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Abstract

Purpose The aim of the study was to assess the distri-

bution of positive tilt testing (TT) throughout the menstrual

cycle and to determine if the phase of menstrual cycle

contributes to the duration of the loss of consciousness.

Methods TT results of 183 premenopausal women, aged

29.5 ± 9.8 years, were studied. The menstrual cycle was

divided into four phases based on the first day of the last

menstrual bleeding: perimenstrual (M), preovulatory (F),

periovulatory (O) and postovulatory (L).

Results Positive TT results were equally distributed. In

patients with TT in O phase, the highest percentage of

NTG provocation was needed. Patients in L phase had

significantly lower incidence of cardioinhibitory reaction.

The longest duration of loss of consciousness was in the M

phase. Multiple regression analysis revealed that the

duration of loss of consciousness during positive TT was

significantly associated with higher number of syncopal

events, TT performed in M phase and lower heart rate at

TT termination. Cardiodepressive type of neurocardiogenic

reaction was more frequent during M and O phase than

during L phase.

Conclusions The distribution of positive TT results as

well as syncope and presyncope does not differ throughout

the menstrual cycle. Diagnostic TT in premenopausal

women with unexplained syncope could be performed

irrespective of the phase of menstrual cycle. TT has similar

sensitivity throughout the menstrual cycle. During the

postovulatory phase, cardioinhibitory reaction is less fre-

quent than in M and O phases. The duration of loss of

consciousness is longer during the M phase of the men-

strual cycle independently of the higher syncope number

and lower heart rate at TT termination.

Keywords Menstrual cycle � Vasovagal syncope �
Tilt testing

Background

Hormonal changes during menstrual cycle may have

impact on the occurrence of cardiovascular events: clus-

tering myocardial infarction in the follicular phase as well

as supraventricular tachycardias in the perimenstrual per-

iod in premenopausal women. Both estrogens and proges-

terone exert effects on the cardiovascular system by

influencing the autonomic nervous system activity and the

plasma volume regulation, which can also change the

susceptibility to neurocardiogenic reflex provocation and

its course. The other possibility of the relationship between

the level of female sex hormones and susceptibility to

neurocardiogenic reflex includes their action through the

central serotonin neural system, which may be involved in

the provocation of neurocardiogenic reflex [1, 2].
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Teaching Department for Emergency Medical Services,

Wroclaw Medical University, Bartla 5, 51-618 Wrocław, Poland

e-mail: dzysko@wp.pl

J. Gajek

Department of Cardiology, Wroclaw Medical University,

Wrocław, Poland

A. K. Agrawal

Second Department of General and Oncological Surgery,

Wroclaw Medical University, Wrocław, Poland

J. Rudnicki

Department of Minimally Invasive Surgery and Proctology,

Wroclaw Medical University, Wrocław, Poland

123

Arch Gynecol Obstet (2012) 286:429–435

DOI 10.1007/s00404-012-2308-4



Despite the lack of differences both in orthostatic tol-

erance and cardiovascular control at the follicular and

luteal phases of the menstrual cycle in healthy women, it

could not be excluded that in vasovagal patients the sus-

ceptibility to neurocardiogenic reflex provocation and its

course depends on the phase of the menstrual cycle [3, 4].

The aim of the study was to assess the distribution of the

positive and negative tilt testing (TT) results defined as

syncope and presyncope throughout the menstrual cycle

and to determine whether the phase of the menstrual cycle

influences the duration of the loss of consciousness during

TT-induced syncope. The primary end point was to obtain

a positive TT result depending on the phase of the men-

strual cycle. The secondary end point involved assessing

the positive TT on the basis of syncope duration. The

division of TT results into a presyncope and syncope is

concordant with the syncope of zero duration and a dura-

tion longer than zero, respectively. The VASIS classifica-

tion constituted the tertiary end point owing to the fact that

such a classification was aimed at providing an assessment

of the changes to the heart rhythm only, and not the extent

of global hemodynamic disorders.

