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Abstract

Introduction: Vasovagal syncope is the main cause of transient loss of consciousness, being an increasingly fre-
guent reason for consultation in pediatrics and adult medicine. Midodrine, a peripherally acting alpha-receptor
agonist, is mainly used in the management of orthostatic hypotension. However, it has also been evaluated in
vasovagal syncope, with promising results. Objective: To analyze the most recent evidence on the usefulness of
midodrine for the control and prevention of vasovagal syncope. Materials and Methods: A literature search was
performed using search terms such as “Vasovagal Syncope” and “Midodrine,” as well as synonyms, which were
combined with Boolean operators, in 5 databases until October 2022. Original studies, systematic reviews and
meta-analyses, published in both English and Spanish, were included. Results: Randomized controlled trials and
systematic reviews and meta-analyses differ slightly between results, but these demonstrate an overall protective
effect. The most recent and complete evidence shows that using this agent significantly reduces the probability
of positivity when performing the tilt table test and prevents the occurrence of syncopal episodes. Conclusions:
Although current evidence on the efficacy of midodrine with respect to the prevention and control of vasovagal
syncope is limited, a significant protective effect is observed, reducing the risk of suffering syncopal episode by
approximately up to 50 %. Keywords: midodrine; vasovagal syncope; syncope; adrenergic agents; evidence-based
medicine.
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Utilidad de la midodrina para controlar el sincope vasovagal:
ila recomienda la evidencia?

Resumen

Introduccion: El sincope vasovagal es la principal causa de pérdida transitoria de la conciencia, y es
un motivo de consulta cada vez mas frecuente en pediatria y medicina del adulto. La midodrina es
un agonista de los receptores alfa, de accién periférica, empleada principalmente en el manejo de la
hipotension ortostatica; sin embargo, también se ha evaluado en el sincope vasovagal, con resultados
prometedores.

Objetivo: Analizar la evidencia mas reciente sobre la utilidad de la midodrina para el control y la pre-
vencién del sincope vasovagal.

Materiales y métodos: Se realizé una busqueda bibliografica utilizando términos de busqueda como
Vasovagal Syncope y Midodrine, asi como sinénimos, que se combinaron con operadores booleanos,
en cinco bases de datos, hasta octubre del 2022. Se incluyeron estudios originales, revisiones sistema-
ticas y metanalisis, publicados tanto en inglés como en espanol.

Resultados: Ensayos controlados aleatorizados y revisiones sistematicas y metanalisis difieren ligera-
mente entre resultados, pero estos demuestran un efecto global protector. La evidencia mas reciente
y completa indica que utilizar este agente reduce significativamente la positividad al realizar la prueba
de la mesa inclinada y que previene la aparicion de episodios sincopales.

Conclusiones: Aunque la evidencia actual sobre la eficacia de la midodrina respecto a la prevencién y
control del sincope vasovagal es limitada, se observa un efecto protector significativo, porque dismi-

nuye el riesgo de sufrir un episodio sincopal, aproximadamente hasta en un 50 %.

Palabras clave: midodrina; sincope vasovagal; sincope; adrenérgicos; medicina basada en la evidencia.
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Utilidade da midodrina no controle da sincope vasovagal: as evidencias a recomendam?
Resumo

Introducao: a sincope vasovagal € a principal causa de perda transitéria de consciéncia e é um motivo
cada vez mais comum de consulta em pediatria e medicina de adultos. A midodrina é um agonista do
receptor alfa de acao periférica usado principalmente no tratamento da hipotensao ortostatica; no
entanto, ela também foi avaliada na sincope vasovagal, com resultados promissores.

Objetivo: Revisar as evidéncias mais recentes sobre a utilidade da midodrina para o controle e a pre-
vencao da sincope vasovagal.

Materiais e métodos: Foi realizada uma pesquisa na literatura usando termos de pesquisa como Va-
sovagal, Syncope e Medodrine, bem como sinénimos, que foram combinados com operadores boo-
leanos, em cinco bancos de dados, até outubro de 2022. Foram incluidos estudos originais, revisdes
sistematicas e metanalises, publicados em inglés e espanhol.

