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BACKGROUND Antiarrhythmic therapy for recurrent ventricular ar-
rhythmias in patients who have undergone catheter ablation, and in
whom amiodarone and/or beta-blockers were ineffective or contra-
indicated, is a controversial issue.

OBJECTIVE The present study sought to evaluate the efficacy and
tolerability of oral procainamide in patients with recurrent ven-
tricular arrhythmias when the standard therapy strategy had
failed.

METHODS All patients treated with procainamide for recurrent ven-
tricular tachycardia (VT) or ventricular fibrillation (VF) in our insti-
tution between January 2010 and May 2019 were enrolled. The
primary endpoint was the total number of implantable
cardioverter-defibrillator (ICD) interventions after the beginning
of procainamide therapy. Secondary endpoints were the total num-
ber of VTs and VFs recorded on the ICDs’ controls and discontinua-
tion of therapy. The events occurring during procainamide
treatment were compared with a matched-duration period before
the initiation of therapy with procainamide. Patients therefore
served as self-controls.
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RESULTS A total of 34 consecutive patients (32 male, 94.1%; mean
age 74.4 6 9.7 years) were included in the retrospective analysis.
The mean time of procainamide treatment was 12.96 13.7 months
(median 9 [2–20] months). The mean dose of procainamide was
1207 6 487 mg/day. Procainamide therapy significantly decreased
ICD interventions (median 5 [0–22.5] vs 15.5 [3–32.25], P, .05).
Procainamide also decreased the total number of VT/VF episodes
(median 5.5 [0.75–30] vs 19 [7.5–30], P , .05). Only 3 patients
(8.8%) presented severe side effects (dyspnea or hypotension),
requiring discontinuation of therapy.

CONCLUSION Oral procainamide was associated with a significant
decrease in ICD therapies and ventricular arrhythmias, showing an
acceptable profile of tolerability.
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therapies; Procainamide; Ventricular arrhythmias

(Heart Rhythm O2 2021;2:840–847) © 2021 Heart Rhythm Society.
Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
Introduction
The antiarrhythmic treatment of recurrent ventricular tachy-
arrhythmias in patients who have undergone catheter abla-
tion, and in whom amiodarone or beta-blocker treatment
was ineffective or contraindicated, remains challenging and
poorly defined. Most of these patients bear an implantable
cardioverter-defibrillator (ICD), and repeated ICD interven-
tions may occur, including electrical storm events. Frequent
ICD discharges are associated with worse clinical outcomes
and decreased quality of life,1,2 while recurrent electrical
storm events are a life-threatening condition. Antiarrhythmic
drugs are usually the first-line treatment, followed by catheter
ablation when indicated.3,4 In case radiofrequency ablation is
unfeasible, not readily available, or unsuccessful, and treat-
ment with beta-blockers and amiodarone proves ineffective,
procainamide might represent an alternative strategy for pre-
venting the recurrence of ventricular tachyarrhythmias and
ICD discharges. Procainamide is a class 1a antiarrhythmic
agent whose primary mechanism is related to its antagonism
of cardiac sodium channels delaying phase 0 of the cardiac
cycle. Procainamide and its metabolite N-acetyl procaina-
mide also exert potassium efflux channel–blocking effects,
prolonging the QT interval. Procainamide is 75%–95% ab-
sorbed after oral administration. Approximately 50%–60%
of the drug is excreted unchanged in the urine. Procainamide
can reduce blood pressure by causing myocardial depression;
it can also cause nausea, vomiting, diarrhea, and, on occa-
sion, psychosis. It may be associated with drug-induced
lupus erythematosus in as many as 30% of patients taking
procainamide for 6 months or longer.5 The present study
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KEY FINDINGS

- This is the first report providing the efficacy and safety
of oral procainamide in a setting of patients suffering
from heart failure and recurrent ventricular tachyar-
rhythmias, bearing an implantable cardioverter defi-
brillator.

- This study gives a detailed description of characteris-
tics and follow-up results of a pharmacological therapy
with oral procainamide in 34 patients with ventricular
arrhythmias refractory to other antiarrhythmic drugs
and/or catheter ablation.

