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ABSTRACT

Vasovagal syncope (VVS) has a high prevalence

in the general population and is associated with
potential complications. There is limited information
on the possible association between venous
capacitance (VC) and venous return (VR), important
determinants of preload and VVS. Since the tilt test
was reported to yield a high rate of false positive
results, the aim of this study was to evaluate
whether abnormal VC and VR at baseline could
predispose individuals to VVS.

To this end, 88 young, healthy volunteers were
recruited and classified to 26 (29.5%) who
experienced typical VVS and 62 (70.5%) who did
not.VC and VR were evaluated with a commercial
device and plethysmography applied to the elevated
legs. Maximum venous outflow (MVO), segmental
venous capacitance (SVC) and MVO/SVC ratio were
calculated and averaged.

No significant differences between MVO (5.0+0.5
vs 5.6+0.8, p>0.05), SVC (6.0+0.5 vs 6.3+0.8,
p>0.05) or MVO/SVC ratio (0.83+0.02 vs
0.86+0.03, p>0.05) were observed for the non-
VVS and VVS volunteers, respectively. There was a
significant association between a higher MVO and
SVC values and a larger decrease in diastolic blood
pressure with standing, although correlations were
weak (R?=0.0582and 0.0681, respectively).

In conclusion, at baseline, VC and VR are not
impaired in healthy volunteers with a history of VVS.
It remains unknown if similar results would be found
in patients with cardiovascular comorbidities. Also,
the sensitivity of VC and VR evaluations to identify
a predisposition for VVS following physiological
provocations merits further study.

INTRODUCTION

Vasovagal syncope (VVS) is a subtype of
neurally mediated syncope, an event driven by
a sudden increase in parasympathetic tone with
an accompanying decrease in sympathetic tone.’
Reflex responses decrease cerebral perfusion,
sometimes causing transient loss of conscious-
ness (TLOC). In typical VVS, these responses
may be triggered by strong emotions such as
fear, pain or nervousness, or by disturbing
sensory stimuli.! VVS may be preceded by
prodromal symptoms, including diaphoresis,
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Significance of this study

What is already known about this subject?

» Neurally mediated syncope is a common
medical condition that may recur and be
associated with severe complications.

» Decreased venous capacitance (VC) and
venous return (VR) seem to mediate
vasovagal syncope (VVS).

What are the new findings?

» No significant differences in maximum
venous outflow (MVO), segmental venous
capacitance (SVC) or MVO/SVC ratio
were observed for the non-VVS and VVS
participants.

» There was a significant association between
higher MVO and SVC,and a larger decrease
in diastolic blood pressure following
standing, although correlations were weak
(R?=0.0582 and 0.0681, respectively).

» The most suitable provocation for
uncovering abnormalities in VC and VR, to
identify individuals predisposed to recurrent
VVS and to evaluate the sensitivity of
these diagnostic measures remain to be
determined.

How might these results change the focus

of research or clinical practice?

» The present study highlights the complexity
of identifying patients who are prone to
VVS.

» Resting VC and VR may provide promise
in recognising causes of syncope other
than VVS, and hence may help improve the
diagnostic workup for syncope.

hyperventilation, nausea, profound sweating
and palpitations.! Atypical VVS is a diagnosis
of exclusion, describing patients with TLOC
that lack any clear trigger or etiology and a
positive response to head-up tilt test (HUTT).?
Research suggests that syncope can occasion-
ally be aborted by counterpressure maneuvers
(CPM), which increase venous return (VR),
counteracting the effects of vasodilation.> VVS
is the most common cause of recurrent syncope,

BM]

Fish E, et al. J Investig Med 2021,0:1-7. doi:10.1136/jim-2021-001906 1

"1yBuAdoo Ag peroalold 1sanb Aq 20z ‘0T Iudy uo /:8|1 woly papeojumod "TZ0Z 1aqwaidss £z uo 906T00-TZ0Z-WI/9ETT 0T Se pays!iand 1sii :paj Biusaaul ¢


http://jim.bmj.com/
http://orcid.org/0000-0002-3931-8003
http://crossmark.crossref.org/

Original research

and its prevalence may be as high as 69% in certain popu-
lations.* Tt has been estimated that nearly one-third of a
population of syncopal patients experienced injury, with
4.7% classified as severe.’ The economic burden is approx-
imately US$2.4 billion per year in the US alone.® Better
identification of patients at high risk for single or recurrent
VVS episodes could substantially lessen these financial and
healthcare burdens.

