 pathway and cause damage. The most widely accepted 
mechanism is hyperactivation of the immune system causing a cytokine 
storm27. These circulating cytokines cause collateral damage via direct 
myocardial injury, microvascular and macro-vascular thrombus 
formation28. Thrombus induced ischemia, inflammatory cell infiltration, 
cytokines and hypoxemia are other underlying mechanisms postulated 
to be main reasons for COVID-19 induced myocarditis 29.

In a multicenter multinational retrospective study, which was 
performed to characterize the COVID-19 myocarditis in 54 PCR 
positive patients, it was revealed to be more prevalent in females and 
non-hispanic whites with a median age of presentation around 38 
years162. COVID-19 myocarditis presented most commonly with 
dyspnea, chest pain, fever, cough, and GI symptoms. The prevalence 
of COVID-19 induced acute myocarditis in young athletes and older 
adults by cardiac MRI was 3% and 26-60% respectively 162-165. Although 
COVID-19 induced myocardial injury occurs in mild form in young 
adults and resolves within few weeks without any sequelae in most 
cases, sometimes its progression to full blown myocardial syndrome 
with cardiac decompensation in rare cases requires extensive workup 
for confirming diagnosis and designing personalized cardioprotective 
therapy166. COVID inflamed myocardial tissue can form a viable 
breeding ground for generation of atrial arrhythmias particularly in 
severely ill patients and these patients should be frequently monitored 
and considered for anticoagulant therapy to prevent thromboembolic 
episodes166, 167.  Earlier detection and management of fulminant 
myocarditis secondary to COVID-19 infection is warranted 
because there is risk of  fatal ventricular arrhythmias and sudden 
cardiac death in these patients166. Cardiac MRI in these patients can 
demonstrate myocardial edema, non-ischemic myocardial injury, 
LGE in inferolateral LV chamber, LVEF (44-62%) and pericardial 
effusion. Relevant findings in endomyocardial biopsy in these patients 
include presence of CD3+ T-lymphocytes and CD68+ macrophages. 
COVID-19 is implicated in lymphocytic myocarditis with predominant 
lymphocytic infiltrates in 30-40% cases 126. Diffuse inflammatory 
infiltrates are more likely associated with non-COVID-19 myocarditis 
as compared to COVID-19 myocarditis87, 168. Out of the patients who 
succumbed to COVID-19, histopathology examination in the autopsy 
series revealed small inflammatory foci scattered in the myocardium 
in most the cases whereas multifocal inflammatory infiltrates with 
cardiomyocyte injury were recognized only in 1.4% cases169. The 
underlying pathophysiological mechanisms that are proposed for 
COVID-19 induced myocarditis include direct myocardial injury by 
direct infection of cardiomyocytes, pericytes and fibroblasts through 
angiotensin pathway 162. Alternatively, COVID-19 induced auto-
antibodies against viral proteins during the infection can indirectly 
cross-react with myocardial tissue due to molecular mimicry and 
thereby initiating myocardial inflammation126, 162. Interestingly, isolation 
of COVID-19 virus from myocardium from patients presenting with 
signs and symptoms of myocarditis was demonstrated only in 26.7% 
of cases 170, 171. Fulminant myocarditis is more common in COVID-19 
induced myocarditis (38.9%) as compared to non-COVID-19 induced 
myocarditis (8.3%)162. Accordingly, patients with COVID-19 induced 
myocarditis had more severe reduction of LV systolic function (LVEF 
40% vs 55%) requiring temporary circulatory support and experienced 
increased mortality (20.4% vs 5.4%) as compared to patients with 

inflammation by CMR / FDG-PET scan warrants immunosuppressive 
therapy which is clinically efficacious in reducing the risk of ventricular 
arrhythmias including ventricular fibrillation, ventricular tachycardia 
and premature ventricular contractions (PVCs) 154. Some of important 
sites of origin in VT in non-ischemic inflammatory cardiomyopathy 
(NICM) include RV (endocardium & epicardium) and LV endocardium 
(basal septum, anterior wall and peri-valvular regions)155. In some cases 
of previous or recovered myocarditis, VT ablation is only indicated 
in patients experiencing recurrent VT despite immunosuppressive 
therapy after confirming the chronic active inflammation with FDG-
PET scan with or without CMR and EMB 156. Although VT ablation 
therapy reduced inducible VT, VT storm and ICD burden in patients 
with arrhythmogenic inflammatory cardiomyopathy (AIC), it was not 
completely successful in completely terminating VT recurrences arising 
due to intramural circuits from scar as well as ongoing inflammation155. 
The indicators for successful ablation of ventricular arrhythmias arising 
from papillary muscles in healed myocarditis include presence of 
action potentials in purkinje potentials and smaller size of papillary 
muscles157. In case of PVCs due to recovered myocarditis, ablation 
is only indicated in those arising from right ventricular outflow tract 
(RVOT) rather than those arising from pericardium and left ventricle 
because it is associated with higher complications, lower success rate158. 
Administration of catheter ablation should be considered in patients 
with PVC burden > 24-30% even if the patient is asymptomatic 
and LVEF is preserved to prevent the onset of tachycardia induced 
cardiomyopathy159. Alternatively, if the LVEF dysfunction is secondary 
to PVCs then catheter ablation should be first line therapeutic option 
for reducing the symptom burden, improving the exercise capacity 
and optimizing the lifestyle in patients with healed myocarditis159. 
In a single center prospective study, the success of catheter ablation 
performed for PVCs associated with previous myocarditis is modest 
(45%) as these patients had recurrent PVCs arising from other locations 
at three months follow up160. In a meta-analysis of prospective and 
retrospective cohort studies, it was found that catheter ablation is 
an effective strategy for reducing VT recurrence in post-myocarditis 
patients with less relapse rate and low complications161. This meta-
analysis also concludes that, catheter ablation is a very useful adjuvant 
to medical therapy in managing VT recurrences in post-myocarditis 
patients. Future large randomized clinical control trials with long term 
follow up with standard immunosuppressive therapy, catheter ablation 
and combination are warranted to effectively determine the efficacy of 
catheter ablation in post-myocarditis patients161.  

A Special note on COVID-19 myocarditis and mRNA 
COVID-19 vaccine induced myocarditis
COVID-19 induced myocarditis