Materials and methods

The study group consisted of 183 premenopausal women,

cycling regularly every 21–36 days, aged 29.5 ± 9.8

years, referred to perform the TT by attending doctors

because of recurrent unexplained presyncopal or syncopal

episodes. Subjects were not taking any medications

including estrogen/progesterone compound for contracep-

tion or hormonal and obstetric reasons. Patients with sig-

nificant anemia were not included into the study.

The full medical history, including the number of syn-

copal spells, traumatic injuries related to syncope, blood

phobia, the relationship between the syncopal episodes and

menstrual cycle, and concomitant diseases and treatment,

was taken in each case.

Each patient was asked about the first day of her last

menstrual bleeding and about the regularity of the men-

strual cycle. Only women with regular cycles between 21

and 36 days were included in further analyses. The phase

of menstrual cycle when TT was performed was estab-

lished for each patient.

The menstrual phase was calculated on the basis of the

first day of the last menses and the cycle length, both of

which were asked during history taking. The menstrual

cycle phase was classified as follicular between 1st and

-15th and luteal between -14th and the last day of the

cycle, and the second division as perimenstrual between

-3rd to ?4th day (M), preovulatory between ?5th day and

-18th (F), ovulatory between -17th and -11th (O) and

postovulatory between the -10th and -4th (L). Shorter or

longer cycles are generally reflected more strongly in the

follicular phase than in the luteal one [5].

TT was performed according to the Italian protocol

(20 min of passive tilting at 60�, 0.4 mg NTG adminis-

trations if necessary, 15 min of tilting) [6].

ECG Holter monitoring using Optima Jet Oxford system

and BP monitoring with the oscillometric method with

cardiomonitor (Biazet Poland in cooperation with S&W

Medico Teknik, Denmark) were performed.

We terminated TT after syncope or presyncope provo-

cation or completion of the whole protocol. TT was ter-

minated at presyncope when at least a 2-min period of

immeasurable blood pressure or systolic blood pressure

below 80 mmHg with very intense presyncope symptoms

occurred [7, 8].

For each patient, the reason for the termination of TT

was noted as a completion of TT–negative TT, presyncope

or syncope provocation, as well as the heart rate at TT

termination when the TT was positive. Each patient was

inquired about the reproduction of spontaneous symptoms

during TT. The type of provoked neurocardiogenic reaction

was determined according to the VASIS criteria as cardi-

oinhibitory, mixed or vasodepressive [9].

• Mixed: heart rate falls at the time of syncope but the

ventricular rate does not fall to \40 beats/min, or falls

to \40 beats/min for \10 s with or without asystole of

\3 s.

• Cardioinhibition: heart rate falls to a ventricular rate

\40 beats/min for more than 10 s and/or asystole of

more than 3 s occurs.

• Vasodepression: blood pressure falls. Heart rate does

not fall by more than 10 % from its peak at the time of

syncope.

The patients were divided into four groups taking into

account the phase of the menstrual cycle when TT was

performed.

Statistical analysis

The variables were presented as means and their standard

deviations for the continuous variables with normal dis-

tribution, or medians and interquartile ranges in the case of

lack of normal distribution. The discrete variables were

presented as percentages or numbers of cases.

Statistical power analysis

According to the literature data, TT sensitivity amounts to

85 %. In our study, the sensitivity level was 83 % which

constitutes a very similar value to those mentioned by other

authors. The decrease in TT sensitivity by 25 % seems to
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be clinically significant. Statistical power analysis indicates

the necessity of subjecting a group of 31 people to research

for the purposes of detecting the significant (p \ 0.05)

decrease in the positive TT outcomes by 25 % at the 0.80

level of study power.

The average duration of loss of consciousness during TT

is about 20 s. Making the syncope duration longer by 10 s

seems to be considerable from the clinical point of view.

The sample size required to detect the change in the loss of

consciousness duration lasting 10 s is n = 17 (power of

80 %).

The significance of the differences between studied

variables was assessed with t Student’s test, U Mann–

Whitney test and Chi-square test with or without Yates

correction, as appropriate.