The mechanisms behind VVS are not clear.” It has been
hypothesised that decreased VR results in inadequate
ventricular filling, which leads to bradycardia, periph-
eral vasodilation and hypotension.® VR is mainly affected
by central venous pressure and mean circulatory filling
pressure,” which is related to the elastic recoil of periph-
eral veins and venules. It increases with fluid administra-
tion and with shifts of blood from splanchnic to systemic
circulation. The latter occurs in the presence of increased
levels of exogenous and endogenous sympathetic media-
tors,” which cause venoconstriction, predominantly of the
splanchnic veins, thereby raising VR via decreased venous
capacitance.'® In contrast, central venous pressure depends
predominantly on the pressure-volume relationship in the
right side of the heart.”

Various physiological markers have been investigated
to identify patients who are prone to developing VVS.
Although scintigraphy using (123)I-metaiodobenzylguani-
dine (MIBG), a norepinephrine analog, was reported to be
abnormal in VVS, this test is impractical for screening.''
Altered autonomic response to HUTT has previously been
demonstrated,’”™™ but this finding was not consistent
in all studies.” Moreover, the test is difficult to perform
and interpret, and may occasionally be associated with
life-threatening complications.'® While some studies have
suggested that patients with VVS have abnormal auto-
nomic nervous system (ANS) function at baseline,'* 772
this was not found in other studies." '* Although increased
nerve firing and norepinephrine (NA) levels were seen in
VVS patients with low blood pressure (BP) at baseline,?!
monitoring these parameters is impractical as a screening
modality.

Despite the seemingly central role of VR in the patho-
genesis of VVS and the importance of using CPM to
increase VR, when prodromal symptoms develop, there is
a paucity of data on baseline VR in VVS patients. Older
studies indicate that VVS patients have a proportionally
greater increases in calf volume during HUTT, indicating
a greater volume of blood pooling in the venous system.?
More recent findings suggest no difference in volumes
pooled, and instead indicate a prolonged rate of venous
blood pooling in VVS, at least among female patients.”
Previous studies on lower limb VR have typically focused
on conditions in which vascular damage has occurred®* or
there is known or suspected venous obstruction,” leaving
the subject of VC and VR in VVS at baseline unaddressed.
Also, HUTT is contraindicated in many clinical conditions,
such as carotid artery stenosis, significant coronary artery
stenosis, hypertrophic cardiomyopathy, severe anemia and
unstable conditions,?® and may yield high rates of false posi-
tive responses.”” Therefore, it is important to determine
whether physiological markers for VVS are disturbed at
baseline.

Accordingly, the purpose of this study was to investigate
whether decreased VC and VR are more prominent at base-
line in a population of patients who experienced VVS in the
absence of external provocations. If identified, this impair-
ment could represent an important diagnostic indicator
for predicting the emergence or recurrence of syncope,
or possibly be used as a therapeutic target for predisposed
individuals.

METHODS

Participants and setting

Volunteers aged 18-65 were recruited from hospital staff
and family members. They were questioned about family
history of ischemic heart disease and personal history of
syncope. Those with syncopal history were asked about trig-
gers for the event and symptoms experienced prior to LOC.
Volunteers were classified as typical VVS if they experienced
at least one episode of typical VVS, characterized by short-
duration LOC, amnesia for the duration of unconscious-
ness, loss of motor control, unresponsiveness to stimuli and
an antecedent trigger (ie, strong emotion, pain or disturbing
stimuli). Lightheadedness, fainting with prolonged sitting
or standing, sweating or feel warm before fainting and
lightheadedness or fainting from pain or in medical settings
were considered strong supportive indicators for neurally
mediated syncope, in accordance with established criteria.”®
Participants who had experienced postural presyncope
(PPS) at least once under conditions other than dehydra-
tion, fever or blood loss and with no TLOC were included.
Persons who experienced syncope due to any cause other
than vasovagal (ie, epilepsy, psychogenic or situational
syncope) were excluded, as were atypical VVS participants.
Other exclusion criteria were conditions affecting sympa-
thetic tone, including diabetes mellitus, hypertension,
dysautonomia, Parkinson’s disease, Lewy body dementia,
multiple system atrophy, cardiovascular pathology and
medications affecting the ANS. Thyroid abnormalities and
conditions with altered VR due to deep venous thrombosis
or pulmonary embolism, congestive heart failure, preg-
nancy, anemia, an intra-abdominal or intrathoracic space-
occupying lesionand peripheral venous insufficiency were
additional exclusion criteria.’=! Finally, volunteers were
excluded if they were diagnosed with postural orthostatic
tachycardia syndrome or postural hypotension, which were
diagnosed using established criteria,”* and if clinical data
were limited or missing. Volunteers were not excluded if
they had been diagnosed with mild dyslipidemia, balanced
with dietary change.

