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Objective: To evaluate the efficiency of amiodarone in preventing the occurrence of

reperfusion ventricular fibrillation (RVF) after aortic cross-clamp (ACC) release in patients

undergoing open-heart surgery.

Methods: We searched the Web of Science, Cochrane Library, EMBASE, and

PubMed databases through January 2021 for relevant studies addressing the efficacy of

amiodarone in preventing RVF after ACC release in patients undergoing cardiac surgery.

A complete statistical analysis was performed using RevMan 5.3. Risk ratios (RRs) and

95% confidence intervals (CIs) were calculated to express the results of dichotomous

outcomes using random or fixed-effect models. The chi-square test and I2 test were

used to calculate heterogeneity.

Results: Seven studies (856 enrolled patients; 311 in the amiodarone group, 268 in the

lidocaine group, and 277 in the placebo group) were selected for the meta-analysis. The

incidence of RVF was significantly decreased in the amiodarone group compared to the

placebo group (RR = 0.69, 95%CI: 0.50–0.94, P = 0.02). However, amiodarone and

lidocaine did not confer any significant difference (RR = 0.98, 95%CI: 0.61–1.59, P =

0.94). The percentage of patients requiring electric defibrillation counter shocks (DCSs)

did not confer any significant difference between patients administered amiodarone and

lidocaine or placebo (RR = 1.58, 95%CI: 0.29–8.74, P = 0.60; RR = 0.55, 95%CI:

0.27–1.10, P = 0.09; respectively).

Conclusions: Amiodarone is more effective than a placebo in preventing RVF after ACC

release in cardiac surgery. However, the amiodarone group required the same number

of electrical DCSs to terminate RVF as the lidocaine or placebo groups.
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INTRODUCTION

Open-heart surgery is a primary treatment option for patients
with severe valvular heart disease (VHD) and multiple-
vessel coronary heart disease (CHD) (1–3). However, patients
undergoing valve replacement surgery or coronary artery bypass
surgery (CABG) are prone to risks associated with surgical
complications such as arrhythmias, major bleeding, severe
infection, and cerebral infarction (4). Ventricular fibrillation
(VF) frequently occurs after aortic cross-clamp (ACC) release in
patients undergoing open-heart surgery (5–7), which can result
in reperfusion ventricular fibrillation (RVF) when myocardium
reperfusion is initiated. This surgical consequence is associated
with a negative impact on morbidity and mortality (5–7).

The etiopathogenesis of RVF is explained through several
mechanisms that occur in combination with myocardial
ischemia-reperfusion injury (IRI), including subsequent
auto-inflammatory responses, oxidative stress, and electrical
instability, which may lead to sudden cardiac death. Oxidative
stress influences ion homeostasis due to changes in the ion
channel structure and function, which play a critical role in
increased levels of circulating catecholamine and angiotensin
II that consequently elicit ventricular arrhythmias, such as
VF (8). Previous studies have demonstrated that RVF is most
frequently associated with post ACC release during the CABG
procedure. Earlier studies have reported that the incidence of
RVF occurrence after ACC release ranges between 45 and 100%
(9–11), but a more recent study reported that the rate is between
10 and 80% (7). This variation in RVF incidence indicates a
change in the type of cardiac operation and the experience and
skills of the surgeon (6).

External electric defibrillation is sometimes used to terminate
RVF and achieve normal cardiac impulse transmission through
the heart’s electrical conduction system. When defibrillation is
delayed, effectiveness is reduced by almost 10% per minute.
However, attempting to provide electric shock may result
in coronary ischemia or acute myocardial infarction, further
worsening the patient’s condition (12). To overcome this, it has
been recommended that patients undergoing cardiac surgery
be administered anti-arrhythmic drugs, such as amiodarone or
lidocaine, during the perioperative period to effectively prevent
RVF after ACC release (6, 13).

