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Aims Vasovagal syncope (VVS) is a common clinical condition that lacks effective medical therapies despite being associ-
ated with significant morbidity. Current guidelines suggest that midodrine, a prodrug for an a1-adrenergic receptor
agonist, might suppress VVS but supporting studies have utilized heterogeneous methods and yielded inconsistent
results. To evaluate the efficacy of midodrine to prevent syncope in patients with recurrent VVS by conducting a
systematic review and meta-analysis of published studies.

...................................................................................................................................................................................................
Methods
and results

Relevant randomized controlled trials were identified from the MEDLINE, Embase, CENTRAL, and CINAHL
databases without language restriction from inception to June 2021. All studies were conducted in clinical syn-
cope populations and compared the benefit of midodrine vs. placebo or non-pharmacological standard care.
Weighted relative risks (RRs) were estimated using random effects meta-analysis techniques. Seven studies
(n = 315) met inclusion criteria. Patients were 33 ± 17 years of age and 31% male. Midodrine was found to sub-
stantially reduce the likelihood of positive head-up-tilt (HUT) test outcomes [RR = 0.37 (0.23–0.59),
P < 0.001]. In contrast, the pooled results of single- and double-blind clinical trials (I2 = 54%) suggested a more
modest benefit from midodrine for the prevention of clinical syncope [RR = 0.51 (0.33–0.79), P = 0.003]. The
two rigorous double-blind, randomized, placebo-controlled clinical trials included 179 VVS patients with mini-
mal between-study heterogeneity (I2 = 0%) and reported a risk reduction with midodrine [RR = 0.71 (0.53–
0.95), P = 0.02].

...................................................................................................................................................................................................
Conclusions Midodrine is effective in preventing syncope induced by HUT testing and less, but still significant, RR reduction in

randomized, double-blinded clinical trials.
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Introduction

Syncope is a common clinical condition with a lifetime cumulative
incidence of at least 35% and a high rate of recurrence following initial
presentation.1 Nearly 60% of all syncope cases are attributable to va-
sovagal syncope (VVS),2,3 which is due to hypotension often caused
by sympathetic withdrawal. Although syncope is generally benign, re-
current VVS is associated with frequent injuries,4,5 psychological mor-
bidities, and impaired patient quality of life.6

What’s new?

• Midodrine is effective in preventing syncope induced by
head-up-tilt testing [relative risk (RR) = 0.37 (0.23–0.59),
P < 0.001].

• Midodrine significantly prevents vasovagal syncope in
randomized, double-blinded clinical trials [RR = 0.71
(0.53–0.95), P = 0.02].
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To date, there remain few effective medical therapies for the treat-
ment of recurrent VVS current consensus guidelines provide weak
recommendations for the use of beta-blockers, fludrocortisone, and
midodrine for the management of recurrent VVS based on modest
data supporting their effectiveness in selected patient populations.2,3,7

This systematic review focuses on midodrine and provides an update
on the systematic review performed by Izcovich et al.8 in 2014, in-
cluding the results of a recent, positive, randomized clinical trial.9 Our
review stresses studies with adequate blinding and clinical outcomes.

Midodrine is a selective a1-adrenergic receptor agonist pro-drug
that is thought to enhance peripheral vascular tone and reduce ve-
nous pooling, thereby preventing syncope.3 However, prior studies
assessing the benefit of midodrine for syncope prevention have used
heterogeneous methods in clinically disparate populations, providing
inconsistent results and lower levels of evidence.9–15 Therefore, the
aim of this study was to evaluate the effectiveness of midodrine for
the prevention of syncope in patients with recurrent VVS through a
comprehensive systematic review and meta-analysis of published
studies, with special consideration of the effect of study design on
apparent drug benefit.

Methods

The protocol for this systematic review was registered in
PROSPERO: CRD42019132720. This protocol includes details of
the search strategy, criteria for study selection, statistical methodol-
ogy, and risk of bias assessments. This study was exempt from
Institutional Review Board approval.

