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Abstract

Introduction: Catheter ablation (CA) for atrial fibrillation (AF) can be associated with limited efficacy. Due to its autonomic innervation,
the vein of Marshall (VOM) is an attractive target during AF ablation. In this meta-analysis, we aimed to evaluate the efficacy and safety of
adjunctive ethanol infusion of VOM (VOM-EI) in AF ablation.

Method: We performed a comprehensive literature search for studies that evaluated the efficacy and safety of VOM-EI in AF ablation
compared to AF catheter ablation alone. The primary outcome of interest was late (23 months)AF or atrial tachycardia (AT) recurrence. The
secondary outcomes included acute mitral isthmus bidirectional block (MIBB) and procedural complications (pericardial effusion, stroke,
or atrio-esophageal fistula). Pooled relative risk (RR) and corresponding 95% confidence intervals (Cls) were calculated using the random-
effects model.

Results: A total of four studies, including 804 AF patients (68.2% with persistent AF, the mean age of 63.5+9.9 years, 401 patients under
went VOM-EI plus CA vs. 403 patients who had CA alone), were included in the final analysis. VOM-EI group was associated with a lower risk of
late AF/AT recurrence (RR:0.63; 95% CI:0.46-0.87; P = 0.005), and increased probability to achieve acute MIBB(RR:1.39; 95% CI:1.08-1.79;
P = 0.009) without an increase in procedural complications(RR:1.05; 95% CI:0.57-1.94; P = 0.87).

Conclusions: Our meta-analysis demonstrated that adjunctive VOM-EI strategy is more effective than conventional catheter ablation with

similar safety profiles.

Introduction

Vein of Marshall (VOM) was first described by the British surgeon
John Marshall in 1850 *. VOM represents the persistent left horn of the
sinus venosus, and it drains the posterior wall of the left atrium into the
coronary sinus"?. It has unique electrophysiological properties as it is
heavily supplied by both sympathetic and parasympathetic innervation.
Thus, VOM can modulate the electrical potential of the atrial tissue
and contribute to atrial fibrillation (AF)*. Furthermore, VOMis located
within the mitral isthmus, which is commonly ablated to manage peri-
mitral atrial flutter (PMF)3.
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In 1972, Benjamin Scherlag was the first to describe the
arrhythmogenic role of VOM by induction of an ectopic atrial rhythm
with stimulation of the left cardiac sympathetic nerve®. Since then,
further studies have shown that the VOM is accountable for numerous
atrial tachyarrhythmias in patients who underwent catheter ablation

(CA) for AF*3,

Despite improved understanding of AF, the success rate for CA is
still unsatisfactory, with only half of the patients attaining freedom
from atrial tachyarrhythmias one year after the procedure®. Vein of
Marshal ethanol infusion (VOM-EI) is a potential strategy to induce
scar formation around the pulmonary vein (PV), thus facilitating its
isolation 7. In 2014, Yamashita et al. were the first to evaluate the use of
adjunctive VOM-EI in AF-CA and found promising results 8. Since
then, additional studies have been performed to assess the outcomes
of adjunctive VOM-EI in AF-CA °2 However, the clinical use of
VOM-EI in AF-CA remains controversial and has not been evaluated
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PRISMA flow diagram for the selection of studies

systematically. Therefore, we conducted this meta-analysis to evaluate
all the available evidence to better assess the efficacy and safety of

VOM-EI as an adjunct tool in AF ablation.

Methods

Data sources and search strategy

We performed a comprehensive search for published studies
in PubMed/MEDLINE, EMBASE, and the Cochrane Central
Register of Controlled Trials from inception to January 22, 2021.
We also performed a manual search for additional relevant studies
using references of the included articles. The following search terms
were used: (“Vein of Marshall” or “Ligament of Marshall”), (“Ethanol
infusion” or “ablation”), and (“Atrial fibrillation” or “Atrial tachycardia”).
The search was limited by the English language, but not to the study
design, or country of origin. Online Supplementary Table 1 describes
the full search term used in each database searched.

Study selection

We followed the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) and the meta-analysis of observational
studies in epidemiology (MOQOSE) guidelines to screen the studies?*.
We included full texts of randomized controlled trials, cohort studies,
and case-control studies. We excluded abstracts, single-arm studies,
animal studies, case reports, case series, reviews, editorials, and letters
to editors. Two investigators (MM and AB) independently screened
and selected the studies for the final review. Discrepancies were resolved
by a third investigator (PC).

