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ABSTRACT

BACKGROUND Cardioneuroablation (CNA) has shown encouraging results in patients with vasovagal syncope (VVS). How-
ever, data on different subtypes was scarce.

METHODS This observational study retrospectively enrolled 141 patients [mean age: 40 + 18 years, 51 males (36.2%)] with the di-
agnosis of VVS. The characteristics among different types of VVS and the outcomes after CNA were analyzed.

RESULTS After a mean follow-up of 4.3 +1.5 years, 41 patients (29.1%) experienced syncope/ pre-syncope events after CNA. Syn-
cope/ pre-syncope recurrence significantly differed in each subtype (P = 0.04). The cardioinhibitory type of VVS had the lowest re-
currence rate after the procedure (n=6,16.7%), followed by mixed (n =26, 30.6%) and vasodepressive (n=9, 45.0%). Additionally, a
significant difference was observed in the analyses of the Kaplan-Meier survival curve (P= 0.02). Syncope/ pre-syncope burden was
significantly reduced after CNA in the vasodepressive type (P < 0.01). Vasodepressive types with recurrent syncope/ pre-syncope
after CNA have a lower baseline deceleration capacity (DC) level than those without (7.4 + 1.0 ms vs. 9.0 £ 1.6 ms, P = 0.01). Patie-
nts with DC < 8.4 ms had an 8.1 (HR = 8.1, 95% CI: 2.2-30.0, P = 0.02) times risk of syncope/ pre-syncope recurrence after CNA com-
pared to patients with DC 2 8.4 ms, and this association still existed after adjusting for age and sex (HR = 8.1, 95% CI: 2.2-30.1, P=
0.02).

CONCLUSIONS Different subtypes exhibit different event-free rates. The vasodepressive type exhibited the lowest event-free
rate, but those patients with DC > 8.4 ms might benefit from CNA.

ad by VVS also more prevail in the elderly.!
Treatment for VVS remains a challenge, while cardion-

euroablation (CNA) shows encouraging results in pre-

venting syncope/ pre-syncope recurrence; however, the

early 40% of the population will experience
at least one episode of syncope in their lifeti-
me, and vasovagal syncope (VVS) is the mo-
st common cause.! Recurrent syncope episodes usually

result in trauma and impaired quality of life. The impa-
ired quality of life is close to diseases like chronic back pa-
in, rheumatoid arthritis, and heart failure.”™ The incid-
ent rate of VVS peaks around 15-year-olds and 65-year-ol-
ds.” Related trauma caused by syncope spell anti-parall-
el with age, and nearly half of the elderly suffer from tra-
uma compared to one-fourth in the youngsters."” Besid-
es, severe incidents like fracture and concussion that le-
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positive results were primarily reported in selected pa-
tients.”"”» CNA merely ameliorates parasympathetic in-
hibition on cardio and does not directly affect sympathe-
tic function on the vessel; hence the procedure might ba-
rely benefit patients of vasodepressive type logically.""
Thus, most studies only include cardioinhibitory or mi-
xed type for CNA."" The effectiveness of CNA on vas-
odepressive VVS remains undetermined, and the rela-
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ted data is limited. According to previous work, some
positive results were also observed in vasodepressive
type ! and this study aims to investigate the effect-
iveness of CNA in different types of VVS.

METHODS

Study Population

This observational study retrospectively enrolled 141 pa-
tients with VVS who underwent CNA from August 2015
to November 2021 in Fuwai Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, Bei-
jing, China. Patients who met all the following criteria we-
re included: (1) fulfilled the diagnostic criteria of VVS;"”
(2) underwent CNA that was only performed in the left at-
riumy; (3) with a history of syncopal episodes more than thr-
ee times and failed to treat with conventional therapy; and
(4) with a positive response to the head-up tilt (HUT) test
before CNA. Patients with the following conditions were
excluded: (1) structural cardiac or cardiopulmonary disea-
ses (cardiac valvular diseases, severe aortic stenosis, acu-
te myocardial infarction within six months, pulmonary em-
bolism, pulmonary hypertension, and hypertrophic obst-
ructive cardiomyopathy); (2) cardiac arrhythmias that mi-
ght lead to syncope (paroxysmal supraventricular tachy-
cardia, ventricular tachycardia, and drug-induced arrhy-
thmias); (3) cerebrovascular diseases (vascular steal syndr-
omes and seizures); (4) medication-related syncope (vas-
odilators, anti-psychotics, and anti-diabetics); (5) condi-
tion that might affect the autonomic nerve (diabetes mel-
litus and nervous system-related diseases); and (6) ter-
minal diseases or heart failure.

