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Abstract To explore whether oral rehydration salts (ORS)

is effective in the treatment of children with vasovagal

syncope (VVS). One hundred and sixty-six consecutive

patients with recurrent syncope and positive head-up tilt

testing (HUTT) were recruited, randomly divided to con-

ventional therapy (health education and tilt training) plus

ORS (with 500 ml of water) group (Group I, 87 patients)

and conventional therapy group (Group II, 79 patients).

Therapeutic effect was evaluated by changes of syncopal

episode and reperformed HUTT response. At the end of

6-month follow-up, syncopal episode did not reoccur in 49

(56.3 %) patients, decreased in 34 (39.1 %) patients, and

had no obvious change or increased in four (4.6 %) patients

in Group I, and the results were 31 (39.2 %), 37 (46.8 %),

and 11 (14 %) in Group II, respectively. The difference was

significant (v2 = 7.074, P \ 0.05). When HUTT was re-

performed, 57 (65.5 %) and 28 (35.4 %) patients had neg-

ative response and 30 (34.5 %) and 51 (64.6 %) patients

had positive response, respectively, in Group I and Group

II. The difference was also significant (v2 = 13.808,

P \ 0.01). In Group I, the two aspects had no difference

between vasodepressor type and mixed type; however,

syncopal episode had a significant difference between

children aged B12 and [12 years (v2 = 6.371, P \ 0.05);

there was no difference in reperformed HUTT response.

ORS with 500 ml of water is an effective therapy for VVS.

It can be recommended as one of non- pharmacological

treatment measures in children with VVS.
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Introduction

Syncope is a transient loss of consciousness which is

characterized by intermittent, reflex vasodilatation, and

bradycardia that results in transient failure of blood pressure

control and diminished cerebral perfusion [10, 14]. It may

occur at all ages, especially in children and adolescents.

Some studies indicated that 15 % of the population expe-

rienced at least one episode of syncope before adulthood

[16]. Other studies estimated a higher rate that is up to 47 %

of adolescent girls and 24 % of adolescent boys [7, 19].

Vasovagal syncope (VVS) is the most common form of

syncope [17]. This condition may produce a wide variety of

symptoms that include, but are not limited to, fatigue, diz-

ziness, abdominal discomfort, muscle or joint pain,

decreased mental concentration, and syncope. Although it is

a functional cardiovascular disorder and has benign prog-

nosis, it is emerging as a significant and potentially dis-

abling condition for many children and adolescents. It may

cause a great deal of missing of school work and social

activities owing to incapacitating symptoms [12, 15, 20].

Therefore, the intervention of this common disorder is

necessary.

The first-line intervention measures used in the man-

agement of VVS are non- pharmacological approaches,

consisting of patient education, increased fluid and salt

intake, physical counter pressure maneuvers, and so on

[17, 23]. The most common way of increasing fluid and
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salt intake is increased dietary salt intake on a daily basis.

But liberal addition of salt to meals has its shortcomings,

such as that the quantity added is not easy to control and

excessive salt intake may increase the risk of hyperten-

sion. Oral rehydration salts (ORS) as an easily feasible

choice that is being used in the treatment of neurally

mediated syncope instead of increased dietary salt intake

[24, 26]. But the reports about the therapeutic effect of

ORS were rare. In present study, we evaluated the ther-

apeutic effect of ORS in children with VVS by the

changes of syncopal episode and reperformed head-up tilt

test (HUTT).

Patients and Methods

Patients

Two hundred consecutive patients with unexplained syn-

cope were recruited, who saw a doctor at children syncope

specialist outpatient unit of the Second Xiangya Hospital of

Central South University between March 2009 and October

2013, and were randomized (1:1) to conventional therapy

(health education and tilt training) plus ORS (dissolved in

500 ml of water) group (Group I) and conventional therapy

group (Group II). Finally, 166 patients were included

meeting the following criteria: (1) Experiencing syncope at

least twice in the past 6 months. (2) Other diseases were

ruled out on the basis of clinical history, physical exami-

nation, neurologic evaluation, routine laboratory tests,

12-lead electrocardiography, electroencephalogram, com-

puted tomography, or magnetic resonance imaging of the

brain. (3) Highly suspected VVS and referred to the tilt test

room. The original HUTT was a positive response and

indicated VVS. Underwent reperformed HUTT at the end

of six-month follow-up.