Hemoglobin Alc levels were measured prior to inclusion
via blood draw. Participants with levels above 5.7% were
excluded. All volunteers underwent a thorough physical
exam, including high-resolution ECG (PC-ECG 1200HR,
Norav Medical, Yokne’am, Israel) to rule out structural
heart disease and cardiac conduction disorder.

Procedure

Participants did not smoke, drink caffeinated beverages or
take other stimulants at least 3 hours before the study and
avoided strenuous exercise for 24 hours prior. All measure-
ments were conducted between 09:00 and 12:00 hours.
Room temperature was maintained at ~23°C. Participants
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Figure 1 (A) Experimental settings used to study VC. (B) Typical

blood pressure tracing in a patient without VVS. The baseline
represents the blood pressure before proximal cuff inflation. The
proximal cuff is then inflated to 75 mmHg and pressure increase
in distal blood pressure cuffs reaches a plateau. The difference
between baseline and plateau is the sSVC. The cuff is rapidly
deflated and the blood pressure drop over the ensuing 3s is
measured. This blood pressure drop is the MVO. In this specific
example, MVO/SVC ratio was computed to be 0.90 in each limb.

lay quietly for 10 min before the exam. They then under-
went a Smin ECG which was processed with PC-ECG,
HRV V.5.514 commercial software (Norav Medical, Israel)
to determine an average baseline heart rate.

MVO/SVC measurements were conducted using the
Falcon Quad platform (V.1.6.0, Viasonix, Raanana, Israel).
Participants had BP cuffs attached to their left and right legs
at calf-level. The legs were elevated approximately 25 cm
using a supporting pillow in accordance with accepted stan-
dards.*® Additional cuffs were attached at the level of the
thigh on both legs (figure 1A). The proximal cuffs were then
inflated to 75 mmHg, blocking VR and the distal cuffs were
inflated to 20 mmHg. Consequently, the pressure in the
distal cuffs increased to a steady-state ‘plateau’, followed by
abrupt deflation of the proximal cuffs. The subsequent drop
in pressure over the ensuing 3 s was measured (figure 1B).
This pressure drop constituted the MVO. The baseline was
subtracted from the plateau, yielding the SVC. The MVO/
SVC ratio was calculated by the software and was obtained
separately for the left and right calf in each patient. These
results were averaged to yield the MVO, SVC and the
MVO/SVC ratio, reflecting the overall mean VC indices.

Original research

Measurements were reviewed for error in the automatic
detection of baseline pressures and any inaccuracies were
corrected manually. Participants whose studies lacked the
typical pattern of increase on cuff inflation and/or decrease
on cuff deflation due to technical issues were excluded.

Following the test, arterial BPs were measured with an
automatic sphygmomanometer (4200B-E1, Welch Allyn,
New York, USA). The participants first sat for 5 min, after
which BP was measured twice (results were averaged). They
then stood for 5 min, followed by repeat BP measurement.
After standing 2min, a continuous electrocardiographic
study was performed to determine the mean heart rate
during the 3 min of ECG measurement. Weight and height
were measured. Overweight was defined as body mass
index (BMI) >25 kg/m”.

Sample size calculations

The minimum sample size for each group for detecting a
true difference in MVO/SVC mean values was determined
with the assumption that an abnormal MVO/SVC ratio
of <0.6** was found in 40% of the VVS group, and 3%
of the control group. To achieve a power of 80% and 5%
significance (two-sided), for detecting a true difference in
means between the measures, the minimum sample size was
calculated to be 19 patients for each group, separately.