- This study aims to answer the question of management
of patients with recurrent ventricular arrhythmias,
where catheter ablation is not feasible and amiodarone
is contraindicated.

Toniolo et al Oral Procainamide for Ventricular Arrhythmias 841
sought to evaluate the efficacy and tolerability of procaina-
mide in patients with recurrent ventricular arrhythmias
when the standard therapy strategy has failed.
Methods
All consecutive patients treated with procainamide for recur-
rent ventricular tachycardia (VT) or ventricular fibrillation
(VF) in our institution between January 2010 and May
2019 were included in our retrospective analysis. Patients’
medical records, updated on routine follow-up visits, and
ICD interrogation, if present, were analyzed. Every month,
every patient was subjected to the following blood chemistry
tests: white blood cells, hemoglobin, platelets count, creati-
nine, sodium, potassium, magnesium, gamma-glutamyl
transferase, aspartate transaminase, alanine transaminase,
and antinuclear antibody titers. Procainamide therapy was
prescribed in the following categories of subjects: (1) in pa-
tients with a previous unsuccessful catheter ablation and in
optimal medical therapy (including amiodarone, if feasible),
when a redo ablation procedure was considered unfeasible;
(2) in patients awaiting the procedure of catheter ablation
(first or redo); (3) in patients unsuccessfully treated with
optimal medical therapy or having contraindications to the
standard medical therapy (including amiodarone) and consid-
ered unsuitable for ablation, or in patients who refused cath-
eter ablation.

The demonstration of unsuccessful treatment with other
antiarrhythmic drugs or their interruption because of the
occurrence of side effects was mandatory before starting pro-
cainamide treatment. An attempt at amiodarone treatment
was made for all but 3 patients, for whom it was not attempted
owing to a past history of hyperthyroidism. Oral procaina-
mide was available in the form of capsules of 250 mg (By-
ocoril�; Uriach Group [Spain]) and/or 300 mg
(Procainamide Cloridrato; Farmacia Favero [Italy]). An elec-
trocardiogram (ECG) was routinely performed 10 days after
initiation of procainamide treatment and compared with
a previous ECG.

Detection zones and arrhythmia therapy programming in
patients with ICD were individualized. Two and 3 detection
zones were programmed in 7 (21%) and 26 (79%) patients,
respectively. The average VT-1 lower rate detection zone
was 146 6 9.1 beats per minute (bpm), the average VT-2
higher rate detection zone was 169.9 6 18.3 bpm, and the
average VF detection zone was 205.9 6 26.4 bpm. The pri-
mary endpoint was the global burden of ventricular arrhyth-
mias, including sustained VT/VF �30 seconds and
nonsustained VT. Secondary endpoints were appropriate
ICD therapies and procainamide discontinuation. An
arrhythmic storm was defined as 3 or more episodes of sus-
tained VT or VF occurring during a 24-hour period.

The events occurring during procainamide treatment were
compared with a matched-duration period just before the start
of procainamide therapy. In case of planned catheter ablation,
we interrupted the follow-up the day before the ablation. All
patients had already presented ventricular arrhythmias at the
beginning of the follow-up period of analysis before the start
of procainamide therapy.

Continuous variables were expressed as mean 6 standard
deviation when normally distributed or as median with inter-
quartile range for non-normal distributions. Significance of
differences was verified with paired Student t test orWilcoxon
rank sum paired test, as appropriate. The comparison of ven-
tricular arrhythmias before and after procainamide therapy
was made using Wilcoxon rank sum paired test, as data did
not present a Gaussian distribution. The c2 test or Fisher exact
test was used to compare categorical variables as appropriate.
A Poisson log-linear model including exposure time as offset
variable has been used to estimate incidence rate ratios of VT/
VF, antitachycardia pacing (ATP), direct current (DC) shock,
and ATP 1 DC shock. A 2-tailed probability value of ,.05
was deemed significant. Statistical analyses were conducted
using the SPSS software (SPSS v20; SPSS Inc, Chicago, IL).
Results
A total of 34 consecutive patients (32 male, 94.1%; mean age
74.46 9.7 years) were included in this retrospective analysis.
All patients but 1 had an ICD implanted.

