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Abstract  

Introduction: Multiple pharmacologic therapies have been studied to prevent recurrence in patients with vasovagal 

syncope. Multiple head to head comparisons have been done with varying results. We aimed to perform a network 

meta-analysis to assess the efficacy of pharmacologic therapies in preventing recurrent syncope in patients with 

vasovagal syncope.  

Methods: A systematic review of the literature was performed to identify randomized controlled trials describing 

recurrence of vasovagal syncope after initiation of pharmacologic treatment in patients with syncope who had a 

baseline positive tilt table test. A Bayesian network meta-analysis was conducted utilizing the geMTC package 

available for R: A Language and Environment for Statistical Computing.  

Results: None of the included pharmacological therapies were found to significantly reduce the recurrence of 

vasovagal syncope when compared to placebo. When compared to one another atenolol did offer significant 

reduction in syncopal episodes when compared to cafedrine. Dihydroergotamine ranked the highest while cafedrine 

ranked the lowest.  

Conclusions: Pharmacologic therapies do not offer significant reduction in recurrence of vasovagal syncope. First 

line therapy for these patients should include lifestyle changes such as increased fluid intake, and when appropriate, 

increased salt intake. 
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1. Introduction

Syncope is the cause of approximately 3% of all emergency department visits and 6% of hospital admissions [1,2]. 

After exclusion of various other causes, vasovagal syncope is a common diagnosis with which these patients are 

discharged [3,4]. In the setting of vasovagal syncope, there is sudden loss off sympathetic activity with a 

concomitant increase in parasympathetic activity which subsequently leads to vasodilation and bradycardia [4,5]. 

Various triggers of vasovagal syncope have been identified which include changes in body position, changes in 

temperature, and emotional stressors among others. These may be mediated by abnormal mechanoreceptor activity 

[4]. 

While not fatal, vasovagal syncope can cause at least moderate levels of injury in approximately 5% of cases an also 

leads to decreased quality of life [6-8]. Several pharmacologic therapies have been utilized in the past to help reduce 

recurrence of vasovagal syncope with studies demonstrating variable efficacy. The purpose of this study was to 

conduct a network meta-analysis of published data to determine the efficacy of various pharmacological therapies in 

reducing the recurrence of vasovagal syncope. 

2. Methods

2.1 Endpoints 

A systematic review of the literature was performed to identify manuscripts describing recurrence of vasovagal 

syncope after initiation of pharmacologic treatment in patients with syncope who had a baseline positive tilt table 

test. Recurrence may have been assessed by questionnaire, patient interview, or by repeat tilt table test.  

2.2 Manuscript search and identification strategy 

Manuscripts were identified using electronic databases including PubMed, EMBASE, and OVID which were 

queried using one of the following terms: “syncope” or “vasovagal syncope” plus one of the following terms: 

“pharmacologic therapy”, “treatment”, “beta blocker”, “alpha-adrenergic”, “selective serotonin reuptake inhibitor”, 

“corticosteroid”. No specific restriction on year of publication was used. Manuscripts were initially screened by title 

and abstract with full text being retrieved for only select manuscripts.  

These full text manuscripts were then reviewed by two of the authors and assessed for quality and bias (RL and SA). 

Any disparities in scoring of manuscripts were then independently reviewed by another author (RA). The Cochrane 

Handbook for Systematic Review was used for quality evaluation. Criteria for inclusion consisted of studies 

published in English comparing pharmacologic therapy for vasovagal syncope. Studies must have had at least two 

separate arms for inclusion and must have included data for the endpoint of recurrent syncope. Studies not including 

specific data for each different therapy were excluded as were studies investigating non-pharmacological 

interventions. 
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2.3 Data extraction 

Data regarding baseline study-level patient characteristics and identified outcomes were extracted from the 

manuscripts identified for inclusion. Trial level data was extracted independently with use of a data collection form 

by two authors (RL and KN).  