Data sources and search strategy
Multiple electronic databases were searched without language
restriction from database inception to 20 July 2021, and the results of
the second Prevention of Syncope Trial were added after it was pub-
lished on 3 August 2021.9 These included the Medical Literature
Analysis and Retrieval System Online (MEDLINE), Excerpta Medica
Database (EMBASE), Cochrane Central Register of Controlled Trials
(CENTRAL), and Cumulative Index to Nursing and Allied Health
Literature (CINAHL) databases. The Medical Subject Headings
(MeSH) terms and keywords included in the searches were related to
‘vasovagal syncope’ and ‘midodrine hydrochloride’. Database-specific
search terms and results are listed in Supplementary material online,
Table S1. Additional searches of Google Scholar, ClinicalTrials.gov,
and screening of references from relevant articles were performed to
identify relevant grey literature.

Study selection
Studies were selected based on the following inclusion criteria: (i) study
designs comprised parallel-group or crossover RCTs comparing oral
midodrine hydrochloride against a control intervention, whether placebo
or non-pharmacological standard care; (ii) patients with recurrent VVS;
(iii) outcomes reported included the occurrence of syncope or a
predefined syncope surrogate in all patients within the given testing or
follow-up period. Inclusion was not limited by blinding procedure, follow-
up duration, or patient age at the time of enrolment. The study selection
process is shown in Figure 1.

Quality of evidence assessments of included

studies
The risk of bias of each study was evaluated using the Cochrane
Collaboration’s tool for assessing bias in randomized trials.16 The quality
of evidence for each outcome was graded using the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE)
framework.

Outcomes and subgroup analysis
The primary outcome was syncope, defined as a brief and complete loss
of consciousness. In studies where the presence of syncope was recorded
during both head-up-tilt (HUT) testing and clinical follow-up (two of
seven studies),14,15 both event rates were extracted and considered inde-
pendently during data synthesis. Analysis subgroups were defined based
on blinding procedure (open label vs. double-blind).

Statistical analysis
Continuous variables are presented as means with standard deviation,
while categorical variables are expressed as percentages. Baseline var-
iables were compared using t test for means and z test for propor-
tions. All tests were two-tailed, and a P-value of <0.05 was considered
significant. Meta-analysis was performed using the ‘metafor’ package in
R 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria). The
risks of syncope were expressed as relative risk (RR) ratios with 95%
confidence intervals (CIs). Weighted pooled RRs were calculated us-
ing random-effects models. Heterogeneity was estimated according

125 records identified through
database searching:

      41 MEDLINE
      60 EMBASE
      20 Cochrane
      4    CINAHL

1 additional records identified
through other sources 

83 records after duplicates
removed

83 records screened 63 records excluded

13 full-text articles excluded, with
reasons:

      6    incorrect study design
      5    incorrect intervention
      2    syncope not reported

20 full-text articles assessed for
eligibility

7 studies included in qualitative
synthesis

7 studies included in qualitative
synthesis (meta-analysis)

Figure 1 PRISMA flow diagram for systematic literature review
and study selection.
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to the I2 statistic; values <25% were considered to represent low het-
erogeneity, 25–50% moderate heterogeneity, and >75% high hetero-
geneity.17 Where there were more than two independent studies in
an analysis group, 95% CIs for I2 values were calculated using the test-
based method proposed by Higgins et al.

Results

Study selection and characteristics of
included studies
Among 125 unique citations identified by the search strategy, 20 full-
text articles were assessed for eligibility and seven studies met inclu-
sion criteria (Figure 1). Of the 13 studies that were excluded, six were
not of the specified study design, five did not administer the correct
active intervention, and two did not report the outcomes of interest.

