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Abstract

Heart rate and blood pressure variability as well as baroreflex
sensitivity (BRS) lead to additional insights on the patients’
prognosis after cardiovascular events. The following study
was performed to assess the differences in the postoperative
recovery of the autonomic regulation after transcatheter
aortic valve implantation (TAVI) and surgical aortic valve
replacement (SAVR). Fifty-eight consecutive patients were
enrolled in a prospective study; 24 underwent TAVI and 34
SAVR. BRS was calculated according to the Dual Sequence
Method, heart rate variability (HRV) was evaluated using
standard linear as well as nonlinear parameters. HRV and
BRS parameters were reduced after surgery in patients with
SAVR only (meanNN: p-0.001, sdNN: p-0.05, Shannon:
p-0.01, BRS: p-0.01), while these indexes were preserved
in patients after TAVI. Simultaneously, an increased com-
plexity of blood pressure (BP) in SAVR patients (fw-
Shannon: p-0.001, fwRenyi4: p-0.001), but not in TAVI
patients was recorded. In this study we were able to dem-
onstrate for the first time that, in contrast to patients under-
going conventional open surgery, there are fewer alterations
of the cardiovascular autonomic system in patients with
TAVI.
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Introduction

In the past decade, alteration of cardiovascular autonomic
function has been identified as a powerful predictor of fatal
outcome in patients after myocardial infarction w2, 14x. In
particular, the imbalance of the sympathetic and parasym-
pathetic nervous system resulting in a relative predominance
of the sympathetic tone puts the patient at a higher risk of
adverse cardiac events w15x. The well-known depression of
cardiovascular autonomic function following cardiac surgery
is related to a variety of reasons such as anaesthesia and the
use of the heart-lung machine w3, 4, 7x. The role of direct
surgical trauma to the autonomic nerves, also leading to a
depression of the cardiovascular autonomic function, has
been clarified by performing a comparative, prospective
study which analysed patients undergoing isolated mitral
valve and isolated aortic valve replacement w22x. The lack
of recovery one week after surgery was significantly higher
in patients undergoing isolated mitral valve surgery than for
isolated aortic valve replacement so that a direct surgical
damage of autonomic fibres is most certain w22x. Despite the
improved recovery of patients undergoing isolated aortic
valve replacement, compared to those who underwent iso-
lated mitral valve surgery, cardiovascular autonomic func-
tion remains depressed after surgery with the heart-lung
machine at least during one week. Therefore we still face an
imbalance of the cardiovascular autonomic function which is
normally associated with predominant sympathetic activity,
as mentioned above. Thus the risk of postoperative arrhyth-
mias, especially in the vulnerable phase which persists until
two weeks after surgery, continues to be high.

The new technology of transcatheter aortic valve implan-
tation has been developed to minimize the operative trauma
in high-risk patients with severe symptomatic aortic stenosis
who are refused conventional surgical aortic valve replace-
ment. After the pioneering works of Grube et al., Walther et
al. and Webb et al. w10, 27, 28x, who demonstrated the tech-
nical feasibility, a growing number of centres are introducing
the transcatheter aortic valve implantation procedure. Hereby,
the teams usually specialise in either the percutaneous trans-
femoral or the transapical access, depending on their specia-
lisation (cardiology or surgery). In contrast, our basic
approach to the treatment of severe aortic stenosis is to offer
the most adequate treatment for the individual patient.
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Table 1 Patient characteristics of this study.

Surgical aortic valve replacement Transcatheter aortic valve replacement Significance

n 34 24
Gender (m/f) 21/13 7/17 p-0.05
Mean age (years) 64.6"13.8 80.5"7.3 p-0.001
Mortality (30 days) 2 5.8% 1 4.1% n.s.
Major comorbidities 12 35% 19 79% p-0.01
Mean time of surgery (min) 237"76 102"35 p-0.001
Prev. myocardial infarction 0 0% 6 25% ND
Prev. stroke 0 0% 0 0% ND
Diabetes 5 15% 8 33% n.s.
Hypertonic 25 74% 16 66% n.s.