A comparative study of amiodarone administration with
placebo before ACC release was shown to significantly reduce
RVF occurrence in patients undergoing cardiac surgery (5, 9),
but other studies have reported contradictory results (10, 11, 14,
15). Comparisons between amiodarone and lidocaine have also

Abbreviations: ACC, aortic cross-clamp; AF, atrial fibrillation; AV,

atrioventricular; CABG, coronary artery bypass surgery; CHD, coronary

heart disease; CI, confidence intervals; CPB, cardiopulmonary bypass; CPR,

cardiopulmonary resuscitation; CVD, cardiovascular disease; DCSs, defibrillation

counter shocks; ED, endothelial dysfunction; IHCA, in-hospital sudden cardiac

arrest; IRI, ischemia-reperfusion injury; ITT, intention-to-treat; IV, intravenous

injection; LVEF, left ventricular ejection fraction; NO, nitric oxide; PRISMA,

preferred reporting items for systematic reviews and Meta-analyses; RCT,

randomized controlled trial; RVF, reperfusion ventricular fibrillation; RR, risk

ratio; TLR-9, Toll-like receptor 9; VF, ventricular fibrillation; VHD, valvular heart

disease; VT, ventricular tachycardia; VW, Vaughan-Williams.

shown similar contradictory results (5, 7, 10, 11, 15). This study
aimed to explore the effectiveness of amiodarone in preventing
RVF after ACC release in open-heart surgery patients.

MATERIALS AND METHODS

This meta-analysis was conducted and reported according to
the instructions and recommendations provided in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines (16).

Inclusion and Exclusion Criteria
A comprehensive search of the literature was performed for this
systematic review. Our search criteria included: (1) randomized
controlled trials (RCTs), (2) all enrolled adult patients who
required ACC after undergoing open-heart surgery, (3) patients
were randomly divided into the placebo group, lidocaine group,
or amiodarone group, and (4) primary outcome measurements
were included with the incidence of RVF, and percentage of
patients requiring electric defibrillation counter shocks (DCSs).

Exclusion criteria were as follows: (1) non-open-heart surgery,
(2) animal research, (3) comments, correspondences, case
reports, and reviews, and (4) detailed outcome results of the
previous studies, which were not reported.

Information Source and Search Strategy
We initially searched for all relevant studies, without any
language limitations, through January 2021. We extensively
searched the published literature using the following databases:
The Cochrane Library using the Cochrane Handbook for
Systematic Reviews of Interventions 5.0.2, Web of Science,
EMBASE, and PubMed. The PubMed, Ovid, and Cochrane
databases were used to identify peer-reviewed original research
articles by applying the keywords andMESH headings as follows:
“amiodarone” AND “cordarone,” “ventricular fibrillation” OR
“ventricular arrhythmia,” “reperfusion ventricular fibrillation”
AND “reperfusion ventricular arrhythmia,” “open heart surgery”
OR “cardiac surgery.” A search was run as “cited reference
studies” using the Cochrane Collaboration database to cite the
appropriate studies and authors as references to check for the
study’s relevance. A manual search of the bibliography was
also performed.

Data Extraction and Quality Evaluation
The searched research articles were thoroughly screened again
and rechecked by two independent reviewers, He and Xiong, who
were paired based on their educational background to ensure
that at least one reviewer had clinical expertise and one reviewer
had research experience. Both reviewers were informed of the
inclusion and exclusion criteria to ensure proper selection of
screened titles and abstracts of relevant articles from the database
searches. The reviewers independently obtained the required
data regarding patient demographics, left ventricular ejection
fraction (LVEF), type of surgery performed, duration of ACC,
cardiopulmonary bypass (CPB), and some relevant parameters
during CPB (Table 1), and they evaluated whether the quality of
the content in the article matched the title selected.
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TABLE 1 | Demographic characteristics and intraoperative data of the included studies.