The large difference between the numbers of men and
women is probably due to the high presence of ischemic car-
diomyopathy in our case series (73.5%).

In 19 patients (55.9%), a catheter ablation was performed
before procainamide initiation: 8 of these 19 patients (42.1%)
were submitted to an ablation immediately before procaina-
mide initiation. Procainamide was started because of a subop-
timal result of the ablation (eg, VT still inducible). On the
contrary, 11 of these 19 patients (57.9%) had been submitted
to a VT ablation a long time before, and they started oral pro-
cainamide for long-term relapses after many months free
from arrhythmias (20.6 6 23.3 months). In 10 patients
(29%), a catheter ablation was performed after treatment
initiation. In 3 patients (9%), 2 catheter ablations were



Table 1 Clinical characteristics of 34 patients

Characteristic Result

Dilatative cardiomyopathy 29/34 (85.3%)
CAD 22/29 (75.9%)
Idiopathic 3/29 (10.3%)
Hypertrophic 1/29 (3.4%)
Alcoholic 1/29 (3.4%)
Myocarditis-related 1/29 (3.4%)
Valvulopathy-related 1/29 (3.4%)

Nondilatative cardiomyopathy 5/34 (14.7%)
CAD 3/5 (60%)
Idiopathic 1/5 (20%)
Valvulopathy-related (recurrent
regurgitation after valve repair for
prolapsed mitral valve disease)

1/5 (20%)

LVEF (%) (mean 6 SD) 35% 6 11%
NYHA class: I/II/III/IV 7/24/2/1
ICD 33/34 (97%)
Single-chamber 5/33 (15.1%)
Dual-chamber 29/33 (87.9%)
Biventricular 11/33 (33.3%)

Pacemaker 1/34 (3%)
Prophylaxis
Primary 8/33 (24.2%)
Secondary 25/33 (75.8%)

Comorbidities
Hypertension 20/34 (58.8%)
Hyperlipidemia 16/34 (47.1%)
Diabetes 6/34 (17.6%)
Atrial fibrillation 20/34 (58.8%)
Chronic renal insufficiency 32/34 (94.1%)
CKD class: I/II/III/IV 2/14/11/5

COPD 9/34 (26.5%)
Thyroid disease 24/34 (70.6%)

Type of ventricular arrhythmia
Monomorphic only 21/34 (61.7%)
Polymorphic VT or VF only 2/34 (5.9%)
Both monomorphic and polymorphic
VT or VF

11/34 (32.4%)

CAD 5 coronary artery disease; CKD 5 chronic kidney disease; COPD 5
chronic obstructive pulmonary disease; ICD 5 implantable cardioverter-
defibrillator; LVEF 5 left ventricular ejection fraction; NYHA 5 New York
Heart Association; SD 5 standard deviation; VF: ventricular fibrillation; VT
5 ventricular tachycardia.

Table 2 Pharmacological treatment before procainamide
treatment (N 5 34 patients)

Treatment Result, n (%) patients

Beta-blockers 29/34 (85.3%)
Bisoprolol (mean dose 6.03 mg/day) 19/34 (55.9%)
Metoprolol (mean dose 200 mg/day) 2/34 (5.9%)
Carvedilol (mean dose 28.91 mg/day) 8/34 (23.5%)

Amiodarone alone (mean dose 196.78
mg/day)

29/34 (85.3%)

Sotalol alone (mean dose 200 mg/day) 2/34 (5.9%)
Amiodarone (200 mg/day)1 mexiletine
(600 mg/day)

2/34 (5.9%)

ACEi 19/34 (55.9%)
ARBs 6/34 (17.6%)
Sacubitril/valsartan 0
Aldosterone antagonist 14/34 (41.2%)
Furosemide 26/34 (76.5%)

ACEi 5 angiotensin-converting enzyme inhibitors; ARBs 5 angiotensin
II receptor blockers.