The comparison of surgical aortic valve replacement vs. transcatheter aortic valve replacement was done by means of x2-test (comparison
of proportions) and t-test (comparison of means). For both tests, the significance level was as0.05 (n.s.: p-value is greater or equal a,
ND, not defined, x2-test cannot be applied for tables with cells equal to 0).

Table 2 Description of time- and frequency domain parameters, standards from Task Force Heart Rate Variability (1996 w13x) and additional
measures.

Variables Units Definition

Time domain parameters
MeanNN ms resp. mm Hg Mean BBI resp. mean BP
sdNN ms resp. mm Hg Standard deviation of all BBI resp. BP values
Shannon None Shannon entropy of the histogram (density distribution of the BBIs resp. BP values)
fwShannon None Shannon entropy of the word distribution
fwRenyi4 None Renyi entropy of order 4 of the word distribution

Frequency domain parameters
LF/P n.u. Normalised low frequency power 0.04–0.15 Hz
HF/P n.u. Normalised high frequency power 0.15–0.4 Hz
LF/HF n.u. Quotient of LF and HF

n.u., Normalized units; P, total spectral power.

Furthermore, since procedural complications mainly require
interventions by surgeons, the entire implantation lies in the
hands of one team. Therefore, we established both the trans-
arterial and the transapical implantation technique by a sur-
gical team in a hybrid suite w6x. Neither procedure requires
the use of the heart-lung machine and a cardioplegic arrest
of the heart. Furthermore, time of anaesthesia is significantly
shortened. The exclusion of these risk factors by performing
those procedures leads to the hypothesis that the cardio-
vascular autonomic function is less affected compared to
conventional surgery.

Materials and methods

Subjects

A total of 58 consecutive patients undergoing either trans-
catheter aortic valve implantation (TAVI) or surgical aortic
valve replacement (SAVR) with the heart-lung machine and
being in stable sinus rhythm were enrolled in a prospective
study. Thirty-four of them underwent SAVR and 24 of them
TAVI, 12 of them receiving a Medtronic CoreValve pros-
thesis (Medtronic, Minneapolis, USA) by transfemoral
access and the remaining 12 an Edwards Sapien prosthesis

(Edwards Lifesciences Corp., Irvine, USA) through the left
ventricular apex. Due to maintaining the best possible uni-
formity of the cohorts, patients with concomitant cardiac dis-
eases and/or additional procedures on the heart or great
vessels were excluded from the study. Patients with concom-
itant coronary heart disease were excluded for the known
effects of atherosclerosis. The patient characteristics are
shown in Table 1. This study was approved by the local
ethics committee and informed consent was obtained from
all subjects.

Surgical procedures

Open heart surgery Perioperative medication was stan-
dardised. Anaesthesia was standardised; induction was
performed with sufentanil and midazolam. For maintaining
narcosis, a continuous infusion of propofol was given; mus-
cle relaxation was achieved by pancuronium. All operations
were carried out with median sternotomy, cardiopulmonary
bypass in mild hypothermia (32–348C); cold crystalloid car-
dioplegia was used for cardiac arrest. Surgical access to the
aortic valve was achieved by horizontal transsection of the
anterior aspect of the ascending aorta. The calcified leaflets
were resected, and the prosthesis was implanted by inter-
rupted sutures.
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Figure 1 (A) Standard deviation of the beat-to-beat intervals in
SAVR (surgical aortic valve replacement) and TAVI (transcatheter
aortic valve implantation) in units of ms. For each group pre- and
postoperative states (PreOP, 1d postOP – 1 day, 7d postOP – 7 days)
are compared by a Kruskal-Wallis test (p-0.05 in SAVR, n.s. in
TAVI). (B) Shannon entropy of the beat-to-beat intervals in SAVR
(surgical aortic valve replacement) and TAVI (transcatheter aortic
valve implantation). For each group pre- and postoperative states
(PreOP, 1d postOP – 1 day, 7d postOP – 7 days) are compared by
a Kruskal-Wallis test (p-0.01 in SAVR, n.s. in TAVI).