All included studies were randomized controlled trials, with two
studies performed in paediatric populations14,15 and five performed
in adult populations.9–13 Across all trials, a total of 319 patients were
included. Study sizes ranged from 12 to 134. Overall, patients were
33± 17 years of age and were primarily female (69%). Patients had a
minimum of two spontaneous syncopal episodes in the year preced-
ing study enrolment. Of the seven studies selected, two reported the
occurrence of HUT-induced syncope (n = 28),10,12 three reported
clinical syncope recurrence with continued intervention within a
given follow-up period (n = 217),9,11,13 and two reported both HUT-
induced and clinical syncope outcomes (n = 70).14,15

Individual characteristics of each study, including design, reported
outcomes, and midodrine dosing regimens are summarized in Table 1
and further detailed in Supplementary material online, Table S2.
Briefly, Kaufmann et al.12 and Ward et al.10 were double-blind, pla-
cebo-controlled, HUT-based crossover trials performed in adult
populations. Kaufmann et al.12 included 12 patients (17% male) with a
mean age of 42 ± 4 years, more than two syncopal episodes in the
year preceding enrolment (range: 2 to >15), and reproducible syn-
cope on drug-free HUT. Patients were randomized to receive a single
5 mg dose of midodrine or matching placebo 1 h prior to passive 60�

HUT for up to 40 min, with a single washout day between active
study days.12 Midodrine was found to significantly improve ortho-
static tolerance with no indication of supine hypertension [RR = 0.25
(0.07, 0.94)].12

In contrast, Ward et al.10 included 16 patients (31% male) with a
mean age of 56 ± 18 years, a median of four syncopal events in the
month preceding enrolment (range: 2–8), and reproducible syncope
on HUT with nitroglycerine. Patients were randomized to receive
5 mg of midodrine tid or matching placebo for 1 month prior to 70�

HUT with sublingual nitroglycerine, and a 7-day washout phase be-
tween treatment periods.10 In this study, midodrine significantly re-
duced the risk of HUT-induced syncope [RR = 0.43 (0.22, 0.83)].10

Liu et al.14 and Qingyou et al.15 were both open-label, parallel-
group trials performed in paediatric populations that reported the
occurrence of syncope during both HUT testing and extended clini-
cal follow-up. Liu et al.14 included 33 patients in the control group
and 15 patients in the midodrine group (44% male overall) with a
mean age of 11 ± 3 years and unexplained recurrent syncope.
Patients assigned to the control group received conventional non-
pharmacological therapy, while the midodrine group was
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administered an initial dose of 1.25 mg bid, titrated up to 2.5 mg bid
given treatment efficacy within the first 2 weeks of the 9 ± 2 month
follow-up period.14 The HUT-induced syncope with treatment was
assessed at 4 weeks using an unspecified HUT test protocol.14

Midodrine was not found to reduce the risk of HUT-induced syn-
cope at 4 weeks [RR = 0.39 (0.13, 1.13)], but did significantly reduce
the risk of clinical syncope [RR = 0.24 (0.06, 0.92)].14

Qingyou et al.15 enrolled a similar patient demographic, with 13
patients in the control group and 13 patients in the midodrine group
(38% male overall) with a mean age of 12± 3 years, unexplained re-
current syncope, a positive response to HUT testing, and a lifetime
mean of 4 ± 8 syncopal episodes. Patients in the control group re-
ceived conventional non-pharmacological therapy, while the mido-
drine group was administered an initial dose of 1.25 mg bid, titrated
up to 2.5 mg bid given treatment efficacy on HUT 1 week after study
commencement.15 Patients requiring a higher dosage of midodrine
were subject to repeat HUT testing at 2 weeks using the same
unspecified HUT test protocol as in the first test.15 All study partici-
pants continued treatment and were followed-up for a mean of
10± 8 months.15 Qingyou et al.15 found that midodrine significantly
reduced the risk of both HUT-induced syncope [RR = 0.31 (0.11,
0.87)] and clinical syncope [RR = 0.28 (0.08, 0.98)].