Statistical analysis

The data were analyzed using JMP V.15.0 (SAS Insti-
tute, Cary, North Carolina, USA) and MedCalc V.19.1.5
(MedCalc  Software, Ostend, Belgium; https://www.
medcalc.org). Results are presented as mean and SEM.
Abnormal results were defined as >2 SD from the normal
range. Findings in participants with and without VVS were
compared using Kruskal-Wallis one-way analysis and Fish-
er’s exact test. A p value <0.05 was considered statistically
significant. Regression analyses were estimated according to
the proportion of the variance in the dependent variable
that was predictable from the independent variable. Specif-
ically, variance was estimated between age, height, BMI,
sitting systolic blood pressure (SBP) and diastolic blood
pressure (DBP), supine heart rate, change in BP and heart
rate in response to standing, and between MVO, SVC and
their ratio. The strength of the association was evaluated
with coefficient of determination (R?). Regression analyses
of MVO and SVC in both the non-VVS and VVS groups
were performed.

RESULTS

A total of 122 healthy volunteers were recruited. None
had abnormal ECG patterns. Fourteen were excluded due
to uncertainty about whether their TLOC should be diag-
nosed as VVS. Subsequent analysis of plethysmography data
indicated 13 participants’ measurements did not show the
typical pattern of BP rise in the distal sensors with prox-
imal cuff inflation. Their results were attributed to tech-
nical issues associated with limb mobilization, leg muscle
spasm and inappropriate increased intrathoracic or abdom-
inal pressures. Seven participants diagnosed with conditions
that might have affected the test (anemia, hypothyroidism,
impaired fasting glucose, etc) were excluded from the
cohort. Of the remaining 88 participants, 26 (29.5%)
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Table 1 Demographic and clinical and characteristics, and
venous capacitance markers of the studied patient population
Vasovagal
No vasovagal syncope

Parameter syncope (n=62) (n=26) P value
Age (years) 35.3x1.5 34.9+2.7 NS
M/F 34/28 10116 NS
Height (m) 1.71+0.01 1.69+0.02 NS
BMI (kg/m?) 24.8+0.4 242405 NS
Overweight, n (%)* 27 (43.6) 10 (38.5) NS
Active smoking, n (%) 9(14.5) 5(19.2) NS
Past smoking, n (%) 10 (16.1) 1(3.8) NS
Dyslipidemia, n (%) 6(9.7) 13.8) NS
Family history IHD, n (%) 27 (43.5) 11 (42.3) NS
Hypertension, n (%) 0(0) 0(0) NS
Diabetes mellitus, n (%) 0(0) 0(0) NS
Sitting SBP (mmHg) 120.0+1.4 120.8+1.7 NS
Sitting DBP (mmHg) 74.3+1.1 75.5+1.5 NS
Supine heart rate (bpm) 63.7+1.5 59.3+2.0 NS
Standing SBP (mmHg) 120.6+1.5 120.0+2.3 NS
Standing DBP (mmHg) 77.3£1.1 76.2+1.8 NS
Standing heart rate (bpm) 77.7£1.8 73.8£2.5 NS
History of PPS, n (%) 5(8.1) 4(15.4) NS
SBP difference (mmHg) 1.1+1.0 -13+1.4 NS
DBP difference (nmHg) 3.7+1.0 0.6+1.1 NS
Heart rate difference (bpm) 14.3+1.0 14.6+1.6 NS
MVO (mmHg) 5.0+0.5 5.6+0.8 NS
SVC (mmHg) 6.0+0.5 6.3+0.8 NS
MVO/svVC 0.83+0.02 0.86+0.03 NS

*Qverweight was defined as BMI >25 kg/m?.