Catheter procedures We opted to perform the procedures
with the patients under general anaesthesia to ensure stable
hemodynamics and to avoid patient movements during valve
implantation. Pharmacologic treatment was the same except
for muscle relaxation, which was not done in transcatheter
patients. After the procedure, the patients were transferred to
the intensive care unit and usually extubated within 2–4 h.
Postoperative medical and pharmacologic care was standard-
ized and not different between groups.

Recording protocol

For all patients, breathing excursions, standard electrocardio-
gram, and non-invasive blood pressure (BP) were simulta-
neously measured (Task Force Monitor of CNSystems, Aus-
tria) the day before surgery, 24 h and seven days after surgery
in the intensive care unit. The patients were in the supine
position. After 10-min equilibrations, data were sampled for
a 30-min period. Care was taken to perform the measure-
ments during the same time of the day for each patient. From
the electrocardiogram the times between successive R-peaks,
the so-called beat-to-beat intervals (BBI), were extracted.
The beat-to-beat systolic BP and diastolic BP were the max-
imum and minimum values of the continuous BP curve in
each BBI, respectively. Premature beats, artifacts and noise
were excluded using an adaptive filter considering the instan-
taneous variability w30x.

Computation of heart rate and blood pressure

variability

Standard methods of heart rate variability (HRV) analysis
include time and frequency domain parameters w23x. Time
domain parameters are based on statistical methods derived
from the RR intervals as well as the differences between
them. Mean heart rate is the simplest parameter, but the stan-
dard deviation over the whole time series (sdNN) is the most
prominent HRV measure for estimating overall HRV. Other
parameters quantify the distributions of special geometrical
forms of BBI.

Frequency domain HRV parameters enable us to analyse
periodic dynamics in the heart rate time series w1, 5x. The
Task Force on HRV (1996 w23x) recommended that power
spectral analysis of at least 5-min electrocardiogram record-
ings should be used to assess autonomic physiology and
pharmacology. The power spectrum can be estimated from
the extracted BBI. The normalised high frequency power
(HF/P, see Table 2) reflects modulation of vagal activity by
respiration whereas the normalised low frequency power
(LF/P, see Table 2) represents vagal and sympathetic activity
via the baroreflex loop. The low-to-high frequency ratio
(LF/HF, see Table 2) is used as an index of sympathovagal
balance w19x.

Heart rate variability reflects the complex interactions of
many different control loops of the cardiovascular system. In
relation to the complexity of the sinus node activity modu-
lation system, a predominantly nonlinear behaviour has to be
assumed. Thus the detailed description and classification of
dynamic changes using time and frequency measures is often

not sufficient w25x. A classical value of complexity is the
Shannon entropy

shannons- p logpi i8
i

where pi is the histogram of the BBIs.
We have shown already in 1995 that symbolic dynamics

is an efficient approach to analyse dynamic aspects of HRV
w13, 24x because it allows a selective consideration of
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Table 3 Mean values"SD of heart rate variability parameters.

Parameters Group PreOP 1d postOP 7d postOP p-Values

MeanNN SAVR 905"136 749"119 838"305 -0.001
TAVI 883"138 827"160 816"121 n.s.

sdNN SAVR 30"12.4 22.9"11.7 27"26.3 -0.05
TAVI 28.3"11 32.5"13.7 28.4"13.5 n.s.

Shannon SAVR 1.7"0.4 1.35"0.5 1.3"0.6 -0.01
TAVI 1.6"0.36 1.7"0.34 1.7"0.4 n.s.

LF/HF SAVR 2.9"2.4 1.9"3 2.6"3 n.s.
TAVI 1.9"1.7 1"0.6 1.6"1.3 n.s.

LF/P SAVR 0.23"0.1 0.19"0.1 0.17"0.1 n.s.
TAVI 0.25"0.1 0.16"0.1 0.21"0.14 n.s.

HF/P SAVR 0.14"0.1 0.19"0.14 0.18"0.16 n.s.
TAVI 0.2"0.12 0.22"0.16 0.22"0.17 n.s.