Data extraction

We extracted the following data from the final studies: the last
name of the first author, publication year, study design, country of
origin, follow-up duration, sample size, efficacy endpoints (including
recurrence of AF or Atrial tachycardia [AT] and acute mitral isthmus
bi-directional block [MIBB]) and safety endpoints (including peri-
procedural complications such as pericardial effusion, atrio-esophageal
fistula, stroke, cerebrovascular accident [CVA], and death). Finally, we
extracted data for the number of patients who underwent VOM-EI
+ CA or CA alone, their age, and baseline comorbidities (including
diabetes mellitus, hypertension, stroke, coronary artery disease [CAD],
and heart failure) and pre-procedural characteristics (including left
ventricular ejection fraction [LVEF], left atrial [LA] diameter, and
CHA_,DS,-VASc).

Outcomes

'The primary outcome of our meta-analysis was AF or AT recurrence.
Our secondary outcomes included acute mitral isthmus bidirectional
block (MIBB) and peri-procedural complications (pericardial effusion,
stroke, or atrio-esophageal fistula).

Statistical analysis

The meta-analysis was performed using the Review Manager 5.3
(Cochrane Collaboration, Copenhagen, The Nordic Cochrane Centre).
The random-effects model was used to calculate the weighted pooled
risk ratio (RR) and corresponding 95% confidence intervals (CI). We
also performed a subgroup analysis for the late AF/AT recurrence
and acute MIBB out comes based on the pathophysiology of the
underlying atrial arrhythmia (de novo AF vs. post AF-AT (PMF)). A
P-value <0.05 was considered statistically significant. Heterogeneity
was assessed using the Higgins I? index, where I? values >50% implied

Table 1: Characteristics of studies included in the meta-analysis

Author, year Study type Country AT subtype Follow- VOM-EI CA
up + CA alone
duration, group, group,
months n n

Liu, 2019 Observational Taiwan post AF-AT 12 32 64

study.

Nakashima, 2020 Observational France De novo AF 9.715.6 152 110

study.

Takigawa, 2020 Observational France post AF-AT 12 32 71

study.

Valderrabano, 2020  RCT. USA De novo AF 12 185 158

Efficacy endpoints Safety endpoints

Recurrence of AF or any atrial
arrhythmia

Periprocedural complications

Acute Ml block and MI
reconnection

Periprocedural complications
Bidirectional conduction block Periprocedural complications

Freedom from AF or atrial
tachycardia

Acute procedural complications (Pericardial effusion, CVA
and atrio-esophageal fistula) and total mortality

Abbreviations:AF: Atrial fibrillation, AT: Atrial tachyarrhythmia, CVA: Cerebrovascular accident, MI: Mitral isthmus, N: sample size, NR: not reported, PMF: peri-mitral flutter, RCT: randomized controlled trial.
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IEL:H Baseline patients characteristics included in the meta-analysis

Number All patients (n VOM-EI + CAonly group P value
of studies =804), (% or CA group(n (n =403)
mean + SD) =401) (% or (% or mean
mean + SD) +SD)
Age (years) 63.5+9.9 64.5+9.8 62.619.9 <0.01
Male 78.5% 76.3% 80.6% 0.14
(631/804) (306/401) (325/403)
Hypertension 3 65.1% 73.1% 58.4 <0.01
(353/542) (182/249) (171/293)
Diabetes mellitus 3 19.5% 25.7% 14.3% <0.01
(106/542) (64/249) (42/293)
CAD 3 24.9% 26.9% 23.2% 0.32
(135/542) (67/249) (68/293)
Stroke 3 10% (54/542)  10% (25/249) 9.9% 0.96
(29/293)
Heart failure 3 22.1% 22.1% 22.2% 0.98
(120/542) (55/249) (65/293)
CHA,DS,0VASc 4 2.2+1.6 2.4+1.6 2.1+1.7 0.01
LVEF, % 4 55.319.3 55.3+10.2 55.418.4 0.88
LA diameter, mm 2 44.9+7.3 444178 45.316.9 0.18
Pers/LSPers AF 3 68.2% 71.2% 64.7% 0.07
(478/701) (263/369) (215/332)

Abbreviations: CAD: Coronary artery disease, LA: Left atrium,LVEF: Left ventricular ejection fraction,
and Pers/LSPers AF: Persistent or long standing persistent atrial fibrillation.

the presence of substantial heterogeneity®.