For the statistical analysis, the syncope number was

dichotomized into at least three or less than three events,

according to the median number of syncopal spells in the

medical history in the studied population.

The logistic regression analysis was performed to find

the association between the neurocardiogenic reaction

provocation and the age, syncope number in the medical

history (also after dichotomization into less than three and

at least three syncopal spells), as well the phase of the

menstrual cycle while TT was performed. The second

logistic regression was performed in the subgroup with

positive TT to find the association between syncope

provocation and the age, syncope number in medical his-

tory, necessity of NTG use during TT, reproduction of the

symptoms and the phase of the menstrual cycle during TT.

The multiple regression analysis was performed to find

the association between the duration of the loss of con-

sciousness and age, phase of menstrual cycle, number of

syncopal spells in the medical history, instrumentation–

injection blood phobia and the use of NTG during TT. The

other multiple regression analysis was performed to find

the association between the pause duration and age, phase

of menstrual cycle, number of syncopal spells in the

medical history, instrumentation–injection blood phobia

and the use of NTG during TT.

A p value below 0.05 was considered to be statistically

significant.

Results

In the study, 103 tilt tests were carried out in the follicular

phase of the cycle (defined as a time from the 1st day of the

cycle until the 15th day before the due date of an expected

menstruation), while 80 tests were carried out in the luteal

phase of the cycle (defined as the last 14 days of the cycle).

The frequency of the positive test outcome in the follicular

phase amounted to 87.4 %, while in the luteal phase it was

76.3 %; p = NS.

Table 1 presents the demographics, clinical and TT data

in the studied population divided into groups according to

the follicular and luteal phases of the menstrual cycle.

The demographics, past medical history and TT data of

the patients divided into four groups on the basis of four

phases of the menstrual cycle when TT was performed are

presented in Table 2. In patients with TT in the periovu-

latory phase, the highest percentage of NTG provocation

was needed. The longest duration of the loss of con-

sciousness was observed in the perimenstrual phase.

In the postovulatory group, the cardioinhibitory reaction

was less frequent than in the perimenstrual and ovulatory

phases.

The distribution of the duration of menstrual cycles was

as follows: 21–22 days—10.9 %; 25–26 days—10.9 %,

exactly 28 days—45.7 %, 28–32 days—23 % and

33–36 days—8.7 %. The timing of TT and the character-

istics of the menstrual cycle for each patient did not confer

any doubt regarding the phase of the menstrual cycle.

Table 1 Demographics, clinical and tilt testing data in the studied

population divided into groups according to the phase of the men-

strual cycle

Folicular

phase

Luteal

phase

p

n = 103 n = 80

Age (years) 29.8 ± 10.2 29.1 ± 9.2 NS

Height (m) 164.9 ± 8.0 164.9 ± 6.8 NS

Weight (kg) 61.6 ± 11.8 59.1 ± 9.8 NS

Syncope number median (IQ) 3 (1–5) 3.5 (1–10) NS

Symptoms duration (years)

median (IQ)

5 (2–13) 6 (2–13) NS

Traumatic injuries related to

syncope (%)

27.3 32.5 NS

Blood phobia (%) 34.0 28.8 NS

Arterial hypertension (%) 8 5 NS

Pregnancy in past medical

history (%)

36.9 33.8 NS

NTG provocation (%) 81 75 NS

Positive TT (%) 87.4 76.3 NS

Negative TT (%) 12.6 23.8 NS

Syncope as a result of TT (%) 50.0 58.3 NS

Presyncope as a TT result (%) 26.3 29.1 NS

HR at TT termination (bpm) 56 ± 29 63 ± 32 NS

VASIS 1 (%) 62.1 51.3 NS

VASIS 2 (%) 18.5 18.8 NS

VASIS 3 (%) 6.8 6.3 NS

Pause duration (s) 16 ± 15 11 ± 9 NS

Syncope duration (s) 33 ± 20 30 ± 12 NS
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The comparison of frequencies of the positive and

negative TT results across the menstrual cycle did not

differ significantly (Fig. 1). Furthermore, the frequencies

of syncope and presyncope as a result of TT did not differ

significantly throughout the menstrual cycle. There was

also no relationship between the syncopal episodes and

phases of the menstrual cycle in women able to remember

the appropriate timing of their last syncopal episode.

