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Abstract : Background : In the present study we investigated autonomic dysfunction
using hemodynamics and analysis of heart rate variability (HRV) following ambula-
tory blood pressure monitoring (APBM) in patients with neurally mediated reflex
syncope (NMRS). In addition, we evaluated the usefulness of ABPM for diagnos-
ing NMRS. Methods: In all, 88 consecutive patients with syncope and 12 controls
(Group C) were subjected to a head-up tilt (HUT) test (80°, 30 min). If no
syncope or presyncope occurred, the HUT test was repeated in the patient group
following drug loading (ATP, isoproterenol, and/or isosorbide dinitrate). Results:
Forty patients had a positive HUT test, with or without drug loading (Group P) ;
the HUT test was negative in 48 patients, even after drug loading. Average day-
time systolic and diastolic blood pressure (SBP and DBP, respectively) was signifi-
cantly lower in Group P than in Group C (P=0.042 and P = 0.047 respectively).
The average standard deviation of SBP at night (SD-SBPnis) was significantly
higher in Group P than in Group C (P=0.004). HRV analysis revealed a sig-
nificantly higher daytime high-frequency component in Group P than in Group C
(P=0.041). Conclusion: The results of the present study suggest that lower
daytime blood pressure and a larger SD-SBPyig, as determined by ABPM, are
associated with vagal nerve hyperactivity and sympathetic hypoactivity in patients
with NMRS. Thus, an inadequate circadian rhythm in blood pressure variation, as
identified by ABPM, may be useful for the diagnosis of NMRS.
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Background

Neurally mediated reflex syncope (NMRS) is the most common cause of syncope. Previous
studies suggest that hyperactivity of the sympathetic nervous system and the subsequent vagal
reflex trigger NMRS, but there is still much that remains unknown about autonomic function
in patients with NMRS. Kamiya ef al reported that there was an increase in vagal tone before
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syncope occurred in a group of subjects who had a positive head-up tilt (HUT) test”. In other

studies, Kouakam et al reported that the sympathetic response was decreased after tilting in a

HUT test-positive group? and Kikushima et al reported that epinephrine was elevated prior to

the onset of syncope in NMRS patients”. Others have reported an association between the

occurrence of syncope and autonomic dysfunction in NMRS patients*'?.

Although those prior studies reported autonomic dysfunction during the HUT test, and no sig-
11)

nificant heart rate variability (HRV) over a 24-h period has been reported in NMRS patients'”,
many studies have described the usefulness of the HUT test in the diagnosis of NMRS 2™
However, the HUT test does not always induce syncope or presyncope. In the clinical setting, a
reasonable number of patients are diagnosed with NMRS based on inferences from their medical
history, even if NMRS is not induced by the HUT test.

In the present study we tested the hypothesis that NMRS patients exhibit autonomic dysfunc-
tion on a daily basis without syncope. We identified the characteristics of autonomic function
in NMRS patients using hemodynamics from ambulatory blood pressure monitoring (APBM)
and analysis of heart rate variability (HRV). Further, we investigated the usefulness of ABPM

parameters in making a diagnosis of NMRS.
Methods

Subjects

We considered all the patients who underwent HUT and ABPM for evaluation of syncope at
Showa University Hospital from July 2011 to April 2013. Patients with basal disease related to
autonomic dysfunction were excluded from the study. We also considered 12 healthy cases with
normal physical examination who underwent ABPM that did not have any episode of syncope
in the past as the control group.

Head-Up Tilt Testing

The HUT test was performed in patients using a Taskforce Monitor (CNSystems Mediz-
intechnik AG, Graz, Austria) within 60 days of the syncope event. The HUT test required
that patients stay standing for 30 min with their head tilted at an 80° angle. If no syncope
or presyncope occurred within 30 min, the HUT test was performed again 15 min after drug
administration. For drug loading, patients were administered ATP (0.1-0.2 mg /kg), isoproterenol

)12 or isosorbide dinitrate (5 mg)?"?.

(0.01 ;g / kg per min If no syncope or presyncope was
induced during the HUT test after administration of these drugs, the patients were deemed to
have a negative result on the HUT test. Patients who developed syncope or presyncope with or

without drug loading were deemed to have a positive response to the HUT test (Group P).