Study Area Study

design

Subjects Male Age LVEF (%) Operation type

Ayoub (11) America RCT A: 40

L: 40

P: 40

A: 36

L: 37

P: 36

A: 63 ± 9

L: 64 ± 9

P: 65 ± 10

A: > 35

L: > 35

P: > 35

CABG

Samantaray

et al. (9)

India RCT A: 17

P: 17

A: 11

P: 12

A: 47.2 ± 6.6

P: 50.0 ± 6.0

A: > 35

P: > 35

CABG

Kar (14) India RCT A: 28

P: 28

A: 16

P: 14

A: 36.89 ± 12.14

P: 35.25 ± 8.4

NA Valve

Mauermann

et al. (10)

America RCT A: 115

L: 115

P: 112

A: 74

L: 81

P: 82

A: 63.3 ± 13.6

L: 62.7 ± 13.9

P: 63.6 ± 13.0

A: 62.7 ± 10.8

L: 62.7 ± 11.5

P: 62.8 ± 11.7

CABG, Valve,

and Myectomy

Alizadeh-

Ghavidel

(15)

Iran RCT A: 50 L: 50

P: 50

A: 39

L: 40

P: 43

A: 58.06 ± 10.47

L: 60.64 ± 15.62

P: 57.43 ± 10.97

A: 42.65 ± 6.80

L: 43.64 ± 6.93

P: 43.52 ± 7.36

CABG

Yilmaz et al.

(5)

Turkey RCT A: 27 L: 29

P: 30

A: 22

L: 22

P: 24

A: 57.2 ± 7.9

L: 61.6 ± 8.6

P: 59.7 ± 9.8

A: 53.2 ± 10.3

L: 52.8 ± 9.0

P: 52.5 ± 9.0

CABG

Mita et al. (7) Japan RCT A: 34

L: 34

A: 21

L: 19

A: 70.5 ± 7.8

L: 71.5 ± 8.8

A: 65.5 ± 7.9

L: 62.4 ± 11.8

Valve

Study pH ACC time (min) CPB time (min) Core temperature (time of cross

clamp release) (◦C)

Ayoub (11) A: 7.40 ± 0.05

L: 7.41 ± 0.03

P: 7.41 ± 0.04

A: 42.0 ± 20.0

L: 44.0 ± 22.0

P: 35.0 ± 11.0

A: 66.0 ± 32.0

L: 67.0 ± 33.0

P: 64.0 ± 29.0

29

Samantaray et al. (9) NA A: 49.4 ± 12.3

P: 48.8 ± 15.2

A: 76.1 ± 16.5

P: 74.2 ± 18.7

30

Kar (14) NA A: 63.78 ± 8.6

P: 63.78 ± 10.5

A: 101.25 ± 12.3

P: 108.89 ± 11.4

NA

Mauermann et al. (10) NA A: 47.4 ± 32.1

L: 46.5 ± 56.1

P: 53.3 ± 36.8

A: 70.8 ± 64.0

L: 74.3 ± 40.0

P: 78.0 ± 48.7

32

Alizadeh-Ghavidel (15) A: 7.35 ± 0.07

L: 7.34 ± 0.06

P: 7.36 ± 0.06

A: 38.2 ± 19.6

L: 35.6 ± 12.6

P: 34.9 ± 14.0

A: 72.8 ± 29.2

L: 72.1 ± 21.2

P: 65.1 ± 29.7

34

Yilmaz et al. (5) A: 7.40 ± 0.04

L: 7.50 ± 0.51

P: 7.40 ± 0.06

A: 67.6 ± 19.7

L: 64.1 ± 18.9

P: 63.2 ± 8.8

A: 104.1 ± 31.3

L: 113.6 ± 27.8

P: 114.4 ± 27.6

34

Mita et al. (7) A: 7.36 ± 0.04

L: 7.36 ± 0.04

A: 135 ± 44

L: 148 ± 42

A: 165 ± 51

L: 188 ± 52

36

Study Timing of electrical defibrillation Timing of the medication given

before ACC release (min)