For each group pre- and postoperative state (PreOP, 1d postOP – 1 day, 7d postOP – 7 days) parameters were compared by a Kruskal-
Wallis test. In the SAVR (surgical aortic valve replacement) group three significant different parameters were found; all frequency domain
parameters differed insignificantly. In the TAVI (transcatheter aortic valve implantation) group all parameters differed insignificantly.

defined properties. The first step in this analysis is the trans-
formation of the time series into symbol sequences with sym-
bols Si from a given alphabet.

0: m -BBI F (1qa)mi

1: (1qa)m -BBI - `i
S (BBI )si i

2: (1-a)m -BBI F mil
3: 0 -BBI F (1-a)mi

Some detailed information is lost in this process, but the
coarse dynamic behaviour can be analysed. m denotes the
mean value of BBIs and a is a special parameter that is set
to 0.05.

(i) The Shannon entropy calculated from the distribution of
words with length 3 in Si is the classic measure for com-
plexity in time series and is defined by

fwShannons- p(v) logp(v)8
vgW, p(v))0

W is the set of possible words of length 3 composed by
the given alphabet. p is the probability of each word v
and is estimated by the relative frequency. Larger values
of Shannon entropy refer to higher complexity in the
corresponding tachograms and lower values to lower
ones.

(ii) Next, we count the ‘‘forbidden words’’ in the distribu-
tion of words with length 3, that is the number of words
which never or only seldom occur. A high number of
forbidden words stands for a rather regular behaviour in
the time series. If the time series is highly complex in
the sense of Shannon, only a few forbidden words will
be found.

(iii) In order to increase the influence of more frequent
words on the complexity measurement the Renyi entro-
py of order 4 is used which is defined by

1 4fwRenyi4s log p(v)2 81-4
vgW, p(v))0

For BP series all described HRV parameters can be accord-
ingly calculated; only some statistical parameters as well as
ones of symbolic dynamic need to be adapted (e.g., pNN50
makes no sense for BP variability – the standard deviation
for BP series differs from 5 to 10 mm Hg). The physiological
interpretation of the linear parameter of the frequency
domain differs from that of HRV. The HF component cha-
racterises the mechanical influence of the respiratory move-
ment on the intra-thoracic pressure w20x and the LF power
mainly reflects the sympathetic activity. A list of considered
parameters is given in Table 2.

Computation of baroreflex sensitivity

Using the Dual Sequence Method w16–18x, the most relevant
parameters for estimating the spontaneous baroreflex are the
slopes as a measure of sensitivity. The Dual Sequence Meth-
od is based on standard sequence methods but distinguishes
two kinds of beat-to-beat interval (BBI) responses: brady-
cardic (an increase in systolic BP causes an increase in the
following BBI) and tachycardic fluctuations (a decrease in
systolic BP causes a decrease in following BBI). A baro-
reflex event is assumed if there are monotonic ramps of three
successive values in systolic BP and BBI. The local baro-
reflex sensitivity (BRS) is estimated by the slope of a linear
regression of these BBI values over the corresponding BP.
After that, the BRS is calculated by the average of these local
values.

Bradycardic fluctuations as well as tachycardic fluctua-
tions represent variations in vagal and sympathetic regula-
tions, whereas bradycardic fluctuations indicate a dominance
of the vagal activity and tachycardic fluctuations indicate a
dominance of the sympathetic regulation. The mean value of
tachycardic and bradycardic BRS is the common BRS of a
standard sequence method.

Statistical analysis

In order to quantify the recovery of the autonomous control
of the cardiovascular system after cardiac surgery, the para-
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Figure 2 (A) Shannon entropy of the symbolic words (length 3)
distribution referring to the systolic blood pressure. For SAVR (sur-
gical aortic valve replacement) and TAVI (transcatheter aortic valve
implantation) pre- and postoperative states (PreOP, 1d postOP –
1 day, 7d postOP – 7 days) are compared by a Kruskal-Wallis test
(p-0.001 in SAVR, n.s. in TAVI). (B) Renyi entropy of order 4 of
the symbolic words (length 3) distribution referring to the systolic
blood pressure. For SAVR (surgical aortic valve replacement) and
TAVI (transcatheter aortic valve implantation) pre- and postopera-
tive states (PreOP, 1d postOP – 1 day, 7d postOP – 7 days) are
compared by a Kruskal-Wallis test (p-0.001 in SAVR, n.s. in
TAVI).

meters of heart rate and BP variability as well as baroreflex
sensitivity were considered. For each group, Kruskal-Wallis
tests compared the outcome of each parameter the day before
surgery, 24 h and seven days after surgery in the intensive
care unit.