Coronavirus disease 2019 (COVID-19) is a pandemic caused by 
coronaviruses which are a family of single stranded, positive sense, 
enveloped RNA viruses. ACE2 (angiotensin converting enzyme 2) 
pathway is used by virus to attack lungs23. Since ACE2 is expressed 
in heart, kidneys, brain and the gut, the virus is known to affect 
these tissues also. Virus binds to ACE2 by a protein on the surface 
called SPIKE (S protein)24. There are several mechanisms by which 
COVID-19 virus is thought to cause myocarditis. Initially it was 
thought to cause direct destruction of cardiomyocytes. A study done 
in Germany on 39 consecutive autopsy cases has shown that virus 
was present in interstitial cells rather than myocytes25. Another 
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Israel health care system184. The average incidence of myocarditis after 
administration of 2.8 million COVID-19 vaccine doses in US military 
is around 1-10 cases per 100,000 persons-years185. In the previous 
Israeli health care study, the risk ratio of developing myocarditis 
following COVID-19 vaccine is approximately 3.24 as compared to 
18.24 with COVID-19 infection 184, 186. The underlying mechanisms 
by which mRNA COVID-19 vaccines induce myocarditis include 
immune reactivity, cross reactivity of COVID-19 spike glycoprotein 
antibodies with myocardium and hormonal differences187. COVID-19 
spike glycoprotein antibodies specifically cross react with myocardial 
myosin alpha-heavy chain particularly in patients in certain genetic 
background that predisposes them to abnormal innate and acquired 
immune responses in heart tissues187. Accordingly, this results in the 
activation of inflammatory pathways in the myocardial tissues leading to 
development of myocarditis following COVID-19 vaccination187. This 
happens more likely in males as compared to females as testosterone 
hormones have a tendency to potentiate T1 helper induced cell response 
via attenuating anti-inflammatory cell recruitment 187. The onset of 
myocarditis happens within 7 days after COVID-19 vaccination 
and after brief hospitalization (3-5 days) most of these patients had 
uneventful recovery to baseline cardiac function within 1-5 weeks 187. 
In a systemic review and meta-analysis study, the median hospital stay 
of COVID-19 vaccine induced myocarditis is around 3.91 days and 
99.7% of the patients recovered without any sequelae188. In this regard, 
the survival rate of COVID-19 mRNA vaccine induced myocarditis 
is around >99% as compared to 30-80% with COVID-19 induced 
myocarditis. Clinical follow up study of children with COVID-19 
induced myocarditis revealed that, immunization substantially reduced 
hospitalizations, ICU admissions and deaths from COVID-19 
infection in these children with a remote possibility of myocarditis 
which runs a short term benign clinical course with no long term 
sequelae189. Based on these findings, it is plausible to conclude that the 
risk-benefit ratio of COVID-19 vaccines in regard to myocarditis is very 
encouraging and it would be prudent to recommend the administration 
of COVID-19 vaccines in all age groups. Unnecessary media coverage 
and scrutiny is seeding needless public apprehensiveness regarding 
myocarditis post mRNA COVID-19 vaccination and discouraging 
them from getting vaccinated. The results of evidence based clinical 
research studies demonstrating the safety and efficacy of these vaccines 
should be widely circulated among the general population so that they 
get vaccinated to prevent the spread of COVID-19 and associated 
morbidity and mortality. According to CDC guidelines, if the patients 
develops myocarditis after 1st dose of COVID-19 then it is imperative 
to wait until the patient had fully recovered to baseline cardiac function 
and subsequently proceed to 2nd dose after having discussion with their 
health care provider190. 

Summary and Future directions
Prompt diagnosis of myocarditis is the most critical step for timely 

administration of immunosuppressive therapy. Current diagnostic 
modalities employed for myocarditis include FDG-PET scan and 
cardiac MRI. These imaging modalities are very expensive, and they 
present a challenge particularly in patients who do not have a better 
insurance coverage. Moreover, there are no optimized non-invasive 
screening serum biomarkers currently for patients with myocarditis 
which can provide appropriate risk stratification guidelines for timely 
management. Despite novel imaging methods and immunosuppressive 

non-COVID-19 myocarditis162. Immune mediated cardiac injury as 
well as hyperinflammation might contribute to cardiogenic shock and 
hemodynamic instability in COVID-19 induced myocarditis 172-175. 
In this clinical scenario, it is always prudent to supplement advanced 
mechanical circulatory support along with medical management using 
remdesivir, dexamethasone and convalescent plasma166, 176. Estimated 
overall mortality in COVID-19 induced myocarditis at 120 days is 
around 6.6% and 15.5% with and without presence of pneumonia 162. 
The in-hospital mortality of COVID-19 induced acute myocarditis 
is higher (15.5%) as compared to that of non-COVID-19 induced 
myocarditis (1.2%) in multi-center Lombardy registry 162, 177. The 
higher incidence of mortality can be attributed to presence of risk 
factors such as acute respiratory distress syndrome, septic shock, 
hypoxia and higher lactate levels 162. Periodic clinical follow up of 
COVID-19 infected patients for 2 months after sero-positivity with 
cardiac MRI revealed that the percentage of patients with chronic 
myocardial involvement and those presenting with overt myocarditis 
is 78% and 60% respectively178. In these patients, the COVID-19 
induced immunological changes in myocardial tissue can result in 
fibrotic changes as well as  microangiopathy leading to cardiomyopathy 
and chronic heart failure thereby warranting periodic follow up for 
initiation of cardioprotective therapy at the earliest time point for better 
clinical outcomes 166. Moreover, these patients should also be scheduled 
for periodic follow up to monitor development of cardiac arrhythmias 
with the possible implantation of cardioverter-defibrillators and 
ablation in case by case basis depending on the clinical scenario for 
optimal clinical outcomes169. 

Vaccine induced myocarditis
COVID-vaccine induced myocarditis is demonstrated to be very 

milder as compared to COVID-19 induced myocarditis. According to 
CDC vaccine adverse reporting system, there were only 399 reported 
cases of myocarditis from 128 million vaccinated individuals with either 
BNT162b2 or mRNA-1273179. In another study, incidence of acute 
myocarditis was 28 cases from administration of 28 million COVID-19 
vaccine doses (1 case per 100,000 mRNA COVID-19 vaccine doses)180. 
Another observational follow up study described 8 patients with acute 
myocarditis following BNT162b2 mRNA (Pfizer-BioNTech) and 
mRNA-1273 (Moderna) coronavirus disease 2019 (COVID-19) 
vaccines181. As per the current literature, the important risk factor for 
suspecting myocarditis is young adults presenting with chest pain within 
a week of COVID-19 vaccination166. Specifically, most of these patients 
presented with chest pain 48-96 hr following vaccine administration181. 
Pertinent abnormalities with echocardiography include reduced LVEF 
(51.5%), regional wall motion abnormalities and hypokinesis. Cardiac 
MRI revealed patchy delayed gadolinium enhancement  (DGE) 
with myocardial edema181. Majority of these patient experienced 
full uneventful recovery and were discharged from the hospital in 
stable condition with no further deterioration upon follow up181. In 
a matched case control study, the incidence of myocarditis following 
BNT162b2 mRNA vaccine is particularly more in males in age groups 
> 30 years182. It is important to note that, the incidence of COVID-19 
mRNA vaccine induced myocarditis is 1000 times less as compared
to the incidence of COVID-19 induced myocarditis183. The average
incidence of myocarditis following COVID-19 vaccination is around
2.13 cases per 100,000 persons and it is more prevalent in age group 16-
29 years according to a retrospective cohort study performed in a large 
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therapy, myocarditis is still associated with complications such 
as arrhythmias, congestive heart failure, cardiomyopathy, and 
LV dysfunction. Currently, there is still a wide knowledge gap in 
understanding the downstream signaling events that are responsible 
for progression of myocarditis into dilated cardiomyopathy. Specifically, 
the role of viruses, immune response, genetic makeup in the disease 
progression and prognosis is not very well understood so far. 
Understanding pathophysiology of individual phases of myocarditis is 
very important so that identification and validation of novel diagnostic 
and therapeutic modalities can be done in a systematic manner. These 
gaps in knowledge can be addressed by employing better animal 
models and cell culture systems that can assess initial myocardial insult, 
model immune responses, and better understand the immune cell 
interactions with cardiomyocytes. More importantly, there should 
be standardization of non-invasive and invasive diagnostic methods 
so that a better risk stratification of patients can be made in a case-
by-case basis. There is also an urgent need to design novel therapeutic 
interventions which are more effective and at the same be less toxic for 
patients with contraindications to immunosuppressive medications.  
This review gives insight into the underlying step by step downstream 
signaling events that are responsible for myocarditis along with etiology, 
diagnostic modalities, and current treatment guidelines. We hope 
to address at least some of the knowledge gap in the understanding 
of pathophysiology of myocarditis and thus paving way for new 
research on this disease process. Accordingly, single, and multi-center 
randomized clinical control trials are the need of the hour and most 
pressing need in this regard so that novel non-invasive and effective 
diagnostic and therapeutic modalities for myocarditis can be  developed 
and evaluated for better clinical outcomes to reduce morbidity and 
mortality for this clinical entity.
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Introduction
Peripartum cardiomyopathy (PPCM) in the United States has an 

incidence rate of 1 in 1,000 to 1 in 4,000. (1) The most commonly used 
definition for PPCM was developed by the 2010 European Society 
of Cardiology Working Group on Peripartum Cardiology, which 
described it as 

1. an idiopathic cardiomyopathy with the absence of other identifiable
causes of HF, 

2. left ventricular ejection fraction (EF) less than 45%, 
3. within the 3rd trimester of pregnancy or five months following

the pregnancy in the postpartum period. 2 

Patients with PPCM are at a high likelihood of recurrent hospital 
readmissions. Half of these admissions are cardiac-related, and 
approximately 15% of these cardiac-related admissions are secondary 
to arrhythmias. 3 Arrhythmias are not uncommon in this population 
and have been associated with increased maternal mortality. 4,5 In 
a retrospective study published in 2017 that used the Healthcare 
Utilization Project Nationwide Inpatient Sample database, there 
was a prevalence of 18.7% of arrhythmias in patients hospitalized 
with PPCM from a total of 9841 patients. 6 Within this population, 

4.2% of the arrhythmias were characterized as ventricular tachycardia, 
followed by atrial fibrillation (AF) at 1% and ventricular fibrillation 
(VF) at 1%. 6 The remaining burden of arrhythmias were classified 
as “unspecified arrhythmias”. Among these 9,841 patients, 6.8% of 
them had implantable cardioverter-defibrillator (ICD) placement, 
permanent pacemaker (PPM) placement in 3.4%, catheter ablation in 
1.9%, and electrical cardioversion in 0.3%. 