BMI, body mass index; DBP, diastolic blood pressure; IHD, ischemic heart disease;
MVO, maximum venous outflow; NS, not significant; PPS, symptoms suggestive of
postural presyncope with no loss of consciousness; SBP, systolic blood pressure; SVC,
segmental venous capacitance.

experienced typical VVS syncope and 62 (70.5%) did not.
The percentage of participants in our study who had expe-
rienced VVS was similar to VVS rates reported by others.*

Demographics and clinical characteristics of the study
groups are presented in table 1. All participants experienced
their first TLOC before age 35 years. The mean age of the
non-VVS group was 35.3%1.5 years, while the mean age
of participants with VVS was 34.9+2.7 years (p>0.05).
Among the participants, 44 were male, 10 of whom (22.7%)
experienced VVS. Of 44 female participants, 16 (36.4%)
experienced VVS. Rates of active smoking were similar
in the non-VVS compared with the VVS group (14.3% vs
19.2%, respectively, p>0.05). Percentages of overweight
participants were similar in the non-VVS and VVS groups
(43.6% vs 38.5%, p>0.05), as were those of mild dyslipid-
emia (9.6% vs 3.8%, p>0.05) and family history of heart
disease (43.5% vs 42.3%, p>0.05). Height (1.71+0.01m
vs 1.69%0.02m, p>0.05) and BMI (24.8+0.4kg/m* vs
24.2+0.5kg/m?, p>0.05) were also similar between the
groups.

One person with VVS and five without did not undergo
upright BP and heart rate measurements due to lack of coop-
eration or technical error. Seated SBP (120.0+1.4 mmHg
vs 120.8+1.7mmHg, p>0.05) and DBP (74.3+1.1 mmHg
vs 75.5+1.5mmHg, p>0.05) readings were similar in
non-VVS and VVS participants, as were standing SBP

(120.6+1.5 mmHg vs 120.0+2.3 mmHg, p>0.05) and DBP
readings (77.3+1.5mmHg vs 76.2+1.8 mmHg, p>0.05).
SBP changes (standing minus sitting positions) were
similar in both groups (1.1=1.0mmHg vs —1.3=1.4mm
Hg, p>0.05), as were change in DBP (3.7+1.0 mmHg vs
0.6=1.1mmHg, p>0.05) and heart rate (14.3+1.0bpm vs
14.6=1.6bpm, p>0.05). There were no significant differ-
ences in supine heart rate (63.7=1.5bpm vs 59.3+2.0bpm,
p>0.05), or heart rate following standing (78.5+1.8 bpm
vs 76.6%=2.7bpm, p>0.05). Persons with VVS had similar
rates of history of presyncope relative to non-VVS (15.4%
vs 8.1%, respectively, p>0.05). None of the participants
developed presyncopal symptoms during the study.

The results showed no significant differences between
MVO (5.0£0.5mmHg vs 5.6+0.8 mmHg, p>0.05) and
SVC (6.0+0.5 mmHg vs 6.3+0.8 mmHg, p>0.05) in non-
VVS and VVS participants, respectively. The MVO/SVC
ratios were similar between non-VVS (0.83+0.02) and
VVS (0.86+0.03, p>0.05). Male and female participants
had similar MVO (5.1£0.6 mmHg vs 5.3+0.5 mmHg,
p>0.05), SVC (5.9+0.6 mmHg vs 6.2+0.6 mmHg,
p>0.05) and MVO/SVC (0.83£0.02 vs 0.82%0.02,
p>0.05) results, respectively, regardless of VVS status. A
separate analysis of MVO/SVC ratio for females did not
reveal a significant difference between the non-VVS group
(0.83£0.03) and the VVS group (0.84+0.05, p>0.05).
Participants with a reported history of PPS had lower MVO/
SVC ratio compared with those who did not (0.80%0.05
vs 0.84+0.02, respectively), but the results did not reach
statistical significance (p>0.05).

There was a significant association between a larger
decrease in DBP after standing and higher MVO and SVC,
although correlations were weak (R? of 0.0582 and 0.0681,
respectively). All other correlations between MVO, SVC
and MVO/SVC ratio and clinical or hemodynamic param-
eters (age, height, BMI, sitting SBP and DBP, supine heart
rate, change in SBP and heart rate in response to standing)
were low and non-significant (table 2). Significant correla-
tions (p<0.001) were found between MVO and SVC in
patients with and without VVS with an excellent linear fit
(R*=0.928 in the non-VVS (figure 2A) and R*=0.965 in the
VVS group (figure 2B)).

