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In the last few years, cardiac magnetic resonance (CMR) imaging has progressively
acquired a central role in the diagnosis and management of patients with ventricular
arrhythmias (VA). In particular, due to its tissue characterization capabilities almost re-
sembling an “in vivo” histological examination, it has demonstrated the ability to identify
subtle structural myocardial abnormalities missed by routine diagnostic investigations,
including ECG and echocardiography, and potentially explains the origin of VA [1-3]. In
patients presenting with VA and normal left ventricular (LV) function, the detection of
underlying structural heart disease, frequently in the form of non-ischemic LV scar, has
been associated with a high risk of life-threatening VA during follow-up, deserving proper
medical attention, further risk stratification and careful evaluation for primary prevention
implantable cardioverter defibrillator (ICD) [2—4].

Unfortunately, performing CMR in patients with repetitive VA poses several chal-
lenges related to the variability in the RR cycle. Usually, image acquisition is synchronized
to the patient’s heart rhythm in order to always acquire data at the same selected time
point of the cardiac cycle for a given image. In this context, the occurrence of premature
beats determines data acquisition at different time points, resulting in significant blurring
of the final CMR image [5]. Several methods have been developed to overcome these
limitations, including the use of a prespecified image acquisition window within the RR
interval and arrhythmia rejection algorithms. However, since the acquisition window is
usually set at the patient’s shortest expected RR interval, it does not cover the complete
cardiac cycle, resulting in the end-diastole not being completely sampled as well as in the
prolonged-acquisition and breath-holding time [6]. Another possibility relies on real-time
“single-shot” prospective triggering, in which the entire image is acquired in a single heart-
beat; this approach, however, results in suboptimal image quality compared to segmented
acquisitions [7].

So far, most CMR studies enrolling patients with frequent premature ventricular
contractions (PVCs) have treated patients with oral antiarrhythmic drugs (AADs) for at
least one week before CMR examination in order to suppress/reduce the PVC burden
and optimize ECG trigger and image acquisition [1-3]. However, this cannot always be
possible, especially in large volume centers with patients being referred from outside
facilities. Moreover, the efficacy of oral AAD treatment is suboptimal, with only a mild
reduction in the PVC burden in most of the cases [8,9].

In this issue of Diagnostics, Nikolaidou et al. move our knowledge a step forward
by exploring the possibility to administer AAD intravenously at the time of CMR evalu-
ation [10]. The authors have prospectively tested the efficacy and safety of intravenous
administration of procainamide during the CMR scan in a group of 50 patients (mean age
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48 £ 16 years; 52% female) referred to CMR for frequent PVCs (88% of the cases) and/or
non-sustained ventricular tachycardia (12% of the cases). The vast majority of patients
(84%) had an unremarkable previous medical history and echocardiographic findings,
while only 8% of them had a mild to moderate reduction of LV function. Procainamide
was administered within the scanner with intermittent intravenous boluses of 50 mg every
minute until the complete suppression of PVCs up to a maximum dose of 10 mg/kg during
continuous ECG monitoring and non-invasive blood pressure monitoring every minute.
Opverall, PVCs were completely suppressed in 20 (40%) patients and a significant reduction
(<1 PVC every 10 beats) was obtained in another 21 (42%) patients with an average dose of
procainamide of 567 £ 197 mg over 11 &+ 4 min. This determined a significant improvement
of image quality from an average quality score of 1.62 & 0.49 to 3.46 + 0.51 (p < 0.001)
on a 4-point scale. An uneventful but still significant drop in blood pressure (from a
mean of 133/68 mmHg to a mean of 121/64 mmHg) was observed after procainamide
administration, while there were no changes in heart rate, QRS duration, and QT duration.
Of note, intravenous administration of procainamide effectively suppressed VA, even in
patients already treated with oral AAD (beta-blockers in 73% of the cases, flecainide in 7%
and amiodarone in another 7%).