Quality assessment

We assessed the quality of the included studies using the Newcastle-
Ottawa Scale for observational studies and the Revised Cochrane
risk-of-bias tool for randomized trials (RoB 2) for RCTs'%'7. Two
authors (MM and OS) independently assessed each study for bias.
Discrepancies were resolved by consensus. We did not evaluate for
publication bias in our study because of the limited number of included
studies’®.

Results

Study selection

A total of 236 studies were retrieved by our search strategy. Among
these, 155 were eligible for the systematic review. Subsequently,
based on the titles and abstracts, we excluded 151 studies that were
not relevant, had insufficient data, were preliminary studies, single-
arm studies, or being a prognostic study. Finally, four studies met our
inclusion criteria and were included in the meta-analysis”'2 Figure 1
shows the PRISMA flow chart that illustrates how the final studies

were selected.

Study characteristics

Table 1 shows the characteristics of the four studies that were
included in our meta-analysis.The studies included a total of 804 atrial
fibrillation patients, of whom 401 underwent VOM-EI plus CA, and
403 underwent CA only. The studies were published between 2019
and 2020. Based on the country of origin, two studies originated from
France, one from Taiwan, and one from the USA. Based on study
design, one study was a randomized controlled trial'?, and the rest
were observational studies. All the included studieswere full-text
publications. The mean age was 63.5£9.9 years, males represented
78.5% of total patients,and 68.2% of patients presented with persistent

or long-standing persistent AF. Hypertension and Diabetes Mellitus
were more prevalent in the VOM-EI+CA group. Furthermore, patients
in the VOM-EI+CA group were older when compared to the patients
in the CA-only group. These differences in the baseline characteristics
lead to a higher CHA, DS -VASc score in the VOM-EI+CA group
when compared to the CA-only group. Both groups were similar
regarding the rest of their baseline comorbidities. Table 2 summarizes
the baseline comorbidities and pre-procedural characteristics, including

LVEF, LA diameter,and CHA DS ,-VASc score.

Primary outcome

All the included studies reported the rate of late atrial arrhythmia
recurrence (after three months of the index procedure) in the form of
atrial fibrillation or atrial tachycardia. VOM-EI group was associated
with a lower risk of late AF/AT recurrence (RR:0.63; 95% CI:0.46-
0.87; P = 0.005). No significant heterogeneity was found in the
measurement of AF/AT recurrence rate (I> = 49%, P = 0.12)(Figure
1A).

Secondary outcomes

The rate of MIBB attained was higher in the VOM-EI group
compared to CA only group (RR:1.39; 95% CI:1.08-1.79; P =
0.009) (Figure 2B).The rate of periprocedural complications was not
statistically differentbetween the two groups (RR:1.05; 95% CI:0.57-
1.94; P = 0.87) (Figure 2C). Substantial heterogeneity was seen in the
measurement of acute MIBB (I? = 87%, P<0.01). A sensitivity analysis
was conducted by removing one study at a time to reduce heterogeneity
and found no significant heterogeneity after removal of the Takigawa et
al. study (I? = 0%, P heterogeneity = 0.73), with the results of the acute
MIBB success rate continuing to be significantly different between
the two groups (RR 1.51,95% CI 1.36-1.69, P < 0.01) (Online
Supplementary figure 1).No significant heterogeneity was found in
the measurement of the risk of periprocedural complications (I? = 0%,

Forest plot showing the study outcomes (A) Late AF/AT|
recurrence, (B) Acute mitral isthmus bidirectional block, and (C)
procedural complications. Results showed that VOM-EI group
was associated with a lower risk of late AF/AT recurrence and
increased probability to achieve acute MIBB with out an increase
in procedural complications.Abbreviation

AF: Atrial fibrillation, AT: Atrial tachycardia, CA: catheter ablation, Cl: confidence interval, VOM-EI:
vein of Marshall ethanol infusion.
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Forest plot showing subgroup analysis comparing VOM-EI + CA
and CA only regarding late atrial arrhythmia recurrence rate based
on the underlying pathophysiology of the atrial arrythmia. The two
groups had similar rates regardless of whether the studies were
conducted fora de novo AF or for a post AF-AT. Abbreviation

AF: Atrial fibrillation, AT: Atrial tachycardia, CA: catheter ablation, Cl: confidence interval, VOM-EI:
vein of Marshall ethanol infusion.

P=-0.88).

Subgroup analysis for late atrial arrhythmia recurrence

Figure 3 shows the forest plot that compares VOM-EI plus CA
and CA only groups regarding late AF/AT recurrence based on the
underlying pathophysiology of the atrial arrhythmia. The two groups
had similar late AF/AT recurrence rates regardless of whether the
studies were conducted fora de novo AF or for a post AF-AT (PMF)
(test of subgroup difference: Chi% 1.47, df= 1, P-value (0.23), 1% 32%)
(Figure 3).

