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Resume. The human heart is not a metronome; its thythm is a dynamic conversation between
the brain, nervous system and the heart itself. This conversation is translated by heart rate variability
(HRV), the subtle fluctuations in the time of its intervals between consecutive heartbeats. Tachycardia
is typically associated with sympathetic overactivity part of “fight or flight” system in resting heart
rate above normal, yet in real practice we occasionally meet paradoxical patterns with fast heart rate
despite clear markers of vagal predominance which is rolled by parasympathetic system. such mis-
matches represent a challenge for understanding of autonomic regulation and a call for a deeper anal-
ysis, that is why we need (HRV) as a window to overlook into the dynamicity of sympathetic and
parasympathetic branches. The higher variability the better flexibility and regularity. However re-
duced variability reflects rigidity and stress control. This study seeks to explore the paradox of these

changes.
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Relevance. Heart rate variability
quantifies the beat to beat variations in R-
R intervals and represent a window that
overlooking into the functional status of
the cardiac Autonomic Nervous system
(ANS). The interpretation of specific
HRYV metrics is critical for clinical appli-
cations. Time domain indices, specifi-
cally the root square of successive differ-
ences (RMSSD) and the percentage of
the normal to normal intervals (pNN50)
are a quantitative markers of the rapid va-
gal modulation. However, in the fre-
quency domain a density power analysis
delineates the total variance into fre-
quency components. The High-Fre-
quency (HF) components (0.15 — 0.40
Hz) is almost entirely vagal reflecting
respiratory sinus rhythm. The opposite
component is the Low-Frequency (LF)
parameter (0.04-0.15 Hz) contains mixed
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sympathetic and vagal input [1-3].

Tachycardia is a condition where
an elevated resting heart rate associated
with lack of vagal tone and an augmented
sympathetic drive. The state most oven
resulted in high (HL, LF) ratio and caus-
ing overall HRV depression which meas-
ured by parameters like (SDNN) the
standard deviation of NN intervals. The
diminished HRV clarify the low physio-
logical flexibility and a prognostic
marker for various cardiovascular dis-
eases, and give us an early hint for the de-
velopment of heart failure. A cardiologic
assumption that a sustained high heart
rate is primarily driven by hyper-activa-
tion of sympathetic system or generalized
ANS impairment reducing vagal effer-
ence [8].

The fundamental challenge that is
investigated in this study aimed to find
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the conventional inverse relationship be-
tween heart rate and vagal activity. The
group we call Tachycardia + Vagotonia
has a high heart rate (80 >) along with
strong signs of vagal activity which is un-
usual. Normally, high vagal activity
helps slow the heart, but the opposite here
the heart stays fast referring to something
else is driving the tachycardia [7]. What
necessitates us to explore this profile is
the mechanism that is similar to those im-
plicated syndromes like Inoppropriate Si-
nus tachycardia (IST) which has charac-
teristics like unexplainable fast sinus
heart rate, often due to elevated intrinsic
pacemaker or Beta-adrenergic receptors
hypersensitivity. Therefore, the quantita-
tive vagal dominance of this group de-
scribes a high regulatory effort and yet
not enough to maintain optimal cardiac
control [5-6].

In order to distinguish between a
healthy vagal state and a compensated
pathological state, we s must assessed au-
tonomic dynamics during physiological
stress. Different types of functional tests
specifically the Hyperventilation Test
(HV) and the Orthostatic Test (OT), per-
mit the observation of dynamics respon-
siveness and maximum ANS reserve ca-
pacity. Furthermore, the cardiovagal bar-
oreflex integrity can be precisely meas-
ured by 30/15 ratio that is derived from
R-R intervals sequences. This ratio re-
flects recovery reserves after stress, rep-
resenting a pathway integral to hemody-
namic stability. Analyzing this diver-
gence alongside with baroreflex integrity
provide necessary frame work to inter-
pret the mechanism in both sympathico-
tonic and the paradoxical vagotonic tach-
ycardia phenotypes.

Materials and methods. Design
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and dataset; The study enrolled 38 young
participants based on their LF/HF ratios
who were allocated into two equally
sized groups (n = 19each):

Group 1: Tachycardia + sympa-
thetic dominance (n=19);

Group 2: Tachycardia + vagal
dominance (n-19).

HRV data were collected using
methodology compliant with established
standards for short term recordings. The
protocol included that all participants un-
derwent a comprehensive standard ECG
for 5 minutes at rest, followed by hyper-
ventilation and orthostatic test each for 3
minutes.