The patients were 7 to 17 years old and were divided

into B12-year group and [12-year group. The weight was

from 20 to 56 kg. The detail demographic characteristics

were described in Table 1. The reported duration of syn-

copal episode was from 1 week to 10 years, and the

median time was 4 months. The number of syncopal epi-

sode was from 2 to more than 20 times.

This study was approved by the hospital ethical com-

mittee and conducted with the patients and their parents’

informed consent.

Head-up Tilt Test

After given informed parental consent, patient underwent

HUTT. The test was performed in the morning in a quiet

room after overnight fasting, in the condition of patient

under continuous monitoring. Blood pressure, heart rate,

and rhythm were continuously monitored. A three-lead

electrocardiogram was continuously traced throughout the

test. Blood pressure and electrocardiogram were recorded

every 2 min or continuously if symptoms developed.

Rescue equipment and first-aid drugs were available at all

times in the test room, and an experienced nurse, who was

blinded to which treatment group the subjects were in,

executed the test.

HUTT was performed after an initial observation with

patient in the supine position for 10 min. The test consisted

of two consecutive phases. The first phase was baseline

head-up tilt test (BHUT). The patient was tilted at 60� for

45 min without medication in accordance with the West-

minster drug-free protocol [11]. If syncope did not develop,

the patient underwent sublingual nitroglycerin-provocated

head-up tilt test (SNHUT) keeping the same position for a

further 20 min after given a sublingual nitroglycerin

4–6 lg/kg (maximum B0.3 mg). The end points of the test

were positive response or completion of the protocol. If

syncope occurred during the test, the tilt table was rapidly

lowered to the supine position and the test was terminated.

The test was considered positive if syncope or pre-

syncope that was associated with hypotension, bradycardia

or both occurred. Syncope was defined as sudden transient

loss of consciousness with inability to maintain postural

tone and with spontaneous recovery. Pre-syncope was

defined as the complex of premonitory signs and symptoms

of imminent syncope (e.g., severe light-headedness, severe

weakness, graying of vision, or hearing loss) with difficulty

in maintaining postural tone. The estimation of the positive

responses was according to our previous report [4] :(1)

Systolic blood pressure \80 mmHg and/or diastolic blood

pressure\50 mmHg. (2) Bradycardia: heart rate\75 beats

Table 1 The basic

characteristics of the subjects

and the comparison between

two groups

VT vasodepressor type, MT

mixed type

Items Group I Group II T/v2 P

Age (years) 12.0 ± 2.8 11.8 ± 2.0 0.399 0.528

Sex (male/female) 35/52 30/49 0.019 0.890

Height (cm) 147.6 ± 13.2 148.5 ± 12.6 0.176 0.675

Weight (kg) 38.7 ± 11.0 39.5 ± 10.6 0.253 0.616

Syncopal type (VT/MT) 59/28 55/24 0.007 0.934

Syncopal number (2–5/C6 episodes) 74/13 73/6 1.540 0.215
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per minute (bpm) for 4- to 6-year-old children, \65 bpm

for 7- to 8-year-old children, \60 bpm for 8-year-old or

older children, or sinus arrest [3 s. (3) Second-degree or

higher atrioventricular block. (4) Atrioventricular junc-

tional rhythm, including escape rhythm and accelerated

idiorhythm. Three types of positive response were defined

according to the changes in blood pressure and heart rate:

(1) Mixed type: a blood pressure fall with a heart rate

decreased or an abnormal rhythm. (2) Cardioinhibitory

type: a rapid decrease in heart rate presenting as brady-

cardia or an abnormal rhythm. (3) Vasodepressor type: just

a rapid decrease in blood pressure.

Health Education, Tilt Training, and Oral Rehydration

Salts Treatment

All the patients accepted the health education and tilt

training. The health education mainly focused on the eti-

ology, benign prognosis of VVS and how to avoid potential

triggers, such as prolonged standing, exposure to high

temperatures, dehydration, coughing, physical pain, sudden

onset of extreme emotions. At children syncope specialist

outpatient unit, all patients and their parents were instruc-

ted to perform the tilt training by standing against a wall

(with the united ankles 15 cm from the wall). Then, the

patients performed maneuver at home twice a day for a

planned duration of up to 30 min. The training was per-

formed in a comfortable and safe environment to avoid the

risk of physical trauma and was completed under the

supervision of a family member. In addition, all 87 patients

were given oral rehydration salts I in Group I. One package

of ORS consisted of 11 g Glucose, 1.75 g NaCl, 0.75 g

KCl, 1.25 g NaHCO3 (Manufacturer: Chinese Fuzhou

Haiwang Pharmaceutical Co., Ltd; Approval number:

H35021107). Dosage and Administration: one package was

dissolved in 500 ml boiled water, drunk up in a day. ORS

treatment was terminated at the end of 6-month follow-up.