Results

The mean age of patients was 64"14 years (SAVR group)
and 81"7 years (TAVI group). This difference is due to the
current consensus on using TAVI in high-risk patients (see
Table 1).

In cardiovascular variability and baroreflex sensitivity,
there were no major differences between the two groups pre-
operatively. At 24 h after surgery, in contrast to the TAVI
group, the SAVR group showed a depression of HRV and
BRS parameters which normally is followed by a tendency
to recover one week after surgery. At every time of the exam-
ination the HRV- and BRS-data of the patients undergoing
TAVI represented a stable level without any significant
up- and downturns.

HRV

Regarding the parameters of HRV, the above-quoted depres-
sion after 24 h is shown in SAVR-treated patients but not
those in the TAVI group. The best significant parameters are
meanNN, sdNN and Shannon of the beat-to-beat intervals
(see Figure 1A and B and Table 3). In fact, no parameter
shows significant differences in heart rate variability in the
TAVI group before and after surgery. In contrast, the heart
rate increases and HRV decreases significantly after inter-
vention by means of SAVR. The p-values of the applied
Kruskal-Wallis test were p-0.001 (meanNN), p-0.05
(sdNN) and p-0.01 (Shannon). After one week, a recovery
to preoperative values could not be observed.

Blood pressure variability

The contrary phenomenon as in HRV was detectable in the
variability of the systolic BP. The changes are best described
by fwShannon and fwRenyi4 (see Figure 2A and B and
Table 4). Both parameters of symbolic dynamic showed a
significant elevation after SAVR which continued during the
following week (fwShannon: p-0.001; fwRenyi4: p-
0.001). For TAVI, no such significant changes could be
observed. The results for the diastolic blood pressure are
given in Table 5.

BRS

Total baroreflex sensitivity as well as his bradycardic and
tachycardic components show significant depression in
SAVR patients caused by surgery (see Figure 3A, B and C).
This decrease was even more pronounced in tachycardic
fluctuations than in bradycardic ones (compare Figure 3B
with C). The p-values of the applied Kruskal-Wallis tests
were p-0.05 (bradycardic BRS), p-0.01 (tachycardic

BRS), and p-0.01 (BRS). For all three parameters, there
were no alterations in patients undergoing TAVI (Figure 3A,
B and C).

Discussion and conclusions

The last decade has witnessed a strong increase in basic
knowledge of the cardiovascular autonomic system. It has
been demonstrated that the analysis of linear and nonlinear
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Table 4 Mean values"SD of systolic blood pressure parameters.

Parameters Group PreOP 1d postOP 7d postOP p-Values

Mean SBP SAVR 112"16 118"14 118"25 n.s.
TAVI 111"20 118"20 112"24 n.s.

sdNN SAVR 7"2.1 8.3"4.6 7.7"4.6 n.s.
TAVI 6.9"3.7 8.9"4.9 8.7"4.6 n.s.

fwShannon SAVR 2.5"0.4 2.7"0.5 3"0.5 -0.001
TAVI 2.4"0.4 2.5"0.5 2.7"0.3 n.s.

fwReniy4 SAVR 1.7"0.3 2.0"0.5 2.3"0.6 -0.001
TAVI 1.7"0.3 1.7"0.4 1.8"0.4 n.s.

LF/P SAVR 0.17"0.09 0.12"0.08 0.17"0.07 -0.05
TAVI 0.12"0.05 0.11"0.07 0.1"0.05 n.s.

HF/P SAVR 0.04"0.05 0.13"0.1 0.12"0.1 -0.001
TAVI 0.05"0.05 0.08"0.1 0.06"0.04 n.s.

For each group pre- and postoperative state (PreOP, 1d postOP – 1 day, 7d postOP – 7 days) parameters were compared by a Kruskal-
Wallis test. In the SAVR (surgical aortic valve replacement) group four significant different parameters were found. In the TAVI (transcatheter
aortic valve implantation) group all parameters differed insignificantly.