Perez-Lugones et al.13 was an open-label, parallel-group trial that
included 30 patients (33% male) in the control group and 31 patients
(35% male) in the midodrine group with a mean age of 43± 17 years
and a lifetime mean of 23 syncopal episodes (range: 9–41). Patients in
the control group received conventional non-pharmacological ther-
apy, whereas those in the midodrine group were administered an ini-
tial dose of 5 mg tid, titrated up to 15 mg tid given treatment efficacy
within the first 3 weeks of the 6 month follow-up period.13 In this
study, midodrine was found to significantly reduce the risk of syncope
[RR = 0.32 (0.15, 0.70)].13

Finally, Romme et al.11 and Sheldon et al.9 were double-blind,
placebo-controlled, clinical trials performed in adult populations.
Romme et al.11 was a crossover trial that included 23 patients
(17% male) with a mean age of 31 ± 12 years and a lifetime median
of 35 syncopal episodes (IQR: 70). Patients were randomized to
receive 5 mg of midodrine bid or matching placebo and were fol-
lowed for 3 months on each study intervention, with 1 week of
washout between treatment periods.11 Midodrine was not found
to significantly reduce the risk of clinical syncope [RR = 0.73
(0.44, 1.23)].11 Conversely, Sheldon et al.9 was a parallel-group
trial that included 67 patients (25% male) randomized to placebo
and 66 patients (29% male) randomized to midodrine with a
mean age of 36 ± 13 years and a median of six syncopal episodes
in the year preceding enrolment (IQR: 3, 20). Patients random-
ized to the midodrine group were administered an initial dose of
5 mg tid, titrated up to 10 mg tid or down to 2.5 mg tid within the
first 2 weeks of treatment, as tolerated, and subsequently fol-
lowed for 1 year.9 Midodrine significantly reduced likelihood of
clinical syncope [RR = 0.69 (0.49, 0.97)].9

Quality of evidence assessments
Using the Cochrane Collaboration’s risk of bias tool, all three open-
label studies were determined to have unclear risks of selection bias
and high risks of performance bias due to unspecified randomization
methods and lack of blinding, respectively (Figure 2).13–15 Liu et al.14

also had a high risk of detection bias due to a combination of its
open-label design and lack of clearly stated criteria for appraisal of
the primary outcome. All four double-blind trials,9–12 regardless of
syncope endpoint, had low risks of bias across the six domains iden-
tify by the Cochrane tool.

The GRADE quality of evidence assessments for both HUT-
induced syncope and clinical syncope outcomes are presented in
Supplementary material online, Table S3. There was moderate- to
high quality of evidence for each of the pooled subgroup outcomes.

Outcomes
The primary outcome occurred in 210 patients (48%), consisting of
63% (147 of 234 patients) prescribed a control therapy and 32% (63
of 199 patients) that received midodrine. Unique patients were
counted twice in studies that reported both HUT-induced and clini-
cal syncope outcomes.14,15 The overall estimate of the pooled RR
with midodrine vs. control was 0.47 (95% CI: 0.35–0.64, P < 0.01),
with a moderate degree of heterogeneity across the seven studies
[I2 = 31% (0–65%), Cochran’s Q P = 0.17]. In a subgroup analysis
stratified by type of syncope outcome, heterogeneity was reduced
among HUT-induced syncope studies [I2 = 0% (0–68%), P = 0.88;
Figure 3A], but remained moderate among clinical syncope studies
[I2 = 47% (0–73%), P = 0.11; Figure 3B].

Syncope induced by head-up-tilt testing
Two open-label14,15 and two double-blind10,12 RCTs reported
the occurrence of syncope induced by HUT testing. The relative
benefit of midodrine was similar among studies regardless of the
blinding procedure [I2 = 0% (0–33%), P = 0.88], and showed a sig-
nificantly reduced likelihood of positive HUT test outcomes with
active drug [RR = 0.37 (0.23–0.59), P < 0.01; Figure 3A].
Midodrine appeared to provide a marginally higher degree of risk
reduction in the two open-label RCTs [RR = 0.35 (0.17–0.73),
P < 0.01] compared with the two double-blind RCTs [RR = 0.39
(0.21–0.70), P < 0.01].