Table 3 Pharmacological treatment during procainamide
treatment

Beta-blockers 29/34 (85.3%)
Bisoprolol (mean dose 6.30 mg/day) 22/34 (64.7%)
Metoprolol (mean dose 200 mg/day) 1/34 (2.9%)
Carvedilol (mean dose 25 mg/day) 6/34 (17.6%)

Amiodarone (mean dose 209.52 mg/
day)

21/34 (61.8%)

Sotalol (mean dose 160 mg/day) 1/34 (2.9%)
Mexiletine 0
ACEi 15/34 (44.1%)
ARBs 7/34 (20.6%)
Sacubitril/valsartan 0
Aldosterone antagonist 14/34 (41.2%)
Furosemide 26/34 (76.5%)

Oral procainamide therapy was prescribed only for treatment of recurrent
ventricular arrhythmias.

ACEi 5 angiotensin-converting enzyme inhibitors; ARBs 5 angiotensin
II receptor blockers.

Table 4 Electrocardiogram parameters before and after
procainamide therapy

Before
procainamide

After
procainamide P value

Heart rate (beats/min) 67.6 6 9.7 70.8 6 9.3 .03
PR (ms) 182 6 83.1 178.6 678.1 .54
QRS duration (ms) 153.1 6 40.7 164.3 642.5 .08
QTc (ms) 458.3 6 72.7 482.6 6 49.4 .26
Tpeak – Tend (ms) 78.7 6 18.6 83.4 6 21.2 .07
P-wave duration (ms) 92.9 6 38.5 96.6 6 36.8 .12
Right bundle branch block 4 (11.8 %) 4 (11.8%) 1.0
Left bundle branch block 9 (26.5 %) 10 (29.4 %) .78

Continuous variables are expressed as mean 6 standard deviation. Cat-
egorical variables are expressed as absolute and percentage (in brackets).
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performed, 1 before and the other after procainamide initia-
tion. Overall, 26 out of 34 (77%) patients underwent catheter
ablation.

All but 1 patient with severe chronic obstructive pulmonary
disease was treated with beta-blockers with the maximal toler-
able dose, and treatment was continued after procainamide
was started. Before the beginning of the oral procainamide
treatment, 9 patients (26.5%) underwent intravenous infusion
of procainamide for an arrhythmic storm. The mean time of
oral procainamide treatment was 12.96 13.7 months (median
9 months; interquartile range: 2–20 months). The mean dose
of procainamide was 1207 6 487 mg/day. The starting dose
of procainamide was 900 mg per day in all patients; the total
daily dose was divided into 3 single doses; in 4 patients
(12%) the dose was reduced to 600 mg per day and in 2 pa-
tients (6%) the dose was reduced to 750 mg per day during
treatment because of slight drug intolerance: 3 patients
experienced symptomatic hypotension (in 1 case with syn-
cope), 1 patient had a worsening of dyspnea, 1 patient had
gastrointestinal disorders, and in the remaining patient the
dosage was reduced owing to worsening of renal function.



Table 5 Ventricular arrhythmias and ICD interventions before and after oral procainamide therapy

Ventricular arrhythmias and ICD
interventions Before procainamide After procainamide P value

VT/VF episodes Mean 6 SD
Median [IR]

31.7 6 65.5
19 [7.5-30]

16.25 6 26.3
5.5 [0.75-30]

.015

ICD interventions (ATP) Mean 6 SD
Median [IR]

17.7 6 20.6
14.5 [1.5-30]

13.1 6 26.6
3.5 [0-15]

.077

ICD interventions (shock) Mean 6 SD
Median [IR]

3.9 6 6
1.5 [1-5]

3.25 6 7.9
0 [0-1]

.005

ICD interventions (ATP 1 shock) Mean 6 SD
Median [IR]

10.8 6 16.6
15.5 [3-32.25]

8.2 6 20.1
5 [0-22.5]

.024

Incidence rate ratio (95% CI)

Incidence rate

P valueBefore procainamide After procainamide

VT/VF episodes 0.48 (0.43–0.53) 2.46 1.19 ,.001
ICD interventions (ATP) 0.7 (0.62–0.79) 1.37 0.96 ,.001
ICD interventions (shock) 0.79 (0.61–1.01) 0.30 0.24 .06
ICD interventions (ATP 1 shock) 0.72 (0.64–0.80) 1.68 1.20 ,.001