The data extraction was then independently reviewed by another author (SA) to ensure integrity of the extracted 

data. Baseline data was collected for each separate therapy included in the respective study. If therapy level data was 

not available then study level characteristics were extracted for baseline variables. Authors of included studies were 

not contacted for additional data. 

2.4 Bias analysis 

Bias was assessed using the Cochrane Risk of Bias assessment tool. Specifically, patient eligibility, randomization 

and concealment of allocation, blinding, completeness of outcome data, and statistical integrity were assessed using 

this scale.   

2.5 Network meta-analysis 

A Bayesian network meta-analysis was conducted utilizing the geMTC package available for the R: A Language 

and Environment for Statistical Computing (Version 3.2.2, Vienna, Austria). Markov chain Monte Carlo methods 

were utilized for this analysis. First a network plot was created to visually demonstrate the evidence base. Nodes 

represented specific pharmacologic therapies while the edges represented comparisons with direct evidence. 

Inconsistency was then assessed using the node splitting functionality. In this visual inspection of forest plots 

demonstrating the odds ratios for direct, indirect, and overall comparisons are plotted for each comparison.  

Convergence was then assessed qualitatively by visual assessment of trace plots and visual assessment of density 

plots. Convergence was quantitatively assessed using via the Gelman-Rubin diagnostic and a resulting potential 

scale reduction factor. This was done multiple times with a different number of iterations until convergence was 

deemed acceptable. A potential scale reduction factor of 1 was targeted. The number of iterations corresponding to 

the most ideal convergence was then used for the remainder of the analysis.  

Heterogeneity was assessed by utilizing the I2 statistic at the level of direct, pairwise comparisons. An I2 value of 

greater than 50% was considered to represent significant heterogeneity. A random-effects model was then used to 

determine a pooled odds-ratio comparing all included pharmacological therapies utilizing a number of iterations 

determined from the aforementioned convergence analysis. Rank probabilities were then calculated with all 

pharmacological therapies included in the model. These data were then used to create subsequent visual rankograms.  

Reporting for this manuscript was done in concordance with the Preferred Reporting Items for Systematic Review 

and Meta-analyses extension statement for reporting of systematic review incorporating network meta-analyses [9]. 
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3. Results

3.1 Manuscript identification and characteristics 

A total of 806 manuscripts were initially identified with 728 remaining after duplicated were excluded. After title 

and abstract review 664 manuscripts were excluded, leaving 64 manuscripts for which full text was obtained and 

reviewed. Studies were then excluded if they were based on evaluation of pacemaker implantation for vasovagal 

syncope, did not include a comparison arm, or did not investigate therapies for vasovagal syncope. A total of 18 

studies were included in the final analysis [10-27] (Figure 1). All studies were randomized with 4 studies also 

having a crossover component (Table 1). 

Figure 1: Flowchart demonstrating study selection. 
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Year Study design Number 
of 
patients 

Age 
(years) 

Male Duration of 
syncopal 
episodes 
prior to study 
(years) 

Number of 
syncopal 
episodes per 
month prior to 
study 

Follow-up 
duration 
(months) 

Flevari et al. 
  Propranolol 
  Nadolol 
  Placebo 

2012 Randomized, 
crossover 30 

30 
30 

41.0 ± 
3.0 
41.0 ± 
3.0 
41.0 ± 
3.0 

13 
(43) 
13 
(43) 
13 
(43) 

6.0 ± 4.2 
6.0 ± 4.2 
6.0 ± 4.2 

1.1 ± 0.1 
1.1 ± 0.1 
1.1 ± 0.1 

3.0 
3.0 
3.0 

Di Girolamo et al. 
  Paroxetine 
  Placebo 

1999 Randomized, 
double blind 34 

34 
43.2 ± 
16.4 
46.1 ± 
13.5 

12 
(35) 
14 
(31) 