The distribution of the negative and positive TT results

according to VASIS classification during the menstrual

cycle is depicted in Fig. 2.

Logistic regression analysis did not reveal any rela-

tionship between the phase of menstrual cycle while TT

was performed and the positive TT result. Logistic

regression analysis revealed that the syncope as a result of

TT in comparison with presyncope was related to the

higher number of syncopal events in the medical history

(OR, 2.25; 95 % CI 1.03–4.9; p \ 0.01) and the history of

instrumentation–injection blood phobia (OR, 2.7; 95 % CI

1.38–5.28; p \ 0.01).

The multiple regression analysis revealed that the

duration of loss of consciousness during positive TT was

significantly associated with a higher number of syncopal

events, the TT performed at the perimenstrual phase and

the lower heart rate at TT termination as presented in

Table 3.

In Fig. 3 the plot of the duration of the loss of con-

sciousness against the day of the menstrual cycle when TT

was performed is depicted in patients with higher and

lower number of syncopal events in the medical history.

The relationship between spontaneous syncopal events

and the menstrual cycle was established in 38 patients, who

remembered the exact timing of the syncope, the cycle

length and the date of menstruation in the preceding

2 months. In 10 women, syncope occurred in the peri-

menstrual phase, in 12 in the luteal phase, in 9 in the

preovulatory phase and in 7 women in the periovulatory

phase of the menstrual cycle. The frequency of syncopal

events did not differ significantly among the cycle phases.

Furthermore, five women reported that they fainted during

Table 2 Demographics, clinical and tilt testing data in the studied population divided into groups according to the phase of the menstrual cycle

Perimenstrual phase Preovulatory phase Periovulatory phase Postovulatory phase

n = 49 n = 54 n = 39 n = 41

Age (years) 30.4 ± 10.8 29.0 ± 10.2 30.0 ± 10.3 28.4 ± 7.4

Height (m) 164 ± 6.2 166 ± 5.9 164 ± 10.3 166 ± 7.4

Weight (kg) 60 ± 10.8 61 ± 12.5 63 ± 11.6 58 ± 8.1

Syncope number median (IQ) 2 (1–5) 3 (1–5) 4 (1–10) 4 (1–10)

Symptoms duration (years) median (IQ) 5 (2–13) 5 (2–15) 6 (2–12) 6 (2–13)

Traumatic injuries related to syncope (%) 27 34 28 29

Blood phobia (%) 27 35 38 27

Arterial hypertension (%) 10 4 10 2

ACE inhibitors (%) 8 2 8 2

Diuretics (%) 4 2 5 0

Ca blockers (%) 6 0 3 0

Pregnancy in the history (%) 34.7 38.9 38.5 29.2

NTG provocation (%) 73# 76# 92 73#

Positive TT (%) 82 89 85 73

Negative TT (%) 18 11 15 27

Syncope as a result of TT (%) 59 59 54 44

Presyncope as a TT result (%) 22 30 31 29

HR at TT termination (bpm) 58 ± 37 61 ± 34 60 ± 26 63 ± 21

VASIS 1 (%) 51 61 54 63

VASIS 2 (%) 27 17 26 5*, #

VASIS 3 (%) 4 11 5 5

Pause duration (s) 20.4 ± 17.9 7.8 ± 5.7 10.3 ± 6.2 10.7 ± 8.7

n = 10 n = 10 n = 9 n = 2

Syncope duration (s) 41 ± 26 30 ± 10* 26 ± 15* 25 ± 12*

* p \ 0.005 versus perimenstrual phase
# p \ 0.01 versus ovulatory phase
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menstruation in the past. Altogether, the relationship was

established in 43 women who were only 23.5 % of the

study group. A total of 65 women were pregnant in the past

and 64 of them bore at least one child, and one woman had

one miscarriage. Nine women (13.6 %) had at least one

syncopal spell during pregnancy and two had profound

presyncopal events. There was a syncopal event after

delivery in three women. The patients were not asked about

abortions.