Genetic Landscape of PPCM
Peripartum cardiomyopathy and its genetic underpinnings remains 

poorly described in literature. Multiple genetic variants have been 
historically associated with peripartum cardiomyopathy, including 
TTN, FLNC, DSP and BAG3. 7 These genetic variants are often seen 
in dilated cardiomyopathy, supporting a similar genetic predisposition. 
In a study of 172 patients with PPCM, about 15% of them harbored 
truncating loss-of-function variants in TTN (TTNtvs), similarly to 
a group of patients with dilated cardiomyopathy. 8 The significance of 
TTN genetic mutations remains unknown, however a post hoc analysis 
of the Investigations of Pregnancy Associated Cardiomyopathy (IPAC) 
cohort showed that patients with TTNtvs have worse cardiac outcomes 
compared to patients without TTNtvs at 1 year follow up. 8 Patients 
with these TTN truncating variants often have lower ejection fractions, 
conferring more aggressive disease since ejection fraction is a strong 
predictor of clinical outcomes in PPCM. 7 Patients with truncating 
variants in FLNC have higher rates of malignant arrhythmias and may 
warrant aggressive antiarrhthmyic management. 9,10 These findings 
suggest the importance of genetic-phenotypic manifestations, which 
has therapeutic implications. For example, gene-specific therapies in 
dilated cardiomyopathy have led to lower thresholds for considering 
placement of defibrillator devices in patients with the truncated FLNC 
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Abstract
Peripartum cardiomyopathy is an idiopathic cardiomyopathy that most commonly affects women in the third trimester of pregnancy 

or in the first five months of the postpartum period. It has been associated with a myriad of different findings on electrocardiograms and 
arrhythmias. This review discusses these electrocardiogram changes and arrhythmias in regards to prevalence, genetic landscape, screening 
and prognostication implications, and management.
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variant. In a article by Goli et al., this same approach is recommended 
to patients with PPCM who harbor a truncated FLNC variant. 7 These 
findings are summarized in Table 1. Further studies are warranted to 
investigate the diagnostic and therapeutic implications of these genetic 
variants in the setting of PPCM, especially from an arrhythmogenic 
standpoint.

Electrocardiogram Findings 
In patients with PPCM, normal ECGs are rare. 11 Common 

ECG findings include sinus tachycardia, ST-segment changes, Q 
waves primarily in the anterior precordial leads, prolonged PR and 
QRS intervals, T wave inversions, and corrected QT (QTc) interval 
prolongation. 12-14 A few of the most common abnormalities on the 
initial ECG at the time of diagnosis were T-wave changes (59% of 
patients), sinus tachycardia (45% of patients), QTc changes (44% 
of patients), P wave abnormalities (29% of patients), and QRS axis 
deviation (25% of patients). 12-15 Causes of QTc prolongation are 
hypothesized to be related to hormonal fluctuations or due to the 
gradual accumulation of water and sodium during pregnancy, increasing 
impedance of tissues between the body surface and heart. 16-20 Many 
cases of dilated cardiomyopathy that are not PPCM have a prevalence 
of bundle branch blocks in about 25-30% of patients. 21,22 However, 
in patients with PPCM, QRS complexes are often wider but do not 
usually meet the criteria of being >120 msec, and seldom have left 
or right bundle branch blocks. 12-14 Only about 1% to 5% of patients 
have a either a right or left bundle branch block. 12,14 QRS duration 
in patients with PPCM has been shown to be moderately correlated 
(r=0.4; p<0.003) with left ventricular end-systolic dimension (LVESD), 
left ventricular end-diastolic dimension (LVEDD), and left ventricular 
end-systolic volume index (LVESVI). 13 Honigberg et al. found that 
patients with an initially abnormal ECG at the time of diagnosis (those 
with a bundle branch block, ventricular hypertrophy, ST-segment 
elevation/depression, or atrial abnormalities) were more likely to have a 
larger left ventricular end-diastolic dimension (58 vs. 54 mm, P= 0.002). 
12 Sinus tachyardia is also associated with an ejection fraction <35% (P= 
0.006), and QRS, LBBB, and LVH were all associated with LVEDD 
>55 mm (P= 0.018, 0.017, and 0.017, respectively). 23

Prognostication of ECG Findings 
An increase in incidence of sinus arrhythmia during follow-up 

visits is associated with an event-free survival, including no death 
or readmissions. 15 Major T wave changes on the initial ECG are 
associated with a lower ejection fraction at the time of diagnosis and 
during the 6-month follow-up. 14,15 However in a study by Honigberg 
et al., T wave inversions were not associated with worse outcomes. 12 
Another PPCM cohort study published in 2019 showed that positive 
T waves in aVR were associated with adverse cardiac outcomes. 24 
ST-segment elevation and depression are associated with a decreased 
EF at 6-month follow-up. 14 Sinus tachycardia was found to be an 
independent predictor of poor outcomes. 15,25 Prolonged QTc was also 
found to be associated with adverse cardiac outcomes. 15 

Left atrial abnormalities were associated with a lower EF at 6 and 
12 month follow up, and predicted decreased event-free survival at 
1 year follow-up compared to those with no left atrial abnormalities 
(75% vs 97%, P= 0.008). 12 These left atrial abnormalities on ECG 
are 96% specific for left atrial enlargement seen on echocardiogram, 
however only 38% sensitive. Left ventricular hypertrophy (LVH) 
identified on baseline ECG using the Cornell voltage criteria or the 
Sokolow-Lyon criteria was associated with a lower EF at initial time 
of diagnosis, compared to those without LVH on ECG (27% versus 
35%, P= 0.03). Normal ECGs at baseline during initial diagnosis are 
associated with complete recovery of EF (EF > 50%) in about 84% of 
patients as compared to 49% of patients who had abnormal ECGs at 
baseline. 12 Also, event-free survival was found in 100% of patients who 
had normal ECGs at baseline versus 85% in patients with abnormal 
ECGs (p= 0.01). 12 Patients with an abnormal ECG at baseline (those 
with a bundle branch block, ventricular hypertrophy, ST-segment 
elevation/depression, or atrial abnormalities) are more likely to require 
inotropic therapy. 12 As for patients who present with PPCM and 
persistent bradyarrhythmia, approximately 7% of these patients will 
require permanent pacing. 26 These findings are summarized in Table 2.