3.8 ± 0.9 
4.2 ± 1.3 

0.6 ± 0.2 
0.7 ± 0.3 

25.4 ± 7.9 
25.4 ± 7.9 

Kaufmann et al. 
  Midodrine 
  Placebo 

2002 Randomized, 
double blind, 
crossover 

12 
12 

42.0 ± 
4.0 
42.0 ± 
4.0 

2 (18) 
2 (18) 

-- 
-- 

-- 
-- 

-- 
-- 

Moya et al. 
  Etilefrine 
  Placebo 

1999 Randomized, 
double blind, 
crossover 

30 
30 

46.0 ± 
18.0 
46.0 ± 
18.0 

16 
(53) 
16 
(53) 

-- 
-- 

-- 
-- 

-- 
-- 

Madrid et al. 
  Atenolol 
  Placebo 

2001 Randomized, 
double blind 26 

24 
37.0 ± 
12.0 
31.0 ± 
8.0 

11 
(42) 
9 (38) 

5.7 ± 4.2 
5.1 ± 5.3 

0.04 ± 0.02 
0.05 ± 0.02 

12.0 
12.0 

Perez-Lugones et al. 
  Midodrine 
  Placebo 

2001 Randomized 
31 
30 

42.0 ± 
16.0 
43.0 ± 
18.0 

11 
(35) 
10 
(33) 

-- 
-- 

3.0 ± 2.5 
2.8 ± 2.1 

6.0 
6.0 

Brignole et al. 
  Atenolol 
  Cafedrine       
  Dihydroergotamine 
  Domperidone 

1992 Randomized 
8 
10 
13 
9 

42.0 ± 
21.0 
-- 
-- 
-- 
-- 

10 
(33) 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

0.2  ± 0.1 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

Quingyou et al. 
  Midodrine 
  Placebo 

2006 Randomized 
12 
10 

12.2  ± 
2.9 
-- 
-- 

10 
(45) 
-- 
-- 

-- 
-- 

-- 
-- 

10.0 ± 8.0  

Raviele et al. 
  Etilefrine 
  Placebo 

1999 Randomized 
63 
63 

46.0 ± 
19.0 
42.0 ± 
18.0 

23 
(37) 
29 
(46) 

-- 
-- 

-- 
-- 

-- 
-- 

Salim et al. 
  Fludrocortisone 
  Placebo 

2005 Randomized, 
double blind 18 

14 
13.7 ± 
2.7 
14.0 ± 
2.4 

8 (44) 
4 (29) 

1.5 
1.0 

0.3 ± 0.3 
0.4 ± 0.5 

15.6 ± 13.2 
14.4 ± 3.6 

Theodorakis et al. 
  Fluoxetine 
  Propranolol 
  Placebo 

2006 Randomized 
24 
30 
22 

39.3 ± 
2.7 
39.7 ± 
3.5 
41.8 ± 
3.6 

17 
(71) 
11 
(37) 
8 (36) 

0.4 ± 0.1 
0.4 ± 0.1 
0.4 ± 0.1 

-- 
-- 
-- 

6.0 
6.0 
6.0 

Cox et al. 
  Atenolol 
  Propranolol 
  Metoprolol 
  Nadolol 

1995 Randomized 
71 
28 
16 
3 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

Zhang et al. 
  Metoprolol 

2008 Randomized 
14 13.0 ± 5 (36) 1.3 ± 1.0 0.5 ± 0.4 66.0 ± 9.0 
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  Placebo 14 3.0 
12.0 ± 
3.0 

3 (21) 1.3 ± 1.0 0.6 ± 0.4 66.0 ± 12.0 

Nakagawa et al. 
  Propranolol 
  Disopyramide 

1998 Randomized, 
crossover 21 

13 
-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

Mahanonda et al. 
  Atenolol 
  Placebo 

1995 Randomized, 
double blind 21 

21 
38.0 ± 
13.0 
43.0 ± 
14.0 

6 (29) 
10 
(48) 