All 166 patients and their parents were instructed to record

in detail any recurrent syncopal episode and required to

visit the doctor once a month.

Evaluation of Therapeutic Effect

Therapeutic effect was evaluated according to the changes

of recurrent syncopal episode and the result of reperformed

HUTT. If the episode did not reoccur or decreased, it was

thought to have an improvement of clinical symptoms and

the therapy was effective. If the episode had no obvious

reduction or increased, it was thought to have no

improvement and the therapy was ineffective. All patients

underwent the reperformed HUTT at the end of 6-month

follow-up. If HUTT changed from the original BHUT

positive to negative or SNHUT positive, or the original

SNHUT positive to negative, it was thought to have an

improvement of HUTT and the therapy was effective.

Statistical Analysis

The SPSS 17.0 software was used for statistical analysis.

Continuous variables were expressed as mean ± SD, and

differences between groups were compared by the method

of T test. Categorical variables were presented as numbers

and percentages and were compared by use of the Chi-

square test. A P value of \0.05 was used to determine

statistical significance.

Results

Therapeutic Effect

Syncopal episode did not reoccur in 49 (56.3 %) patients,

decreased in 34 (39.1 %) patients, and had no obvious

change or increased in four (4.6 %) patients in Group I, and

when HUTT was reperformed, 57 (65.5 %) patients had

negative response and 30 (34.5 %) patients had positive

response. No patients complained of adverse reactions. In

Group II, the episode did not reoccur in 31 (39.2 %) patients,

decreased in 37 (46.8 %) patients, and had no obvious

change or increased in 11 (14 %) patients, and when HUTT

was reperformed, 28 (35.4 %) patients had negative

response and 51 (64.6 %) patients had positive response. The

recurrent syncopal episode was significantly different

between the two groups (v2 = 7.074, P = 0.029), and the

responses of reperformed HUTT also had significant dif-

ference (v2 = 13.808, P = 0.0002). The data are presented

in Table 2.

Therapeutic Effect of Patients with Different

Hemodynamic Types

The recurrent syncopal episode and the responses of reper-

formed HUTT at the end of follow-up both had not signifi-

cant difference between vasodepressor type and mixed type

(v2 = 5.919, P = 0.052; v2 = 0.422, P = 0.516, respec-

tively). The data are displayed in Table 3.

Therapeutic Effect of Patients of Different Ages

The recurrent syncopal episode was significantly different

between children aged B12 years group and [12 years

group (v2 = 7.291, P = 0.026). The responses of repeated

HUTT had no significant difference (v2 = 0.008, P =

0.929). The data are shown in Table 4.
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Discission

Despite the benign course of VVS, it may impose sub-

stantial changes in lifestyle and cause profound psycho-

logical distress and physical impairment [15, 20]. Thus, the

therapy aiming to prevent the recurrence and associated

injuries and improve the quality of life is necessary and

important.

Increased dietary salt intake was recommended as one

of the first-line non-pharmacological treatment measures

[17]. However, for liberal addition of salt in the diet, there

was the risk of excessive salt intake and hypertension. On

the basis of previous research results and the pathogenesis

of hypovolemia, decreased orthostatic tolerance and

abnormal baroreceptor reflex in the patients with VVS, it

was thought that ORS treatment should be a logical

approach for VVS. Therefore, ORS as the replacement of

increased dietary salt intake was focused and used

increasingly in the treatment of autonomous nerve-medi-

ated syncope by the clinician. Xu et al. [24] showed that

96 % (27/28) of patients had improved clinical symptoms

and 64 % (18/28) had improved HUTT results after ORS

therapy combined with health education in children with

neurally mediated syncope. The study of Zhang et al. [26]

indicated that ORS treatment for 3 months was effective

in 74.4 % (29/39) children patients with postural tachy-

cardia syndrome according to the change of the symptom

score. A multicenter study in China [3] proved that ORS

was effective for some patients with VVS and postural

tachycardia syndrome, but less effective than beta-

receptor blocker.