Arrhythmias in PPCM
The true prevalence of brady- and tachyarrhythmias may be 

underdiagnosed since an ECG only screens at one point in time. 12-14 
The majority of patients who are diagnosed with PPCM and undergo 
ECG testing are found to be in sinus rhythm, often including sinus 
tachycardia. 13,14,25 Patients that present in sinus tachycardia often 
have decreasing heart rates on subsequent visits. 15,27 There was a mean 
reduction of 27 beats/minute on 6-month follow-up appointments in 
one study. 14 About 25% of patients have normalization of these ECG 
abnormalities on follow-up appointments 6-months post-diagnosis. 14 

Figure 1: Central Illustration

Table 1:
Genetic Landscape of PPCM. Course of disease related to the 
TTN and FLNC truncating variants and their respective disease 
process implications are discussed

Course of disease Therapeutic considerations

TTN truncating 
variants

Lower ejection fractions 
conferring more 
aggressive disease 7

Increased surveillance for changes in 
cardiac function, earlier optimization of 
guideline directed medical therapy

FLNC truncating 
variants

Increased risk of 
malignant arrhythmias 9,10

Aggressive antiarrhthmyic management, 
lower threshold for considering placement 
of defibrillator devices



Featured ReviewJournal of Atrial Fibrillation Featured Review50 Original Research

www.jafib-ep.com January 2023 Volume - 16 Issue - 2

Journal of Atrial Fibrillation & Electrophysiology

Ambulatory ECG monitoring can extend the recording time to 
screen for arrhythmias while also allowing for more accurate monitoring 
during everyday activities. A study done by Diao et al. showed that the 
Holter monitor was able to diagnose a greater frequency of premature 
atrial and ventricular contractions as compared to a 10-second ECG 
in patients diagnosed with PPCM. (25) In this study, premature atrial 
contractions were seen in 21% of all patients, premature ventricular 
contractions in 36.8% of patients, and sinus tachycardia in 89.4% of 
patients.  A recent clinical trial recruited 40 pregnant patients that 
had symptoms of arrhythmia and/or structural heart disease, and were 
randomized to a 24-holter ECG monitor versus a 24-holter ECG 
monitor plus an implantable loop recorder (holter-ILR group). 28 
The holter monitor detected arrhythmias in 13% of patients in the 
holter monitor only group, and 24% of patients in the holter-ILR 
group. In the holter-ILR group, the ILR detected arrhythmias in 
53% of patients. Seven patients were missed by the holter monitor 
in the holter-ILR group which included 4 patients with SVT, 1 with 
premature ventricular complexes, and 2 with paroxysmal AF. 28 External 
and implantable loop recorders are the preferred method of cardiac 
recording when infrequent arrhythmias are suspected.

1. Ventricular arrhythmias 
Ventricular arrhythmias may occur in up to 20% of all patients with 

PPCM. (25) Cases of peripartum polymorphic ventricular tachycardia 
such as Torsades de pointes, monomorphic ventricular tachycardia, 
and ventricular fibrillation has been described. 29-31 Ventricular 
tachyarrhythmias are the culprit in 25-39% of all-cause mortality and 

Table 2:
Electrocardiogram Findings. This table includes the common 
electrocardiogram findings in PPCM, their incidence rates, and 
prognostic significance

Electrocardiogram 
Findings

Incidence
%

Prognostic significance

Sinus arrhythmia 35% (15) Decrease rates of death and/or 
readmissions after diagnosis (15)

Sinus tachycardia 45% (14) Elevated risk of hospital readmission 
or death at 6- and 12- month follow up 
(15,25)

Prolongation of the 
corrected QT interval

44% (15) Elevated risk of hospital readmission or 
death at 6- and 12- month follow up (15)

Bundle branch block 1-2% (12,14) Unknown

QRS axis deviation 25% (14) Unknown

T wave changes (mainly T 
wave inversions)

50-70% of patients 
(12,13,15) 

Lower EF at diagnosis and 6 month 
follow up (14,15)

ST segment changes 24% (12) Decreased EF at 6 month follow up (14)

LVH (cornell criteria or 
Sokolow-Lyon critera)

9% (12) Lower EF at time of diagnosis (12)

Ventricular tachycardia 4% (6) In-hospital mortality, increased 
hospital costs, and longer length of 
hospitalization (33)

Positive T waves in AVR 36% (24) Higher rates of persistent LV dysfunction, 
arrhythmic events, and cardiac death 
(24)

Left atrial abnormalities 
on ECG

Unknown Lower EF at 6 and 12 month follow ups
Decreased event-free survival rates at 1 
year follow up (12)

Persistent 
bradyarrhythmias

Unknown Higher rates of requiring permanent 
pacing (26)

Abbreviations: EF, ejection fraction; LV, left ventricular.

are an independent predictor of in-hospital mortality, increased hospital 
costs, and longer length of hospitalization. 26,32,33 Severely reduced EF 
significantly increases the risk of non-life-sustaining arrhythmias, 
which may still occur even after normalization of EF. A study done 
by Duncker et al. reported that 3 out of 12 women with PPCM were 
found to have a total of 4 episodes of ventricular fibrillation over a 2.5 
year period. 34 One patient developed the episode of VF after her EF 
was found to have improved to 45%. Although this study has a poor 
sample size, equating the risk of VT/VF with the EF as a sole factor 
is not a reliable method of risk stratification. More data is warranted 
regarding long-term outcomes of patients with recovered ejection 
fraction. 

Safety of subsequent pregnancies remains a major concern among 
patients with PPCM. 35 Ventricular arrhythmias including sudden 
cardiac arrest have been noted in subsequent pregnancies. Pre-
pregnancy left ventricular EF is the strongest predictor of outcomes 
related to subsequent pregnancies. 1 For example, in patients with 
persistently reduced EF, their risk of worsening cardiomyopathy and 
ventricular arrhythmias during a subsequent pregnancy are higher 
compared to individuals with recovered EF. Therefore, patients should 
be counseled regarding the risks of subsequent pregnancies, especially 
in those without fully recovered left ventricular EF. 

Included within the subset of ventricular arrhythmias, it is important 
to be aware that frequent premature ventricular contractions (PVCs) 
can further induce cardiogenic dysfunction and systolic failure. This 
is highly dependent on the frequency of the PVCs, as a PVC burden 
that is at least 24% of all beats has a high sensitivity and specificity in 
determining whether there is a dysfunctional left ventricle. 36-38 

2. Supraventricular arrhythmias and atrial fibrillation
Supraventricular arrhythmias are not common in patients diagnosed 

with PPCM and are found in less than 1% of patients. 15 Similarly, 
only 1% to 3% of patients with PPCM have atrial fibrillation. 6,39 On 
the contrary, supraventricular tachycardia (SVT) in pregnant patients 
without diagnosed PPCM is seen in about 24 per 100,000 admissions, 
making it the most common arrhythmia in pregnancy. 40 

Management And Prevention
Management of Peripartum Cardiomyopathy

The management of PPCM is dependent on the timeframe of 
PPCM. In the antepartum period, not all contemporary guidelines of 
treating heart failure apply as many of the mineralocorticoid receptor 
antagonists (MRA), ACE-inhibitors (ACE-I), and angiotensin 
receptor blockers (ARBs) have toxic effects on the fetus and should be 
avoided during pregnancy. Nitrates and hydralazine are the preferred 
treatment as a form of afterload reduction. Loop diuretics including 
furosemide can also be considered in cases where acute pulmonary 
vascular congestion is suspected. Beta-blockers should be initiated 
with caution.

 
In the postpartum period, guideline-directed medical therapy 

(GDMT) guidelines for heart failure with reduced ejection fraction 
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pentoxifylline, however further investigation is warranted. 46

Beta-blockers are highly utilized during the antepartum and 
postpartum period; however, their teratogenicity and fetal toxicity profile 
remains controversial. Inconsistent cases of congenital malformations, 
perinatal mortality, fetal growth restriction, preterm birth, bradycardia, 
and hypoglycemia have been reported. 47-57 In a meta-analysis of 13 
observational studies, cases of cardiovascular abnormalities, cleft lip 
and palate, and neural tube defects were found in exposed infants. 
47 However, no increase in congenital malformations were observed 

apply to the treatment of PPCM patients. 41 This includes beta-
blockers, ACE-I/ARBs, MRAs and SGLT-2 inhibitors. Given 
that elevated prolactin level in PPCM has been hypothesized to be 
pathogenic in PPCM, bromocriptine was proposed as a option for 
theapy. 42-44 However, the use of bromocriptine therapy in PPCM 
remains controversial. 1 If a patient is started on bromocriptine, 
concomitant anticoagulant therapy should be considered to decrease 
risk of thromboembolic complications. 45 A study conducted in South 
Africa reported improved outcomes in patients diagnosed with 
PPCM who had elevated inflammatory markers and were treated with 

Table 3:
Anti-Arrhythmic Medications in Peripartum Cardiomyopathy. List of medications that can/cannot be utilized in the setting of PPCM. 
Respective pharmacological class, indications and contraindications, FDA category, and placental and breast milk transferability are 
listed.