Table 5 Mean values"SD of diastolic blood pressure parameters.

Parameters Group PreOP 1d postOP 7d postOP p-Values

MeanDBP SAVR 68"11 66"10 70"11 n.s.
TAVI 61"9.5 60"12 57"8.8 n.s.

sdNN SAVR 4.6"1.7 5.5"2.9 4.9"2.9 n.s.
TAVI 4.2"2.1 5.1"2.1 4.1"1 n.s.

LF/P SAVR 0.17"0.09 0.13"0.11 0.18"0.07 -0.05
TAVI 0.14"0.07 0.11"0.06 0.15"0.08 n.s.

HF/P SAVR 0.06"0.06 0.12"0.1 0.08"0.09 -0.05
TAVI 0.08"0.05 0.09"0.1 0.1"0.1 n.s.

For each group pre- and postoperative state (PreOP, 1d postOP – 1 day, 7d postOP – 7 days) parameters were compared by a Kruskal-
Wallis test. In the SAVR (surgical aortic valve replacement) group two significant different parameters were found. In the TAVI (transcatheter
aortic valve implantation) group all parameters differed insignificantly.

components of heart rate and BP variability and baroreflex
sensitivity can be a powerful tool to estimate a patient’s risk
of death or life-threatening events w29x. We demonstrated the
usefulness of this approach for risk stratification two years
later in a blind study w26x. Now, this study indicates their
ability in distinguishing the recovery of autonomous control
of the cardiovascular system after different cardiac surgical
procedures. However, as far as alterations in the
cardiac patient and in patients undergoing heart surgery are
concerned, we are still at the beginning.

Meanwhile, it is well known that open cardiac surgery
leads to an early depression of autonomic function, and that
there is potential for recovery after a certain timeframe w8,
11x. It is also established that surgical trauma of the left or
right atrium causes damage of the autonomic fibres avoiding
postoperative recovery of the cardiovascular autonomic func-
tion w22x. While it has been reported that surgical stress alone
(without operating on the heart or using cardiopulmonary
bypass) leads to significant depression of baroreflex function
w12x, the influence of different traumatic components on
patients undergoing open heart surgery is still not clarified.

TAVI has been introduced in the recent years as a new,
less invasive treatment option for patients at high risk for
conventional aortic valve replacement w21x. Avoiding ster-
notomy, cardiopulmonary bypass and cardioplegic arrest was

considered to reduce surgical trauma and thus improve
mortality and morbidity following aortic valve replacement.

To date, nothing is known about the effects of TAVI on
cardiovascular autonomic function. To emphasise the con-
sequences of the invasiveness and to pronounce the therefore
depressed cardiovascular autonomic function, it was reason-
able to compare patients undergoing TAVI and SAVR.

The present study confirms earlier results as far as the
clinical outcome is concerned. Although patients undergoing
TAVI were significantly older and had more major comor-
bidities as compared to patients with conventional surgery,
the early mortality was not different between the groups, and
in both groups major adverse cardiovascular events did not
occur.

The time domain parameters meanNN (inverse to the heart
rate) and sdNN (the standard deviation of RR intervals dur-
ing the examination period) are two of the best known values
and have been extensively analysed in cardiovascular med-
icine, sports and rehabilitation. A low value of sdNN indi-
cates a rather uniform heart rhythm, which is considered to
reflect low vagal activity, thus being a predictor of death and
adverse events in a variety of studies performed earlier. As
described earlier, meanNN and sdNN significantly decline
one day after conventional heart surgery with no tendency
to recovery throughout the observation period, while in
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Figure 3 (A) Bradycardic baroreflex sensitivity (slope of simul-
taneous increase in systolic blood pressure and following beat-to-
beat interval) in units of ms/mm Hg. For SAVR (surgical aortic
valve replacement) and TAVI (transcatheter aortic valve implanta-
tion) pre- and postoperative states (PreOP, 1d postOP – 1 day, 7d
postOP – 7 days) are compared by a Kruskal-Wallis test (p-0.05
in SAVR, n.s. in TAVI). (B) Tachycardic baroreflex sensitivity (slope
of simultaneous decrease in systolic blood pressure and following
beat-to-beat interval) in units of ms/mm Hg. For SAVR (surgical
aortic valve replacement) and TAVI (transcatheter aortic valve
implantation) pre- and postoperative states (PreOP, 1d postOP –
1 day, 7d postOP – 7 days) are compared by a Kruskal-Wallis test
(p-0.01 in SAVR, n.s. in TAVI). (C) Baroreflex sensitivity (slope
of simultaneous increase or decrease in systolic blood pressure and
following beat-to-beat interval) in units of ms/mm Hg. For SAVR
(surgical aortic valve replacement) and TAVI (transcatheter aortic
valve implantation) pre- and postoperative states (PreOP, 1d postOP
– 1 day, 7d postOP – 7 days) are compared by a Kruskal-Wallis
test (p-0.01 in SAVR, n.s. in TAVI).