Resultados: Os ensaios clinicos randomizados, as revisdes sistematicas e as metandlises diferem ligei-
ramente entre os resultados, mas demonstram um efeito protetor geral. As evidéncias mais recentes
e abrangentes indicam que o uso desse agente reduz significativamente a positividade no teste de
inclinacdo da mesa e evita a ocorréncia de episdédios de sincope.

Conclusoes: Embora as evidéncias atuais sobre a eficacia da midodrina em relacdo a prevencédo e ao
controle da sincope vasovagal sejam limitadas, observa-se um efeito protetor significativo, pois ela

diminui o risco de sofrer um episédio sincopal em aproximadamente 50%.

Palavras-chave: midodrina; sincope vasovagal; sincope; adrenérgicos; medicina baseada em evidéncias.
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INTRODUCTION

Vasovagal syncope (VVS) is the leading cause
of transient loss of consciousness and is an in-
creasingly common reason for consultation in
pediatrics and adult medicine (1,2). It has been
described as more frequent in women (3) during
adolescence (4). Although its course is usually
benign, it can persist throughout life, making
its precise diagnosis at late ages difficult when
established cardiovascular or cerebrovascular di-
seases may simulate the same clinical picture (5).
Despite not being associated with mortality, VVS
inherently affects the patient’s quality of life and
functional capacity and entails excessive costs
due to the entire arsenal of diagnostic tools that
must be used to reach the final diagnosis (6).

It is necessary to differentiate VVS from other
syncope types, such as cardiovascular or postu-
ral (5). Cardiovascular syncope may be due to
arrhythmias or structural disease, and postural
syncope is caused by primary or secondary auto-
nomic failure, hypovolemia, or drugs. VVS is part
of the neurally mediated syncope (reflex syncope)
group, which includes situational syncope se-
condary to carotid sinus involvement and other
atypical forms (5). Even though the pathophysio-
logy of VVS is not precisely known, according to
what has been reported, it could be classified as
neurocardiogenic syncope (7,8).

Volumen 10 * Ndmero 1 ® Enero - Junio 2023 ¢ ISSN 2389-7325 ¢ e-ISSN: 2539-2018

Revista Investigacién en Salud Universidad de Boyaca

The relevance of clinically studying, investigating,
preventing, and controlling this condition lies in
its adverse impact on the affected individual. Atici
et al. (9), Ng et al. (10), and Alhuzaimi et al. (11)
evaluated the relationship between clinical mani-
festations, psychological conditions, and quality
of life of patients with VVS. They showed that the
total number of syncopal episodes is positively
and significantly associated with higher levels of
distress, anxiety, depression, other somatization
types, and low quality of life, especially in recu-
rrent syncope (Figure 1) (9-11).

Although the usefulness of specific conservative
and invasive therapies has been assessed, they do
not have the same result in all patients (perhaps
due to the difficulty of accurately defining the
syncope type), which can cause frustration and
intensify suffering (Table 1) (5,6). Midodrine is
an alpha receptor agonist with peripheral action,
mainly used to manage orthostatic hypotension
(12). However, it has also been evaluated in VVS
with promising results. In 2022, a systematic
review and meta-analysis of randomized contro-
lled trials assessed the effectiveness of this drug
in preventing recurrent VVS, obtaining significant
positive results (p <0.001) (13).
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Figure 1. Summary of direct or indirect complications of vasovagal syncope (1,5-7).
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Table 1. Summary of the therapeutic options available to manage vasovagal syncope (1,5-7)

Conservative

Pharmacological Invasive

Describe the diagnosis and mechanism that precipitates the disease

Fludrocortisone Use of permanent pacemaker

Reassure about the favorable prognosis in terms of mortality Midodrine

Cardioneuroablation

Explain the possibility of recurrence

Serotonin reuptake inhibitors

Avoid possible triggers

Increase water and salt intake (if not contraindicated)

Practice yoga

Practice physical activity|
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Considering the novelty and magnitude of VVS
in clinical medicine and that in the Spanish-spea-
king literature, no reviews have synthesized evi-
dence on the potential of this molecule and VVS,
this review aims to analyze the most recent fin-
dings on the usefulness of midodrine to control
and prevent VVS.

