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Abstract:

Objective: To assess baroreflex intervention during increaséeft ventricular afterload, we compared the
effects of aortic banding on the intact cardiovémcaystem and under hexamethonium infusiethods: Six
open-chest pigs, instrumented for measurementrtt gyessure and flow, left ventricular pressumd &olume,
were studied under pentobarbital-sufentanil anegh&ascular arterial properties were estimatetth wifour-
element windkessel model. Left ventricular contidigtiwas assessed by the slope of end-systolicspres
volume relationshipResults: The effects of aortic banding on mechanical agtaperties were unaffected by
autonomic nervous system inhibition. However, iasein peripheral arterial vascular resistanceiarfteart
rate were prevented by hexamethonium. Aortic bapdinreased left ventricular contractility and &avork.
Left ventricular-arterial coupling remained unchamgdut mechanical efficiency was impaired. These
ventricular changes were independent of baroreifiéagrity. Conclusions: Our results demonstrate that an
augmentation in afterload has a composite effecletinventricular function. Left ventricular perfoence is
increased, as demonstrated by increase in coflitsaatid stroke work, but mechanical efficiencydiscreased.
These changes are observed independently of bamord@ftegrity. Such mechanisms of autoregulation,
independent of the autonomic nervous system, apamaimount importance in heart transplant patients.
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1. Introduction

The organism has several adaptive mechanisms tinaatakeeping cardiac output constant when the netds
the body change or when the hemodynamic loadindittons under which the heart must operate are fieoldi
Although in studies of isolated cardiac muscle learabers removed from the circulation, specific oeses to
isolated alterations in test conditions can be watad, the situation is different in the intactraai because
changes in one parameter generally lead to secprtianges in others. Therefore, the response ahthizro
preparation may differ from that of an isolated theaven though a similar initial perturbation igirfg
investigated.

One example of this problem is how the left veldrit.V) reacts to an increase in afterload. Insolated heart
preparation, it is possible to fix LV end-diastokolume and to impose several afterload conditiahls [
However, in the intact organism, any afterload aegtation induces a recruitment of the preload weser
mechanism, such that LV end-diastolic volume secdlydacreases [2]. Because a progressive augmientat
myofiber length increases cardiac performance skrgnto an heterometric adaptation, the integregegonse
to increased afterload of an intact organism maleéd differ from the response observed in an isdlaeart
preparation.

Therefore, the aim of this experimental study wasevaluate, in vivo, the LV response to an afterload
augmentation, obtained by means of a proximal @dséinding. In addition, in order to assess the dfle
baroreflex intervention under these circumstanaescompared the effects of the aortic banding enintact
cardio-vascular system, and when the baroreflexham@sm was inhibited by hexamethonium and atropine
infusion.

Chamber properties and energetics were analyzddtigt pressure-volume relationship, and LV afterload
assessed using a four-element windkessel model.

2. Methods
2.1. Surgical preparation

Experiments were performed on six healthy pigs tieeisex weighing from 20 to 28 kg. All the animals
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received humane care in compliance with the Eunop€anvention on Animal Care. All experimental
procedures and protocols used in this investigatiere reviewed and approved by the Ethical Commifabe
Medical Faculty of the University of Liege.

All animals were premedicated with intramusculamadstration of ketamine (20 mg/kg) and diazepam (1
mg/kg). Anesthesia was then induced and maintaiyeal continuous infusion of sufentanil (0.5 pg‘ky') and
sodium pentobarbital (3 mg Rgh'). Spontaneous movements were prevented by pargordsromide (0.1
mg/kg). After endotracheal intubation through avizal tracheostomy, the pigs were connected to lamve-
cycled ventilator (Evita 2, Drager, Libeck, Germasg) to deliver a tidal volume of 10 ml/kg at a iesjory
rate of 20/min. End-tidal COmeasurements (Capnomac, Datex, Helsinki, Finlavete used to monitor the
adequacy of ventilation. Respiratory settings vasl@isted to maintain end-tidal GBetween 30 and 35 mmHg.
Arterial oxygen saturation was monitored closeld amintained above 95% by adjusting th®.Fas necessary.
Temperature was maintained at 37 °C by means ofatingeblanket. A standard lead electrocardiogrars wa
used for the monitoring of heart rate (HR).