-- 
-- 

-- 
-- 

1.0 
1.0 

Kluger et al. 
  Metoprolol 
  Placebo 

1998 Randomized, 
double blind 15 

16 
-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

Sheldon et al. 
  Metoprolol 
  Placebo 

2006 Randomized, 
double blind 108 

100 
43.0 ± 
18.0 
41.0 ± 
18.0 

42 
32 

-- 
-- 

-- 
-- 

-- 
-- 

Jhamb et al. 
  Metoprolol 
  Verapamil 

1996 Randomized 
15 
13 

35.0 ± 
10.0 
39.0 ± 
8.0 

13 
(87) 
12 
(92) 

3.0 ± 2.4 
2.9 ± 2.6 

0.1 ± 0.1 
0.1 ± 0.1 

-- 
-- 

Table 1: Characteristics of included studies 

A total of 1,109 patients were included in this analysis with 15 different pharmacological therapies included. Table 1 

demonstrates what specific therapies were included in each study and how many patients were present in each study 

for each respective therapy. Most studies included patients in their late 30s to early 40s, although 3 studies included 

patients in their teenage years. We elected to include these studies as they did not impact the direction of the pooled 

effect. Syncopal episodes had occurred for 0.5 to 6 years prior to study enrollment with 0.1 to 1.1 syncopal episodes 

occurring a month (Table 1). 

3.2 Bias analysis 

A majority of studies demonstrated a low risk for bias per the Cochrane Risk of Bias assessment tool. A study by 

Zhang and colleagues as well as a study by Nakagawa and colleagues was found to have higher bias than the other 

included studies (Table 2). We did elect to include these in the overall analysis as the overall bias was still felt to be 

acceptable. 

Random 
sequence 
generation 
(selection 
bias): Risk 

Allocation 
concealment 
(selection bias): 
Risk 

Blinding of 
participants and 
personnel 
(performance 
bias): Risk 

Blinding of 
outcome 
assessment 
(detection 
bias): Risk 

Incomplete 
outcome data 
(attrition 
data): Risk 

Selective 
reporting 
(reporting 
bias): Risk 

Other 
bias: 
Risk 

Flevari et al. Low Unclear Low Low Low Low Low

Di Girolamo et 
al. 

Low Unclear Low Low Low Low Low

Kaufmann et al. Low Unclear Low Low Low Low Low

Moya et al. Low Unclear Low Low Low Low Low

Madrid et al. Low Unclear Low Low Low Low Low

Perez-Lugones 
et al. 

Low Unclear Unclear Unclear Low Low Low

Brignole et al. Low Unclear Low Low Low Low Low
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Quingyou et al. Low Unclear Low High Low Low Low

Raviele et al. Low Low Low Low Low Low Low

Salim et al. Low Unclear Low Low Low Low Low

Theodorakis et 
al. 

Low Unclear Low Low Low Low Low

Cox et al. Unclear Unclear Low Low Low Low Low

Zhang et al. Low Low High High Low Low Low

Nokagawa et al. Low High High High Low Low Low

Mahanonda et 
al. 

Low Low High Low Low Low Low

Kluger et al. Unclear Unclear Low Low Low Low Low

Sheldon et al. Low Low Low Low Low Low Low

Jhamb et al. Low Unclear Low Low Low Low Low

Table 2: Bias analysis of included studies 

3.3 Network meta-analysis 

A network plot was constructed and demonstrated that the most frequent direct comparisons were between 

midodrine and placebo as well as metoprolol and placebo which were present in 3 studies. Several other direct 

comparisons were found in 2 studies (Figure 2). 