Discussion

The main finding of the study was that throughout the

menstrual cycle, the susceptibility to the provocation of

neurocardiogenic reflex was stable. The sensitivity of the

TT does not depend on the phase of the menstrual cycle.

This suggests that there are no contraindications to perform

the diagnostic TT at any time during the menstrual cycle

without any risk of significant changes in the results

obtained. However, the risk of developing a long-lasting

loss of consciousness increases during the perimenstrual

phase independently of the syncope number in the medical

history and the heart rate at the termination of TT.

The lack of effect of the phase of the menstrual cycle on

the TT result is concordant with the study of Meendering

et al. [3], who showed that the adaptation to the vertical

posture was not related to the phase of the menstrual cycle.

Similarly, Claydon et al. [4] have reported that there is no

difference in cardiovascular control at the follicular and

luteal phases of the menstrual cycle in healthy women.

The second finding is that during the postovulatory

phase, cardioinhibitory reaction is less frequent than in the

perimenstrual and ovulatory phases. It may be related to

the hormonal changes during the menstrual cycle. The

hormonal changes during the menstrual cycle have been

shown to impact on such factors as sympathetic baroreflex

sensitivity, circulating catecholamine concentrations, sen-

sitivity of sympathetic adrenergic receptors and plasma

volume [3]. Estrogens seem to enhance parasympathetic

activity [10, 11], and progesterone alone or in combination

with estrogen may lead to the activation of sympathetic

activity. Resting levels of circulating plasma norepineph-

rine have been reported to be higher during the luteal phase

of the menstrual cycle when both estrogen and progester-

one concentrations are elevated [12–16]. Both estrogen and

progesterone have profound effects on plasma volume

which is highest in the menstrual cycle during the pos-

tovulatory phase. Furthermore, estradiol receptors are

abundant in the central nervous system. Central mecha-

nisms may be more important than peripheral ones in the

pathogenesis of the vasovagal syncope [17]. Estradiol

enhances the brain serotoninergic and noradrenergic

activity. Selective serotonin reuptake inhibitors are suc-

cessful agents for the treatment of vasovagal syncope via a

reduction in the central serotoninergic activity during its

long-term administration. On the other hand, acute intra-

venous administration of clomipramine, a selective sero-

tonin reuptake inhibitor, may be even more effective in

neurocardiogenic reflex provocation than nitroglycerin [2,

17]. Serotonin surges may occur in humans before syncope,

and chronic treatment with serotonin reuptake inhibitors

decreases the sensitivity of serotonin receptors, with the

subsequent prevention of vasovagal syncope. A low sero-

toninergic activity during premenopausal activity could in

turn increase the sensitivity of serotoninergic receptors.

Different subtypes of serotonin-receptor antagonists reduce

TT result
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Fig. 1 The distribution of the TT results assessed as negative,

presyncope and syncope during the menstrual cycle phases: perimen-

strual (M), preovulatory (F), periovulatory (O) and postovulatory (L)
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Fig. 2 The distribution of the positive and negative (0) TT results

according to the VASIS classification during of the menstrual cycle

divided into perimenstrual (M), preovulatory (F), periovulatory

(O) and postovulatory (L) phase
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the sympathetic and adrenomedullary response to hypo-

tension [18]. An increased central serotoninergic activity

was suggested to play a role in the sudden inhibition of

sympathetic activity responsible for the genesis of vaso-

vagal syncope.

We have presumed that similarly as during postpartum

period, which is a risk factor for syncope, [19] the peri-

menstrual phase with a relatively low level of female sex

hormones would be associated with a higher susceptibility

to neurocardiogenic reflex provocation by tilt testing.