Procainamide is a class IC agent no longer widely used as unavailable in most coun-
tries, which acts directly as fast sodium channel blocker and as potassium channel blocker
through its active metabolite N-acetylprocainamide. So far, only two small, randomized
trials have analyzed its role in VT treatment [11,12]. In both studies, procainamide was
used intravenously for the acute termination of monomorphic-tolerated VT. Gorgels et al.
demonstrated the superiority of procainamide at an infusion rate of 100mg/min in termi-
nating VT in 80% of patients compared to 21% of those treated with intravenous lidocaine
while in the PROCAMIO trial procainamide 10 mg/kg/20 min was demonstrated to be
safer (9% vs. 41% of adverse events) and more effective (67% of acute VT termination
vs. 38%) compared to intravenous amiodarone [11,12]. Potential side effects include QT
prolongation and, most importantly, hypotension, which may be encountered in up to 30%
of the cases [11-13]

Overall, the results of the study by Nikolaidou et al. are compelling and offer addi-
tional evidence supporting the efficacy and safety of the intravenous use of procainamide
for VA suppression. However, we feel that this suggested approach should be carefully
considered and tailored upon single patient characteristics, as further prospective investi-
gations in larger series of patients are warranted. In this regard, it is important to highlight
that pro-arrhythmic effects have been reported in up to seven percent of the patients
treated with AAD for VA with the higher incidence in patients with severely reduced
LVEEF [14]. In general, the choice of a particular drug and its dose should be based on its
efficacy in controlling VA and potential pro-arrhythmic effects as well as other side effects.
Only a minority of patients with mild-to-moderate LV dysfunction were enrolled in this
study, and the reported analyses focused on patients with no previous medical history,
thereby precluding the widespread application of these findings on the whole population
of “all-comers” presenting with repetitive non-sustained VA.

Recently, new image acquisition techniques such as accelerated real-time cine imaging
with compressed sensing, real-time temporal parallel acquisition, and motion-corrected
free-breathing averaged LGE imaging have been proposed to obtain good-quality images
in patients with irregular rhythm and difficulties in breath holding [15-17]. However, those
techniques were not implemented in the present study as they were not available at the
investigating center. Further investigations comparing the use of AAD vs. state-of-the-art
acquisition techniques are warranted as they may allow the obtainment of images of good
enough quality to avoid the administration of potentially harmful AAD.

Another notable result of the study was that CMR abnormalities were documented in
58% of the cases despite 84% of the patients having negative echocardiographic findings;
this confirms the greater sensitivity of CMR compared to echocardiography in the diagnosis
of subtle myocardial structural abnormalities [3,18].
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Despite the limitations related to the small sample size and the study design, the inves-
tigation by Nikolaidou et al. provides important incremental knowledge on the efficacy and
safety of “on-demand” intravenous AAD utilization and suggests a role for procainamide
to acutely suppress frequent VA in patients undergoing CMR evaluation, which warrants
further investigation with larger prospective studies on a more heterogeneous population,
including patients with systolic dysfunction and several cardiac disorders such as ischemic
heart disease, primitive arrhythmic disorders, and non-ischemic cardiomyopathies. Based
on this study, the use of intravenous procainamide seems to be safe and highly effective
in temporarily suppressing VA, at least in patients with normal LV function and no major
comorbidities, significantly improving CMR image quality.

Author Contributions: Conceptualization, D.M., P.S. and G.N.; writing—original draft preparation,
D.M.; writing—review and editing, P.S. and G.N.; supervision, G.N. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

Nucifora, G.; Muser, D.; Masci, P.G.; Barison, A.; Rebellato, L.; Piccoli, G.; Daleffe, E.; Toniolo, M.; Zanuttini, D.; Facchin, D.; et al.
Prevalence and Prognostic Value of Concealed Structural Abnormalities in Patients With Apparently Idiopathic Ventricular
Arrhythmias of Left Versus Right Ventricular Origin A Magnetic Resonance Imaging Study. Circ. Arrhythm. Electrophysiol. 2014, 7,
456-462. [CrossRef] [PubMed]

Muser, D.; Santangeli, P.; Castro, S.A.; Casado Arroyo, R.; Maeda, S.; Benhayon, D.A; Liuba, I; Liang, ].J.; Sadek, M.M.; Chahal,
A_; et al. Risk Stratification of Patients With Apparently Idiopathic Premature Ventricular Contractions. JACC Clin. Electrophysiol.
2019, 6, 1040. [CrossRef] [PubMed]