Drug Name Antiarrhythmic  
Classification

Use & Avoidance FDA 
Category

Placental 
Transfer

Transfer to Breast Milk and Safety to Use

Quinidine,
Procainamide

Class IA Ventricular and supraventricular arrhythmias. 
Procainamide is effective for SVT in pre-excitation.
Quinidine needs frequent monitoring to avoid drug 
toxicity. 

C Yes Quinidine – relative concentration transferred 3-4%. Lack of data 
regarding impact on breastfed infants/careful monitoring encouraged.
Procainamide: relative concentration transferred <5-7%. Lack of data 
regarding impact on breastfed infants/careful monitoring encouraged. 

Lidocaine Class IB Cardiac arrest (as per ACLS guidelines) and 
ventricular arrhythmias.
Lidocaine levels need frequent monitoring. 
Considerably safe in pregnancy.

B Yes Approximately 800mcg/L of lidocaine in breast milk & unclear relative 
concentration transfer. Safe to use during breastfeeding.

Mexiletine Class IB Ventricular arrhythmias.
Only used if refractory to other medical management. 
Mexiletine levels need frequent monitoring.

C Yes Relative concentration transferred <2%. Concern for failure to thrive in 
breastfed infants. Careful monitoring encouraged.

Flecainide Class 1C Supraventricular and ventricular arrhythmias. Lowest 
dose possible. Considerably safe in pregnancy.

C Yes Relative concentration transferred 4.5%. Lack of data regarding impact 
on breastfed infants/careful monitoring encouraged.

Propafenone Class 1C Supraventricular and ventricular arrhythmias Not 
assigned

Yes Relative concentration transferred 0.03%. Lack of data regarding impact 
on breastfed infants/careful monitoring encouraged.

Beta-blockers 
(propranolol, 
metoprolol, 
carvedilol, 
atenolol)

Class II Metoprolol/propranolol: Ventricular and 
supraventricular arrhythmias, atrial fibrillation/flutter
Metoprolol/carvedilol: GDMT for PPCM
Preferred: metoprolol, propranolol, sotalol, nadolol, 
pindolol. Avoid atenolol during pregnancy and during 
breastfeeding.

C Yes Propanolol: Relative concentration transferred 0.1 – 0.9%. Safe to use 
during breastfeeding.
Metoprolol: Relative concentration transferred 0.5 – 2%. Safe to use 
during breastfeeding.
Carvedilol: Unavailable data regarding relative concentration transfer. 
Given lack of data, other beta-blocker drugs are preferred. 
Atenolol:  Relative concentration transferred 5.7 – 19.2%. Hypothermia, 
cyanosis, bradycardia, and failure to thrive reported. Other beta-blockers 
are preferred. 

Sotalol Class II and III Ventricular and supraventricular arrhythmias, atrial 
fibrillation/flutter. Considerably safe in pregnancy.

B Yes Relative concentration transferred 22%. Concern for bradycardia in 
breastfed infants. Other beta-adrenergic blocking drugs are preferred over 
sotalol while breastfeeding. If used, careful monitoring encouraged.

Amiodarone Class III Ventricular and supraventricular arrhythmias, atrial 
fibrillation/flutter.
Consider as last line, only if refractory to other 
medical management. Use minimal dose and for 
shortest duration possible.

D Yes Relative concentration transferred 18-26%. Concern for thyroid and 
cardiac dysfunction in breastfed infants. Alternative use recommended. 
Careful monitoring of infantile serum amiodarone level and thyroid 
function tests are necessary if required to use amiodarone.

Dofetilide Class III Rhythm control in atrial fibrillation/flutter or 
supraventricular arrhythmias. Not recommended for 
use in pregnancy given limited data

C Unknown Unknown

Calcium 
Channel 
Blockers 
(verapamil, 
diltiazem)

Class IV Supraventricular tachycardia, atrial fibrillation/flutter 
Verapamil recommended over diltiazem. Lowest dose 
possible during the antepartum period. 

C Yes Verapamil: Relative concentration transferred <0.5%. Safe to use during 
breastfeeding.
Diltiazem: Relative concentration transferred <0.9%. Safe to use during 
breastfeeding. 

Digoxin Glycoside 
agent, 

Supraventricular tachyarrhythmias, atrial fibrillation/
flutter. Considerably safe in pregnancy and during 
breastfeeding. Digoxin levels need frequent 
monitoring.

C Yes Relative concentration transferred 2.3%. Safe to use during breastfeeding. 
If intravenous digoxin is utilized, hold breastfeeding for 2 hours to avoid 
higher doses in infant.

Ivabradine Inhibits If 
channels in 
the sinoatrial 
node

Heart failure and intolerance to beta-blockers, 
inappropriate sinus tachycardia. Contraindicated in 
pregnancy and during breastfeeding.

Not 
assigned

Unknown Unknown

Federal and Drug Administration Pregnancy Categories for pharmacological agents. A=No human fetal risk in well-controlled studies, B=No controlled human studies, however animal studies without 
fetal risk, C=No controlled human studies but animal studies with adverse fetal effects. Consideration if benefits outweigh risks, D=Adverse human fetal effects in investigational studies. Consideration 
if benefits outweigh risks.
Abbreviations: ACLS, advanced cardiovascular life support; GDMT, guideline directed medical therapy; PPCM, peripartum cardiomyopathy.
All included drug transfers through breastfeeding are percentages relative to the maternal weight-adjusted dosages. All breastfeeding data obtained from Drugs and Lactation Database. (58)
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preferred) is an option if medications fail however is often deferred 
until the postpartum period. 72,73 

Anticoagulation with heparin products, particulary low-molecular 
weight heparin (LMWH), is the preferred method during pregnancy 
as this does not cross the placenta, and is less likely to cause bleeding, 
osteoporosis, or thrombocytopenia as compared to unfractionated 
heparin. LMWH should be discontinued about 12 hours prior to 
delivery, and resumed about 24 hours after cesarean delivery, 12 
hours after vaginal delivery, and 2-12 hours after epidural removal. 
74 Direct oral anticoagulant therapy (DOAC) should be avoided 
during the antepartum period given minimal data regarding its use in 
pregnancy and known fetal toxicity with some of the common DOAC 
medications. 75 However, in the postpartum period, DOACs are safe 
to use and often utilized.

Management of Ventricular Tachycardia
Patients with PPCM are at high risk of developing ventricular 

arrhythmias and hemodynamic instability. Medications that are 
commonly used within the third trimsester of pregnancy should be 
utilized cautiously as these medications can prolong the QTc and 
increase the risk of ventricular arrhythmias. These medications include 
oxytocin, anesthetics such as sevoflurane, and anti-emetics. In both 
the antepartum and postpartum periods, ultimate treatment should 
be targeted at repleting deficient electrolytes or cessation of culprit 
medications. 