The Institutional Ethics Committee approved this st-
udy for Biomedical Research of Fuwai Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical
College, Beijing, China. Written informed consent was ob-
tained from all patients. The data supporting the findin-
gs of this study are available from the corresponding auth-
or upon reasonable request.

HUT Test

Patients were first undergoing a passive phase (tilted
at 70° for 30 min), and an additional provocative phase (20
min with 0.25 mg sublingually administered nitroglyce-
rin) was added when no positive results were induced du-
ring the passive phase. The detailed protocol of HUT test
was described in the previous work from our center.""*"”
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A positive response of HUT test was defined when syn-
cope or pre-syncope occurs in the presence of bradycard-
ia, hypotension, or both. The classification was based on
the criteria proposed by VASIS (Vasovagal Syncope Inte-
rnational Study)."!

Deceleration Capacity (DC) Measurement

DC was obtained under the analyses of 24-hour elec-
trocardiographic monitoring. The data were digitized at
128 Hz and automatically processed with specific softw-
are based on the phase-rectified signal averaging algo-
rithm (MIC-12H Analysis Platform, Jinke Instruments,
Beijing, China)."**" First, we set anchors at the heartbeat
intervals longer than the preceding interval. To avoid erro-
1s caused by artifacts, R-R interval prolongations larger
than 5% are excluded from the analysis process. Segme-
nts of the same size around the anchors are selected and
aligned at the anchors. Then, signals X within the aligned
segments are averaged. X, and X, are the averages of the
anchor points and the following R-R intervals, and X; and
X, are the averages of the 2 R-R intervals preceding the an-
chor points. DC is quantified using the following equati-
on: DC = (1/4) (Xp +X; - X1 - X).

Process of CNA

The procedure has been described in our previous re-
search."”"*'1 Briefly, we used the EnSite NavX system (St.
Jude Medical, Sao Paulo, Minnesota, USA) to guide the
ganglion plexus (GP) ablation. Anatomical and high-fre-
quency stimulation (HFS; 30 Hz, 20 V, pulse width 2 ms;
MicroPace EPS320, Micropace EP, Sydney, Australia) we-
re used to locate GPs. Once the 3-dimensional endocard-
ial surface of the left atrium and pulmonary veins have be-
en constructed, the sites of GPs can be first located by an-
atomy and then confirmed by HFS. A positive response of
HFS was defined as transient ventricular asystole, atriov-
entricular block, or R-R interval increased by 50%. GP si-
te could be anatomically located as follows: left superior
GP (located in the superolateral area around the root of the
left superior pulmonary vein); left inferior GP (located in
the inferoposterior area around the root of the left inferior
pulmonary vein); right anterior GP (located in the super-
oanterior area around the root of the right superior pul-
monary vein), and right inferior GP (located in the infer-
oposterior area around the root of the right inferior pulmo-
nary vein). GPs were ablated in the order of left superior
GP-left inferior GP-right inferior GP-right anterior GP
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by a4-mm tip radiofrequency ablation catheter once all the
GPs had been located. Power and temperature were set
with upper limits of 40 W and 60 °C, respectively. The en-
dpoint of the ablation procedure was that HFS induced
no vagal response.

Outcome and Follow-up

Routine follow-ups consisted of a clinical visit or con-
tact by telephone every 6 months and carefully recorded
related recurrence of syncope and pre-syncope.

Statistical Analysis

We performed the statistical analyses using the R stat-
istical software 4.2 (R Foundation for Statistical Comput-
ing, Vienna, Austria). Continuous normally distributed,
continuous nonnormally distributed and categorical va-
riables were expressed as mean + SD, median (interquar-
tile range), and counts (percentages), respectively. We us-
ed the Pearson’s chi-squared test to compare the recur-
rence rate between the three groups. The Mann-Whit-
ney U'test was used to compare the syncope burden befo-
re and after the procedure. We performed logistic regre-
ssion analyses to obtain the regression equation and th-
en applied it to the receiver operating characteristic (ROC).
The area under the curve was used to exhibit the discr-
imination value of DC. An optimal cut-off of DC was obta-
ined at the maximum value of the sum of specificity and
sensitivity through the ROC curve. Based on the optimal
cut-off, DC was transformed into a dichotomous variable.
Cox proportional hazard regression was used to calcu-
late the associations between DC values and syncope/
pre-syncope recurrence after ablation. Two-tailed P-
value < 0.05 were considered statistically significant.