DISCUSSION

VVS carries a substantial risk of serious injury and has a high
rate of recurrence. It also imposes a substantial economic
burden associated with hospitalization due to trauma.**®
The diagnostic yield of emergency room visits for syncope
is often poor; patients receive minimal care and 39%-50%
are discharged from the hospital without a diagnosis.*® One
aim of this study was to develop a tool that could help iden-
tify characteristics of high-risk individual, so they could
be taught management techniques, such as CPM, to mini-
mize the possibility of traumatic injury should symptoms of
impending VVS develop; thereby, decreasing the financial
and healthcare burdens.

Attempts to identify at-risk patients are ongoing. Previ-
ously identified clinical risk factors for recurrent VVS
include the number of prior VVS episodes, female sex and
bronchial asthma.” Interestingly, clinical response to HUTT
does not significantly predict recurrence, according to some
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Table 2 Regression analysis between clinical characteristic and
venous capacitance and return parameters

Parameters B1 R? P value
MVO0-age (mmHg/years) 0.0324 0.0120 0.3120
MVO-height (mmHg/m) —1.8587 0.0024 0.6486
MVO-BMI (mmHgrkg/m?) 01052 00076 04198
MVO-sitting SBP (mmHg/mm Hg) 0.0589 0.0256 0.1408
MVO-sitting DBP (nmHg/mm Hg) 0.0892 0.0374 0.0741

—0.0565 0.0293 0.1148
-0.0672 0.0161 0.2620

MVO-supine heart rate (nmHg/bpm)
MVO-SBP difference (nmHg/mm Hg)

MVO-DBP difference (nmHg/mm Hg) -0.1348 0.0582 0.0311*
MVO-heart rate difference (mmHg/bpm) 0.0208 0.0019 0.6968
SVC-age (mmHg/years) 0.0190  0.0034 0.5871
SVC-height (mmHg/m) —1.9265 0.0022 0.6661
SVC-BMI (mmHg/kg/mZ) 0.0039 0.0009 0.7825
SVC-sitting SBP (mmHg/mmHg) 0.0055 0.0191 0.2037
SVC-sitting DBP (mmHg/mmHg) 0.1038 0.0424 0.0571
SVC-supine heart rate (mmHg/bpm) —-0.0463  0.0162 0.2421
SVC-SBP difference (mmHg/mmHg) 0.0695 0.0150 0.2788
SVC-DBP difference (mmHg/mmHg) -0.1563  0.0681 0.0193*
SVC-heart rate difference (nmHg/bpm) 0.0163 0.0010 0.7766
MVO/SVC-age (years'1) 0.0021 0.0312 0.1013

MVO/SVC-height (m™) -0.0471 0.0009 0.7801
MVO/SVC-BMI (mzlkg 0.0006 0.0196 0.2299
MVO/SVC-sitting SBP mmHg'W) 0.0014 0.0081 0.4097
MVO/SVC-sitting DBP (mmHg'1) 0.0003 0.0003 0.8723
MVO/SVC-supine heart rate (bpm™) —-0.0028 0.0437 0.0546
MVO/SVC-SBP difference (mmHg") —-0.0027 0.0154 0.2722
MVO/SVC-DBP difference (mmHg'1) —-0.0019 0.0065 0.4751
MVO/SVC-heart rate difference (bpm'1) 0.0024 0.0149 0.2735
*P<0.05.

BMI, body mass index; DBP, diastolic blood pressure; MVO, maximum venous outflow;
NS, not significant; SBP, systolic blood pressure; SVC, segmental venous capacitance.

)
(i

reports,”” and false positive response rates may be as high
as 529%.%” Measurements of sympathetic markers, including
muscle sympathetic nerve activity (MSNA) have shown
conflicting results, with some studies suggesting decreased
MSNA at baseline and during tilt testing in VVS patients,
while others found normal MSNA.*® However, studies of
other markers, such as whole body NA spillover, found
blunted NA levels in VVS patients, both at baseline and
during HUTT.*® Further support for decreased NA func-
tion is provided by the results of MIBG scintigraphy. MIBG
shows an affinity for tissues with high NA activity.>’ VVS
patients were reported to have decreased uptake of MIBG
in the heart,'! although a different study suggested the asso-
ciation did not reach statistical significance.*® Moreover,
the requirement to fast for 6 hours before MIBG intake and
the need for complex multi-angle heart imaging and radio-
pharmaceuticals'' make MIBG scintigraphy impractical as a
clinical screening tool.