The chest was opened with a mid-sternotomy, theamium was incised and sutured to the chest wdtirim
a cradle for the heart, and the root of the aoda dissected clear of adherent fat and connedtiseet A 7-F,
12-electrode (8-mm interelectrode distance) corahad micromanometer-tipped catheter (CD Leycom,
Zoetermeer, The Netherlands) was inserted througligifit carotid artery and advanced into the lefitvicle.
A micromanometer-tipped catheter (Sentron pressig@suring catheter, Cordis, Miami, FL, USA) was iitexk
through the right femoral artery and advanced th® ascending aorta. A 14-mm diameter perivasdidar
probe (Transonic Systems Inc., Ithaca, NY, USA) wlasely adjusted around the aorta 2 cm downstiteatimne
aortic valve. The micromanometer-tipped cathetes wanipulated so that the pressure sensor wasopesit
just distal to the flow probe. Also, a second micemometer-tipped catheter was advanced in the disce
thoracic aorta through the left femoral artery, fgasurement of distal aortic pressure. Rightlgiressure was
measured with a micromanometer-tipped cathetertetsénto the cavity through the superior vena cavé-F
Fogarty balloon catheter (Baxter Healthcare Cadpkland, CA, USA) was advanced into the inferianareava
through a right femoral venotomy. Inflation of thialloon produced a gradual leftward shift in poees/olume
loops by reducing venous return. Thrombus formatitong the catheters was prevented by administraifo
100 U/kg of heparin sodium intravenously just beftite insertion. The surgical preparation is iflatsd in Fig.
1.

2.2. Experimental protocol

In order to provide similar states of vasculairfdl, the animals were continuously infused withdeinlactate (5

ml kg* h%), and, when necessary, with hydroxyethylstarch té%ncrease central venous pressure up to 6-7
mmHg over 30 min. Baseline hemodynamic recording alatained thereafter from simultaneous measurement
of aortic pressure and flow waves necessary tatifgethe four-element windkessel model parameté&ig.(2).

A first diagram of LV pressure-volume relationshkias generated from volume and pressure measure@atents
baseline and after stepwise decreases in preloaddmeing venous return. The occlusion was limtted few
seconds in duration in order to avoid reflex resgsn All measurements were taken immediately affter
animal was briefly disconnected from the ventildtosustain end-expiration. After deflation of théerior vena
cava balloon, the animals were allowed to resafoadditional 30 min.
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Fig. 1. Schematic diagram of the surgical preparation.(ajt ventricular conductance micromanometer-tipped
catheter. (b) Aortic micromanometer-tipped cathe{e}. Aortic flow probe. (d) Right atrial micromanoraet
tipped catheter. (e) Inferior vena cava Fogartylbah catheter. (f) Aortic banding. The micromanomdged
catheter placed in the descending thoracic aortagsshown in this figure.

Fig. 2. Electric analogue of the four-element windkessetlehoR. characteristic impedance; ;Rperipheral
resistance; C, compliance; L, inductance.
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In each group, after hemodynamic measures at bas@asal), left ventricular afterload was increbbg
tightening a narrow band transversally around tlseemading thoracic aorta, before the origin of the
brachiocephalic artery. The band was tightened aitiie systolic aortic pressure was increased By (Fg. 1).
Hemodynamic measurements were repeated after ttie Banding had been in place for 30 min (Band).

After this second set of hemodynamic measures,icatmdnding was removed. After 30 min of rest,
hemodynamic measurements were obtained (Basal 2).

The autonomic nervous system was then inhibited thgpime sulfate (intravenous injection of 0.2 mg/kg
followed by infusion at 1 mg kgh™) and hexamethonium chloride (intravenous injectib® mg/kg, followed
by infusion at 3 mg kgh™). When mean aortic pressure and HR were stabjlizedther set of hemodynamic
measures was obtained (Hexa).
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Finally, the aortic banding was then reinstalled,aafter another resting period of 30 min, the roezments
were repeated (Band Hexa). Care was taken as tayslveinstall the banding at the same locationhen t
ascending aorta in both experimental situationstheumore, a mark was drawn on the banding to enthe
exact same degree of constriction, with and wittaaibnomous system blockade.