Figure 2: Network plot demonstrating the comparisons present in the included studies 

Nodesplitting analysis demonstrated inconsistency in the following comparisons: nadolol versus placebo, metoprolol 

versus propranolol, metoprolol versus nadolol, and metoprolol versus atenolol (Figure 3). Significant heterogeneity 

was present in the direct, pair-wise analysis with an I2 of 62%, thus a random effects model was used for the overall 

network meta-analysis with a total of 5,000 iterations. This was based on a potential scale reduction factor of 1.35 

being achieved with 5,000 iterations. 
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Figure 3: A nodesplitting analysis demonstrating the direct, indirect, and overall odds ratios to help determine 

inconsistency 

None of the included pharmacological therapies were found to significantly reduce the recurrence of vasovagal 

syncope when compared to placebo. When compared to one another atenolol did offer significant reduction in 

syncopal episodes when compared to cafedrine (Figure 4). Figure 5 demonstrates the rank probabilities of all the 

included pharmacological therapies and the number of patients for each therapy. Dihydroergotamine ranked as the 
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most effective therapy while cafedrine ranked as the least effective therapy. Of note, midodrine was the highest 

ranked therapy with a significant number of patients. Placebo ranked 9th out of 15.  

Figure 4: Overall forest plot comparing various treatments 

Figure 5: Rank order plot demonstrating the hierarchy of the pharmacologic therapies. The most effective treatment 

is listed at the top with the least effective at the bottom. The circles are sized in proportion to total number of 

patients for each therapy 
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4. Discussion

The current study demonstrates a lack of significant difference between pharmacological therapies and placebo. This 

held true for all included therapies which included a variety of beta-blockers, alpha-adrenergic agents, 

corticosteroids, and calcium channel blockers. To our knowledge, this is the first network meta-analysis regarding 

the efficacy of these interventions for recurrent syncope.  

This network meta-analysis had results that did differ from a recent pairwise, meta-analysis by Vyas and colleagues. 

Vyas and colleagues did not compare individual therapies but instead grouped them by mechanisms of action such 

as beta-blockers and alpha-adrenergic agents. Using a random-effects model, they found Beta-blockers to be 

associated with a 64% odds reduction in recurrent syncope when compared to control while alpha-adrenergic agents 

were associated with a 79% odds reduction in recurrent syncope when compared to control. It is important to note 

than when midodrine and etilefrine were analyzed separately only midodrine was associated with reduction in 

recurrent syncope [28]. The difference in results between our analysis and that of Vyas and colleagues is likely the 

result of slightly different study selection as well as the addition of data from indirect comparisons due to the 

network nature of our analysis. Additionally, the pairwise meta-analysis by Vyas and colleagues also commented on 

how the effect of beta-blockers was lost when considering studies comparing to placebo only [28]. Again, different 

beta-blockers may have different effects and hence combining them may give the analysis adequate power to detect 

subtle differences but individual therapy choice cannot be guided by such analyses.  

Beta-blockers have been proposed for use in the setting of vasovagal syncope based on beta-receptor involvement in 

baroreceptor mediated reflexes [3,29,30]. Additionally, the observation that isoproterenol, a beta-agonist was able to 

facilitate hypotension, bradycardia, and subsequent syncope during tilt table testing also lead to the use of beta-

blockers to help reduce the recurrence of vasovagal syncope [3]. Perhaps the largest trial to look at the beta-blockers 

was the Prevention of Syncope Trial. With 108 patients randomized to metoprolol and 100 patients randomized to 

placebo, this trial demonstrated no significant difference between the two groups in respect to recurrent vasovagal 

syncope [20]. Thus, overall it appears that beta-blockers do not offer a significant reduction in recurrence of 

vasovagal syncope.  

Alpha-adrenergic agonists such as midodrine and etilefrine have also been used for treatment of vasovagal syncope. 

These agents act on the alpha receptors present on both venous and arterial vasculature, causing both veno- and 

vaso-constriction. There has been varying success with midodrine noted in previous studies. The Prevention of 

Syncope Trial IV is currently ongoing and is randomizing patients with vasovagal syncope to either midodrine or 

placebo with hopes to have a study with enough power to draw firm conclusions regarding the efficacy of midodrine 

in prevention of recurrent vasovagal syncope [31]. As of yet it appears that alpha-adrenergic agonists also do not 

lead to a significant reduction in recurrence of vasovagal syncope. 

