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Abstract: This study presents results that describe the short term oscillations in SBPV and SVV signals due to calcium
channel blockers poisoning with verapamil treated with continuous infusion of levosimendan. In addition, we
used average spectra of these oscillations to observe the activity and sympathovagal balance of the autonomic
nervous system. Then, we compared the average spectra obtained from both signals. The frequency contents
of the average spectra of SVV and SBPYV signals to levosimendan treatment of verapamil-poisoned rats were
analyzed and related to the activity of sympathetic and parasympathetic tones. In control group, average
spectra of SVV and SBPV exhibited a low-frequency barek: (0.03— 0.8 Hz) peaked at- 0.4 Hz and a high-
frequency HF: 0.8 — 3.0 Hz) peaked at- 1 Hz. LF peak was abolished after verapamil infusion. THe
component of both spectra was observed to recover after continuous infusion of levosimendan. Additionally,
a new frequency component was observed.atHz in the spectrum of SBPV. Significant correlations were
found between bands of the average spectra in both signals in all groups of treatment studied in this paper. Our
results revealed that, like SBPV, SVV can herald useful information regarding the sympathovagal balance and
cardiac output improvements.

1 INTRODUCTION In rats, SBPV exhibits low-frequency (LF), known
as Mayer waves (Julien et al., 2003; Brown et al.,

t’L994), and high-frequency (HF) oscillations. The LF

Power gpiectra analysgs of biced pressure and hearoscillations are related to the activity of sympathetic

rate var|ab|I|ty (HRV) S|gnaI§ have prewously_ been nervous system and the HF one is related to respira-
used as a window to monitor the autonomic ner- - ; -
o : tory activity to be mediated by parasympathetic ac-
vous activity in the cardiovascular system (see e.g. .. . C . L 1994 J dzi L 1990
(Julien et al., 2003; Cerutti et al., 1994) and the ref- tivity (Cerutt et al., ; Japundzic et al., .).'
erences the.r’ein) 'Usin ower.'s ectral techniques Recently, seeking new methods to provide a clini-
; ! g power sp 9 ‘cally useful information about the autonomic nervous
systolic blood pressure variability (SBPV) can be de- o
) o . , system, power spectrum of stroke volume variability
constructed into variabilities at different frequencies. VV) sianal has b loved. Previ di
These variabilities can be divided into respiratory and (S. ) signal has been employed. Previous studies
(Liu et al., 2004; Siebert et al., 2004) have compared

vasomotor components in a similar way to that seen .
with HRV signals. Previously, it has been shown that the spectra responses of SVV and HRV in healthy

vasomotor-related SBPV correlates well with vascu- subjects.

lar sympathetic function ofi-adrenoceptors (Brown In the present study, we analyzed the spectral

etal., 1994). properties of the systolic blood pressure variability
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(SBPV) signal to assess the effects of levosimendannal, 3) a logic circuit that detects the edges of the pro-
on the autonomic nervous activity in verapamil poi- cessed slope sum function, and 4) threshold and deci-
soning in a rodent model and then compare it with the sion rule that is used to suppress the edges resulting
results obtained from applying the same procedure to from the dicrotic notch and noise. To obtain SBPV
the estimated stroke volume variability signal. To our signal, SBP was detected from the continuous record-
knowledge, there are no studies that have comparedng of ABP signal as follows: after low-pass filtering
the spectra of SBPV and SVV estimated from contin- of ABP signal, the signal is processed using the slope
uous blood pressure recordings. sum function (Moody et al., 2003) defined as follows:

k
2 Materialsand Methods i“w
where
The methods used in surgery, instrumentation, treat-
ment and data collection for this research has been Axj if Ax; >0,
described in detail elsewhere (Graudins et al., 2008). Ay = 0 if Ax; <O. (2)

To summarize, experiments were conducted on , )
healthy, anaesthetized, intubated, and ventilated male ~ H€réw is the number of samples representing the
Wistar rats weighing between 300 and 500 grams. analyzing window of the.flrst der|vat|ye of thg BP sig-
Jugular, femoral venous and carotid catheters were in-N@l8Xj =Xj —Xj_1, andx; is the ABP signalwis cho-
serted. Continuous recordings of ECG, arterial blood S€N t0 be 32 samples which is equal to the upslope of
pressure was performed using a PowerlLab data acqui-the ABP peaks. Pulse contour method (Kouchoukos
sition system and Chart Version 5.0 software (ADIn- €tal,
struments, Castle Hill, Australia). After an equilibra- of SV. , ) .
tion period, all rats were then administered verapamil 1 n€ time series 06BPV and SVV signals were
hydrochloride (Abbott Australasia, Botany, Australia) €Xtracted from the raw beat-by-beat ABP and divided
6g/kg/h (Isoptin Injection) until systolic blood pres- into _epochs aftgr down and equidistant sa_mpllng were
sure (SBP) fell to 50% of baseline values. Then, an- applied to the S|gnals.. For each block ofd!screte data,
imals were randomized to one of the following treat- POWer spectral density was calculated directly from
ment groups: the signal |tsglf using th&FT algorlthm.. Average
Group 1. Control: rats received a loading dose of SPectral densities cBBPV and SVV obtained from
normal saline (1 mL) followed by a continuous infu-

all rats within each group was then calculated and
sion (1 mL/h). n =7 rats.

compared. For each data block, the spectral density
Group 3. Levosimendan: levosimendan (donated by

estimates were smoothed. In this study, the spectral
Abbott Australasia, Sydney, Australia) was adminis-

estimate was performed on 312 data blocks of 512
trated to rats by loading dose ofi§/kg, then levosi- samples overlapping by a half to reduce the loss of
mendan infusion at.@ug/kg/min. n = 6 rats.

