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Abstract

SVT within 1 min.

Background: Supraventricular tachycardia (SVT) is a major cause of emergency room visits where vagal maneuver is
used as first-line therapy. The valsalva maneuver (VM) is proven to be safe and, to some extent, effective in terminating
SVT episodes. We aimed to compare the standard VM (SVM) to the modified valsalva maneuver (MVM). We hypothesized
that MVM is more effective in terminating SVT episodes and reducing the time spent in the emergency department.

Methods: In this systematic review and meta-analysis, we searched Medline/PubMed, Ovid, Web of Science, and
Cochrane Central Register of Controlled trials. We included only randomized controlled trials (RCTs) that compared
the modified valsalva to the standard valsalva maneuver in treating SVT. Our main outcome was the termination of

Results: Four articles met the eligibility criteria of our review. Sinus rhythm was achieved 2.5 times more in the MVM group
compared to the SVM group (risk ratio (RR) =2.54, Cl 1.98-3.24, P<0.001) and thus lowered the need of intravenous SVT
termination medication without any significant increase in adverse events or time spent in the emergency department.

Conclusion: Our review found MVM to be more effective than the SVYM in terminating SVT. This should encourage
broader adoption of the MVM as a first-line vagal maneuver in subjects presenting with SVT in the emergency room.
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Background

Vagal maneuvers are recommended as a first-line modal-
ity for terminating supraventricular tachycardia (SVT) in
the emergency department (ED) with the standard vals-
alva maneuver (SVM) being most commonly used [1].
Despite the wide adoption of the SVM in adults present-
ing with SVT, the efficacy as a sole method in restoring
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sinus rhythm in such patients is less than 25% [2, 3]. SVM
is described as a sustained expiration with a closed glot-
tis for 15-20 s while maintaining a semi-recumbent body
position throughout and shortly after. A change in the
body position immediately after straining release, in the
form of assuming a flat body position along with a 15 s
passive leg raise (known as the modified valsalva maneu-
ver (MVM)), showed higher efficacy (>40%) in terminat-
ing SVT in ED [2].
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A large randomized controlled trial (RCT) of 428 par-
ticipants with SVT randomly assigned to SVM and MVM
showed a significantly higher rate of return to sinus
rhythm through MVM [2]. Three further RCTs have been
published without being pooled in a meta-analysis [3-5].

Given the introduction of 787 participants, we aimed
to perform a systematic review and meta-analysis com-
paring the efficacy SVM and MVM in the termination
of SVT in ED with respect to sinus rhythm restoration
within 1 min, the need for emergency antiarrhythmic
treatment, and time in spent in ED.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis included RCTs
where there are head-to-head comparisons of SVM and
MVM for treating adult patients who presented with
SVT in ED. For a study to be included, it must report
at least one of the following outcomes: termination of
SVT within 1 min, the emergency needs for intravenous
aborting antiarrhythmic treatment, adverse event, or
time spent in the ED.

We conducted this systematic review and meta-anal-
ysis according to a prespecified protocol following the
systematic review and meta-analysis PRISMA check-
list [6]. We searched Medline/PubMed, Evidence-Based
Medicine review databases via Ovid, Web of Science,
and Cochrane Central Register of Controlled trials with
no restrictions on date or language. We also extended
our search into unpublished clinical trial registries such
as ClinicalTrials.gov, MetaRegister of Controlled Tri-
als, Australian New Zealand Clinical Trials Registry, and
UMIN Clinical Trials Registry. We also searched the bib-
liographic references of the included RCTs for relevant
studies that might be missed in the original search. The
last search was done mid-June 2020.