Corticosteroids, particularly fludrocortisone, have also been used in the setting of vasovagal syncope. 

Corticosteroids are intended to increase circulating volume by retaining sodium and, subsequently water. Pediatric 

studies have demonstrated improvement in symptoms with use of fludrocortisone although neither the pairwise 
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meta-analysis by Vyas and colleagues nor the current network meta-analysis demonstrated significant reduction in 

recurrence of vasovagal syncope. Hence, corticosteroids also appear ineffective. The Prevention of Syncope Trial II 

was conducted with randomization of patients to either fludrocortisone or placebo. Although data from this study 

has yet to be published in full, Raj and colleagues obtained data from the authors of this trial, learning that the study 

demonstrated a 26% relative risk reduction associated with fludrocortisone when compared to placebo. This was not 

statistically significant with a p-value of 0.066 [32,33]. 

Another group of pharmacological therapies that has been utilized to reduce recurrence of vasovagal syncope is the 

selective serotonin reuptake inhibitors. As their name implies these increase the serotonin levels in the brain, with 

serotonin being known to help facilitate regulation of blood pressure and heart rate via the central nervous system. 

Individual studies have demonstrated mixed results in regards to reduction in recurrent vasovagal syncope. With 

that, in mind, our analysis found no statistically significant reduction. 

It is possible that pharmacological therapies may be helpful for a select subset of patients. Prospective identification 

of this subset, however, is not possible at this time and for the overall group of patients with vasovagal syncope it 

appears that no pharmacological therapies offer an advantage over placebo with respect to eliminating recurrence of 

episodes. Patients should receive counseling about what vasovagal syncope is and the mechanism by which it causes 

syncope. Patients should be encouraged to increase their fluid intake and, if appropriate, to increase their salt intake 

[34,35]. Patients should be instructed to sit down or lie down when they fell that a syncopal episode is about to occur 

in order to avoid any injury associated with the fall during a syncopal episode. For those with recurrence that is still 

troublesome to the patient despite counseling, then this analysis suggests that midodrine and metoprolol are the most 

likely to reduce recurrence of vasovagal syncope, although in the overall vasovagal syncope cohort neither treatment 

offered benefit over placebo. 

This study offers a concise overview of the current literature regarding pharmacologic therapies for vasovagal 

syncope. The network nature of this meta-analysis allows for data from both direct and indirect comparisons to be 

pooled and also allows for rank probability analysis which cannot be done with conventional, pairwise meta-

analysis. Additionally, this analysis only included randomized studies with acceptable levels of bias. The most 

important strength of this analysis lies in the fact that multiple therapies to be compared simultaneously for guidance 

to a physician.  

This analysis isn’t without its limitations, however. Some comparisons were limited in the number of patents 

included. This is particularly true in respect to dihydroergotamine, domperidone, cafedrine, disopyramide, and 

fluoxetine. It is also important that not only there be a good number of patients but an adequate number of studies 

present in a network meta-analysis and some direct comparisons lacked more than 1 study with data from a direct 

comparison. We were also unable to produce relative risk estimates and only were able to generate odds ratios due 

to the methodology used in this network meta-analysis. While the odds ratios and relative risks do converge when 

events are frequent enough, we are unable to comment on the relationship between odds ratios and relative risk in 

this current study. The underlying conventional, pairwise meta-analysis demonstrated heterogeneity. We did not 
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look at this as a limitation of our study as it seems unnecessary to perform any pooled analysis if there is no 

heterogeneity and all studies have demonstrated similar effects direction and magnitude. We did utilize a random 

effects model due to the heterogeneity.  

5. Conclusion

Pharmacological therapies do not offer significant reduction in recurrence of vasovagal syncope. First line therapy 

for these patients should include lifestyle changes such as increased fluid intake, and when appropriate, increased 

salt intake. 
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