Clinical syncope
Three open-label13–15 and two double-blind9,11 RCTs reported clini-
cal syncope recurrence within a 6- to 12-month treatment period.
Overall, midodrine provided significant protection against clinical syn-
cope [RR = 0.51 (0.34–0.79), P < 0.01; Figure 3B]. The open-label
studies suggested that midodrine was highly effective in the preven-
tion of syncope provided continuous use over a follow-up duration
of >_6 months [RR = 0.30 (0.16–0.53), P < 0.01]. In contrast, pooled
analysis of the rigorously performed double-blind studies (n = 179)
revealed a more modest but still significant syncope risk reduction
[RR = 0.70 (0.53–0.95), P = 0.02].

Adverse effects
Midodrine is a reasonably well-tolerated drug in patients without
contraindications to its use. The most frequent adverse effect across
all studies was supine hypertension, and to a lesser degree, nausea,
skin rash, and chills. There were no reports of significant sleep
disturbances.

L.Y. Lei et al.1174
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Discussion

Principal findings
We identified seven RCTs that evaluated the efficacy of midodrine to
prevent syncope induced by HUT testing and clinical syncope in
patients with recurrent VVS. There is moderate- to high-quality evi-
dence to suggest that midodrine reduces the likelihood of syncope
whether induced by HUT testing or in clinical settings. The HUT
study results are limited by concerns regarding the reproducibility of
such tests, and their limited usefulness to predict patient response to

pharmacological treatment.3,18,19 Additionally, there was significant
heterogeneity among clinical syncope trials [I2 = 47% (0–73%)] owing
to different degrees of study blinding. There is a strong possibility of
placebo effect in syncope clinical trials,20 which was reiterated by the
larger effect estimates among open-label trials [RR = 0.30 (0.16–
0.53)] relative to double-blind trials [RR = 0.70 (0.53–0.94);
Figure 3B]. Due to the implicit limitations of the open-labels studies
and their apparent lack of external validity, it is likely that the two rig-
orously performed, double-blind clinical trials offer the greatest value
in assessing the clinical applicability of midodrine.9,11
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Potential mechanism of action
Vasovagal syncope is associated with a withdrawal of sympathetic
traffic, resulting in vasodilation, a reduction in venous return and pre-
load, and possibly a reduction in peripheral resistance. The hypoten-
sion associated with VVS may be attributed to a failure of arteriolar
constriction, venoconstriction, or both. Consequently, midodrine
may prevent VVS by causing both arteriolar constriction and veno-
constriction, thereby increasing peripheral resistance and cardiac
output, and increasing blood pressure.

Clinical considerations
To date, only midodrine has had a clinical trial with a positive primary
outcome as well as a positive meta-analysis. Previously studied agents

include beta-blockers, norepinephrine reuptake inhibitors, selective
serotonin reuptake inhibitors, clonidine, disopyramide, fludrocorti-
sone, verapamil, and a1-adrenergic receptor agonists. Of these, only
fludrocortisone significantly reduced its primary clinical outcome,21

and that was in a secondary landmark analysis. In general, placebo-
controlled RCTs have failed to show significant drug benefit over pla-
cebo in clinical settings.

Midodrine is well-tolerated in most patients, but there is a risk of
developing supine hypertension due to the drug’s vasoactive effects.
Accordingly, midodrine should not be taken within 4–5 h of sleep,
but its short half-life warrants frequent dosing during daytime hours.
Additionally, while studies mainly included young females of repro-
ductive age, midodrine should be used with caution in older adults
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who are more likely to have contraindications to its use such as hy-
pertension, heart failure, liver disease, and diseases prone to cause
urinary retention. Use in pregnancy must be avoided due to concerns
that it might cause hypertension. It should be prescribed in conjunc-
tion with appropriate contraception in females of childbearing
potential.