For each animal, three sets of measures were eltaineach state. Blood samples were collecteldimatocrit
measurements at Basal, Band and Band Hexa states.

2.3. Data collection

The conductance catheter was connected to a Sigsigrial-conditioner processor (CD Leycom, Zoetermeer,
The Netherlands). The ultrasonic flow probe was ected to a flow-meter (HT 207, Transonic Systems, Inc.

Ithaca, NY, USA), and each micromanometer-tippethatar to the appropriate monitor (Sentron pressure
monitoring, Cordis, Miami, FL, USA).

All analog signals and ventricular pressure-voldoaps were displayed on screen for continuous roani.
The analog signals were continuously converted gitadiform with an appropriate software (Codas, dQat
Instruments Inc., Akron, OH, USA) at a samplingyfrency of 200 Hz.

2.4. Data analysis
2.4.1. Ventricular systolic function

Left ventricular volumes were inferred using the Idigld conductance catheter technique [3,4]. Galion of
the conductance signal to obtain absolute volumepeaformed by the hypertonic saline method [3krEfore,
a small volume (1-2 ml) of 10% NaCl solution wageated into the pulmonary artery during continuciasa
acquisition.

2.4.2. LV contractile function was assessed byethd-systolic pressure-volume relation (ESPVR), el
stroke work (SW)

The instantaneous pressure-volume relationship wasidered in terms of a time-varying elastaiig),
defined by the following relationship:

E(t) = P()/[V(¢) — Vd]

whereP(t) andV(t) are respectively the instantaneous ventricularspiresand volume, and; a correction term.
End-systole was defined as the instant of time éneflection phase at whid(t) reaches its maximung,,{3].
It is has been demonstrated tlgt) and V4 are insensitive to preload, at least within physiital ranges.
Preload was acutely reduced by inflating the iiesiena cava balloon catheter. Stroke work (SW) thas
integrated area of each PV loop.

2.4.3. Myocardial energetics

Myocardial energetics was assessed by computatioprassure-volume area (PVA). In the time-varying
elastance model of the ventricle, the total engpgiyerated by each contraction is represented biothkarea
under the end-systolic pressure-volume relatioe #nd the systolic segment of the pressure-volawog, land
above the end-diastolic pressure volume relationesiand denoted by PVA (Fig. 3) [5]. PVA is thersaf SW,

or the energy that the ventricle delivers to theotl at ejection, and potential energy (PE), necestar
overcome the viscoelastic properties of the mydoardtself. It has been demonstrated that PVA wighli
correlated with myocardial oxygen consumption [6].

Mechanical efficiency was defined as the SW/PVAorat
2.4.4. Arterial properties
Arterial properties were assessed from ascendirgs gwessure and flow measurements and represeuritiec

four-element windkessel model (WK4) [7]. An electtlianalog of the WK4 is displayed in Fig. 2. listmodel,
the resistoR, represents the resistive properties of the systert; which are considered to reside primarily in
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the arteriolar system. The capacitor C, placed iralfmh with R,, represents the compliant properties of the
systemic vessels. The resisi®r represents the characteristic impedance, whichl ldepends prominently on
the elastic properties of the aorta. Finally, aduittancel, is introduced to take blood inertia into account.
Furthermorel restores positive phase angles at high frequepntig® impedance spectrum [8].

Fig. 3: Pressure-volume area (PVA),,Rentricular pressure; )/ ventricular volume; SW, stroke work; PE,
potential energy; PVA, SW + PE.
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The values oR; R,, C,andL were estimated by a method previously described [9]
Effective arterial elastanc&y) was calculated according to the equation [10]:

£ R +R,
¢ T4 RC(1 — e RCT)

whereT; and Ty are the systolic and diastolic time intervalspeatively. T was calculated in the aortic pressure
wave, as the time interval between the point jesbie the abrupt rise and the dicrotic notch.