HRV was analyzed by time and
frequency domain (RRNN, SDNN,
RMSSD, pNN50(%), TP, VLF, LF, HF,
LF\HF). The parameters (RRNN, SDNN,
RMSSD, pNN50(%) are the main repre-
sentatives of time domain, therefore they
are the baseline that reflecting variability,
while (LF, HF, LF\HF) representing fre-
quency domain, so they are reflecting the
autonomic components contribution to
heart rate regulation. The ratio 30/15 ra-
tio was calculated too through RR inter-
vals to the 15/30 beats after standing. Sta-
tistical data processing was carried out
using Stat-Tech v 4.8.0 software. Nor-
mality was assessed by the Shapiro-Wilk
test. Depending on data distribution, Stu-
dents t-test or Mann-Whitney U test was
applied. A p-value <0.05 was considered
significant.

Results and their discussion.
Baseline autonomic profile at rest: The
analysis revealed that at rest heart rate
(RRNN) did not significantly differ be-
tween both groups, they exhibited equal
level of tachycardia. The (group 1) was
88.80 bpm, and the second group 88.00

696



(p = 0.640), meaning that R-R intervals
(RRNN) were also statistically similar.
However, a lot of parasympathetic mark-
ers were clearly higher in the tachycardia
+vagotonia (group 2) including: SDNN
+28% (P =0.050), RMSSD +57% (P =
0.004), pNN50 is higher (p = 0.012).

q)yHAaMEHTaI\bHaFI MeAULMHa

These results reflected higher vagal ac-
tivity despite the presence of tachycar-
dia.in addition that frequency domain HF
power, HF norm, % HF were elevated
noticeably.

Tabl. 1. HRV Parameters of Tachycardia During Rest

Parameter Group 1 Group 2 p-value (Z
HR, BPM 88.80 (83.40 —95.50) | 88.00 (82.50 —94.05) 0,640
Cv 4.24+1.19 545+1.98 0,030*
RRNN (ms) 667.53 + 62.93 678.11 £56.26 0,588
SDNN (ms) 28.79 £ 9.63 36.95 £ 14.60 0,050*
RMSSD (ms) 19.79 + 8.90 31.11 £ 13.04 0,004*
pNNS50, % 0.90 (0.20 —3.45) 7.10 (2.15-10.50) 0,012*
TP (ms?) 752.?878:1'2(9).)50 1 138i(;(4)‘§'75505).00 0,062
VLF (ms?) 331.(;(;5?()1()6).50 383.%(;2;()1).00 0.300
LF (ms?) 308.00 241.00 0,804
HF (ms?) 146.;)38(.(7)2).)50 515.%(;5(;1()2).00 <0,001*
LF/HF 1.78 (1.39 - 2.15) 0.62 (0.53-0.79) <0,001*
%VLF 44.82 +£10.53 37.97+£13.10 0,084
%LF 35.34 +7.60 23.75+5.43 <0,001*
%HF 19.85 + 6.65 38.29+11.49 <0,001*
LF norm 64.38 £9.20 39.09 + 8.84 <0,001*
HF norm 35.62+9.20 60.91 + 8.84 <0,001*

During hyperventilation neither
group were in a state of well demon-
strated patterns and the differences al-
most disappeared completely. Although
the vagotonia possessed higher HF but no
parameter reached a statistical signifi-
cance.

In orthostatic test also showed no
significant statistical differences but no-
ticeably a marked rise in HR, shift to-
wards sympathetic dominance. However,
the recovery ratio 30/15 revealed a
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notable pattern in group 1 (1.18) and
group? (1.15). Both values below normal
threshold indicating insufficient cardio-
vascular recovery after standing.

The results that founded confirms
the existence of two distinct autonomic
phenotypes in young adults with tachy-
cardia. Despite having nearly the same
resting heart rate and both groups exhib-
ited different autonomic signature when
evaluated through HRV analysis.

The (group 2) showed all classic
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HRYV signs of strong dominance of para-
sympathetic system activity — higher
(RMSSD), higher HF power, and high
pNN50% values. Normally, this should
result in a lower heart rate creating para-
dox where the the active “braking” sys-
tem fails to maintain its optimal physio-
logical work.

The first group fits the traditional
expectations, yet the the second group
showed different phenomena which
urges us to wonder why the heart does not
slow down despite the vagal activation
which reflect for us a deeper imbalance
like the vagal signal reaches the heart but
does not exert the expected results or per-
haps the heart have become less respon-
sive. This abnormality could be early
marker of autonomic strains. The most
interesting finding that during the stress
test. When both groups were put under
physical and physiological challenge
these differences vanished and both
groups responded similarly showing that
high vagal tone does not provide better
adaptability [10].