patients following TAVI stable values were recorded until the
seventh day after the procedure. The same effect was
observed for the Shannon entropy, describing the level of

complexity in time series. It was described previously that
open heart surgery results in decreased complexity, which
could be reproduced in our study. On the other hand, how-
ever, there was no postprocedural change in Shannon entro-
py, either on day 1 or 7 after the procedure. So whatever
mechanisms are responsible for this decline of autonomic
function in the early postoperative period, they may be relat-
ed to the trauma of open surgery and to the overall higher
invasiveness of a procedure with the heart-lung machine.

Standard frequency domain parameters reflecting auto-
nomic balance w23x do not differ significantly before opera-
tion and during follow up (Table 3). The LF and HF
components are both reduced due to a decreased overall
HRV, therefore the applicability of these measures is ques-
tionable after cardiac surgery. Additionally, one has to bear
in mind that pharmacological treatments in both groups may
have masked a possible sympathetic balance change.

Regarding baroreflex function, again major differences
could be noted with respect to the procedure performed. The
bradycardic component (reduction in heart rate in response
to spontaneous rises of BP) and the tachycardic part (increase
of heart rate in response to decrease in pressure) are both
significantly suppressed in the SAVR group, but not in the
TAVI group. The reason for this finding remains speculative.
Surgical trauma per se (direct cutting of autonomic nerves)
may not be a major issue; we demonstrated earlier that it is
most unlikely that direct trauma leads to autonomic depres-
sion, at least in patients undergoing open surgery for aortic
valve replacement. So again the differences between the
groups may be explained by a variety of influences caused
by cardiopulmonary bypass, cardioplegic arrest and the over-
all perioperative management. Again, it is surprising that not
only the initial values but also the response to the interven-
tion was less pronounced in TAVI patients, because usually
the depression of baroreflex function is more pronounced in
aged patients w9x. As mentioned above, this may demonstrate
that results obtained from patients without cardiovascular
disease cannot be transferred to patients with heart disease
requiring surgical or interventional procedures.
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The above demonstrated results affirm the hypothesis of
conserved cardiovascular autonomic function in patients
treated by TAVI. All parameters reflecting HRV and BRS of
TAVI-treated patients present a stable level pre- and post-
operatively without any significant up- and downturns. The
cardiovascular autonomic system seems not to be influenced
at all by this procedure. Moreover, even a tendency to an
increase in all HRV parameters is shown. In contrast, the
SAVR-treated patients represent the typical phenomenon
already described in patients undergoing open heart surgery.

Further studies will focus on the effects of different strat-
egies of transcatheter procedures (transarterial vs. transapi-
cal) to shed light on the impact of procedural details in this
difficult cohort of patients.

TAVI has emerged as a promising new treatment option
for aortic valve replacement in patients at high risk for open
surgery. Even if controlled, randomised studies are lacking
to date, avoiding sternotomy, cardiopulmonary bypass and
cardioplegic arrest is considered to lead to superior outcomes
and faster recovery of this critically ill cohort of patients. For
the first time we were able to demonstrate in this study that
in contrast to patients undergoing conventional open surgery,
there are fewer alterations of the cardiovascular autonomic
system in patients with TAVI.
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