In both the antepartum and postpartum periods, hemodynamically 
stable ventricular tachycardia can be initially managed with beta-
blockers, lidocaine, and sotalol, as these medications are generally 
safe in pregnancy and in the postpartum period. These medications 
are also effective as prophylactic agents. During the antepartum 
period, procainimide and quinidine can be considered if refractory 
to other initial pharmacological agents; however, their use should be 
limited considering their risk of fetal toxicity. There is a lack of data 
regarding the effect of breastfed infants while taking quinidine and 
procainamide. If these medications are utilized during breastfeeding, 
careful monitoring is encouraged to prevent excessive exposure through 
breast milk. Verapamil can be considered in the setting of fascicular 
VT. The lowest dose necessary is encouraged during the antepartum 
period since there is transplacental transfer of verapamil. However, 
this medication is safe to use while breastfeeding as drug transfer 
through breastfeeding is minimal. 76 Magnesium intravenous therapy 
can be used in the setting of polymorphic VT or torsade de pointes. 62 
If hemodynamic instability ensues, DCCV should be of high priority. 
VT ablation is also a possible intervention in the antepartum period; 
however, is often deferred until the postpartum period.  77 Utilization 
of electroanatomic mapping systems is preferred if ablation is done 
during pregnancy. 78 

Management of Cardiac Arrest
Approximately 2.2% of patients with PPCM and arrhythmias 

develop cardiac arrest. 6 Individual predictors of increased mortality 
rates, sudden cardiac death, and ventricular arrhythmias include 
severely reduced EF (<30%), LV dilatation, LV thrombus, obesity, 
right ventricular systolic dysfunction, and African-American ethnicity. 
26,79-91 During cardiac arrest, medications and defibrillation should not 

when compared to no exposure to beta-blockers. Conflicting results 
were seen in subsequent studies. 48-53 One example includes the use 
of atenolol, which has been associated with multiple reports of fetal 
growth restriction. 54-57 Many limitations exist to the current available 
research such as a multitude of biases, confounding factors that were 
not adjusted for, absent analyses by type of beta-blocker, and variability 
in the timing of beta-blocker exposure. Nonetheless, given the varying 
rates of drug transfer transplacentally or by lactation, beta-blockers 
should be used with caution. Rates of transfer and their respective safety 
profile are displayed in Table 3. 58 Effort should be made to avoid certain 
beta-blockers such as atenolol that have historically been reported to 
transfer at greater rates and potentially associated with fetal toxicity, 
although causality has not been established. 

Management of Supraventricular Tachycardia
Treatment is dependent on patient hemodynamics. During both 

the ante- and postpartum periods, patients that are hemodynamically 
stable should undergo vagal maneuvers to terminate the rhythm. If 
unsuccessful, adenosine can be considered. Beta-blockers can also 
be considered, especially for prophylactic purposes. If none of these 
pharmacological agents are successful in controlling the SVT, or if 
hemodynamic instability ensues, next best step would be to utilize 
direct current cardioversion (DCCV). In the setting of pre-excitation, 
prevention therapy should include the use of procainamide, while 
avoiding AV nodal blocking agents. Table 3 provides more guidance 
on the associations of certain anti-arrhythmic medications in the 
antepartum and postpartum periods that can be considered for the 
management of such arrhythmias. 45,50,59-68 Finally, catheter ablation may 
be warranted in difficult to control or refractory SVTs. Electroanatomic 
mapping systems are preferred in this population, especially during 
the antepartum period, to reduce exposure of fluoroscopy. 69 Radiation 
exposure during a fluoroscopy-utilized procedure is unlikely to cause 
fetal harm given that the uterus is not within the field of view. For 
example, when the field of view is the chest from a posterior-anterior or 
lateral view, the mGy dose that the fetus is exposed to is <0.002. Most 
fetal adverse effects typically occur when mGy is at least 50-100, hence 
a non-concerning amount of radiation absorption. 70 Nonetheless, 
there has been great enthusiasm for electroanatomic mapping systems 
and this is the preferred option in capable centers to avoid radiation 
exposure.

Management of Atrial Fibrillation or Flutter
Atrial fibrillation or flutter should be managed with a goal of rate 

versus rhythm control and anticoagulation, similarly to the non-
PPCM population. Beta-blocker therapy is often the initial medication 
class of choice for rate control. Atenolol should be avoided during 
the antepartum period and postpartum if breastfeeding. Sotalol 
can be considered for rhythm control as it is considerably safe in 
pregnancy; however, careful serum monitoring is encouraged if used 
during breastfeeding in the postpartum period. There is limited safety 
data on dofetilide in pregnancy. Dronedarone and amiodarone are 
contraindicated in pregnancy and the postpartum period as there 
remains a risk of neonatal toxicity with lactation. If refractory, digoxin 
can be considered. Due to reduced ejection fraction in PPCM, calcium-
channel blockers are generally contraindicated. 71 DCCV is preferred 
for patients with hemodynamic instability or if symptomatic and 
refractory to medical therapy. Catheter ablation (zero-fluoroscopy 
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cardioverter defibrillator may be preferred as a bridge to implantable 
ICD after the six-month period or as a bridge to recovery. In a study 
by Duncker et al., 4 out of 7 patients with PPCM and an EF < 35% 
received biphasic shocks from their WCD for an episode of ventricular 
fibrillation. 34 Another multicenter analysis done in 16 medical centers 
in Germany showed that 12% of patients with newly diagnosed PPCM 
and EF <35% had a cumulative rate of 8 ventricular tachyarrhythmias 
during the period they wore a WCD (mean wear time was 120 days) 
without any inappropriate shocks. 104 These tachyarrhythmias included 
VF, sustained VT, and non-sustained VT. Patients with PPCM who do 
not undergo ventricular recovery within six months following delivery 
have been associated with high mortality rates related to sudden cardiac 
death, and ICD may provide benefit in these groups of patients. 105-

107  ICD implantation can be done by utilizing minimal fluoroscopy, 
electroanatomic navigation guidance systems, and transesophageal 
guidance. 108-113 Cardiac resynchronization therapy can also be 
considered for patients with PPCM who fail to undergo complete LV 
recovery within a 6-month time span. 114 

Specific to defibrillator therapy, an alternative option is fluoro-
less implantation of a subcutaneous ICD system which is often 
used in patients with complex anatomy and difficult endovascular 
lead access. 115-117 For patients at high risk of sudden cardiac death 
without left ventricular recovery, a subcutaneous ICD is a safe 
alternative. The 2022 ESC guidelines classify the S-ICD as a class-
lla recommendation for patients who require ICD without the need 
for cardiac resynchronization therapy or pacing for bradycardia. 118,119 
However, given recent innovative advancements in cardiovascular 
medicine, the inability to pace may eventually be overcome with use of 
leadless pacemakers. Inactivation of the S-ICD may be warranted near 
delivery considering risk of inappropriate shock deliveries, emphasizing 
the importance of frequent patient monitoring and availability for 
manual shock delivery.

Conclusion
Peripartum cardiomyopathy is associated with a myriad of 

different findings on the electrocardiogram and carries a significant 
risk of arryhthmias. ECG findings may be associated with clinically 
relevant prognostic implications. Therapies for specific brady- and 
tachyarrythmias include a multitude of medications, however, exercised 
with caution given known risk of teratogenicity and fetal toxicity with 
many anti-arrhythmics. The majority of presented data are based on case 
reports, case series, and observational retrospective studies, delineating a 
lack of larger studies including cohort and randomized controlled trials. 
Further investigation into the arrhythmogenic properties of PPCM, 
its short- and long-term implications, and optimal management is 
warranted.
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Case Presentation
A 59-year-old lady with recurrent presyncope attacks and 

bradycardia episodes with the diagnosis of an atrioventricular block 
on electrocardiography (ECG) (Figure 1) was referred for pacemaker 
implantation. Cardiovascular examination, laboratory and imaging 
findings were otherwise normal. What should be the best next step for 
the treatment of the rhythm seen in this patient’s ECG?

a) Mobitz type 1 block
b) Mobitz type 2 block
c) Complete heart block
d) Sinus bradycardia
e) Atrial premature complex