Furthermore, the poor 30/15 ratio
in both groups shared a weakness in heart
rate recovery. It reinforced this message
through this simple reflex test, where it
should show a quick adaptability in
healthy young people, instead it revealed
slow or insufficient heart rate recovery in
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both groups which suggests something
more important to investigate [11-13].

Whether during sympathetic dom-
inance or paradoxically high vagal tone
the presence of tachycardia is telling us
that the autonomic system is less flexible
than it should be. This indicate that tach-
ycardia caused by any underlying cause
can be early sign of reduced resilience in
young adults.

Conclusions:

1. Subjects with baseline tachycar-
dia present with two different resting au-
tonomic profiles: an expected sympath-
icotonia-low vagal tone-and an unex-
pected pattern of vagotonia-characterized
by markedly higher resting parasympa-
thetic indices, such as RMSSD and HF.

2. Significant differences in rest-
ing HRV measures (SDNN, RMSSD,
and HF power) disappeared after expos-
ing participants to functional tests of hy-
perventilation and orthostatic challenge.

3. The recovery of the cardiovas-
cular system from stress-as reflected by
the 30/15 ratio-already appears to be
compromised in both groups of tachy-
cardic individuals, with the lowest re-
serve found in the tachycardia + vagoto-
nia group. This finding suggests that the
unusual autonomic combination may be
a marker of reduced adaptive capacity
under stress.
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AHAAU3 BEI'ETATMBI-!Oﬂ PEFYAAILUK Y MOAOAbBIX AIOAEM
C TAXUKAPAUEMW: PASIAAbIBAHUE NMAPAAOKCA
AOMUHUPOBAHUA BAYXXAAIOLLETO HEPBA

Anv-/labab A. C., Casandac P. X., I'epacumenko A. A., buxbaesa A. A.
Hayunwiii pykosooumens.: 0-p med. Hayk, npog. Bracosa T. U.
Hayuonanvuwiii uccieoosamenvckuii Mopoosckuti 2ocyoapcmeeHtblil yHugepcumen,
2. Capanck

Pe3rome. YenoBeueckoe cepLe He METPOHOM; €I0 PUTM — 3TO JMHAMUYECKUHN THATIOT MEXIY
MO3TOM, HEPBHOM CHUCTEMOM M CaMUM CepJIeM. DTOT JUAJIOT MepeaaeTcs yepe3 BapuadenbHOCTD
cepaeuHoro purma (BCP) — enBa 3ameTHble KojeOaHHMsI MHTEPBAJIOB MEXY MOCIEI0BATEIbHBIMU
CepACYHBIMHU COKpameHUsIMU. Taxukapausi OOBIYHO CBsI3aHA ¢ CUMIIATUYECKON TUIIEPAaKTUBHOCTHIO,
YacThIO CUCTEMBI «Oeil i Oerny», Mpu KOTOPOH 4acTOTa CEpACYHBIX COKPAIICHUH B COCTOSHUH T10-
KOsl IpeBblIaeT HopMy. OHAKO B PEabHOM MPAKTUKE Mbl MHOTAA CTAJIKUBAEMCS C MApaJ0KCallb-
HBIMU MATTEPHAMH C YYALICHHBIM CEpACYHBIM PUTMOM, HECMOTPSI Ha SIBHBIE MapKephl Mpeo0Iiaanus
Baryca, KOHTpPOJINPYEMOI'0 NTapacUMIIaTUYECKONH cucTeMON. Takue HECOOTBETCTBUSI MPEACTABISAIOT
co0oi mpobisieMy /17151 TOHUMaHKsI aBTOHOMHOM PEryJisiliiy U MPU3BIBAIOT K OoJiee TIyOOKOMy aHa-
U3y, 103ToMy HaM HykHa BCP kak 0kHO, I03BOJISOLIEE YBUETh IMHAMUKY CUMIIATUYECKOM U Ta-
pacuMnaTHYeCKoi BeTBeH. UeM BbllIe BapraOebHOCTh, TEM BBIIIE THOKOCTh U peryisipHocTh. Of-
HAKO CHIDKEHHAs BapuabeIbHOCTh OTPaXkaeT PUTHAHOCTD M KOHTPOJIb HaJ cTpeccoM. JlaHHoe uccie-
JIOBaHME HAIIPABJIEHO HAa N3Y4YEHHE NTapaJ0KCca 3TUX U3MEHEHUH.

KaroueBble cjioBa: BapuaOeIbHOCTh CEPJCUHOTO PUTMA, CEPIIEYHO-COCYAMCThIE 3a00eBa-
HUS, TAXUKapAMsl, BaraJlbHOE IoMUHUpoBanue, perymsinus BHC.
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