Dose of the medication given

Ayoub (11) DCSs immediately after RVF A: 2

L: 2

P: 2

A: 150 mg

L: 100 mg

P: constant volume

Samantaray et al. (9) DCSs immediately after RVF A: 3

P: 3

A: 150 mg

P: constant volume

Kar (14) NA NA A: 3mg/kg

P: constant volume

Mauermann et al. (10) DCSs immediately after RVF A: 3

L: 3

P: 3

A:300 mg:

L: 1.5 mg/kg

P: constant volume

Alizadeh-Ghavidel (15) DCSs immediately after RVF A: 3

L: 3

P: 3

A: 150 mg

L: 100 mg P: constant volume

(Continued)
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TABLE 1 | Continued

Study Timing of electrical defibrillation Timing of the medication given

before ACC release (min)

Dose of the medication given

Yilmaz et al. (5) RVF persist untreated for 2min A: 15

L: 2

P: NA

A: 300 mg

L: 1.5 mg/kg

P: constant volume

Mita et al. (7) DCSs immediately after RVF NA A: 150 mg

L: 1mg/kg

Study Potassium (mEq/L) (during

cross clamp)

Cardioplegia solution

Ayoub (11) A: 4.7 ± 1.0

L: 4.8 ± 0.5

P: 4.9 ± 0.5

Crystalloid hyperkalemic cardioplegia

Samantaray et al. (9) A: 4.4 ± 0.3

P: 4.5 ± 0.5

Crystalloid hyperkalemic cardioplegia

Kar (14) NA St. Thomas’ solution-based crystalloid-blood cardioplegic solution

Mauermann et al. (10) NA Crystalloid hyperkalemic cardioplegia

Alizadeh-Ghavidel (15) A: 4.10 ± 0.44

L: 4.11 ± 0.42

P: 4.24 ± 0.47

Retrograde St. Thomas solution

Yilmaz et al. (5) A: 5.00 ± 0.63

L: 4.80 ± 0.61

P: 4.40 ± 0.89

Retrograde St. Thomas solution and crystalloid hyperkalemic cardioplegia

Mita et al. (7) A: 4.9 ± 0.4

L: 5.0 ± 0.5

Crystalloid hyperkalemic cardioplegia

A, amiodarone group; L, lidocaine group; P, placebo group.

ACC, aortic cross-clamp; CABG, coronary artery bypass graft; CPB, cardiopulmonary bypass; DCSs, defibrillation counter shocks; LVEF, left ventricular ejection fraction; Myectomy,

septal myectomy; NA, not available; RCT, randomized controlled trial; RVF, reperfusion ventricular fibrillation; Valve, valve surgery.

Data are presented as mean ± standard deviation (SD).

The full texts of the potentially relevant studies were retrieved
for a full review. The reviewers further discussed and resolved
any discrepancies regarding the eligibility of studies; unresolved
discrepancies were brought to the third author (Zhang) for a
decision. Additional articles were browsed based on internal
references, and appropriate information was obtained. The
reviewers crosschecked all articles and made a final list of
references, and discussed the list with the third reviewer before
writing this systematic review.

We used the Cochrane Back Review Group 12-item scale
to evaluate the quality of all included studies (17). The 12
items included: adequate sequence generation; concealment of
allocation; blinding (patient); blinding (investigator); blinding
(assessor); incomplete outcome data addressed (dropouts);
incomplete outcome data addressed (intention-to-treat (ITT)
analysis); free of selective reporting; similarity at baseline;
co-interventions constant; compliance acceptable; and similar
timing outcome assessments (6, 18). Studies with more than
seven items were scored as “High”; those with 4 to 7 items were
scored as “Moderate”; those with no more than 4 items were
scored as “Low” (Table 2).

Statistical Analysis
RevMan 5.3 was used for statistical analysis. The chi-square test
and I2 test were performed to calculate the heterogeneity of the
sample size. Heterogeneity was considered high, moderate, or

low for the estimated I2 values of 75, 50, and 25%, respectively.
If low heterogeneity was found, the fixed effect method was
performed; if not, the random effect model was performed.
Subgroup analyses were used to evaluate the potential source
of heterogeneity. Publication bias was assessed using a funnel
plot. The statistical significance was considered if the P-value was
<0.05 (P < 0.05).