However, we have not revealed any differences in the

ratio of positive TT results between different phases of the

menstrual cycle. On the other hand, the duration of the loss

of consciousness was longer when neurocardiogenic reflex

was provoked during the period of low levels of female sex

hormones. During neurocardiogenic reflex, sympathetic

withdrawal is present and a high level of female sex hor-

mones may facilitate the restoration of the blood pressure

to the level required for regaining consciousness.

The activity of the sympathetic nervous system may

modulate the course of neurocardiogenic reflex. While

neurocardiogenic reflex is provoked, increased sympathetic

activity diminishes hemodynamic disturbances. Yohimbine-

induced enhancement of sympathetic tone, assessed as nor-

epinephrine plasma concentration and muscle sympathetic

nerve activity in patients with vasovagal syncope, improves

orthostatic tolerance. An increase of the sympathetic activity

achieved by counterpressure maneuvers during the presyn-

copal phase of TT may change the course of the neurocar-

diogenic reflex and prevent the loss of consciousness [20].

Although beta-blockers may change the course of neuro-

cardiogenic reflex and predispose to the cardiodepressive

type of neurocardiogenic reaction, they do not change the

susceptibility to the provocation of the neurocardiogenic

reflex. During the luteal phase, the sympathetic tone is higher

than during the follicular phase, which may contribute to the

shortening of the QT interval [13].

Minson et al. [21] have demonstrated that the hormonal

fluctuations occurring during the normal menstrual cycle

alter the baroreflex regulation of the sympathetic outflow,

but do not do so with the baroreflex regulation of the heart

rate or the transduction of a sympathetic nerve activity into

vascular resistance. Our results in the light of their findings

indicate the significance of the baroreflex regulation of

sympathetic outflow on the duration of the loss of con-

sciousness during a neurocardiogenic reflex.

Limitations

The main limitation of our study was the lack of verifica-

tion of the phase of the menstrual cycle by the measure-

ments of circulating concentrations of estradiol and

progesterone. However, our patients had a regular men-

strual cycle and we presumed that the calendar method has

enough precision in such circumstances to define the phase

of the menstrual cycle. Our assumptions regarding the

possibility of the accurate assessment of the phase of the

menstrual cycle by the calendar method are confirmed by

the results of other studies where all menstrual cycle phases

were verified by measuring circulating concentrations of

estradiol, progesterone and sometimes gonadotropins. Very

few cases, if any, were discarded due to the anovulatory

menstrual cycle hormonal pattern [3, 21, 22]. We are

incapable of assessing whether the age at menarche and a

previous use of oral contraceptives influence TT because

such data have not been collected.

Table 3 The result of the multiple regression analysis

B B SD Beta Beta SD t p

Syncope number at least 3 0.24 0.09 8.08 2.85 2.83 0.0056

Tilt testing during perimenstrual phase 0.45 0.09 15.30 2.91 5.26 0.0000

Heart rate at the onset of syncope -0.21 0.09 -0.11 0.05 -2.43 0.0171

Duration of the loss of consciousness is the dependent variable
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Only few patients were able to recollect the appropriate

timing of their last syncope with regard to the phase of

menstrual cycle. Therefore, any potential relationship

could not be established.

Conclusions

1. The distribution of the positive and negative TT results

as well as syncope and presyncope as a result of TT

does not differ throughout the menstrual cycle.

2. The diagnostic TT in premenopausal women with

unexplained syncope could be performed irrespective

of the phase of the menstrual cycle. The sensitivity of

TT does not depend on the phase of the menstrual

cycle.

3. The duration of the loss of consciousness is longer

during the perimenstrual phase of the menstrual cycle

independently of the higher syncope number and the

lower heart rate at TT termination.

4. During postovulatory phase, the cardioinhibitory reac-

tion is less frequent than in perimenstrual and ovula-

tory phases.

5. The fluctuation in the levels of the female sex

hormones does not change the susceptibility to the

neurocardiogenic reflex provocation, but influences its

course assessed as the VASIS type of the neurocardi-

ogenic reaction and the duration of the loss of

consciousness.

Conflict of interest None.
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