Ventriculo-arterial coupling was appreciated thiotige ratioE.JE..

2.5. Statistical analysis

Data are expressed as mean * standard error ofdéha (S.E.M.).

Statistical comparison of data during the differexperimental conditions was conducted by a two-arslysis
of variance for repeated measurements with expeataheondition and pig as factors, followed by Sttie

multiple comparisons test if the analysis of vacenesulted in & value <0.05.

Results of statistical tests were considered st for a level of uncertainty of 5% < 0.05). Statistical tests
were performed using Statistica software (Statsaft Tulsa, OK, USA).

3. Results

3.1. Effects of aortic banding, with and without autonomic blockade, on conventional hemodynamic
parameters

As shown in Table 1, increased LV afterload by pmadi aortic banding induced a significaf® < 0.001)
increase in systolic proximal aortic pressure, @ldiastolic proximal aortic pressure remained amtstWhen
the autonomic nervous system was inhibited, vamatiof proximal aortic pressure were of the samgnitade
as those observed when the baroreflex was intacaddition, after proximal aortic banding, distalrtéc
pressure decreased similarly in both conditiéhs 0.01).

After aortic banding, mean cardiac output sligluily significantly P < 0.05) decreased, while HR increasBd (
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< 0.001). After autonomic blockade and aortic bandicaydiac output decreased significant® € 0.001),
while HR remained constant (Table 1). Hematocrit wast 2% at baseline, 50 £ 3% at the end of aortic
banding without autonomous blockade, and 51 + 4#heaend of the experimental protocol (NS).

3.2. Effects of aortic banding, with and without autonomic blockade, on windkessel model parameters
values

As shown in Table 2, after aortic banding (with awthout autonomic blockadelR, andL increased, while€
decreased. However, after aortic banding aldReincreased significantly while, after aortic bandiagd
autonomic blockadeR, decreased significantly?(< 0.001). Integrating these parametdtsincreased by 36%
(P < 0.001) after aortic banding with intact barorefed by 13% after aortic banding and autonomic tddek
Such a difference between the two experimentalitiond was significantR < 0.01).

Table 1: Effect of aortic banding with and without ambmic blockade on conventional hemodynamic
parameters

Basal Band Basal 2 Hexa Band Hexa
Pys(MmHg) 96+6 119+3* 96+4 95+5 123+ 3

Pga(MMHg) 564 56+2 57+3 61+2 624
Poec (MMHQ) 745 62+6* 72+5 736 605

CO (ml/s) 53+3 49+2* 524 52+346+3
HR (beats/min) 115+ 5125 +2* 117 +4 119 #4121 + 3

Psys Systolic aortic pressur®q,, diastolic aortic pressur€qes, mean descending aortic pressure; CO, cardiaaguiiR, heart rate.P <
0.05 vs. basaf < 0.05 vs. HexaP < 0.05 vs. Band.

Table 2: Effect of aortic banding with and without autonorbicckade on windkessel model parameters

Basal Band Basal 2 Hexa Band Hexa
R; (mmHg.s/ml) 0.13+0.01 0.35+0.01* 0.14+0.01 0.16+0.01 0.37% 0.0t
R, (mmHg.s/ml) 1.5+0.1 1.7 +0.1*% 1.5+0.1 1.6 +0.1 1.4+0.1

C (m/mmHg) 0.57+0.04 041+0.05* 054+0.07 0.53+0.06 0.39+0.08
L (mmHg.s? /ml) 0.002 + 0.000. 0.004 + 0.0003 0.002 + 0.000: 0.002 + 0.000: 0.004 + 0.000%
E.(mmHg/ml) 3.4+0.3 4.6 +0.2* 3.4+0.3 3.6+0.3 4.1+0.3°

Ry, characteristic impedanci;, peripheral resistanc€, compliancel., inductanceE,, effective arterial elastancePx 0.05 vs. basal’P
< 0.05 vs. Hexa’P < 0.05 vs. Band.