Ambulatory Blood Pressure Monitoring

ABPM was conducted using a TM2425 (A&D Co. Ltd., Tokyo, Japan) or FM-200 (Fukuda
Denshi Ltd., Tokyo, Japan) Blood pressure (BP) and heart rate (HR) were measured auto-
matically every 30 min for 24 h (48 measurements). BP was measured by the Korotkoff
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microphone method (KM) and oscillometric method (OM) simultaneously ; values obtained by
the OM were used only when BP could not be determined using the KM. Average values
were calculated for measured systolic BP (SBP), diastolic BP (DBP), and HR (Ave-SBP, Ave-
DBP, and Ave-HR, respectively), as were the standard deviations for each parameter (SD-SBP,
SD-DBP, and SD-HR, respectively). For analysis, all parameters were separated into daytime
(0700-2200 hours) and night-time (2200-0700 hours) periods.

Power spectral analysis of HRV

Continuous R-R intervals from 512 samples were used for HRV analysis and fast Fourier
transformation (FFT) was performed for every 30 min block. The low-(LF) and high-frequency
(HF) components were defined as 0.04 ~ 0.15 and 0.15 ~ 0.40 Hz, respectively. The LF and HF

components were corrected to normalized units (nu) using the following equations > :

LF.=LF/ (LF+ HF)
HF,.=HF/ (LF + HF)

Parameters were calculated for the daytime (0700-2200 hours) and night-time (2200-0700
hours) periods.

Statistical analysis
All analyses were performed using JMP version 10 (SAS Institute Inc, Cary, NC, USA).
Descriptive statistics (Wilcoxon signed-ranks test and the Mann-Whitney U-test) were used for
data analysis. P < 0.05 was considered significant, whereas P-values between 0.05 and 0.1 were
considered marginally so. Data are presented as the mean + SD.

Results

Hemodynamics by ABPM

Of the 152 syncope patients, 58 had basal disease related to autonomic dysfunction (35 had
hypertension, 11 had a history of taking antihypertensive drugs for non-hypertensive reasons,
eight had atrial fibrillation, two had complete atrioventricular block, and two had diabetes mel-
litus). Patients in whom diseases other than NMRS were diagnosed by the HUT test were
excluded from the study (three had orthostatic hypotension, two had carotid hypersensitivity
syndrome, and one had tachycardia syndrome and postural orthostasis). Of the remaining 88
patients, 40 had a positive HUT test (Group P; mean age 462 +22.9 years; 17 men) and 48
had a negative HUT test (46.8 +18.7 years; 34 men). The mean age of the control group
(Group C; n=12; eight men) was 50.3 + 176 years.

Ave-SBP, Ave-DBP, Ave-HR

In Groups P and C, Ave-SBP, Ave-DBP, and Ave-HR were significantly lower at night than
during the day (P=0.001 and P < 0.0001, respectively, for Ave-SBP; P=0.018 and P =0.0003,
respectively, for Ave-DBP ; P < 0.0001 and P < 0.0001, respectively, for Ave-HR). The Ave-SBP
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Fig. 1.

Transitions in hemodynamics, as determined using
ambulatory blood pressure monitoring. Changes
in daytime and night-time average systolic blood
pressure (Ave-SBP) and average diastolic blood
pressure (Ave-DBP) are shown in patients with
a positive response on the head-up tilt test
(Group P) and in the control group (Group C).
Daytime Ave-SBP and Ave-DBP were lower in
Group P than in Group C. The boxes contain
the 50% of values falling between the 25th and
75th percentiles, the horizontal line within the box
represents the median value, and the “whiskers”
are the lines that extend from the box to the
highest and lowest values, excluding the outliers.
*P < 0.05.

Table 1. Hemodynamics parameters determined using ambulatory blood

pressure monitoring

Group P Group C
Parameter (N = 40) (N=12) P value

SBP (mmHg) Day 121.6 +17.8 132.0 +14.9 0.042
Night 113.1 +25.0 1122 £10.6 NS

A DBP (mmHg) Day 743 £10.7 81.7+99 0.047
Ve Night ~ 710+143 710+ 143 NS
HR (/min) Day 720+ 104 71.5+83 NS
Night 59.4+92 57.6+8.6 NS
SBP (mmHg) Day 155+ 6.05 13.9+3.1 NS

Night 124 4.1 9.56 +3.5 0.004
b DBP (mmHg) Day 11.83+£349  11.56 +3.13 NS
Night 9.56 +3.01 7.82 £2.64 NS
HR (/min) Day 11.44 = 4.40 10.17 + 4.04 NS
Night 6.97 £ 3.80 551341 NS

Data are the mean + SD.