ATP5 antitachycardia pacing; CI5 confidence interval; ICD5 implantable cardioverter-defibrillator; IR5 interquartile range; SD5 standard deviation; VF
5 ventricular fibrillation; VT 5 ventricular tachycardia.
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In 1 patient (3%), the dose was increased to 1000 mg in order
to achieve complete arrhythmic control; in 5 patients (15%),
the dose was increased to 1200 mg; in 4 patients (11%), the
dose was increased to 1500 mg; in 3 patients (9%), 2000
mg; and in 1 patient (3%), 2500 mg. Baseline clinical charac-
teristics of the study group are presented in Table 1 and previ-
ous and concomitant pharmacological treatments in Tables 2
and 3. The ECG parameters show fairly notable QTc prolon-
gation (Table 4), but in the only 2 patients with normal renal
function, QTc moved from 450.5 6 29 ms to 446 6 46.7
ms, without prolongation.

The efficacy of procainamide treatment was evaluated by
comparing the burden of ventricular arrhythmias and the
number of appropriate ICD interventions during procaina-
mide treatment with the same duration right before initiation
of procainamide (Table 5). As Table 5 and Figures 1 and 2
show, the burden of ventricular arrhythmias, as well as the
number of ICD interventions, significantly decreased after
initiation of procainamide. In detail, the median of VT/VF
episodes decreased from 19 (7.5–30) before procainamide
therapy to 5.5 (0.75–30), P , .05, after procainamide treat-
ment, and 10 patients were completely free from VT/VF ep-
isodes. Similarly, ICD interventions occurred in 33 patients
before procainamide treatment and in 22 patients after procai-
namide, and the episodes of ICD therapies significantly
decreased for DC shock (median 0 [0–1] vs 1.5 [1–5],
P , .05) and for the combination of DC shock 1 ATP (me-
dian 5 [0–22.5] vs 15.5 [3–32.25], P , .05). We observed
21 arrhythmic storms before procainamide treatment vs
8 arrhythmic storms after procainamide treatment. Consid-
ering the relative incidence ratio (Table 5), a reduction of
52% in the VT/VF episodes and a reduction of 28% in the
combination of DC shock 1 ATP were observed.

In the group of 15 patients who were not treated with cath-
eter ablation before oral procainamide initiation, the results
seemed to be similar for VT/VF episodes (median from
15 [10–30] to 10.5 [1.25–27.5], P 5 .19), for ATP (median
from 14 [2–15] to 4 [1.25–13], P 5 .35), and for the combi-
nation of DC shock 1 ATP (median from 15 [3.5–22.5] to
5 [2–14], P 5 .24). The median of DC shock remained the
same: 1 [0.5–6] before and 1 [0–1] after oral procainamide
treatment. Procainamide tolerability without notable side ef-
fects was observed in 33 of 34 (97%) patients. In 1 patient,
after several days, a worsening dyspnea determined the
discontinuation of the therapy. In 2 other patients (6%), the
therapy was discontinued after several months owing to se-
vere hypotension. In 1 patient, we observed an elevation of
antinuclear antibody titers, but because he was asymptom-
atic, this value did not cause a discontinuation or a dose
reduction of oral procainamide. During the follow-up period,
15 patients (44%) died: 10 patients died owing to acute pul-
monary edema/cardiogenic shock, 2 patients died owing to
septic shock, 1 patient died owing to pulmonary embolism,
1 patient died owing to acute renal injury, and 1 patient
died owing to pneumonitis. The mean time under procaina-
mide therapy of patients who died was 5.9 6 6.8 months.
In our study population, amiodarone treatment was attempted
in 31 (91%) patients, and it had to be discontinued in
10 (29%) of them because of severe drug-induced hyperthy-
roidism in 7 cases and pulmonary fibrosis in the remaining
3 cases. Eight more patients developed hyperthyroidism,
but treatment was not discontinued, since they underwent
thyroid radioiodine ablation. Other amiodarone-related side
effects that did not require treatment discontinuation included
hypothyroidism in 9 cases and a single case of keratopathy.
Discussion
The present study retrospectively investigated the efficacy
and tolerability of procainamide in a sample of patients
with recurrent ventricular arrhythmias (Figure 3) when the
standard therapy strategy had failed. The main findings of



Figure 1 Plot showing the frequency (N) of ventricular tachycardia (VT)/ventricular fibrillation (VF) before (blue lines) and after (orange lines) procainamide
administration. Each line represents an individual patient. Patients are arranged in ascending order according to arrhythmic episodes before therapy.