Previous studies indicated that increased dietary salt

intake or oral sodium chloride accompanied with water

ingestion could treat successfully VVS. El-Sayed and

Hainsworth [8] found that 70 % of the patients given salt

and 30 % of the placebo group showed increase in plasma

and blood volumes and in orthostatic tolerance, and

decrease in baroreceptor sensitivity 8 weeks later. The

study of Cooper and Hainsworth [5] had showed that salt

loading of patients with VVS was likely to result in some

subjective and objective signs of improvement. Salt load-

ing caused a small but significant increase in mean pressure

and significant increases in orthostatic tolerance and

baroreceptor sensitivity. Mtinangi and Hainsworth [18]

Table 2 The changes of syncopal episode and responses of reperformed HUTT in two groups

Groups n Patients with different reoccurrence of syncope (case/%) Patients with different results of reperformed HUTT (case/%)

No

episode

Decreased

episode

Increasing or

unchanged episode

- ?

Group I 87 49 (56.3) 34 (39.1) 4 (4.6) 57 (65.5) 30 (34.5)

Group II 79 31 (39.2) 37 (46.8) 11 (14.0) 28 (35.4) 51 (64.6)

-: a negative reperformed HUTT response, ?: a positive reperformed HUTT response

Table 3 The changes of syncopal episode and responses of reperformed HUTT in patients with different hemodynamic types in Group I

Subgroups n Patients with different reoccurrence of syncope (case/%) Patients with different results of reperformed HUTT (case/%)

No

episode

Decreased

episode

Increasing or

unchanged episode

- ?

VT 59 31 (52.5) 27 (45.8) 1 (1.7) 40 (67.8) 19 (32.2)

MT 28 18 (64.3) 7 (25.0) 3 (10.7) 17 (60.7) 11 (39.3)

Table 4 The changes of syncopal episode and responses of reperformed HUTT in patients with different age in Group I

Subgroups n Patients with different reoccurrence of syncope (case/%) Patients with different results of reperformed HUTT (case/%)

No

episode

Decreased

episode

Increasing or

unchanged episode

- ?

B12 years 56 37 (66.0) 16 (28.6) 3 (5.4) 37 (66.0) 19 (34.0)

[12 years 31 12 (38.7) 18 (58.1) 1 (3.2) 20 (64.5) 11 (35.5)
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indicated that the effect of salt loading on orthostatic tol-

erance could be assessed quickly as an improvement was

evident as few as 3 days. Furthermore, nonrandomized

studies suggested that extra supplement of fluid and salt

were also effective in children and the elderly subjects as

well [21, 25].

The role of sodium chloride in the treatment of syncope

has been sure. However, ORS also contains potassium

chloride, sodium bicarbonate in addition to sodium

chloride. Whether other components also play a role in the

treatment of VVS is still unknown. He et al. [13] proved

that both potassium chloride and potassium bicarbonate

significantly improved endothelial function compared

with placebo. Other evidence on the effect of potassium

supplementation on the vasculature also demonstrated

that an increase in potassium intake had beneficial effects

on the cardiovascular system by a way of an improvement

in endothelial function [9, 22]. So, we speculated that

potassium as one of the ion components of ORS maybe

also has an effect on cardiovascular function of patients

with VVS.

It is widely accepted that the endothelium represents the

largest functional organ of vasoregulation in the human

body. Acid-base homeostasis is an important physiologic

parameter that controls cell function, and change in pH can

influence vascular tone by regulating endothelium and

vascular smooth muscle cells. Bicarbonate is one of the

main materials maintaining acid–base balance in the

extracellular space and within the intracellular space [6].

The evidence of Boedtkjer and Aalkjaer [2] implied that

disturbed intracellular pH either consequent to disturbed

regulation or due to metabolic challenges needs to be taken

into consideration as a mechanistic component of artery

dysfunction and disturbed blood pressure regulation. It is

still a mystery waiting to be disclosed whether the bicar-

bonate component of ORS influences vascular function by

regulating subtly pH of the internal environment of the

patients with VVS.

ORS is very easy to get in different levels of hospitals

and the cost is low. So ORS can be prescribed instead of

increased dietary salt intake for children and adolescents if

the initial HUTT indicated a diagnosis of VVS.

There was a doubt in this study whether the 500 ml

of water played a role for the reported improvement.

Although the report [1] showed that an increased daily

intake of fluid, without an accompanying high dose of salt,

had no measurable beneficial effect on tolerance to head-up

tilting in patients with neurocardiogenic syncope, a com-

parison would be better between 500 ml of water with no

electrolytes in conventional therapy group and 500 ml of

water with added ORS in conventional therapy plus ORS

group daily.

Conclusions

ORS with 500 ml of water is an effective therapy for VVS.

It can be recommended as one of non-pharmacological

treatment measures in children and adolescents with VVS.
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