Resolution of the Case
A quick first look on ECG reveals normal sinus rhythm with a rate 

of about 70 bpm (between the 2nd beat and 5th beat on the extremity 
leads) and sinus bradycardia with a rate of about 35 bpm (the 1st 
beat on the extremity leads and beats on the precordial leads). Also, 
a non-conducted P wave (after the 1st beat on the precordial leads) 
is seen. One can think about dual-chamber pacemaker implantation 
due to the presence of both sinus and atrioventricular node diseases. 
Step-by-step evaluation of the rhythm may be done as follows; the first 
step is the differential diagnosis of bradycardia episodes. Accordingly, 
sinus bradycardia/pause and sinoatrial exit blocks are examined. In 
both conditions, there is no visible p wave during the pause. However, 
two visible P waves, one at the beginning of the ECG hampering 

the descending limb of the T wave of the 1st beat and the other one 
clearly visible after the 1st beat on the precordial derivations, are seen. 
Although the first P wave morphology is indistinguishable from the 
sinus P wave since it is mostly in the preceding T wave if you look 
carefully the second visible P wave morphology is slightly different 
from the sinus P wave morphology demonstrating this second P wave 
is an atrial premature complex (APC). Also, considering the sinus rate 
is 70 bpm, the first P wave is an APC because it is too early to be a 
sinus P wave. Therefore, pauses after these 2 P waves not conducted 
to the ventricular chambers are actually non-compensatory pauses 
(the visible P-P interval encompassing the APC is less than 2 P-P 
intervals), not true second-degree atrioventricular block. Especially, 
for the second P wave, the time interval between the sinus P wave 
of the beat before the second P wave and the second P wave and the 
time interval between the second P wave and the sinus P wave of the 
beat after the second P wave is not almost equal demonstrating not a 
second-degree (2:1) atrioventricular block. For the last 2 beats on the 
precordial leads, the differential diagnosis is too complicated because 
there is no visible p wave during the pause. Therefore, sinus bradycardia/
pause and sinoatrial exit block are possible diagnoses. However, we 
have already known from the previous APCs that after an APC there 
is a non-compensatory pause of about 1000 msec (60 bpm) before the 
next sinus P wave. Therefore, if we look at the last 2 beats and measure 
a time interval of 1000 msec backward from the P wave of the next 
beat, we can say that an APC is hidden in the T wave of the last 2 beats 
causing non-compensatory pauses (Figure 2A).

Considering the symptoms and APCs, which are seen on the 
surface ECG, an electrophysiologic study was offered instead of 
pacemaker implantation. During the study, we clearly demonstrated 
electrocardiographically visible and non-visible, conducted and non-
conducted APCs with compensatory and non-compensatory pauses 
on the octopolar coronary sinus catheter (Figure 2B). After the detailed 
mapping of the right and left atria using a 3D electroanatomic mapping 
system, the earliest site of activation of the APC was found in the carina 
of the ipsilateral right pulmonary veins. Radiofrequency ablation from 
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the earliest site abolished the APCs with the normalization of the ECG 
(Figures 2C and 2D).
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Figure 1: Surface 12-lead ECG.

Figure 2:

Surface 12-lead ECG with annotations. The first APC (arrows) 
hampering the preceding T wave morphology of the 1st beat on 
the extremity leads. The second APC (arrowheads) with clearly 
visible ectopic P wave morphology is different from the sinus P 
wave after the 1st beat on the precordial leads. Hidden ectopic 
P waves in the preceding T waves of the last 2 beats on the 
precordial leads. Non-compensatory pauses (the red line is 
longer than the blue line) are seen after the APCs (A). Surface 
12-lead ECG with intracardiac electrograms recorded from the 
octopolar coronary sinus (CS) catheter. Electrograms encircled 
represent 2 APCs, one is visible (conducted) and the other is
hidden in the T wave (non-conducted). The visible APC causes a 
compensatory pause (the interval between the 2 sinus P waves 
encompassing the APC (1862 msec) is 2 times the normal sinus 
P wave interval (934 msec shown in the inlet)) and the hidden
APC causes a non-compensatory pause (the interval between
the 2 sinus P waves encompassing the APC (1609 msec) is
shorter than 2 times of the normal sinus P wave interval (934
msec shown in the inlet)) (B). The 3D electroanatomic mapping 
and corresponding electrograms show the earliest site of
activation of the arrhythmia focus (red dot) located in the carina 
of the ipsilateral right pulmonary veins (C). Surface 12-lead
ECG with intracardiac electrograms shows the abolishment
of APCs and normalization of the rhythm with regular sinus P
waves after ablation of the arrhythmia focus (D).
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Letters to the Editor
Atrial ablation for the treatment of atrial fibrillation (AF) has 

traditionally been performed only in the hospital setting; however, 
due to increased strain on hospitals during the pandemic, the Centers 
for Medicare and Medicaid Services (CMS) introduced the Hospitals 
Without Walls Program.1  This program allows ambulatory surgery 
centers (ASCs) to perform procedures that were previously restricted 
to the hospital setting. As a result, the first atrial ablations for the 
treatment of AF have been completed in the ASC setting.2 ASCs 
have been shown to offer increased efficiency in various specialties.3-6  
Nevertheless, no data exist regarding the potential efficiencies of 
performing ablation procedures in an ASC.  As such, we report here 
the first ablation cases performed in an ASC. 

Patients were excluded from consideration of treatment in the ASC 
if they had previously undergone ablations for the treatment of AF, 
or if they had been diagnosed with long standing persistent AF (only 
paroxysmal or short duration persistent AF patients were eligible for 
treatment at the ASC). Patients treated in the ASC were required to 
have a “caretaker” with the ability to transport them between the ASC 
and their homes. An emergency protocol was established and put into 
place before any ablations were performed in the ASC setting. 

The ASC is a stand alone structure located approximately 1 mile from 
an affiliated hospital.  The ASC has two operating rooms and one cardiac 
cath lab, and provides procedures such as heart catheterization, cardiac 
stenting, peripheral vascular disease treatment, and pacemaker, and ICD 

insertion, in addition to general surgical and orthopedic procedures. 
The ASC employs one electrophysiologist, two cardiologists, and two 
surgeons. However, only the electrophysiologist was accompanied by 
surgical technicians during the ablation procedures. 

The retrospective data reported in this letter adhered to regulation 
45 CFR 46. 104(d)4, from the Department of Health and Human 
Services. The analysis was IRB reviewed (Advarra #Pro00053424) and 
was determined to be IRB exempt. 

All patients in the study were treated with cryoballoon pulmonary 
vein isolation (PVI). Procedural approaches included transseptal 
puncture performed under intracardiac echo, and contrast venography 
and pressure waveform analysis performed prior to ablation to ensure 
good venous seal. No 3D mapping was used. 

A total of 13 patients underwent ablations in the ASC setting with 
a mean age of 71 ± 8 years, 5 of the 13 patients were female, 9 patients 
had paroxysmal atrial fibrillation and 4 persistent atrial fibrillation. 
The mean number of cryoablation applications per pulmonary vein 
was 1.4 ± 0.7 with average application duration of 187 ± 37 seconds. 
The mean procedural duration was 52 ± 10 minutes and total mean 
time in the ASC was 5.4 ± 1.5 hours. No acute adverse events occurred; 
however, one patient later presented to the emergency department 
with a sore throat and a groin hematoma without active bleeding or 
pseudoaneurysm. 

Limitations
Limitations of this data report include the inherent limitations in 

a retrospective analysis, and the inclusion of patients from only one 
operator; however, at this point, there are few operators performing 
ablations in ASCs to provide additional data.  
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Conclusion
In conclusion, atrial ablation for the treatment of AF was safely 

conducted in an ASC setting with no acute complications occurring. 
Patients undergoing procedures in the ASC setting experienced short 
length of stay times.
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Introduction
A diagnosis of Brugada Syndrome (BrS) is made by the presence 

of Pattern Type 1 on the Electrocardiogram (ECG), spontaneously or 
after a Sodium Channel Blocker Provocation Test (SCBPT)1. SCBPT 

might be also useful in distinguishing BrS from Brugada Phenocopies 
- ECG patterns identical to BrS but elicited by identifiable underlying 
conditions - or incomplete right bundle branch block1. Several
electrocardiographic features have been proposed as predictors of
positive SCBPT and among them the β-angle (the angle measured
between the upslope of the S-wave and the downslope of the r’-wave
in V1 or V2 lead, Figure 1A) is the most used in clinical practice2–4. 
Regrettably, previous studies reported a significant discrepancy in the
diagnostic accuracy of the β-angle (sensitivity: 60–100%; specificity:
44–95%) and failed in defining the optimal β-angle cut-off value 2–4. 