Group P, patients with a positive response on the head-up tilt test; Group
C, control group; Ave, average value; SD, standard deviation; SBP, systolic
blood pressure ; DBP, diastolic blood pressure ; HR, heart rate.

in the daytime (Ave-SBPp,) was lower in Group P than in Group C (P=0.042). However,
there were no significant differences in Ave-SBP during the night (Ave-SBPyin) between the

two groups. Ave-DBP in the daytime (Ave-DBPp,) was lower in Group P than in Group C

(P=0.047), but again there were no significant differences between the two groups in Ave-DBP

during the night (Ave-DBPyig). Similarly, there were no significant differences in Ave-HR dur-
ing the day (Ave-HRp,,) or during the night (Ave-HRyi, Fig. 1, Table 1).
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SD-BP and SD-HR

In Groups P and C, SD-SBP, SD-DBP, and SD-HR were lower at night than during the day
(P=0.0038 and P < 0.0001, respectively, for SD-SBP; P =0.0007 and P = 0.006, respectively, for
SD-DBP; P < 0.0001 and P = 0.0004, respectively, for SD-HR). There were no significant differ-
ences between the two groups in daytime SD-SBP (SD-SBPp,,), SD-DBP (SD-DBPp,,), or SD-
HR (SD-HRp,). However, night-time SD-SBP (SD-SBPyi) was significantly higher in Group
P than Group C (P=0.004). There were no significant differences in night-time SD-DBP (SD-
DBPxign) or SD-HR (SD-HRyign) between the two groups (Fig. 2).

Power spectral analysis of HRV

HRV analysis was performed in 25 subjects in total: in 13 of 40 Group P patients (32.5% ;
mean age 46.2 +229 years; four men) and in all 12 Group C subjects (100% ; mean age 50.3 =+
176 years ; eight men). The results are described in detail in the following sections.

LFu,

In both Groups P and C, LF,, decreased significantly during the daytime (P =0.008 and P=
0.0004, respectively). However, LF,, in the daytime (LFy.p.) was lower in Group P than in
Group C (P=0.041). There were no significant differences in LF,, during the night between
the two groups (Fig. 3, Table 2).

HF,.

In both Groups P and C, HF,, was significantly higher during the night than during the day
(P=0.008 and P =0.004, respectively). However, HF,, during the day (HF..p.) was signifi-
cantly higher in Group P than in Group C (P=0.041). There were no significant differences in
night-time HF,, (HF,unign) between the two groups (Fig. 3, Table 2).
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Table 2. Results of heart rate variability analysis

Group P Group C
Parameter P value
(N=13) (N=12)
LFnu Day 038 +0.14 047 £0.11 0.041
Night 027 £0.14 031 +£0.11 NS
HFnu Day 0.62 £0.14 053 +0.11 0.041
Night 0.73 +£0.14 0.69 = 0.11 NS
LF/HF Day 126 = 1.15 170 £ 1.26 NS
Night 0.66 = 0.88 0.71 +£ 043 NS

Data are the mean + SD.

Group P, patients with a positive response on the head-up tilt
test; Group C, control group; LF, low frequency (0.04-0.15
Hz) ; HF, high frequency (0.15-0.40 Hz) ; LF,,, LF normalized
using the equation LF/ (LF+ HF) ; HF,,, HF normalized
using the equation HF,,=HF/ (LF + HF).

LF/HF

The night-time LF/HF ratio (LF/HFyig) was significantly lower than the daytime LF/HF
ratio (LF/HFp,) in both Groups P and C (P=0.042 and P=0.0004, respectively), but there
were no significant differences in LF/ HFp,y and LF/HFyin between the two groups (Fig. 4).