MATERIALS AND METHODS

This narrative review involved a bibliographic
search using terms such as Vasovagal Syncope
and Midodrine, as well as synonyms, which
were combined with the Boolean operators AND
and OR in search engines and databases such
as Pubmed, ScienceDirect, Embase, EBSCO, and
Medline, until October 2022. We defined that
any article evaluating the usefulness of midodrine
to control VVS would be included, even though
priority was given to original studies, systema-
tic reviews, and meta-analyses. Articles related
to basic concepts about the pathophysiology of
the disease were also included. They had to be
available in full text. Articles published in langua-
ges other than Spanish and English would not be
included. Considering the topic’s limited nature
and the wide variety of publications, articles pu-
blished between 2000 and 2022 were included. A
total of 82 potentially relevant articles were iden-
tified, with a review of their title and abstract, of
which 43 were finally included after discrimina-
tion according to the inclusion and non-inclusion
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criteria. The estimates and calculations found
were expressed in their original measurements,
whether frequencies, percentages, confiden-
ce intervals (Cl), mean difference (MD), relative
risk (RR), odds ratio (OR), incidence rate (IR), or

hazard ratio (HR).
RESULTS AND DISCUSSION

Pathophysiological aspects of vasovagal
syncope

Little is known about the pathogenesis and pa-
thophysiology of VVS (14). Some authors extra-
polate hypotheses and mechanisms from other
syncope types to those of neurocardiogenic
origin (14-16). One must know the two neuro-
mediatory pathways to understand this reflex:
afferent and efferent. The former is triggered by
an indistinguishable factor, which can be pain,
anguish, or excitement, among others, which,
accompanied by central hypotension of multifac-
torial origin, exacerbates an exaggerated positive
chronotropic response and activates ventricu-
lar mechanoreceptors ascending to the central
nervous system (15,16). At this point (efferent
pathway), a parasympathetic response through
the vagus nerve to the sinus and atrioventricular
nodes causes an adverse chronotropic reaction
and decreases heart rate. However, under some
circumstances, this parasympathetic stimulus can
become so profound that it causes asystole for
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a few seconds while decreasing sympathetic
activity (given by a dysfunction of the barore-
flex or failure in the neuroendocrine response)
and the vascular tone of small vessels. With this,
there is a significant reduction in preload, ventri-
cular volume, and venous return (15 -18). Cardiac
output and mean arterial pressure drop, affec-
ting the autoregulation of cerebral blood flow
and triggering loss of consciousness. This process
happens abruptly and transiently, preventing an
effective hemodynamic and neuroendocrine res-
ponse. Thus, four phases of syncope have been
described: 1) early stabilization, 2) circulatory ins-
tability or presyncope), 3) terminal hypotension
and syncope, and 4) recovery (19-21).

It has been proposed that the same dysfunction
of the baroreflex initially causes central hypo-
tension, as an effective neuroendocrine respon-
se to a stressor cannot be regulated (15). Since
epinephrine is a potent vasoconstrictor released
in these circumstances, it should theoretically
help maintain hemodynamics (22). Nonethe-
less, because of a failure in the baroreflex, there
is no control of the elevated concentrations of
this hormone, producing vasodilation of the
skeletal muscles and precipitating hypotension
(phases 2-3), also due to the loss of control of
the cardiovagal reflex (22-25). In children, ado-
lescents, and young adults, phases 1 and 2 are
slightly longer due to the sustained pattern of
tachycardia and vasoconstriction (26). In older
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adults, the chronotropic and vascular response is
poorer—perhaps due to aging and vascular oxi-
dation—(27), and thus the presyncope phase is
shortened.