RESULTS

Study Characteristics
We identified 425 potentially relevant articles from the electronic
databases as described earlier. According to the inclusion criteria,
19 articles were retrieved and needed further evaluation after
screening the title or abstract. We conducted a full-text review
of the previous articles, and 12 articles were excluded for
not meeting the inclusion criteria. Finally, 7 RCTs (5, 7, 9–
11, 14, 15) were included in this analysis. Figure 1 shows the
selection process.

A total of 856 participants were enrolled in the 7 RCTs (5,
7, 9–11, 14, 15); 311 patients were included in the amiodarone
group, 268 in the lidocaine group and 277 in the placebo
group. According to the quality evaluation standard, 5 of the
included studies met high-quality criteria, and the remaining 2
were medium quality (Table 2). Among these studies, 1 study
compared the efficiency of both amiodarone and lidocaine (7),
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TABLE 2 | Methodological quality of the included studies based on the 12-item scoring system.

Study A1 B C D E F2 G3 H I J K L Quality4

Ayoub (11) – – + ? ? + + + + + + + High

Samantaray et al. (9) – + + ? ? + + + + + + + High

Kar (14) – – + ? ? + + + + + + + High

Mauermann et al. (10) – – + ? ? + + + + + + + High

Alizadeh-Ghavidel (15) – – + ? ? + + + + + + + High

Yilmaz et al. (5) – – + ? ? + + + + + + – Moderate

Mita et al. (7) – – + ? ? + + + + + + – Moderate

(A), adequate sequence generation; (B), concealment of allocation; (C), blinding (patient); (D), blinding (investigator); (E), blinding (assessor); (F), incomplete outcome data addressed

(dropouts); (G), incomplete outcome data addressed (ITT analysis); (H), free of selective reporting; (I), similarity at baseline; (J), cointerventions constant; (K), compliance acceptable; (L),

similar timing outcome assessments. +: yes; –: no; ?: unclear.
1Only if the sequencing method was explicitly introduced was a study given a “+”; sequence generated by “Dates of Admission” or “Patient’s Number” received a “–”.
2Drop-out rates <20% were given a “+”, otherwise “–”.
3 ITT, intention-to-treat; only if all randomized participants were analyzed in the group to which they were allocated was a study given a “+”.
4Studies with more than 7 items were scored as “High”; those with more than 4, but no more than 7 items were scored as “Moderate”; those with no more than 4 items were scored

as “Low”.

2 studies compared the effectiveness of amiodarone with placebo
(9, 14), and 4 studies were based on three-arm trials (5, 10, 11, 15)
comparing amiodarone vs. placebo vs. lidocaine. All patients
were matched for gender and age, underwent elective cardiac
surgery, had LVEF, and matched the operative condition. In 4
studies, patients underwent CABG (5, 9, 11, 15), 2 had patients
who had valve surgery (7, 14), and the other included patients
who underwent CABG, valve surgery, and septal myectomy (10)
(Table 1).

Quantitative Data Synthesis
Five studies (5, 7, 10, 11, 15) compared the efficacy of amiodarone
and lidocaine on the incidence of RVF after ACC release in
patients undergoing cardiac surgery. We found that the RVF
occurrence rate after ACC release was significantly decreased
in the amiodarone group compared to the placebo group
(risk ratio (RR) = 0.69, 95% confidence interval (CI): 0.50–
0.94, P = 0.02; Figure 2B) (5, 9–11, 14, 15). However, there
was no significant difference between patients administrated
amiodarone and lidocaine (RR = 0.98, 95%CI: 0.61–1.59, P =

0.94; Figure 2A).
Four studies compared the placebo group (270 patients)

(9, 11, 14, 15) and found that the percentage of patients
requiring DCSs for RVF was decreased but did not confer
any statistical significance in the amiodarone group with
moderate heterogeneity (RR= 0.55, 95%CI: 0.27–1.10, P = 0.09;
Figure 3B). However, 3 studies (7, 11, 15) that included 248
patients found no significant difference in the rate of patients
requiring DCSs for RVF between the amiodarone and lidocaine
groups (RR= 1.58, 95%CI: 0.29–8.74, P= 0.60; Figure 3A).