RESULTS

Baseline Characteristic

A total of 141 patients [mean age: 40 + 18 years, 51 ma-
les (36.2%)] were included in this study, all with a posi-
tive result of HUT test. Mixed type (n= 85, 60.3%) was the
most common type of VVS in our research, followed by ca-
rdioinhibitory (n= 36, 25.5%) and vasodepressive (nn =20,
14.2%). The baseline characteristics are shown in Table 1.
The mean procedure time (skin to skin) was 128 + 15 min.
The mean total ablation time was 614 + 142 s, and the me-
an total ablation site was 21 * 5 sites. Inappropriate sinus
tachycardia was observed in 10.6% (n = 15), and the pati-
ents were temporarily under medication (4 ivabradine, 11
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beta-blockers). No complications, such as cardiac tampo-
nade, cardiac rupture, left atrioesophageal fistula, periph-
eral vascular complications, etc., were observed.

Syncope/Pre-syncope Recurrence after CNA

With a mean follow-up time of 4.3 £ 1.5 years, 41 patie-
nts (29.1%) recorded at least one episode of syncope/ pre-
syncope events, and nine patients (6.3%) only experienced
pre-syncope events. Syncope/ pre-syncope recurrence si-
gnificantly differed in each subtype (P= 0.04). The card-
ioinhibitory type of VVS had the lowest recurrence rate
after the procedure (n= 6, 16.7%), followed by mixed (n
=26,30.6%) and vasodepressive type (nn=9,45.0%). Additio-
nally, a significant difference in syncope/ pre-syncope re-
currence was observed among different types of VVSin
the analyses of the Kaplan-Meier survival curve (P= 0.02,
Figure 1). Out of all the patients, 16 patients (11.3%) were
over 65 years old and had a recurrence rate of 31.2% (n=
5), while those under 65 years old (n=125) had a recurre-
nce rate of 28.8% (n = 36). The difference between the two
groups was not statistically significant according to the Pe-
arson’s chi-squared test (P= 0.582).

Syncope/Pre-syncope Recurrence in Vasodepress-
ive Type of VVS

Twenty patients (14.2%) with vasodepressive VVS
underwent CNA in this study, and nearly half of them
(45.0%, n=9) recorded recurrent syncope/ pre-syncope
events. The median (interquartile range) syncope bur-
den before the procedure was 2 (1.3-3), 2 (2-4), 2 (2-4) in 3
months, 6 months, and 12 months separately. The median
(interquartile range) syncope burden after the procedure
was 0.5 (0.5-1), 0.5 (0.5-1), 0.5 (0.5-1) in 3 months, 6 mo-
nths, and 12 months separately. A significant reduction
was observed in syncope/ pre-syncope burden after CNA
(P<0.01) as shown in Figure 2A. Compared to the eve-
nt-free ones (Figure 2B), recurrent patients were associ-
ated with a lower level of DC (9.0 1.6 ms vs. 74+ 1.0 ms,
P=0.01). Results of the comparison between recurrent
and event-free ones were summarized in Table 2. In the
analyses of the ROC curve (Figure 2C), DC showed a di-
scrimination value of 0.81 for predicting syncope/ pre-
syncope recurrence. The optimal cut-off of DC was set at
8.4 ms, with a sensitivity of 0.73 and specificity of 0.89.
Patients with DC < 8.4 ms had an 8.1 (HR =8.1, 95% CI:
2.2-30.0, P=0.02) times the risk of syncope/pre-syncope
recurrence after CNA (Figure 2D), and this effect still ex-
isted after adjusting for age and sex (HR = 8.1, 95% CI:
2.2-30.1, P=10.02).
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Table1 Baseline characteristic.