Recent evidence has suggested low blood pressu-
re phenotype as a predisposition to VVS (28,29)
after analyzing data on the behavior of systolic
and diastolic pressures of a group of individuals
with VVS vs. a control group. Diastolic pressure
was higher in the VVS group. Still, systolic pres-
sure was lower (28), explaining why, in theory,
these patients have a lower pulse pressure and,
therefore, lower venous return and a reduced
stroke volume. It has been indicated that this
may occur for several reasons, including 1) low
general circulatory volume, 2) failure in volume
redistribution, 3) low blood pressure set point, or
4) alteration of neuroendocrine regulation (15-
17). Another concept, hypotensive susceptibility,
has been mentioned since the publication of the
2018 European Society of Cardiology Guidelines
on Syncope (30). Still, it has only been related to
the idiopathic mechanism of the abrupt decrease
in blood pressure in the face of strong emotional
events (29,30).

The role of specific neurohormones, such as ca-
techolamines, vasopressin, endothelin-1, adreno-
medullin, brain natriuretic peptide and atrial na-
triuretic peptide, galanin, pancreatic polypeptide,
endogenous opioids, angiotensin Il, serotonin,
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among others, has also been discussed due to
its potential link with the neurohumoral respon-
se in specific phases of VVS (17). Nevertheless,
very little is still known. At this point, it can be
stated that the pathophysiology of VVS is very
broad and involves aspects of various systems;
hence, it is complex to identify a particular altera-
tion capable of explaining the neurocardiogenic
alteration’s dimension in the vasovagal reflex re-
gulation. Despite this gap in knowledge of VVS,
pharmacological therapies aimed at inhibiting or
stimulating some of the phases have been pro-
posed to prevent or control VVS, and promising
results have been obtained, such as the case of
midodrine. Being an alpha-adrenergic agonist, it
causes vasoconstriction (regulating vessel tone)
and increases peripheral vascular resistance,
maintaining cardiac output and adequate cere-
bral perfusion pressure (cerebral autoregulation).

Evidence on the use of midodrine in the
prevention and control of vasovagal
syncope

In 2006, Qingyou et al. (31) carried out one of
the first randomized controlled trials to evaluate
the potential of midodrine in preventing VVS in
children, even though it had a limited sample (n
= 26) and a follow-up of six months. However,
they found a dominant trend compared to con-
ventional therapy (p <0.05) and during the tilt
table test (75% vs. 20 %; p < 0.05) (31).
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In 2011, Romme et al. (32) conducted the STAND
trial to evaluate midodrine for recurrent VVS
resistant to pharmacological therapy in 23 pa-
tients who received three-month treatment. They
sought to see changes in recurrent presyncope
and syncope episodes, quality of life, and adverse
effects. There were no significant differences
between both groups regarding the recurrence
of presyncopal and syncopal episodes (p >0.99
and p=0.22, respectively) (32). Even when cal-
culating the median number of presyncope and
syncope episodes in the three-month treatment,
these did not differ notably (0 vs. 1 and 6 vs. 8).
The occurrence of adverse effects was similar in
both groups (48 % vs. 57 %; p = 0.75), and quality
of life did not improve significantly (32). So, up to
this point, there was no evidence to support the
use of midodrine, given the results obtained by
these two trials.

Almost a decade later, Sheldon et al. (33) pu-
blished the results of another multicenter trial,
whose objective was to study the effectiveness of
this agent in preventing VVS in 133 individuals,
with a 12-month follow-up. Compared with the
placebo group, those who received midodri-
ne had fewer syncopal episodes (42% vs. 67 %;
RR=0.69; 95% ClI: 0.49-0.97; p=0.035). They
found that the number needed to treat for pre-
vention in a patient is 5.3. However, a longer time
window was identified regarding the manifesta-
tion of the next syncopal episode (HR: 0.59; 95%
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Cl: 0.37-0.96; p=0.035). Adverse effects were
similar in both groups. The authors then conclu-
ded that midodrine can reduce the recurrence of
syncopal episodes in VVS (33).

Accordingly, Bagrul et al. (34) conducted a retros-
pective study reviewing the response of 24 pa-
tients to midodrine (dose of 5 mg/day) regarding
the number of syncopal episodes. Compared to
the number of episodes before treatment (5.75
+ 2.67), there was a significant reduction (0.42
+ 0.89) without recurrence in 17 patients (34).
Thus, the trend was similar to that found in the
trial by Sheldon et al. (33); however, the study’s
retrospective nature and the small sample are a
limitation.