Heterogeneity Analysis
The existence of heterogeneity among trials was evaluated in this
meta-analysis. The heterogeneity test was conducted for those
studies in which an individual study was excluded. Moreover, due
to the scaling between moderate to high heterogeneity in all total
pooled consequences, the random effect model was performed to
combine the effect size.

Sensitivity analysis was subsequently performed, which was
based on the type of surgery. Compared to the lidocaine group,
we found the occurrence rate of RVF was higher in 3 studies
(5, 11, 15) consisting of 236 patients (RR = 1.44, 95%CI: 0.79–
2.62, P = 0.23; Supplementary Figure 1A). The percentage of
patients requiring DCSs for RVF was observed in 2 studies
(11, 15) consisting of 180 patients (RR = 3.49; 95%CI: 0.46–
26.65, P = 0.23; Supplementary Figure 2A), with no significant
difference in the amiodarone group. We found a similar outcome
between the amiodarone group and placebo group in 4 studies
(5, 9, 11, 15) consisting of 271 patients (RR= 0.64; 95%CI: 0.38–
1.10, P = 0.11), and in 3 studies (9, 11, 15) consisting of 214
patients (RR = 0.64; 95%CI: 0.31–1.34, P = 0.24), respectively
(Supplementary Figures 1B, 2B).

Due to the small number of patients included in these studies,
meta-regression analyses were not performed, and evaluation of
the publication bias was difficult to estimate.

DISCUSSION

Reperfusion-induced VF after removal of ACC is a significant
complication of open-heart surgery. We conducted a meta-
analysis to determine the efficiency of amiodarone compared
to placebo or lidocaine for significantly reducing the incidence
of RVF after ACC release during cardiac surgery. Our analysis
showed that amiodarone is more effective than placebo for
preventing RVF occurrence, while amiodarone and lidocaine
confer comparable preventative efficacy. However, the efficacy
of amiodarone was comparable to lidocaine and placebo for
preventing RVF in patients subsequently requiring DCSs.

Our analysis showed that RVF incidence after ACC release
during open-heart surgery was comparatively high, related to
poor prognosis. Recent studies have shown that anti-arrhythmic
drugs can effectively prevent RVF during open-heart surgery (11,
19). Lidocaine and amiodarone are commonly anti-arrhythmic
clinical medicines (20, 21) because they exert sympatholytic,
sodium, and calcium antagonistic properties that decrease
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FIGURE 1 | Selection of randomized controlled trials for this meta-analysis.

conduction through the atrioventricular (AV) node and sinus
node. Currently, only a few studies have directly compared the
effects of these two drugs on RVF after ACC release during
open-heart surgery. A study by Rea et al. (22) compared
the combination of amiodarone and lidocaine in 194 patients
suffering from in-hospital sudden cardiac arrest (IHCA). A
Cox regression analysis of patients given amiodarone showed a
lower probability of survival after 24 h and survival to hospital
discharge than patients treated with lidocaine. However, these
findings cannot determine if the poor outcome of the treatment
is due to amiodarone treatment or due to a longer duration

of cardiopulmonary resuscitation (CPR). Amiodarone treatment
could be time-sensitive, suggesting that the earlier amiodarone
is administered during CPR, the more effective the outcomes.
Therefore, amiodarone is more effective than lidocaine when
given early during CPR (23).