Figure 2 Plot showing the frequency (N) of implantable cardioverter-defibrillator (ICD) appropriate interventions before (blue lines) and after (orange lines)
procainamide administration. Each line represents an individual patient. Patients are arranged in ascending order according to the number of episodes before
therapy.
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our study are as follows: (1) the procainamide therapy was
associated with a reduction of ventricular arrhythmias and
number of ICD interventions, in comparison with a matched
period before initiation of therapy; and (2) procainamide
showed an optimal degree of tolerability in our study popula-
tion during the follow-up period.

Most clinical studies report a recurrence rate of ventricular
arrhythmias of 20%–30% in ICD patients, resulting in even
higher secondary prevention.1,2 Antiarrhythmic drugs are usu-
ally prescribed long-term for the prevention of recurrences,
and amiodarone commonly represents the first-line therapy.
However, although amiodarone and sotalol have been clearly
demonstrated to reduce recurrent ventricular arrhythmias,6,7

they have been limited by tolerance and side effects.8,9 As a
matter of fact, long-term therapy with amiodarone is
commonly associated with severe organ damage. It has been



Figure 3 Twelve-lead electrocardiogram of ventricular tachycardia rapidly degenerating in ventricular fibrillation in a 76-year-old male patient with heart fail-
ure (ischemic etiology) and arrhythmic storm.
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reported that almost 40% of patients treated with amiodarone
discontinue medication after a median time of 21 months,
mostly owing to thyroid, pulmonary, and gastrointestinal
toxicity.9 The Optimal Pharmacological Therapy in Cardi-
overter Defibrillator Patients (OPTIC) study showed that the
combination of amiodarone with a beta-blocker was the
most effective therapy for preventing ICD shocks compared
with beta-blocker alone or sotalol.10 The Cardiac Arrest in Se-
attle: Conventional versus Amiodarone Drug Evaluation
(CASCADE) study reported that patients with an ICD who
were receiving amiodarone had fewer appropriate shocks
than those treated with class I antiarrhythmic drugs.11 A
meta-analysis found a concrete benefit of amiodarone in
reducing the recurrence of ICD interventions; on the other
hand, the impact of other class III antiarrhythmic drugs (sota-
lol, azimilide, dofetilide) was found to be less important, espe-
cially when beta-blockers were the control group.12

Data regarding the efficacy of procainamide in patients
with heart failure, ICD, and refractory ventricular arrhyth-
mias are limited. Its use expanded in the 1950s, but now
it is only incidentally used. Recently, it was investigated
for pharmacologic cardioversion of VT. In this field, pro-
cainamide is associated with fewer adverse cardiac events
and is more effective for cardioversion compared to amio-
darone.13 Moreover, the PROCAMIO study compared,
for the first time in a randomized design, intravenous pro-
cainamide and amiodarone for the treatment of acute ep-
isodes of sustained monomorphic VT: procainamide
therapy was associated with fewer major cardiac adverse
events and a higher proportion of tachycardia termination
within 40 minutes.14 On the contrary, there are only very
old studies about the efficacy of oral procainamide. In the
1950s, it was shown to reduce or abolish ventricular ar-
rhythmias in the acute setting in up to 90% of patients
with ventricular premature depolarizations and 80% of
patients with VT.15–17 Some studies also evaluated the
therapeutic antiarrhythmic plasma concentration range of
procainamide, and they concluded that this value is very
variable from one patient to another.18,19 This could
justify the large spectrum of dosages of procainamide
also present in our case series. Procainamide, like most
antiarrhythmic drugs, is known to reduce the systolic
left ventricular function20: in our study, the patients’ mor-
tality rate during procainamide treatment was apparently
higher than that in previous studies of patients with heart
failure who had an ICD.21 It is not clear whether procai-
namide may have contributed to the naturally occurring
worsening of heart failure; however, this value could be
more appropriately explained by the higher mortality rates
of patients with a high ventricular arrhythmic burden,22

such as the population of our study. In patients with sus-
tained VTs, the response to intravenous procainamide
does not reliably predict the response to oral procaina-
mide23; for this reason, only 26.5% of our patients expe-
rienced intravenous infusion of procainamide before the
beginning of oral administration.