Most studies examining cardiac markers have shown
that heart rate and autonomic responses are altered in VVS
during HUTT.">™ Studies of sympathetic tone at baseline
have shown mixed results,''™ *='7 but sympathetic tone
and NA spillover increase in VVS patients with low BP at
baseline.?! This would seem to indicate that ANS screening
during HUTT is a useful marker for VVS, as are NA levels in
low BP patients. However, the cost and required expertise
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Figure 2 Correlations between maximum venous outflow (MVO)
and segmental venous capacitance (SVC) in patients without
vasovagal syncope (VVS) (A) and with VVS (B).

make this technique impractical for wide-scale screening
efforts.

Our study found statistically similar values of VC and
VR parameters among patients with and without VVS,
suggesting that there is no specific predisposition to VVS
related to these parameters at baseline. No significant
differences in BP and heart rate were observed between
patients with or without VVS both at baseline and in the
upright position. As VC may be influenced by sympathetic
tone,” 1 our results seem to be in accord with findings of
normal sympathetic activity at baseline, and to contradict
studies that noted sympathetic impairment at baseline in
persons with VVS. Another consideration is whether other
vascular beds in VVS patients have impaired VR, while
lower limb VR is maintained, as our study indicated. It is
known that the concentration of sympathetic receptors is
far higher in splanchnic and cutaneous veins than in periph-
eral veins. Thus, these venous beds are more susceptible
to variations in levels of sympathetic mediators.'” This
could have important implications for VR in the setting of
decreased sympathetic activity, and is worthy of additional
study. Further research assessing VC and VR during HUTT
and in the presence of provocative agents known to illicit
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Original research

VVS in predisposed individuals is needed to verify the likely
conclusion that VC and VR are impaired shortly prior to
TLOC in VVS patients, but not at baseline.

Limitations

This study distinguished between people with or without
VVS and did not further distinguish between subcategories
of VVS. It has been argued” that neurally mediated syncope
is a common presentation of several different pathophysio-
logical processes rather than a single disease process. VVS
in particular may represent several underlying pathophys-
iological conditions. The finding that variations in certain
physiological markers among VVS patients have been shown
to correlate with differences in underlying pathophysiology
supports this. For example, one study®® subdivided VVS into
normal and low BP phenotypes, and showed that MSNA
response varied according to these phenotypes. In addi-
tion, it has been suggested*' that the mechanisms under-
lying syncope induced by tilt test and syncope in response
to noxious stimuli may differ. This question requires further
study with a larger cohort and longer follow-up to ascertain
the correlations between baseline VC and VR, and syncope
recurrence.

Our cohort included mainly young adults, as the prev-
alence of VVS is known to be highest among this popu-
lation.** In this population, the pathophysiology of VVS
seems to occur due to reduced cardiac output, systemic
vascular resistance or both. The latter is predominantly
associated with impaired splanchnic vasoconstriction.®
Elderly and very young patients with VVS may exhibit VC
characteristics and cardiovascular responses different than
those observed here. Our study did not examine patients
with atypical VVS or syncope due to orthostatic hypo-
tension. As syncope associated with orthostatic hypoten-
sion is known to involve impaired venoconstriction and
increased venous pooling,** these patients may be more
likely to exhibit impairment in venous outflow relative to
VVS. Only nine patients (10.2% of the cohort) reported
PPS, suggesting the present study was underpowered to
evaluate this question. Also, the mean MVO/SVC values in
those patients were above the 0.6 cut-off recommended to
identify patients with venous obstruction,*® suggesting that
in PPS, venous insufficiency is mild at baseline. Finally, VVS
was diagnosed from medical history, because HUTT is not
generally used when the presentation is typical, and the use
of diagnostic questions to evaluate patients with TLOC is
reportedly equivalent to HUTT.?® Yet, we cannot predict
whether the results would have been different if HUTT
were used in the current study.

CONCLUSION

A tendency toward typical VVS cannot be identified based
solely on abnormal basal VR and VC at rest. However,
decreased DBP following standing was significantly associ-
ated with higher MVO and SVC values, although correla-
tions were low. Future studies should focus on patients
with orthostatic hypotension (whether systolic, diastolic or
both), and on patients with atypical VVS. In addition, trials
with longer follow-ups may determine whether VC and VR
at baseline or during HUTT can predict recurrent syncope.
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