Two independent investigators in duplicate (AA, MA,
and AG) intensively reviewed articles titles and abstracts
for the articles that met our prespecified eligibility crite-
ria. Then the same two investigators read the full text of
each included studies and extracted all the data needed
for our proposed issue using a predefined data collec-
tion sheet. Any disagreement was resolved by discussion
or the decision of a third reviewer. Data extracted into
the spreadsheet included study design, patients’ demo-
graphic features (mean age and gender), vital signs of the
patients at presentation, and the number of participants
in each group. The desired outcomes were also extracted
including the efficacy data in the form of SVT termina-
tion within 1 min, the need of antiarrhythmic abortive
therapy, time spent in the ED, and safety data in the form
of adverse event rates.
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Data synthesis and analysis

The main outcome of interest was the termination of
SVT within 1 min, while secondary outcomes were the
need for emergency abortive antiarrhythmic medica-
tion, reported adverse events related to either of the
valsalva maneuvers, and time spent in the ED. Pooled
effect estimates of all events of interest were presented
as risk ratio (RR) except for the time spent in ED, which
is presented as standardized mean difference (SMD). In
two of the included articles, the authors reported the
result of time in the ED as a median and interquartile
range, so we converted these results into a mean and
standard deviation using the calculator provided by
Wan et al. [7].

Forest plots were constructed using Comprehensive
Meta-Analysis software version 3 using the random-
effects model, and heterogeneity was assessed using I
test. The Cochrane bias risk assessment tool [8] was used
for quality assessment where funnel plot and egger’s tests
were used to depict publication bias. A two-sided P value
of <0.05 was considered to be significant.

Results

The literature search yielded 875 articles. After remov-
ing the duplicated and excluding non-eligible articles,
four were RCTs included in this review (Fig. 1) [2-5]. The
included RCTs were published between 2015 and 2019.

Risk of bias assessment

Two studies (Appelboam et al. and Corbacioglu et al.) had
low bias risk, while the other two had high risk. (Table 1)
[2, 5]. The result of the funnel plot for the primary out-
come, return to sinus rhythm, is symmetrical, and egger’s
test P value was not significant (P=ns).

Trial characteristics

The four included RCTs enrolled 787 participants with
SVT in which SVM was used in 394 participants and
MVM used in the remaining 393, all included in the
meta-analysis. In total, 223 participants were male (107
in SVM and 116 in MVM) and 326 were females (168 in
SVM arms and 158 in the MVM ones). The mean age of
the participants ranged between 44.3 and 61 years. The
presenting heart rate of clinical tachycardia ranged from
167 beats per minute (BPM) to 180 BPM in SVM and 172
BPM to 180 BPM in MVM (Table 2).

Return of sinus rhythm

Return of sinus rhythm in 1 min was reported by all stud-
ies [2-5]. MVM was more effective in restoring sinus
rhythm than SVM (RR=2.54, CI 1.98-3.24, P<0.001;
P =0%) (Fig. 2).
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Use of abortive antiarrhythmic medications

The use of abortive antiarrhythmic medications was
reported by three studies and was found to be less com-
mon in participants randomized to MVM (RR=0.68, CI
0.61-0.76, P<0.001; *=0%) [2, 4, 5] (Fig. 3).

Adverse events

Adverse events were reported by three trials [2, 4, 5].
The rate of adverse events did not differ between the
two maneuvers (RR=1.53, CI 0.73-3.23, P=ns; I>=0%)
(Fig. 4).
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Fig. 3 Comparison of Need for Emergency Treatment between MVM and SVM
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Fig. 4 Comparison of Adverse Events between MVM and SVM

Time in ED Discussion

Time in ED was reported by three studies [2, 4, 5]. No  In this systematic review and meta-analysis, we provide
significant difference was found between MVM and SVM  a high level of evidence results that are consistent with
(SMD =0.002, CI —0.14—0.14, P=0.97; > =0%) (Fig. 5). most studies done on the same issue. Our result showed
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that using the MVM in patients with SVT decreased
the need for any emergency treatment by terminat-
ing the SVT with simple, cost-free, and well-tolerated
intervention.

The efficacy of the valsalva maneuver is dependent on
generating high intrathoracic pressure and stimulating
baroreceptors in the carotid body and aortic arch lead-
ing to an increase in the vagal tone and venous return [9].
The subjectivity of straining efforts might explain the var-
iation (in the efficacy) of SVM efficacy [10, 11]. This is a
limitation in delivering this mode of therapy as it is heav-
ily dependent on the instructions provided to the patients
by the healthcare workers (i.e., emergency response
personnel and physicians). This can explain the incon-
sistency in performing the valsalva maneuvers as it has
been reported that only 9.6% of ED physicians would give
specific instructions to their patient on the position and
the duration, according to Taylor et al. [12]. Patients with
recurrent SVT can be taught on how to perform MVM
by blowing into a 10-ml syringe, which can result in the
same intrathoracic pressure (equivalent to 40 mmHg of
generated pressure) as an aneroid manometer yet widely
available [9]. Addressing this limitation will lead to faster
termination of SVT, reducing ED visits when the vagal
maneuver is self-administered, shorter time in ED, lower
need of administering IV medication, hospital admission,
and cardioversion.