In 2022, Lei et al. (13) made a systematic review
and meta-analysis of randomized controlled trials
and found seven studies with 315 patients in
which midodrine was evaluated for preventing
VVS. The average age of these patients was 33
years (young adults), and approximately 70%
were women. A significant reduction was noted
in the probability of positivity when performing
the tilt table test (RR: 0.37; 95% CI: 0.23-0.59;
p<0.001) and prevention in the appearance
of syncopal episodes (RR: 0.51; 95% CI: 0.33-
0.79; p=0.003). Of note is that the overall he-
terogeneity of the trials was 54%. Only when
analyzing two trials that reported heterogeneity
of 0% there was an overall reduction in the risk
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of events of 29% (RR: 0.71; 95% C/: 0.53-0.95;
p =0.02). Thus, this meta-analysis (which would
be the most complete to date) concluded that
midodrine effectively prevents VVS (13).

Other results worth discussing are those achieved
by Jorge et al. (35), who systematized and me-
ta-analyzed evidence on the probability of injury
during a syncopal episode. The authors included
23 studies with a total of 3,593 individuals. The
tilt table test was positive in 60% of cases, and
more than half of the studies reported patients
with comorbidities (mainly high blood pressu-
re). The average number of injuries found was
33.5% (95 % Cl: 27.3-40.5%), and this was corre-
lated only with age (p <0.05). In young patients,
an average injury rate of 25.7% was observed
vs. 43.4% in adults = 50 (p =0.002). Only nine
studies revealed major injuries (13.9%; 95% CI:
9.5-19.8%). While VVS is described as a benign
condition, it is necessary to consider the risks of
direct morbidity and mortality for the kinematics
of the trauma suffered during loss of conscious-
ness, which may vary depending on work activi-
ty and daily life. Therefore, the current evidence,
although limited, allows us to conclude that the
potential of midodrine is favorable for preventing
and controlling VVS, with an excellent risk-bene-
fit balance concerning adverse effects (Table 2).
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Table 2. Summary of the characteristics of the included studies on the usefulness of midodrine for the

control of vasovagal syncope (13,31-34,45)

Authors Aim Study design Sample size and outcome evaluated Results
Twenty-six participants were random- Subjecting the participants to
To determine whether ized into two groups (midodrine plus the test was more effective in the
Qingyou et  midodrine could prevent ~ Randomized conventional therapy vs. conventional intervention group (75 % vs. 20
al. (31) vasovagal syncope in controlled trial ~ therapy only). They underwent a head- ~ %; p<0.001). Besides, the inter-
pediatric patients up tilt test and followed up for six vention group had lower synco-
months to measure syncopal episodes pal episodes (p<0.001)
TO evaluate tl.1e effe.c- . Twenty-three patients with at least three  No significant differences were
tiveness of midodrine in .
. . . recurrent syncopal episodes or one found between both groups
Rommeet  patients with recurrent Randomized . .
. . severe one were randomized for three regarding recurrence, adverse
al. (32) vasovagal syncope resis- controlled trial .
. months. Recurrence, adverse effects, effects (p=0.75), and quality
tant to pharmacological . . .
and quality of life were evaluated. of life.
treatment
ith the pl
. One hundred thirty-three participants Compare.d Wlt. the placebo
To determine the effec- . . . group, midodrine reduced
. . . . were assigned 1:1 to a midodrine vs. . .
tiveness of midodrine Double-blind syncopal episodes during the
Sheldonet . . . placebo group and followed for 12 .
in preventing vasovagal randomized . . follow-up period (42 % vs. 61 %).
al. (33) . . months. The proportion of patients L
syncope under usual clini-  controlled trial . . Similarly, there was a prolonga-
o who had an episode at least once during . : .
cal conditions tion of time between episodes
follow-up was evaluated
(p<0.035)
Before treatment, the average
To investigate the response . Twenty-four patients with a diagnosis number of episodes was 5.75.
. > Retrospective . .
Bagrul etal. to midodrine treatment . of recurrent vasovagal syncope resistant  After treatment, it was 0.42, but
. K . observational . .
(34) in patients with refractory stud to treatment. The frequency of syncopal it only occurred in four of seven
vasovagal syncope Y episodes was evaluated patients and only in the first
three months of treatment
I identified that mi i
To evaluate the efficacy of ~ Systematic . . . L was 1df:nt1 ed that m1d40 Flr-1ne
midodrine in preventing review and Seven studies were included with a total ~ substantially reduces positivity
Lei et al. syncopal episodes in pa. meta-analvsis of 315 patients, where the benefit of us-  in the head tilt test (RR: 0.37;
(13) yneopa: ep P Y ing midodrine vs. placebo or traditional ~ p<0.001). An estimated RR of
tients with recurrent vaso-  of randomized