Variables 8‘;9;2111) Cal‘d:giill;g:)’itory Vastzg":P58§Sive Mixed (n=85) P-value
Age, yrs 40+18 36 +16 46+19 40+18 0.11
Male 51 (36.2%) 18 (50%) 5 (25%) 28 (32.9%) 0.11
Body mass index, kg/m’ 22835 23.0+4.1 22.7+3.6 22.7+£32 0.91
Systolic blood pressure, mmHg 121+13 120+13 120 + 14 120+13 0.99
Diastolic blood pressure, mmHg 71+9 70+ 8 71+8 71+10 0.76
Syncope burden
Disease duration, yrs 3 (1-11) 2(0.9-6) 2.5 (0.5-12)" 3.5 (2-13) 0.11
1-year burden, times 2 (1-4) 2 (1-3) 3 (2-4) 2 (1-4) 0.18
24-hour electrocardiogram monitor
Mean heart rate, beats/min 69 +11 66+ 14 69 +10 709 0.26
otamdard deviation of all average normal-to- 147 + 51 163 + 69 138 +31 140 £ 42 0.08
Koo mean square of the successive differences 43 (32-55) 44 (33-59) 42 (30-48) 42 (31-56) 019
Triangle index, ms 39+10 39+8 35+10 39+12 0.49
High frequency normalized, ms® 36+10 34+£12 37+9 37+9 0.08
Low frequency normalized, ms® 48 +12 51+12 41 +14 47 £12 0.09
Very low frequency, ms’ 703 (492-1052)° 866 (588-1287)" 342 (277-756) 680 (132-423)" 0.03
Low frequency/High frequency 1.59 (1.29-2.34)"  1.87 (1.20-2.81)°  1.50 (0.88-1.64)" 1.58 (1.32-2.15)"  0.20
Deceleration capacity, ms 10.4+39 114+46 82+25 10.7+3.8 0.01
Acceleration capacity, ms 10.1+£3.7 10.8+4.4 81+15 10.3+3.6 0.02
General therapy
Nonpharmacologic 141 (100%) 36 (100%) 20 (100%) 85 (100%)
Beta-blocker 6 (4.3%) 0 2 (10%) 4 (4.7%) 0.17
Midodrine 9 (6.3%) 1(2.8%) 5 (25%) 3 (3.5%) 0.01
Fludrocortisone 2 (1.4%) 0 1 (5%) 1 (1.1%) 0.33

Data are presented as means + SD or n (%). Presented as median (interquartile range).

Syncope/ Pre-syncope

=
=}

DISCUSSION

P Various studies demonstrate that CNA is a promising
therapy for patients with VVS, while the effectiveness

Probability of event-free
o
(9]
1

== Cardioinhibitory among different types of VVS has yet to be specifically

1 — 1\\//[&;2391” essive  P=0.02 discussed. The efficacy of CNA was significantly differ-

0 : : : ent in each subtype of VVS, while no significant differen-

0 2 4 6 ce in efficacy was observed with age. CNA denervated the

Number at rigk  Year cardiac through the damage of GPs, whi;h mainly conta-

- | 51 8 0 ins the soma of parasympathetic neuron,”! compatible wi-

- | 20 7 4 0 th the fact that a significant increase in heart rate was ob-

— |85 48 23 3 served after the procedure. Logically, CNA merely weak-

Figure1l The Kaplan-Meier survival curve for syncope/pre-sy- ens cardiac parasympathetic tension and does not dir-
ncope recurrence. ectly affect the modulation of sympathetic nerves on ves-
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Figure 2 Effectiveness of cardioneuroablation in patients with vasovagal syncope vassodepressive and the predictive values DC.
(A): The median (interquartile range) syncope burden before the procedure was 2 (1.3-3), 2 (2-4), 2 (2-4) in 3 months, 6 months, and 12
months separately. The median (interquartile range) syncope burden after the procedure was 0.5 (0.5-1), 0.5 (0.5-1), 0.5 (0.5-1) in 3 mo-
nths, 6 months, and 12 months separately. A significant reduction was observed in syncope/ pre-syncope burden after cardioneuroablat-
ioninthe vasodepressive type of vasovagal syncope, and the P-values were carried out by the Mann-Whitney U'test; (B): compared to the re-
current ones, patients without syncope/ pre-syncope recurrence showed a lower DC level with statistical significance (P=0.01) by using the
Student’s t-test; (C): DC showed an area under the curve of 0.81 for discrimination values of syncope/ pre-syncope recurrence. The optim-
al cut-off was set at 8.4 ms with a sensitivity of 0.73 and specificity of 0.89; and (D): patients with DC < 8.4 ms had an 8.1 times risk of sy-
ncope/ pre-syncope recurrence after cardioneuroablation compared to patients with DC 2 8.4 ms (P=0.02), HR was obtained with Cox pr-

oportional hazard regression. DC: deceleration capacity.