Our meta-analysis shows that lidocaine and amiodarone
have similar efficacy in preventing VF occurrence after ACC
release during cardiac surgery, consistent with previous studies
(6, 10, 15). A previous study showed that a constant supply
of a magnesium lidocaine mixture into the bloodstream of
patients prevents the re-onset of impulsive electrical activity.
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FIGURE 2 | Forest plot comparing the incidence of ventricular fibrillation (VF) after the release of aortic cross-clamp (ACC) in patients undergoing open-heart surgery

who were treated with amiodarone or lidocaine or placebo. CI, confidence intervals. The rate of VF after release of ACC did not differ significantly between patients

undergoing open heart surgery who were treated with amiodarone or lidocaine (A); amiodarone was associated with a lower risk of VF than placebo (B).

FIGURE 3 | Forest plot comparing the ratio of patients who subsequently required defibrillation counter shocks (DCSs) after the release of aortic cross-clamp (ACC)

during open-heart surgery. CI, confidence intervals. The rate did not differ significantly between amiodarone and lidocaine groups (A); the percentage of patients

requiring DCSs for VF did not differ significantly between patients receiving amiodarone and placebo (B).
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This study also showed that conduction frequency and post-
CPB ventricular arrhythmias occurred in spontaneous VF after
ACC release compared to the control group undergoing CABG
surgery. Administration of lidocaine alone as an intravenous
injection bolus or in combination infusion before ACC release
has shown contradictory results in various RCT studies.
Based on trial reports, lidocaine can effectively reduce the
occurrence of reperfusion VF to 84%, but in others, no
reduction was observed (24). Another study also suggested
that lidocaine may be better than amiodarone (11), in that
amiodarone can stabilize myocardial cells and has been widely
used to prevent and treat arrhythmias (25). An experimental
study by Zoerner et al. provides insight into the potential
mechanism of amiodarone in preventing VF during open-
heart surgery. They found that in a pig model of bleeding-
induced VF, combined resuscitation with vasopressin and
amiodarone after hemorrhagic circulatory arrest resulted in
greater 3-h survival, better preserved hemodynamic parameters,
and smaller myocardial injury compared to resuscitation with
vasopressin only, indicating that amiodarone terminated VF
(26). In addition, early defibrillation is advisable according to
the American Heart Association (AHA) guidelines. Moreover,
prolonged hypoperfusion may result in intramyocardial acidosis
and end-organ damage over a period of time. Early amiodarone
administration is recommended to prevent such damage to
maintain the spontaneous perfusing rhythm, terminate VF,
and improve neurological outcomes at hospital discharge. This
recommendation is in accordance with the 2018 AHA guidelines,
which state that amiodarone is beneficial at the early onset of
disease. (27). The results of this analysis are also by previous
research that indicated that amiodarone might be related to a
lower long-term ventricular defibrillation threshold (6, 28, 29),
suggesting that amiodarone has beneficial effects on malignant
arrhythmia. Therefore, the usage of amiodarone to treatment
arrhythmias has been affirmed.

Our meta-analysis shows that amiodarone is more effective
than a placebo for preventing RVF occurrence. As we know,
an increase in coronary blood supply after ACC release may
aggravate myocardial damage, causing IRI, which can manifest
as severe or even fatal arrhythmias such as VF, heart failure,
and cardiogenic shock (30). Studies have shown that calcium
ions overload the production of large amounts of oxygen free
radicals, and the secretion of endothelial factors from vascular
endothelial cells may be related to this pathophysiological process
(31). Activation of neutrophils, increased myocardial autonomy,
an elevated VF threshold in the ischemic myocardium, and a
myocardial electrolyte disturbance may also be involved in IRI
occurrence. Interleukin-6 (IL-6) is a cytokine that mediates the
inflammatory response and inhibits the release of inflammatory
factors that can reduce the accumulation of neutrophils in
microvessels, thereby reducing myocardial damage (32). Studies
have shown that pro-inflammatory cytokine IL-6 levels are higher
in patients after cardiopulmonary bypass, which may be one
causal factor of IRI in these patients. This mechanism has been
demonstrated by blocking mitochondrial DNA accumulation
in the circulation in various in vivo bypass models, such as
post-sternotomy/cardiopulmonary. Another study reported that