Muser, D.; Nucifora, G.; Pieroni, M.; Castro, S.A.; Arroyo, R.C.; Maeda, S.; Benhayon, D.A_; Liuba, I.; Sadek, M.; Magnani, S.;
et al. Prognostic Value of Non-Ischemic Ring-Like Left Ventricular Scar in Patients with Apparently Idiopathic Non-Sustained
Ventricular Arrhythmias. Circulation 2021. [CrossRef] [PubMed]

Aquaro, G.D.; Pingitore, A.; Strata, E.; Di Bella, G.; Molinaro, S.; Lombardi, M. Cardiac Magnetic Resonance Predicts Outcome in
Patients with Premature Ventricular Complexes of Left Bundle Branch Block Morphology. J. Am. Coll. Cardiol. 2010, 56, 1235-1243.
[CrossRef] [PubMed]

Ridgway, ].P. Cardiovascular magnetic resonance physics for clinicians: Part I. . Cardiovasc. Magn. Reson. 2010, 12, 71. [CrossRef]
[PubMed]

Menchoén-Lara, R.-M.; Simmross-Wattenberg, F.; Casaseca-de-la-Higuera, P.; Martin-Fernandez, M.; Alberola-Lépez, C. Recons-
truction techniques for cardiac cine MRI. Insights Imaging. 2019, 10, 100. [CrossRef] [PubMed]

Nacif, M.S.; Zavodni, A.; Kawel, N.; Choi, E.-Y.; Lima, J.A.C.; Bluemke, D.A. Cardiac magnetic resonance imaging and its
electrocar-diographs (ECG): Tips and tricks. Int. |. Cardiovasc. Imaging 2012, 28, 1465-1475. [CrossRef] [PubMed]

Ling, Z.; Liu, Z.; Su, L.; Zipunnikov, V.; Wu, J.; Du, H.; Woo, K.; Chen, S.; Zhong, B.; Lan, X,; et al. Radiofrequency ablation versus
antiarrhythmic medication for treatment of ventricular premature beats from the right ventricular outflow tract: Prospective
randomized study. Circ. Arrhythm. Electrophysiol. 2014, 7, 237-243. [CrossRef] [PubMed]

Bertels, R.A.; Kammeraad, J.A.E.; Zeelenberg, A.M.; Filippini, L.H.; Knobbe, I.; Kuipers, LM.; Blom, N.A. The Efficacy of Anti-
Arrhythmic Drugs in Children with Idiopathic Frequent Symptomatic or Asymptomatic Premature Ventricular Complexes With
or Without Asymptomatic Ventricular Tachycardia: A Retrospective Multi-Center Study. Pediatr. Cardiol. 2021, 1-8. [CrossRef]
Nikolaidou, C.; Kouskouras, K.; Fragakis, N.; Vassilikos, V.; Karvounis, H.; Karamitsos, T. Bolus Intravenous Procainamide
in Patients with Frequent Ventricular Ectopics during Cardiac Magnetic Resonance Scanning: A Way to Ensure High Quality
Imaging. Diagnostics 2021, 11, 178. [CrossRef] [PubMed]

Gorgels, A.P.; Dool, A.V.D.; Hofs, A.; Mulleneers, R.; Smeets, ].L.; Vos, M.A.; Wellens, H.]. Comparison of procainamide and
lidocaine in terminating sustained monomorphic ventricular tachycardia. Am. J. Cardiol. 1996, 78, 43-46. [CrossRef]

Ortiz, M.; Martin, A.; Arribas, F,; Coll-Vinent, B.; Del Arco, C.; Peinado, R.; Almendral, J. Randomized comparison of intravenous
procainamide vs. intravenous amiodarone for the acute treatment of tolerated wide QRS tachycardia: The PROCAMIO study.
Eur. Hearth J. 2016, 38, 1329-1335. [CrossRef]