Discussion

The major findings of the present study are that: (i) Ave-SBPp, and Ave-DBPp, were
lower in Group P than Group C; (ii) SD-SBPxig« Was higher in Group P than Group C; (iii)
HF,upay Was higher in Group P than Group C; and (iv) there were no significant differences
in the LF/HFpy and LF/HFygn ratios between the two groups. These findings suggest that
NMRS patients ordinarily exhibit hemodynamic abnormalities that are associated with autonomic



ABPM and Reflex Syncope 91

NS
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dysfunction.

Several studies have demonstrated hemodynamic abnormalities during the HUT test. For
example, Wieling et al described correlations between Ave-BP and total peripheral resistance
(TPR)*. In addition, those authors concluded that DBP is lower at rest and is unlikely to
rise after tilt in patients with a positive HUT test compared with those exhibiting a negative
response. Ono et al reported that decreased o-adrenergic vascular responses to phenylephrine,
an a-adrenergic receptor antagonist, is a factor contributing to NMRS?”. In the present study,
we also found that SBP and DBP were significantly higher in patients with NMRS during the
HUT test after test drug loading. These results suggest that the onset of syncope during the
HUT test can be predicted from the response of BP during the HUT test. In the present
study, both daytime and night-time Ave-SBP and Ave-DBP were lower in Group P than in
Group C. These results suggest that patients with syncope have lower BP compared with con-
trol, thus leading to lower TPR.

BP is usually lower at night than during the day, and the SD of BP should be smaller at
night. However, even though Ave-SBPp, and Ave-SBPyjn in Group P were smaller than in
Group C, SD-SBPp,y and SD-SBPyigh in Group P were large. Narkiewicz er al reported that
sympathetic activity is linked to the variability of BP?. In the present study, the SD-SBPuignt of
Group P was large, but the LF/HFyig ratio of Group P was small. Vagal nervous hyperactivity
and sympathetic hypoactivity of Group P, leading to autonomic imbalance, may be responsible
for the larger SD-SBPxignt.

Some studies have investigated HRV during the HUT test in NMRS patients. For example,
Kouakam et al reported that increases in LF and the LF/HF ratio after 5 min tilt were attenu-
ated in HUT test-positive compared with HUT test-negative groups®. They suggested that
this was due to an already increased vagal response immediately after tilt in NMRS patients.
Kikushima et al reported that blood concentrations of epinephrine are elevated before the onset
of syncope during the HUT test in NMRS patients”. They concluded that an epinephrine surge
leading to vagal nerve hyperactivity is one factor in NMRS. In the present study, HF,.p. was
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higher in Group P than in Group C. This suggests that vagal nerve hyperactivity is linked to
the onset of syncope in HUT test-positive patients, which is consistent with the findings reported
in the earlier studies.

Piccirillo et al reported that treatment of NMRS patients with tilt training resulted in increased
LF and decreased HF components, which was useful for determining the effect on HRV follow-
ing tilt training®. Elevation of TPR by tilt training may attenuate the instability of hemody-
namics, resulting in normalization of autonomic dysfunction.

Future detailed examinations of individual patients may be needed to determine whether auto-
nomic dysfunction itself causes the hemodynamic abnormality in NMRS patients with a positive
response to the HUT test, or whether autonomic dysfunction causes syncope or presyncope via
other factors. However, the vagal hyperactivity and sympathetic hypoactivity in Group P may
have been the cause of the syncope. Therefore, it is possible that autonomic imbalance may be
one factor contributing to NMRS.

Drug loading is used to induce syncope during the HUT test in Showa University Hospital.
Drug loading during the HUT test is thought to improve the rate of positive responses to the
HUT test. However, the number of centers that can perform HUT tests without time restric-
tions is limited, and drug loading prior to an HUT test takes time. Taking this into consider-
ation, using ABPM to characterize autonomic nervous function in suspected NMRS patients may
be more useful and may contribute to the diagnosis of NMRS.

Conclusion

The results of the present study suggest that lower daytime BP and larger SD-SBPnig, as
determined by ABPM, are associated with vagal nerve hyperactivity and sympathetic hypoactiv-
ity in patients with NMRS. Thus, hemodynamic abnormality and an inadequate BP circadian
rhythm, as determined by ABPM, may be useful for the diagnosis of NMRS.
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