blocking Toll-like receptor 9 (TLR-9) subsequently resulted in
low IL-6 production in an in vivomodel. This evidence confirms
a direct relationship between TLR-9 signaling and subsequent
IL-6 driven inflammatory pathways in surgical trauma. Hence,
reducing IL-6 levels can be an effective treatment strategy
for cardiopulmonary bypass patients (33). Studies have shown
that amiodarone can improve the level of inflammatory factors
by increasing the activity of ion channels and inhibiting the
Na+/Ca2+ exchange protein, thereby reducing calcium overload
during blood reperfusion without aggravating deterioration of
heart function and by preventing reperfusion arrhythmia (34).

In this study, we found no significant difference in the
proportion of patients who subsequently required DCS to
terminate VF following open-heart surgery between amiodarone
and lidocaine or placebo treatment groups. This result is
inconsistent with the reported incidence of VF after cardiac
surgery in studies that investigated DCS. However, the statistical
power of the pooled analysis was limited.

LIMITATIONS

Our study has the following limitations. Firstly, we included
only the results of 7 RCTs that enrolled 856 patients undergoing
cardiac surgery. The sample size of each included trial was
small, which restricted further analyses of other parameters
that may influence outcomes, such as study area, comorbidities,
ACC time, CPB time, etc. Therefore, more large-scale RCTs
are needed to verify our results. Secondly, whether the random
sequence generation and outcome measurement of the included
studies are blinded is uncertain, resulting in moderate quality
of some studies. Thirdly, there was significant heterogeneity in
our study. Sensitivity analyses were performed, but heterogeneity
was significant despite excluding individual studies. Fourthly, the
optimal regimen and amiodarone dosages in the perioperative
period were not uniform among the included studies. Fifthly,
we had only research articles in English, leading to the
potential of bias. Finally, there is no recommended time for
amiodarone before releasing ACC to prevent RVF, and the
enrolled studies have it at different times. Five studies (5, 9–
11, 19) reported the timing of amiodarone administration before
ACC release. Three studies (9, 10, 19) reported amiodarone
administration 3 minutes before the removal of the ACC, one
study (11) reported administration 2min before ACC release,
and another study (10) reported administration 15min before
ACC release.

CLINICAL AND RESEARCH IMPLICATIONS

These results of our meta-analysis may highlight the potential
use of conventional antiarrhythmic medications to prevent
RVF during cardiac surgery procedures. Further studies with
more significant numbers of participants are needed to confirm
our results and evaluate the time-sensitivity of amiodarone
in preventing RVF post ACC removal and determine the
standardized protocol and regimens for the perioperative
administrations of amiodarone during open-heart surgery.
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CONCLUSIONS

Amiodarone is more effective than a placebo in preventing RVF
after ACC release in cardiac surgery. However, the amiodarone
group required the same number of electrical DCSs to terminate
RVF as the lidocaine or placebo groups. In addition, we would
also highlight that it indicates the need for further studies to
establish if the use of amiodarone is time-sensitive and whether
this may further reduce the risk of RVF with consequent DCSs.
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Supplementary Figure 1 | Forest plot comparing the incidence of ventricular

fibrillation (VF) after the release of aortic cross-clamp (ACC) in patients undergoing

coronary artery bypass surgery (CABG) who were treated with amiodarone,

lidocaine or placebo. CI, confidence intervals. The rate of VF after release of ACC

did not differ significantly between patients undergoing open heart surgery who

were treated with amiodarone or lidocaine (A); amiodarone was not associated

with a lower risk of VF than placebo (B).

Supplementary Figure 2 | Forest plot comparing the ratio of patients who

subsequently required defibrillation counter shocks (DCSs) after the release of

aortic cross-clamp (ACC) during coronary artery bypass surgery. CI, confidence

intervals. The rate did not differ significantly between amiodarone and lidocaine

groups (A); the percentage of patients requiring DCSs for VF did not differ

significantly between patients receiving amiodarone and placebo (B).
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