Marill, K.A.; DeSouza, 1.S.; Nishijima, D.K.; Senecal, E.L.; Setnik, G.S.; Stair, T.O.; Ruskin, J.N.; Ellinor, PT. Amiodarone
or Procainamide for the Termination of Sustained Stable Ventricular Tachycardia: An Historical Multicenter Comparison.
Acad. Emerg. Med. 2010, 17, 297-306. [CrossRef] [PubMed]


http://doi.org/10.1161/CIRCEP.113.001172
http://www.ncbi.nlm.nih.gov/pubmed/24771543
http://doi.org/10.1016/j.jacep.2019.10.015
http://www.ncbi.nlm.nih.gov/pubmed/32553224
http://doi.org/10.1161/CIRCULATIONAHA.120.047640
http://www.ncbi.nlm.nih.gov/pubmed/33401956
http://doi.org/10.1016/j.jacc.2010.03.087
http://www.ncbi.nlm.nih.gov/pubmed/20883930
http://doi.org/10.1186/1532-429X-12-71
http://www.ncbi.nlm.nih.gov/pubmed/21118531
http://doi.org/10.1186/s13244-019-0754-2
http://www.ncbi.nlm.nih.gov/pubmed/31549235
http://doi.org/10.1007/s10554-011-9957-4
http://www.ncbi.nlm.nih.gov/pubmed/22033762
http://doi.org/10.1161/CIRCEP.113.000805
http://www.ncbi.nlm.nih.gov/pubmed/24523413
http://doi.org/10.1007/s00246-021-02556-7
http://doi.org/10.3390/diagnostics11020178
http://www.ncbi.nlm.nih.gov/pubmed/33513676
http://doi.org/10.1016/S0002-9149(96)00224-X
http://doi.org/10.1093/eurheartj/ehw230
http://doi.org/10.1111/j.1553-2712.2010.00680.x
http://www.ncbi.nlm.nih.gov/pubmed/20370763

Diagnostics 2021, 11, 357 4 of 4

14.

15.

16.

17.

18.

Stanton, M.S.; Prystowsky, E.N.; Fineberg, N.S.; Miles, W.M.; Zipes, D.P,; Heger, ].]. Arrhythmogenic effects of antiarrhythmic
drugs: A study of 506 patients treated for ventricular tachycardia or fibrillation. J. Am. Coll. Cardiol. 1989, 14, 209-215. [CrossRef]
Axel, L.; Otazo, R. Accelerated MRI for the assessment of cardiac function. Br. ]. Radiol. 2016, 89, 20150655. [CrossRef] [PubMed]
Kido, T,; Kido, T.; Nakamura, M.; Watanabe, K.; Schmidt, M.; Forman, C.; Mochizuki, T. Compressed sensing real-time cine
cardiovascular magnetic 288 resonance: Acurate assessment of left ventricular function in a single-breath-hold. J. Cardiovasc.
Magn. Res. 2016, 18, 50. [CrossRef]

Piehler, KM.; Wong, T.C.; Puntil, K.S.; Zareba, K.M.; Lin, K.; Harris, D.M.; Deible, C.R.; Lacomis, ]. M.; Czeyda-Pommersheim, F.;
Cook, S.C.; et al. Free-Breathing, Motion-Corrected Late Gadolinium Enhancement Is Robust and Extends Risk Stratification to
Vulnerable Patients. Circ. Cardiovasc. Imaging 2013, 6, 423-432. [CrossRef] [PubMed]

Andreini, D.; Russo, A.D.; Pontone, G.; Mushtaq, S.; Conte, E.; Perchinunno, M.; Guglielmo, M.; Santos, A.C.; Magatelli, M.;
Baggiano, A.; et al. CMR for Identifying the Substrate of Ventricular Arrhythmia in Patients With Normal Echocardiography.
JACC Cardiovasc. Imaging 2020, 13, 410-421. [CrossRef] [PubMed]


http://doi.org/10.1016/0735-1097(89)90074-0
http://doi.org/10.1259/bjr.20150655
http://www.ncbi.nlm.nih.gov/pubmed/27033471
http://doi.org/10.1186/s12968-016-0271-0
http://doi.org/10.1161/CIRCIMAGING.112.000022
http://www.ncbi.nlm.nih.gov/pubmed/23599309
http://doi.org/10.1016/j.jcmg.2019.04.023
http://www.ncbi.nlm.nih.gov/pubmed/31326488

	References