vagal syncope

controlled trials

treatment was assessed

0.51 was found to prevent vaso-
vagal syncope (p=0.003)

Currently, the COMFORTS study (36) is underway,
a randomized controlled trial that seeks both to
include 1,375 patients with VVS and to evaluate
the potential of midodrine and fludrocortisone
on the prevention of the first syncopal episode

episodes.

Volumen 10 * Ndmero 1 ® Enero - Junio 2023 ¢ ISSN 2389-7325 ¢ e-ISSN: 2539-2018

after the start of treatment, with follow-up at 3,
6, 9 and 12 months. As secondary outcomes, it
also intends to assess VVS recurrence, quality
of life, and the time window between syncopal
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Future perspectives

The literature review found no observational or
experimental studies designed and conducted in
Latin America. Lozada-Martinez et al. (37) highli-
ghted the need for studies to understand the pa-
thophysiological dynamics of unknown diseases,
and genetic and epigenetic ecology are suspected
of playing a fundamental role; that is, obtaining
primary data according to sociodemographic, cli-
nical, and test characteristics will serve as a basis
for understanding the behavior of specific outco-
mes or unwanted effects.

At this point, it is very complex to extrapolate
study results in populations that differ signifi-
cantly in their genotype, phenotype, and epige-
netics. Among the objectives of global health is
contributing to the resolution of understudied
conditions in which there is a proven considera-
ble impact on the quality of life and functional
capacity of the affected person and their environ-
ment (38). Therefore, VVS should be a line of re-
search of interest in basic, translational, clinical,
and outcome sciences in Latin America and the
Caribbean, where evidence is very scarce, even
knowing that many syncope phenotypes have
been described as of today.

It would be interesting to study if there is a di-

fferent pathological pattern that can exacerbate
or control the appearance of episodes in patients
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with post-COVID-19 neurological or cardiovas-
cular syndrome, in whom there is evidence of
chronicity of neurological or cardiac injury and
appearance of sequelae, by altering neurally me-
diated reactions (39-42). In 2022, the results of
an international multicenter prospective study
were shared, enabling the creation of the Ca-
nadian syncope risk score (43), which included
2,283 individuals with an average age of 68. This
showed an area under the curve of 0.83 (95%
Cl: 0.80-0.87), which is still under discussion and
validation by the academic community.

Additionally, there are novel lines of research
based on translational research, which aim,
through the identification of polymorphisms, to
categorize the existence of phenotypes resistant
or responsive to specific therapies, which would
help to describe new pathophysiological mecha-
nisms and to design new therapeutic targets (44-
50). It can be stated that it is a current issue about
which not much is known and on which the so-
ciodemographic, clinical, and genotype charac-
terization of the affected population depends
greatly. Thus, tools continue to be built that allow
syncope to be comprehensively addressed and
the disease burden it produces to be controlled.
However, there is still much to study and prove.

As limitations, we highlight that this is a narrati-
ve review, which does not include any statistical
method to verify the effect measures found in the
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results of the studies analyzed, so the scope of
this study was reduced only to the description of
the main findings in the articles. Likewise, only
articles in English and Spanish were included, and
gray literature was not included.

CONCLUSIONS

Although the current evidence on the effective-
ness of midodrine concerning the prevention and
control of VVS is limited, a significant protective
effect is observed because it reduces the risk of
suffering a syncopal episode by approximately
50%. However, we must also consider the indi-
rect benefits of preventing a syncopal episode,
such as the risk of trauma, functional capacity,
health costs for recurrent care, and quality of life.
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