1970) was used to estimate beat-by-beat values

stability.For each data set, the linear trends were re-
moved to reduce their contributions to the LF compo-
nent. Average spectra were evaluated approximately
every 5 minutes for each block of data. Spectral esti-
mates were found in each group before and after drugs
infusion has started.

3 SIGNAL PROCESSING AND
SPECTRUM ANALYSIS

The blood pressure signal was processed by an al-
gorithm that extracts the cyclical features of the sig- 4 Results
nal such as SBPF), diastolic pressureR), pulse

pressureRy), integrated mean blood pressukéAP),
stroke volume $V), cardiac output@O), heart rate
(HR), systolic time Ts), and diastolic timeTy). To
summarize, ABP signal, sampled at 400 Hz, has to

pass through four stages of processing which are: 1)

low-pass filtering to remove the high frequency noise,
2) a windowed and weighted slope sum function to

The extracted physiological parameters observed
from control group (baseline), after verapamil poi-
soning, and after continuous infusion of levosimen-
dan are summarized in Table 1.

Figure 1 shows the average spectra of SBPV and
SVV signals obtained from control group before ad-
ministration of any of the study drugs. Spectra of

support and enhance the up slope of the arterial bloodSBPV and SVV exhibited F band (003 — 0.8 Hz),

pressure signal and remove the remainder of the sig-
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Table 1: Cardiovascular parameters extracted form comtiswecording of ABP signals. Values included are the aeerag
values obtained within each group. ABP: arterial blood gues.

Variable Control Verapamil Levosimendan
Ps(mmHgQ 124.1388.218| 56.149t4.086 57.108t5.087
MAP (mmHgQ 92.7317.258 | 63.709:12.53% | 66.643:2.953%1
SV (uL/bea) 271.178:5.43 | 141.773:2.58F | 182.178:0.827
CO (mL/min) 76.089:1.89 | 24.278:1.67C 56.598t6.975
HR (beatgmin) | 328.393t6.12 | 262.503:4.366 | 301.737-10.293
Values shown as MearSD. Paired t-test p < 0.05,* p < 0.01, and': not significant.

part of the autonomic nervous system, aridfa one
(0.8 —3) Hz. Two clear peaks were detected in each
frequency band; thelF peak at~ 1 Hz which syn-

chronized by respiration and related to the parasym-

pathetic tone, and theF peak at~ 0.4 Hz which
is related to sympathetic nervous activity. Note the

pletely abolished theF component and shift thd F
componenttoe- 0.9 Hz of both SBPV and SVV spec-
tral traces. ThéHF peaks in both spectra were en-
hanced suggesting that sympathovagal balance was
shifted to the parasympathetic predominance. A
highly significant correlationf? = 0.977, p < 0.05)

dominance of the vagal tone in the non-stressed statebetween the two frequency bands andHF in both

prior to the induction of verapamil toxicity. This is
evidenced by théedF component being larger than
theLF one. Significant positive correlation between
spectra ofSBPVandSVV are seen in botih.F and
HF bands (figure 2).
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Figure 1: Average spectra for both signals SBPV (top
panel), and SVV (bottom panel) estimated from control
group prior administration of any drugs.
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Figure 2: Correlation analysis betwekh bands in SBPV
and SVV (top panel), and betweétF band (bottom panel)
in control group.

Shock state was introduced by an overdose infu-
sion of verapamil. As shown in figure 3, this com-

spectra was obtained.
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Figure 3: Average spectra for both signals SBPV (top
panel), and SVV (lower panel) estimated after verapamil
infusion.

The shape of power spectra of SBPV and SVV
observed after the continuous infusion of levosimen-
dan were markedly altered (figure4). Clearly, com-
pared with spectra obtained immediately after the in-
duction of verapamil, theF component of both spec-
tra was observed to recover with concomitant reduc-
tion in theHF band peak. These results suggest that
there is a recovery of sympathetic tone after the con-
tinuous infusion of levosimendan. This may be due
to the improvements of the contractility profile of the
heart. Additionally, a new frequency component was
observed at- 1.5 Hz in the spectrum of the SBPV
which does not appear in SVV spectrum. Signifi-
cant correlation were noted betwelgh (R% = 0.943,

p < 0.05) andMF (R? = 0.978,p < 0.05) bands from
both spectra, while a poor correlation was noticed be-
tweenHF (R? = 0.295,p = 0281) bands.
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N 6 CONCLUSIONS

%200 1

£ 100 ] Spectral analysis of SVV signal may provide, along
E - J(\;? 1 lﬂs DD S with SBPV, useful information to clinicians regarding

the activity of the autonomic nervous system, cardiac
10 output, and responses to therapies aimed at improving
hemodynamic stability in hypotension patients.
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