sels. Hence, significant differences in event-free rate were
observed among different types of VVS, and the vasode-
pressive VVS exhibited the lowest event-free rate. Pati-
ents with mixed type transformed into vasodepressive
type after CNA also implied that the procedures merely
alleviated the cardioinhibition.”” However, 55% of pa-
tients showed no syncope/ pre-syncope recurrence after
CNA in vasodepressive VVS, and the syncope/ pre-syn-
cope burden was significantly reduced after the proced-
ure might provide that CNA might benefit vasodepr-
essive type. A few hypotheses also suggested that CNA
might benefit vasodepressive types but needed further
confirmation. A significant elevation in heart rate was ob-
served after CNA in this study and other studies.”" The
elevated heart rate might compensate for the vasodila-
tion during the syncope episode. Additionally, CNA mi-
ght alleviate vasodepression through afferent nerve den-
ervation. Baroreflex dysfunction was proposed as a me-

http:/ /www .jgc301.com; jgc@jgc301.com

chanism in VVS,”! and CNA impaired both the efferent
and afferent nerve of the baroreflex in the heart. The da-
maged cardiac efferent nerve merely alleviates the cardi-
oinhibition. Still, the impaired afferent nerve might re-
duce the activity of the efferent nerve, which functions on
both cardio and vessels.

From previous study,” A DC showed discrimination va-
lues for distinguishing syncope/ pre-syncope recurrence
after CNA; patients with higher baseline DC levels were
more likely to benefit from the procedure. Besides, mult-
iple studies suggested that DC reflects the cardiac para-
sympathetic nerve tension."”* Consistent with previous
results, a gradual declination of DC was observed in car-
dioinhibitory, mixed, and vasodepressive. Besides, the
vasodepressive exhibited the lowest DC level and low-
est success rate in this study reconfirmed previous resu-
Its. Considering the low reproducibility of HUT, the par-
tial vasodepressive type might be misclassified. A DC
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Table 2 Characteristics in patients with vasovagal syncope of vasodepressive vasovagal syncope.

Without recurrence of syncope/ ~ With recurrence of syncope/ ;o

Vel bl pre-syncope pre-syncope
Age, yrs 46+19 47 +20 0.42
Male 3 (27.3%) 2 (22.2%) 0.80
Body mass index, kg/m’ 23+5 22+2 0.51
Systolic blood pressure, mmHg 123 £17 117£5 0.32
Diastolic blood pressure, mmHg 73+7 69+9 0.42
24-hour electrocardiogram monitor
Mean heart rate, beats/ min 69 £10 719 0.73
i’frr;r(;l:lric}l ;ie?‘/;;gorr;l ;)f all average normal-to- 143 + 29 122 +39 033
Al normal-tommormal intervals,me e 4474227 360£127 0.54
Triangle index, ms 35.4+9.6 354 +11.5 0.99
High frequency normalized, ms’ 39.6+64 21772 0.04
Low frequency normalized, ms® 39.4+13.6 457 +152 0.37
Very low frequency, ms 517.1 (313.3-756.0)" 437 (277.4-689.2)’ 0.51
Low frequency/High frequency 1.29 £0.89 147 £0.78 0.85
Deceleration capacity, ms 9.0+1.6 74+10 0.01
Acceleration capacity, ms 8.7+1.6 74+11 0.07

Data are presented as means + SD or n (%). Presented as median (interquartile range).

value exceeding 8.4 ms might represent a relatively high
level of parasympathetic tension in vasodepressive types
and generate a more beneficial result after CNA.
However, the relatively positive results might be expl-
ained with the following hypotheses. First, HUT might be
insufficient to separate different types of VVS accurately.
Patients with other types of VVS might be misclassified in-
to vasodepressive types. HUT shows unpleasant reprodu-
cibility ranging from 31% to 92%,” ' and several studies ha-
ve reported discordant classification between sequential
HUT."™ Second, the overall positive results might origin-
ate from the placebo effect, considering the placebo effect
may account for over half of the clinical effect.” Studies sh-
ow that a reduced risk of syncope recurrence was witness-
ed in over half of the patients through pure clinical visits."

LIMITATIONS

The retrospective nature of the study limited the inter-
pretation of the results; hence, the implications of this st-
udy should instead be interpreted as an insight to encou-
rage the application of CNA on vasodepressive type. An-
other major limitation was that there was no control gro-
up in this study. Further randomized control trials nee-
ded to be carried out to confirm those results.
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CONCLUSIONS

CNA effectively reduced syncope/ presyncope recur-
rence in patients with VVS; however, a significant differ-
ence in recurrence rate was observed in different subty-
pes. The vasodepressive type exhibited the lowest event-
free rate, but those patients with DC = 8.4 ms might ben-
efit from CNA.
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