Subgroup analysis for late atrial arrhythmia recurrence

Figure 4 shows the forest plot that compares VOM-EI plus CA
and CA only groups regarding the acute MIBB success rate based
on the underlying pathophysiology of the atrial arrhythmia. The two
groups had similar acute MIBB rates regardless of whether the studies
were conducted for a de novo AF or for a post AF-AT (PMF)(test of
subgroup difference: Chi*: 0.07, df= 1, P-value (0.79),1% 0%)(Figure 4).

Quality assessment

We assessed the quality of the included studies by using the
Newcastle-Ottawa Scale for cohort studies and the Revised Cochrane
risk-of-bias tool for randomized controlled trials, as shown in Online
Supplementary Tables 2 and 3. All studies scored low to moderate on
the scales.

Discussion

This study was a systematic review and meta-analysis of published
studies that investigated the efficacy and safety of the VOM-EI
adjunctive strategy compared to conventional catheter ablation strategy
in the management of AF. Our meta-analysis demonstrated that the
VOM-EI adjunctive strategy significantly reduced the risk of AF/AT
recurrence and increased therate of acute mitral isthmus bidirectional
block achieved. Furthermore, there were no safety concerns regarding
periprocedural complications.

AF continues to be the most common cardiac arrhythmia, with an
estimated 12.1 million people are expected to have AF by 2030 in the
United States . AF is associated with increased all-cause mortality,

with death often attributed to CAD or CVA?. Treatment for AF
aims to alleviate symptoms, reduce the risk of stroke, and prevent
tachycardia-related cardiomyopathy?. The decision to pursue rhythm
control depends on several factors, mainly to prevent the irreversible
electrical and structural remolding in longstanding AF?!. Several
data reported comparable outcomes of either rate or rhythm control;
however, in a secondary analysis of the AFFIRM trial of rhythm versus
rate control in AF, rhythm control was associated with a statistically
significant reduction in mortality (hazard ratio 0.53)*. Similar results
were observed in the DIAMOND trial that compared Dofetilide to
placebo in patients with reduced ejection fraction (RR 0.44) %.

The recurrence rate of AF after CA varies significantly among
different studies; early recurrences (within the first three months)
occur in almost half of the patients after CA?*. Late recurrence (after
three months) was observed in more than 40% of patients as detected
by continuous rhythm monitoring in the CIRCA-DOSE trial®. Thus,
repeated procedures and the use of maintenance antiarrhythmic
medications are usually necessary to achieve acceptable success rates™.
'The rate of repeated ablation procedures may reach up to 80%2*. Despite
added strategies beyond the isolation of PV, the success rate did not
improve remarkably?’.

Given that VOM has dual sympathetic and parasympathetic
innervation and its unique anatomical position by locating within the
mitral isthmus, VOM is implicated in the generation and maintenance
of AF %2 'Therefore, ablation of VOM can potentially eliminate its
intrinsic arrhythmogenic properties by eliminating AF trigger
in the mitral isthmus and the surrounding atrial tissue, and its PV
connections®. Valderrabano et al.” conducted an animal study showing
that VOM-EI resulted in eliminating vagally-mediated decrease in
the left atrial effective refractory periodby forming scar around the
pulmonary veins. The use of VOM-EI in human was initially assessed
by a small study on 14 patients; VOM-EI led to the formation of a low
voltage area in the left atrium (LA) and isolation of the left inferior
PV in 4 of 10 patients without acute complications #. Furthermore,
a larger study on 61 patients demonstrated that VOM signals are
consistently present in recurrent AF, and EI successfully eliminated
PV reconnections with no reportable complications®. Kitamura

Forest plot showing subgroup analysis comparing VOM-EI + CA
and CA only regarding acute mitral isthmus bidirectional block
rate based on the underlying pathophysiology of the atrial
arrythmia. The two groups had similarrates regardless of whether
the studies were conducted fora de novo AF or for a post AF-AT,
Abbreviation

Figure 4:

AF: Atrial fibrillation, AT: Atrial tachycardia, CA: catheter ablation, Cl: confidence interval, VOM-EI:
vein of Marshall ethanol infusion.
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et al.*! showed that VOM was accessible in 92.5% of patients, and
56% of Marshall bundle-related atrial tachycardia (MB-AT) were
terminated only by ethanol infusion without CA, and the low-voltage
area was significantly larger after ethanol infusion (12.7 +8.3 versus

6.6+5.3cm2,p<0.001).