The QTc prolongation in our patients after the beginning
of oral procainamide therapy may be due to excessive
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N-acetylprocainamide accumulation owing to chronic kidney
disease. In fact, in the only 2 patients with normal renal func-
tion, QTc did not lengthen.

The current guidelines note that with the exception of
beta-blockers (eg, metoprolol succinate, carvedilol), there is
no evidence from randomized controlled trials that antiar-
rhythmic medications for ventricular arrhythmias improve
survival when given for the primary or secondary prevention
of sudden cardiac death. However, the use of these medica-
tions is essential in some patients to control arrhythmias
and improve symptoms. The administration of intravenous
procainamide in patients with hemodynamically stable VT
can be useful to attempt to terminate VT (class IIa, level of
evidence A).4 Oral procainamide is included in a list of avail-
able drugs at a dose of 1000–4000 mg/day,3 or 500–1250 mg
every 6 hours,4 but no specific recommendations are given
about its use.3,4 Catheter ablation is a fundamental tool for
treating incessant VTs, electrical storm, and recurrent ICD
shocks due to sustained VT (class I, level of evidence B).3

In a VANISH trial substudy, catheter ablation provided
greater relative benefit than escalation of antiarrhythmic
drug therapy for patients who experienced recurrent VT,
despite chronic oral amiodarone therapy, with the greatest ef-
fect on reduction of VT storms.24 Catheter ablation is partic-
ularly effective in monomorphic scar-related VTs, when the
ablation target is the isthmus of slow conduction within the
VT reentry circuit.25 In polymorphic VTs, it can be more
difficult to find the ablation target26: in some patients, Pur-
kinje fibers could be amenable to catheter ablation,27 but in
other patients catheter ablation could be infeasible. In our
experience, catheter ablation was the first option for patients
with recurrent monomorphic VT despite chronic oral amio-
darone therapy. We introduced oral procainamide in patients
with a previous failed ablation, as a bridge to catheter abla-
tion, if the procedure was not feasible for anatomical reasons
(eg, inaccessible location in the myocardium), or in patients
who refused catheter ablation.

In this era when no new antiarrhythmic drugs have been
developed for the treatment of ventricular arrhythmias in
the field of heart failure, procainamide surely represents
a valuable solution. Other possibilities could include quini-
dine, whose use is strongly limited by gastrointestinal intol-
erance,28 and mexiletine, which initially appeared to be
effective in acutely suppressing ventricular arrhythmias and
reducing the risk of recurrence,29 but in the following years
its effectiveness has been questioned, especially in ventricu-
lar arrhythmias related to ischemic heart disease.30Moreover,
the addition of mexiletine as part of the drug escalation strat-
egy appeared ineffective in the VANISH trial.31

In many countries, patient access to oral procainamide
could be critically endangered by a market withdrawal. We
hope that the findings of this study will help scientific soci-
eties influence pharmaceutical and healthcare institutions to
restore availability of this drug that is valuable in the care
of arrhythmic patients.
Limitations
The most important limitation of this study is related to its
retrospective and observational design without a control
group. In addition, as all data were collected in a single cen-
ter, the results should not be generalized. Another limitation
is the relatively low number of patients included in the retro-
spective analysis. Moreover, the natural course of VT/VF
events, reprogramming of ICD therapies and detection zones,
correction of electrolyte derangements, and concomitant
pharmacotherapy might have contributed to the apparent
changes seen during and after procainamide therapy. For
these reasons, this study should be viewed as an exploratory
research and, as such, as a source of observations based on
which to form new hypotheses.
Conclusion
The present study shows that medium- or long-term therapy
with procainamide, in combination with amiodarone or
alone, might be effective in improving the quality of life of
patients with ICD and frequent ventricular arrhythmias and
ICD shocks, regardless of the etiology of heart disease in
a medium- or long-term setting. However, these findings
would need larger, prospective, controlled, multicenter, and
randomized trials to be confirmed.
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