Romme et al.11 noted that only 28 out of 67 patients eligible for
midodrine treatment actually received pharmacological crossover
therapy. The primary reasons for not starting medication were that
patients were either content with the partial reduction in syncopal
recurrences or feared medication side effects.11 These findings sup-
port the notion that midodrine treatment should be attempted in
motivated patients whose symptom severity merits it, despite ongo-
ing non-pharmacological therapies.

Study limitations
There are noteworthy limitations. There was a lack of dose–re-
sponse data, each of the studies administered a different range of
drug, and the pooled analyses included doses of midodrine that
ranged from 1.25 mg to 15 mg with varying interdose intervals. Even
in studies that featured dose-ranging to an effective yet tolerable
level, the data were not reported for each dose.

The patient populations were heterogeneous. The systematic
review inclusion criteria required patients to have experienced a
minimum of two syncopal episodes in the year preceding enrol-
ment, and most participants reported higher rates of syncope re-
currence. This may limit external validity when considering the
treatment of many VVS patients with infrequent syncope.
Similarly, two of the seven trials were performed in paediatric
populations. However, despite inherent differences between
paediatric and adult populations, independent trial results were
pooled as age demographics introduced minimal heterogeneity
(I2 = 0; Figure 3).

The studies generally lasted no longer than 1 year, so long-
term benefits (and risks) are unknown. Finally, the literature sug-
gests that there is significant potential for placebo effect in syn-
cope clinical trials, and the results of all four open-label clinical
studies introduced the possibility of significant expectation bias.
Similarly, studies that reported HUT outcomes are limited by
concerns regarding the reproducibility of such tests and their re-
liability in predicting patient response to therapy in the clinical
setting. Thus, while several studies have attempted to examine
the efficacy of midodrine for the prevention of syncope, only
two robust double-blind clinical trials (n = 179) offer insight into
the true effect and utility of this drug in practice.

Conclusions

Midodrine significantly prevents VVS in controlled settings, but its effi-
cacy is much more modest in clinical settings. Even so, midodrine is
the only medical therapy for recurrent VVS that is successful with
this level of evidence. The large difference in estimates of effective-
ness is mirrored by the degree of blinding and limitation of HUT test-
ing in predicting the true patient response to pharmacological
therapies.

Supplementary material

Supplementary material is available at Europace online.
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Cardioneuroablation of the right anterior ganglionated plexus in
symptomatic sinus bradycardia after extensive weight loss

David Reek *, Michael Deiß, and Hind El Bouchikhi
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After extensive weight loss, a
30-year-old male patient suffered
from highly symptomatic sinus bra-
dycardia with dizziness, headache,
and syncope. After intrinsic sinus
node disease was ruled out, we
decided to perform a cardioneuroa-
blation (CNA) of the right anterior
ganglionated plexus (RAGP) in order
to increase his baseline sinus heart
rate.

We used a prior computed
tomography of the left atrium for
anatomical guidance. It was merged
with a three-dimensional activation
map of the right atrium. Ablation was
performed in the right atrium, facing
the right superior pulmonary vein
(blue dot, figure) and resulted in an
immediate increase of heart rate
from 48 to 71 b.p.m. and was there-
after stable at around 68 b.p.m.
(þ40% to baseline). After a waiting time of 20 min an Atropine challenge was performed. In contrast to the response before ablation, there
was no relevant increase in heart rate, thus ablation was considered successful. During a 2-month follow-up, baseline heart rate remained
increased with preserved rise in an exercise test and the patient was asymptomatic.

In summary, CNA of the RAGP proved to be a simple and effective mean to effectively treat symptomatic sinus bradycardia by inducing
persistent vagolysis of the sinus node.

The full-length version of this report can be viewed at: https://www.escardio.org/Education/E-Learning/Clinical-cases/Electrophysiology.
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