Therefore, we systematically searched in all electronic databases 
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Abstract
Background: The diagnostic value of the β-angle in the diagnosis of patients with Brugada Syndrome (BrS) is still unclear.  
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accuracy was observed at the IV Intercostal space (Ic) (AUC: 0.82; 95% CI: 0.78-0.85) compared to IIIic (AUC:0.77; 95% CI: 0.74 – 0.81) and 
IIic (AUC: 0.68; 95% CI: 0.64 – 0.72). The risk of positive SCBPT was significantly increased in patients with a β-angle≥58° than those with a 
β-angle≥23° (OR:16.33 vs 3.39; p=0.0004).

Conclusion: A β-angle ≥58° represents the best diagnostic predictor for patients with suspected BrS.
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up to August 23rd, 2022, for observational studies that estimated the 
diagnostic accuracy of the β-angle (measured in V1 and/or V2 at IV, 
III and/or II intercostal space [ic]) in patients with suspected BrS 
(Brugada Pattern type 2; syncope, cardiac arrest and/or family history 
of BrS or Sudden Cardiac Death [SCD]) undergoing SCBPT. Our 
aim is to evaluate the overall diagnostic accuracy of the β-angle and 
establish its best cut-off value. We calculated the pooled sensitivity 
and specificity by the bivariate analysis model, and we constructed the 
Summary Receiver Operating Characteristic (SROC) curve for the 
β-angle. The effect size was estimated using a random-effect model as 
Odds Ratio (OR) and relative 95% Confidence Interval (CI). Statistical 
analyses were performed using STATA ver.16.

A total of 4 studies 1–4 were included (Supplemental Figure 1) 
enrolling 1471 patients; 54.5% of them were male and the average 
age was 42.1 ± 16.6, as reported in Table 1. Overall, the β-angle was 
detectable in at least one lead in 41.8% of cases, most frequently at 
the IVic than at the IIIic and IIic (58.4% vs 9.6% vs 35.4%; p<0.01) 
(Supplemental Figure 2). 

Patients with positive SCBPT had a higher mean β-angle value 
compared to those with negative SCBPT (39.25° vs 22.52°; p<0.0001) 
(Figure 1B). In particular, the β-angle decreased from the IVic to the 
IIic in patients with positive provocation test (48.93° vs 36.34° vs 
27.17°; p<0.001) (Figure 2A) while it was not statistically different 
in patients with negative SCBPT (30° vs. 22.24° vs. 20.34°; p=0.07) 
(Figure 2B). The overall diagnostic accuracy of the β-angle was 0.75 
(95% CI: 0.71-0.78) with a pooled sensitivity of 42% (95%CI:24-62%) 
and specificity of 94% (95%CI:79-99%) (Figure 3A). Comparing data 
from each ic, the best diagnostic accuracy was detected at IVic with 
AUC of 0.82 (95% CI: 0.78-0.85), sensitivity of 54% (95% CI: 27-79%) 

and specificity of 89% (95% CI: 68-97%) (Figure 3B-D). The β-angle 
at IVic showed a pooled sensitivity of 35% (95% CI: 13-66%) and a 
pooled specificity of 98% (95% CI: 72-100%) with a cut-off value of 
58° (Figure 4-A) and a pooled sensitivity of 83% (95% CI: 51-96%) 
and a pooled specificity of 65% (95% CI: 51-77%) with a cut-off ≥23° 
(Figure 4-B). The β-angle ≥58° proved a significantly increased risk 
of a positive SCBPT compared to β-angle ≥23° (OR:16.33 vs 3.39; 
p=0.0004) (Figure 5).  

In this meta-analysis we demonstrated that the β-angle at IVic 
had a satisfying diagnostic accuracy in patients with clinical (e.g. 
syncope, unexplained cardiac arrest, familiar history of BrS or SCD) 
or electrocardiographic (BrS Pattern Type 2) suspicion of BrS, avoiding 
unnecessary SCBPT. Giving the pooled specificity of 98%, the β-angle 
cut-off value of 58° warrantees a low rate of false negative tests and 
provides an effective strategy for screening of patients with suspected 
BrS. Moreover, the β-angle may be used in the differential diagnosis 
of BrS with Brugada Phenocopies or incomplete right bundle brunch 
block. If individuals with BrS are at risk of SCD and may be candidates 
for an implantable cardioverter defibrillator, in patients with Brugada 
phenocopies an increased arrhythmogenicity has yet to be determined 
1. In conclusion, our meta-analysis showed that the β-angle ≥58° is a
strong predictor of BrS diagnosis at SCBPT and may be added as a 
valuable screening tool in the evaluation of patients with suspected BrS.
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Figure 1:
β-angle on Electrocardiograms (A). Forest plot showing mean 
β-angle value in positive and negative Sodium Channel Blocker 
Provocation Test (B).

Table 1: Study Baseline Characteristics of Patients Included in the 
Analysis

Chevallier 
et al.

Gottschalk 
et al.

Ohkubo 
et al.

van der Ree 
et al.

Number of patients 38
+ SCBPT: 14
- SCBPT: 24

19
+ SCBPT: 10 
- SCBPT: 9)

22
+ SCBPT: 13
- SCBPT: 9

1392
+ SCBPT: 345
- SCBPT: 1047

Age, years 40 ± 13 - 46.8 ± 13.2 42.7 ± 17.1

Sex, male n, (%) 33 (86.8) - 21 (95.5) 738 (53)

Indication 
for test

Suspicious 
ECG, n (%)

16 (42.1) 19 (100) 3 (13.6) 203 (14.6)

Symptoms 
(Syncope, VT/
VF), n (%)

22 (57.9) - 19 (86.4) 105 (7.6)

Family 
screening BrS, 
n (%)

- - - 566 (40.7)

Family history 
of SCD, n (%)

- - - 517 (37.1)

Sodium Channel Blocker 
Used

Ajmaline 
infusion 
(1mg/kg)

N/A Pilsicainide 
infusion 
(1mg/kg)

Ajmaline 
infusion 
(1mg/kg)

Diagnostic criteria 
evaluated

β-angle; 
α-angle; 
β-score; 
α-score

β-angle; 
base of the 
triangle(mm)

β-angle β-angle; 
base of the 
triangle(ms)

Leads evaluated V1 and V2 
at IVic

V1 and V2 
at IVic

V1 and V2 
at IVic

V1 and V2 at 
IIic, IIIic and 
IVic

Ic: intercostal space; ECG: Electrocardiogram; N/A: Not Available; SCD: Sudden Cardiac Death; VT: 
Ventricular Tachycardia; VF: Ventricular Fibrillation.

CI: Confidence Interval; Ic: intercostal space; SCBPT: Sodium Channel Blocker Provocation Test
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Figure 2:
Forest plots comparing mean β-angle at different intercostal 
space in positive (A) and negative (B) Sodium Channel Blocker 
Provocation Test.

CI: Confidence Interval; Ic: intercostal space; SCBPT: Sodium Channel Blocker Provocation Test

Figure 3:
Summary Receiver Operating Characteristic curves and Areas 
Under the Curve of β-angle in all Ic spaces (A), IVic (B), IIIic (C) 
and IIic (D).

AUC: Area Under the Curve; SENS: Sensitivity; SPEC: Specificity; SROC: Summary Receiver Operating 
Characteristic.

Figure 4:
Pooled sensitivity and specificity analysis at IV intercostal 
space of β-angle≥58°(A) and ≥23° (B) for Brugada Syndrome 
diagnosis.

CI: Confidence Interval.

Figure 5: The predictive role of β-angle≥58° and ≥23° in the diagnosis 
of Brugada Syndrome.

CI: Confidence Interval; Ic: intercostal space

http://jafib.com/PMC/XML/Inprogress/20200639/Supplemental%20material.docx

	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled



