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Abstract

Objective: To compare the efficacy and safety of the modified versus standard Valsalva maneu-
ver in the treatment of paroxysmal supraventricular tachycardia (PSVT).

Methods: The PubMed, Embase, Web of Science, CNKI, WanFang Data, and VIP electronic
databases were searched to identify studies comparing the modified and standard Valsalva maneu-
vers in the treatment of PSVT from database inception to | May 2023. Two reviewers indepen-
dently screened the literature, extracted the data, and assessed the risk of bias of all included
studies.

Results: Nineteen randomized controlled trials involving 2527 patients with PSVT were included.
The overall rate of cardioversion was higher in the modified than standard Valsalva group (risk
ratio [RR] = 1.80, 95% confidence interval [CI] = |.61-2.01), as was the success rate of cardio-
version after a single Valsalva maneuver (RR=2.05, 95% Cl=1.74-2.41). There was no statis-
tically significant difference in adverse reactions between the two groups (RR=1.07, 95%
Cl=0.82-1.38).

Conclusion: Current evidence suggests that the modified Valsalva maneuver can significantly
improve the success rate of cardioversion in patients with PSVT without increasing adverse
reactions. The modified Valsalva maneuver is therefore worth promoting and should be consid-
ered as a routine first treatment.
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Introduction

Supraventricular tachycardia (SVT) is a
common cardiac arrhythmia encountered
in emergency departments, with a preva-
lence of approximately 2.25/1000 persons
and incidence of 35/100,000 person-
years.'? Paroxysmal SVT (PSVT) is charac-
terized by sudden onset and termination,
variable duration of episodes, and generally
no impact on blood pressure. However, if
not promptly terminated in patients of
advanced age or those with underlying con-
ditions such as coronary artery disease or
severe infection, PSVT can lead to circula-
tory failure or even sudden death.?

Common treatment methods for PSVT
include vagal maneuvers, antiarrhythmic
drug therapy, and radiofrequency ablation.
Vagal maneuvers include the diving reflex,
oculocardiac reflex, carotid sinus massage,
bearing down, gag reflex, cough reflex, and
Valsalva maneuver. The standard Valsalva
maneuver was historically recommended by
international guidelines for terminating
PSVT, but the success rate for restoring reg-
ular heart rhythm was not ideal (5%—20%),
limiting its widespread use in clinical prac-
tice.! The modified Valsalva maneuver
involves assuming a semi-recumbent posi-
tion and performing passive leg raising to
a 45-degree angle immediately following the
standard Valsalva maneuver. Elevating
both legs immediately after the standard
Valsalva maneuver can increase blood
return to the heart, subsequently increasing
jugular vein pressure. This in turn augments
vagal tone, activates the vagus nerve, and
reduces the heart rate."*>

In recent years, several studies have
shown that the modified Valsalva maneuver
significantly improves the success rate of
restoring normal rhythm in patients with
PSVT and has high safety.® Zhang et al.’
indicated that the overall rates of cardiover-
sion in the modified and standard Valsalva
maneuver groups were 40.0% and 16.7%,
respectively. However, because of differen-
ces in study designs and intervention meth-
ods as well as the use of small patient
samples, the results vary among different
studies, and the safety and overall efficacy
of treatment are difficult to quantify.
A recent meta-analysis showed that the
modified Valsalva manecuver significantly
increased the success rate of achieving
sinus rhythm after a single Valsalva maneu-
ver, multiple Valsalva maneuvers, and
single and multiple Valsalva maneuvers
with a risk ratio (RR) of 2.83, 3.83, and
2.85, respectively.! However, the meta-
analysis did not include Chinese databases,
which may have led to bias in the research
results because numerous relevant studies
have been published in Chinese. Therefore,
the present meta-analysis was performed to
collect and summarize all relevant studies
assessing the modified Valsalva maneuver
and thus provide the highest-level evidence
to date for driving changes in practice.

Materials and methods

Ethics approval and patient consent were
not applicable to this meta-analysis, which
was based on published articles. This meta-
analysis was carried out according to
the 2020 Preferred Reporting Items for
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Systematic Reviews and Meta-Analyses
(PRISMA) statement.”

Search strategy

The electronic databases of PubMed,
Embase, Web of Science, Chinese National
Knowledge Infrastructure, WanFang, and
China Science and Technology Journal
Database were systematically searched for
studies published from database inception
to 1 May 2023 without language limits. We
also manually searched the lists of included
studies to identify additional potentially
eligible studies. If two or more studies
described the same participants, the study
with the largest sample size was chosen for
inclusion. The following keywords were
used, both separately and in combination,
as part of the search strategy in each
database: “Valsalva,” “supraventricular
tachycardias,” and “PSVT” (Box 1).

Study selection

Studies were included in the meta-analysis if
they were randomized controlled trials
(RCTs), involved adult patients (aged >18
years) with PSVT and stable hemodynam-
ics, treated the control group with the stan-
dard Valsalva maneuver and treated the
experimental group with the modified
Valsalva maneuver, set the primary out-
come as the success rate of cardiac rhythm
restoration and the secondary outcome as
the occurrence of adverse reactions, and
reported sufficient details regarding the suc-
cess rate of achieving sinus rhythm after the

Box I. Search strings used for PubMed database.

#1) Valsalva [Title/Abstract]

#2) Supraventricular tachycardias [Title/Abstract]
#3) Supraventricular tachycardias [MeSH Terms]
#4) PSVT [Title/Abstract]

#5) #2 OR #3 OR #4

#6) Randomized controlled trial

#7) #1 AND #5 AND #6

Valsalva maneuver and the rate of adverse
events. We only included studies with a
sample size of >30 because of the limited
representativeness of studies with small
sample sizes.

Data extraction and quality assessment

Two reviewers independently selected the
literature and extracted the data to an
Excel database. Any disagreement was
resolved by a third reviewer. When
required, the authors were contacted direct-
ly to obtain further information and clarifi-
cations regarding their study. Data
extraction included the first author’s sur-
name, date of publication of the article,
study design, sample size, participants’
age, outcome measurement data, and rele-
vant elements of risk-of-bias assessment.
The quality of the included studies was
independently evaluated by two reviewers
based on the revised Cochrane risk-of-bias
tool for randomized trials.'® Any disagree-
ment was resolved by a third reviewer.

Statistical analyses

All meta-analyses were performed using
Stata 16 (StataCorp, College Station, TX,
USA). The RR of binary variables between
patient groups was calculated together with
the associated 95% confidence interval
(CI). The heterogeneity between studies
was analyzed using the chi-square test
(P <0.10) and quantified using the I? statis-
tic. When no statistical heterogeneity was
observed, a fixed-effects model was used;
otherwise, a random-effects model was
used. A sensitivity analysis was conducted
to examine the impact of individual studies
on the overall effect size. A funnel plot
together with Begg’s test was used to eval-
uate publication bias. A two-tailed P value
of <0.05 was considered statistically
significant.
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Results

Literature screening and characteristics of
included studies

In total, 228 records were identified from
the various databases examined, and 18
records were identified from citation
searching. After a detailed assessment
based on the inclusion criteria, 19 stud-
ies> 081724 inyolving 2527 patients with
PSVT were included in the meta-analysis
(Figure 1). All studies were published
from 2015 to 2022. Six were published in
English and 13 in Chinese.

All studies®* 811724 reported the overall
rate of cardioversion, including that associ-
ated with single and multiple Valsalva
maneuvers, and 12 studies®*7-!1713:15-19.24
reported the rate of cardioversion after a
single Valsalva maneuver. Eight stud-
jes® 7 11:13:15.20.22.24  poeated the standard
or modified Valsalva maneuver up to two
times if sinus rhythm was not restored after
the first attempt, three studies®'®*' repeat-
ed the maneuver up to three times, two
studies'”"!® repeated the maneuver up to
five times, and six studies™®'>'*1%%? did
not mention how many times the maneuver
was repeated. The characteristics of all

included studies are shown in Table 1.

Risk-of-bias assessment

Two studies'*'® contained insufficient

information regarding sequence generation.
Furthermore, most included studies®*”®
11922724 Jacked  information  about
allocation concealment. The majority of
the evaluated trials®*7-8:11715.17719.21724 14
an unclear risk of bias in terms of partici-
pant, personnel, and outcome assessor
blinding. However, all included trials had
a low risk of bias in terms of selective out-
come reporting and incomplete outcome
data.

Meta-analysis results

Success rate of achieving sinus rhythm. Nineteen
studies>*® 811724 reported the overall rate
of cardioversion, and 12 studies>*”
131571924 reported the rate of cardiover-
sion after a single Valsalva maneuver. No
significant heterogeneity was observed
among the studies; therefore, a fixed-
effects model was used for the meta-
analysis. The pooled results revealed that
the success rate of cardioversion after
a single maneuver (RR=2.05, 95%
CI=1.74-2.41, P<0.001) and the overall
rate of cardioversion (RR=1.80, 95%
CI=1.61-2.01, P<0.001) were significantly

higher in the modified than standard
Valsalva maneuver group (Figure 2).
Adverse  reactions. Seventeen ~RCTs>*¢ ™
11-21,24

were included in the analysis of
adverse reactions. The fixed-effect meta-anal-
ysis results showed no statistically significant
difference in the occurrence of adverse reac-
tions between the two groups (RR=1.07,
95% CI=0.82-1.38). Adverse reactions
mainly included headache, dizziness, and pal-
pitations, and no severe adverse reactions
were reported in either group.

Sensitivity analysis. A sensitivity analysis was
carried out by excluding one study at a time
and reanalyzing the entire dataset. No sig-
nificant changes were observed, indicating
that the results were relatively stable
(Figure 3).

Publication bias

A funnel plot based on the overall rate of
cardioversion showed that the P value of
Begg’s test was 0.624, suggesting no signif-
icant risk of publication bias (Figure 4).

Discussion

PSVT is a rapid, regular arrhythmia char-
acterized by sudden onset and termination.
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Study %

ID RR (95% CI) Weight
the overall rate of cardioversion

Li T2017[24] 1.89 (1.27, 2.82) 7.61
Liu SJ2019[11] 1.47 (1.00, 2.18) 7.87
Wang Q2019[12] 1.52 (1.15,2.02) 15.07
Zhang Q2020[7] 1 2.00(0.95,4.20) 2.44
Long JC2020[8] — 1.59(0.79, 3.18) 2.69
Wu R2020[13] 1.50 (0.82, 2.76) 3.62
Song QQ2020[4] 1.80(1.09, 2.97) 5.12
Huang YN2020[14] - 1.68 (0.89, 3.19) 3.05
Wei B2021[15] - 1.44 (0.86, 2.42) 4.33
Chen LH2021[17] 1.88(1.12,3.16) 4.44
Lin WF2021[18] — 1.83 (0.87, 3.84) 2.42
Zhang J2021[3] — 1.42(0.71, 2.86) 2.42
Hu DP2022[19] - 1.31(0.84, 2.05) 5.45
Appelboam A2015[20] = 1.91(0.82, 4.46) 1.81
Corbacioglu SK2017[21] 3.10 (0.96, 10.04)0.93
Youssef A2019[22] 2.06 (1.46, 2.89) 11.18
Ceylan E2019[23] — 1.49 (0.70, 3.18) 2.37
Chen C2020[6] 2.30(1.43,3.68) 5.82
Wang W 2020[16] 2.31(1.66,3.22) 11.35
Subtotal (l-squared = 0.0%, p = 0.896) 1.80 (1.81,2.01) 100.00

the rate of cardioversion after single VM
Li T2017[24]

Liu SJ2019[11] E
Wang Q2019[12]
Zhang Q2020[7] —

1.98 (1.29, 3.05) 13.66
1.46 (0.93, 2.31) 12.84
2.56 (1.68, 3.90) 14.55
1.97 (0.81,4.77) 3.69

Wu R2020[13]
Song QQ2020[4]
Wei B2021[15] -1
Chen LH2021[17] —
Lin WF2021[18]
Zhang J2021[3]

1.45(0.73,2.90) 6.11
3.07 (1.43,8.57) 4.69
1.64 (0.91, 2.95) 7.12
1.57 (0.82, 2.99) 6.69
264 (1.05,6.61) 3.19

Hu DP2022[19] -
Wang W 2020[16]
Subtotal (l-squared = 0.0%, p =0.678)

—_——
——
—_—
_
—_—
—
—_——
—————
—_
—_—
L
——————
——
P —
——
———————
—_——
—_—
<
—_—
S —
—_——
—
_—
—_——
———————
—_——
-
—_——
<

266 (0.84, 8.36) 1.97
159(0.91,2.78) 7.71
2.41 (184, 355) 17.77
2.05 (1.74, 2.41) 100.00

.0996 1

10

Figure 2. Forest plots comparing success rates of two study groups.

Specifically, PSVT refers to atrioventricular
nodal reentrant tachycardia (AVNRT) and
atrioventricular reentrant tachycardia.'>%-%¢
During the acute phase of PSVT, the heart
rate fluctuates between approximately 150
and 250 beats/minute. Patients with
AVNRT typically do not exhibit any signs
of structural heart disease, and the arrhyth-
mia can occur at different ages and in both
sexes. However, the proportion of patients
with atrioventricular reentrant tachycardia
decreases with age, whereas the proportion

of those with AVNRT increases with age.
AVNRT is the most common type of
PSVT. Increasing evidence suggests that
weaker vagal nerve stimulation significantly
enhances the conduction differences in the
atrioventricular junction, making it more
prone to AVNRT, whereas high-intensity
vagal nerve stimulation (such as carotid
sinus massage and the Valsalva maneuver)
significantly increases the effective refracto-
ry period of atrioventricular conduction,
interrupting  AVNRT and ultimately
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Wu R2020[13]

Song QQ2020[4]
Huang YN2020[14]
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Figure 3. Sensitivity analysis of overall success rate of cardioversion.

se(logRR)
2

4
1

Funnel plot with pseudo 95% confidence limits

Figure 4. Funnel plot of publication bias among all included studies.

terminating SVT.*?” Therefore, stimulation
of the vagus nerve through techniques such
as the Valsalva maneuver is a recommended
first-line intervention to ensure stable blood
pressure, respiration, and other vital signs
in patients with PSVT.

The standard Valsalva maneuver is per-
formed by placing the patient in a semi-
recumbent position or sitting position at
an angle of 45 to 90 degrees to the bed sur-
face. The patient is then asked to blow into
a 10-mL syringe to move the plunger until
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the recommended intrathoracic pressure of
40 mmHg is achieved. This state of exertion
is maintained for 15s. The patient then
relaxes and resumes normal breathing
before maintaining this posture for
I minute. The standard Valsalva maneuver
is not limited by the environment, and it has
advantages such as simplicity, ease of oper-
ation, high safety, and low cost.'®*
However, cardioversion using the standard
Valsalva maneuver is rarely successful in
clinical practice, and its clinical application
is limited.” Antiarrhythmic drugs (such as
amiodarone and propafenone) and syn-
chronized electrical cardioversion are also
commonly used in the clinical treatment of
PSVT, but these methods carry risks of
hypotension, malignant arrhythmias, and
even cardiac arrest.** The modified
Valsalva maneuver involves placing the
patient in the supine position with their
legs clevated at a 45-degree angle immedi-
ately after application of the standard
Valsalva maneuver; this position is main-
tained for 15s by the researcher, and the
patient is then returned to the semi-
recumbent position for 45s."%%° Lying flat
and passively elevating the legs can increase
venous blood flow during the diastolic
period, thus increasing the jugular vein
pressure, enhancing parasympathetic ner-
vous system tone, and improving the suc-
cess rate of cardioversion.'**

In recent years, several studies have
shown that the modified Valsalva maneuver
significantly improves the success rate of
conversion in patients with PSVT compared
with the standard Valsalva maneuver (43%
vs. 17%, respectively), reducing the adverse
reactions caused by drugs and electrical car-
dioversion.?*?*3 In 2021, Lan et al." per-
formed a meta-analysis of 6 RCTs
involving 1208 patients with PSVT. The
authors compared the efficacy of the mod-
ified versus standard Valsalva maneuver in
the treatment of PSVT. The results showed
that the modified Valsalva maneuver had a

higher success rate in restoring sinus
rhythm and reduced the use of antiarrhyth-
mic drugs without increasing adverse reac-
tions or the length of stay in the emergency
department. The present meta-analysis
included 19 RCTs involving 2527 patients
with PSVT, and the results also showed that
the modified Valsalva maneuver had signif-
icantly higher conversion efficiency than the
standard Valsalva maneuver without a
higher rate of adverse reactions. The results
of these studies indicate that the modified
Valsalva maneuver is an effective and safe
treatment for PSVT.

The present meta-analysis included stud-
ies with large sample sizes from both
Chinese databases and international sour-
ces. By including Chinese literature, we
have provided a more representative sys-
tematic review than other recent meta-
analyses and have gathered the most
comprehensive evidence for the research
question. The results of the meta-analysis
showed no heterogeneity, also indicating
that the research findings are reliable and
representative. However, this study had cer-
tain limitations. First, although a large
number of studies were included, most of
them did not describe the specific random-
ization and blinding methods. This lack of
information may have introduced selection
and implementation biases. Second, the
sample sizes of the included RCTs were
small, which may have resulted in insuffi-
cient statistical power. Finally, variants of
the standard and modified Valsalva maneu-
vers were used among the included studies,
the patients’ disease durations and underly-
ing comorbidities were not consistent, and
the time from onset to treatment varied.
These differences may have led to clinical
heterogeneity.

Conclusion

There is currently sufficient evidence that
the modified Valsalva maneuver can
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effectively improve the success rate of car-
dioversion in patients with PSVT, with high
safety and ease of operation. The results are
consistent with PSVT guidelines, indicating
that the modified Valsalva maneuver is
worth promoting and should be considered
as a routine first treatment.
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