Regarding the late AF/AT recurrence risk after ablation, our meta-
analysis showed that VOM-EI adjunctive therapy was associated
with a significantly lower risk of recurrence compared to the non-
VOM-EI group; 57% of patients of the VOM-EI group attained late
AF/AT freedom compared to 43% in the CA-only group (P-value =
0.005). Previous studies showed similar results to our meta-analysis
#11 Liu et al. showed that VOM-EI was an independent predictor of
freedom from AF recurrence’. In addition, Takigawa et al. showed
that VOM-EI was significantly associated with less AT recurrence
by multivariate analysis (hazard ratio=0.35, P=0.018) . Previous
studies have shown that CHA DS ,-VASc score was an independent
predictor of AF recurrence after ablation®. In our study, despite having
a higher CHA DS -VASc score, the VOM-EI group had a lower AF/
AT recurrence when compared to the CA-only group. This further
emphasizes the effectiveness of the adjunctive VOM-EI to the standard
CA in patients with AF.

Our meta-analysis demonstrated a pooled success rate of acute
bidirectional MIBB of 82% with the VOM-EI strategy, which is
consistent with previous studies. Acute MIBB success achieved by CA
in previous studies varied between 32%-92% based on various technical
approaches®. Interestingly, adjunctive VOM-EI increased the success
rate of acute MIBB up to 100%*. However, substantial heterogeneity
was seen for acute MIBB in our study, which might be attributed to
the limited number of studies. In addition, subgroup analysis showed
that the heterogeneity was contributed more by Takigawa’s study; this
might be explained as that study was conducted amongst patients
treated for post-AF demonstrated peri-mitral flutter rather than for
AF demonstrated rhythm.

Concerning the safety of VOM-EI, our study showed that VOM-EI
is a safe procedure with no significant periprocedural complications
with a comparable incidence of adverse events between the two groups.
Adverse events that may occur during VOM-EI include pericardial
effusion (due to contrast leakage out of VOM), CVA, and atrio-
esophageal fistula *'2. The most recent study by Valderrdbano et al.'?
showed that adverse events were comparable between VOME-EI and
non-VOM-EI groups.

Our study may represent heterogeneous populations of patients;
Takigawa et al. enrolled patients with PMF, Nakashima et al. enrolled
patients mostly with persistent AF (the number with peri-mitral
flutter was not specified), and Valderrdbano et al. enrolled persistent
AF patients. However, we conducted subgroup analyses that showed
no subgroup differences in the effectiveness of the adjunctive VOM-EI
in terms of prevention of AF/AT recurrence or attaining acute MIBB
whether the underlying arrhythmia was a de novo AF or a post-AF
ablation demonstrated atrial tachycardia in the form of peri-mitral

block.

'There are certain limitations to our meta-analysis. First, the number

of included studies was limited, with relatively small sample size;
therefore, our outcomes should be interpreted with caution. Future
RCTs are needed to validate our findings. However, a recently initiated
MARS-AF trial evaluating the outcomes of adjunctive VOM-EI in
the ablative therapy of patients with persistent AF is undergoing and
expected to provide more evidence on the effectiveness of VOM-EI
(NCT 01898221). Second, our study included only a single randomized
controlled trial. Third, the included trials were of a single-blinded
design. Therefore, investigator bias cannot be excluded. Additionally,
we could not perform publication bias due to the small number of
included studies.

However, there are several strengths to our meta-analysis. First,
to our knowledge, this is the first meta-analysis to compare the
clinical outcomes of adjunctive VOM-EI strategy with conventional
CA strategy in terms of efficacy and safety. Second, we performed a
subgroup analysis for the late atrial arrhythmia recurrence rate and acute
MIBB success rate based on the pathophysiology of the underlying
rhythm, adjunctive VOM-EI was effective for both de novo AF and
post AF-AT (PMF). In addition, no heterogeneity was found in the

measurement of our primary outcome (late AF/AT recurrence risk).

Conclusion

Our meta-analysis demonstrated that the VOM-EI adjunctive
strategy reduced the risk of atrial arrhythmia recurrence and increased
the success rate of acute mitral isthmus bidirectional block. In addition,
the VOM-EI strategy had a similar safety profile compared to the
conventional catheter ablation. However, furtherlong-term RCT with
larger sample sizes are needed to testify the clinical application value of
VOM-EI guided strategy in the ablative treatment of AF.

Click here for Supplemental Material
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