The passive leg rise suggested by Appelbaum et al.
study will maximize the venous return which will
increase the preload resulting in an increase in the car-
diac output causing higher vagal tone response. Appel-
baum et al. were the first systematically reported in a
systematic method the merit of MVM. In RCT involv-
ing 428 patients, MVM was more effective in aborting
SVT episodes when compared to SVM (43% vs. 17%)
[2]. Following Appelbaum et al., Corbacioglu et al., Cey-
lan et al., and Chen et al. all reported a better efficacy of

MVM when compared to SVM (43% vs. 11%; 38% vs.12%;
and 46% vs.16%, respectively) [2—5]. The description of
MVM in each study was the same with minor changes.
One modification in Chen et al. was the angle of 90° in
raising the legs, which might produce a slightly higher
success rate compared to the 45° described by other
studies. This can be explained by the result presented in
Chen et al. study and by the physiology of the maneu-
ver and its effect on the baroreceptors [13]. Similar suc-
cess rates were also reported in a published abstract by
Youssef et al. (MVM 47% vs. SVM 20%) that we did not
include in our meta-analysis due to lack of access to the
full manuscript [14]. A case report is done by Appelboum
et al. on a patient with a recurrent SVT over 30 occa-
sions in 13 years. MVM was effective as a cardioversion
in this patient when both adenosine and verapamil failed
to terminate the recurring SVT [15]. A previous system-
atic review done by Wheeler suggested that the MVM
increased the rate of termination of SVT termination
in adult patients in the ER and proposed that making a
standardization in valsalva maneuver can increase the
effectiveness of vagal maneuvers [16]. Also, a study done
by Mohammad et al. reported the overall rate success of
MVM as 47.3% (44/93 patients); however, this study did
not compare MVM and SVM, and for this reason, was
not included our meta-analysis [17]. In our analysis, we
found that adopting MVM leads to 2.5-fold increase in
the rate of sinus rhythm and a 32% reduction in the risk
of requiring of abortive antiarrhythmic medication in ED.

Carotid sinus massage is another modality commonly
reported with limitations; its efficacy is not better than
SVM [3], but the risk of stroke risk was a major limita-
tion, especially in older patients [18, 19]. Appelbaum
et al. reported minor adverse events with VM, including
transient hypotension, nausea, and musculoskeletal pain,
and did not find passive leg rise leads to be associated
with more adverse events [2].



Abdulhamid et al. Int J Arrhythm (2021) 22:2

It is plausible to think that with the rapid elimination
of SVT early in the encounter, we might reduce time in
the ED, need for admission, and overall cost of care. Time
spent in the ED was not different between the tested
VMs in our analysis; both maneuvers take little or no
time to perform. Also, the lack of standardized criteria
for admission of SVT patients will limit the merit of a
meta-analysis in answering such a question. A dedicated
RCT with pre-determined admission criteria and a cost
analysis plan will support the wide adoption of MVM as a
first-line modality in patients presenting with SVT.

Limitations

There are some limitations of our review. Our sample size
was relatively small for a meta-analysis, but the results of
all of the studies were concordant in favor of MVM. Also,
we were unable to perform a subgroup analysis due to a
lack of baseline data, such as different age groups and dif-
ferent pressure-generating methods. Our results apply to
adult patients only with no pediatric data. However, it is
still possible to believe that MVM is still useful in older
pediatric patients who can properly follow instructions
properly and Walker et al. mention the use of MVM in
children with success [10].

Conclusion

Modified valsalva maneuver is more effective than the
standard maneuver in terminating SVT without increas-
ing adverse events or time spent in the emergency
department. Further RCTs are warranted to confirm the
efficacy and safety of the MVM.
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Supraventricular tachycardia; ED: Emergency department.
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