3.3. Effects of aortic banding, with and without autonomic blockade, on left ventricular volumes and
pressures

Aortic banding increased significanthP (< 0.001) end-systolic volume, while end-diastolic urnk was
unchanged (Table 3). Therefore, stroke volume aectiep fraction significantly® < 0.001) decreased (Table
3). Aortic banding after autonomic blockade alsduiced a significantR < 0.001) increase in end-systolic
volume, at constant end-diastolic volume. Therefstegke volume and ejection fraction significanfy <
0.001) decreased. However, all these variation® wignificantly P < 0.01) more severe than those observed
with an intact baroreflex.

Evolution in ventricular pressures was of the sanagmitude after aortic banding with or without autoric
blockade (Table 3).

3.4. Effectsof aortic banding, with and without autonomic blockade, on left ventricular function

As shown in Table 4 and Fig. 4, after aortic bagdiysincreased by 319%P(< 0.001) andvy decreased from -
3.6 £ 0.2 t0 -6.8 £ 0.3 mP(= 0.001). As a consequend&dE, remained stable and close to the optimal value.
After aortic banding and autonomic blocka#igincreased by 15%P < 0.01),V, decreased significantlfP =
0.01), andE.JE, remained stable.
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Table 3: Effect of aortic banding with and without autonorbiockade on left ventricular volumes and pressures

Basal Band Basal 2 Hexa Band Hexa
EDV(ml) 49+4 50+5 5013 5114 5314

ESV (ml)® 28+333 + 2*29+2 33+343 + 3°
SV(ml) 27+224 + 126%2 25+220 + 1
EF (%) 5442 48+3* 52+2 50+238+2°
P (MMHQ) 94 +7 116 +4* 925 90+6122 + 5
Pg(mmHg) 5+1 4+1 4%1 5+1 6+1

EDV, end-diastolic volume; ESV, end-systolic volyrg¥/, stroke volume; EF, ejection fraction;Rnd-systolic pressur;q end-diastolic
pressure. P < 0.05 vs. basafP < 0.05 vs. Hex&P < 0.05 vs. Band.

2ESV is the volume measured at the time of maxinalsystolic elastance; it is therefore differentf end-ejection volume.

Aortic banding increased SW by 44@B < 0.005) and PVA by 57%P < 0.001). Therefore, mechanical
efficiency SW/PVA significantly decreas¢d < 0.01). After autonomic blockade, aortic bandingatxreased
SW by 43%(P < 0.005) and PVA by 63%P < 0.001) while mechanical efficiency SW/PVA signifittly (P <
0.01) decreased. Autonomic blockade did not mathiéevolution of these parameters after aortic ivand

4, Discussion

The effect of aortic banding on the mechanical prige of the proximal aorta is expressed by anease inR;
and a decrease €. The reduction of the internal vascular diameter aases wave reflections, thereby
increasingL. These mechanical effects of the aortic banding aaffected by autonomic nervous system
inhibition.

In the intact cardio-vascular system, the systeggnéssure drop distal to the aortic banding is peedeby the
baroreceptors, mainly located in the transversgcaand carotid arteries wall. This results in anstiation of the
baroreflex, with increase iR, as a vascular effect. The significant increase htHat we observe can also be
interpreted as an expression of baroreflex stirranat

On the opposite, when the autonomic nervous syisténhibited, the decrease in systemic pressustaldio the
aortic banding, is not associated with periphesdoconstriction. In addition, under these circumstsa, HR
remains constant.

These changes in the parameters characterizings$kensic vasculature are responsible for a signifigacrease
in E,, which is of a greater magnitude when the autonamarvous system remains intact.

This afterload increase is associated with an autatien of LV performance, as demonstrated by irsed&,s
and SW, at constant end-diastolic volume, and by\EESkftward shift (decrease A&fy). Therefore,Ec/E,
remains close to baseline value. This augmentatidtiVoperformance is unaffected by the inhibition thie
baroreflex.

Table 4: Effect of aortic banding with and without autonorbiockade on left ventricular function

Basal Band Basal 2 Hexa Band Hexa
Ees (MmmHg/ml) 2.81 +0.18 3.69 £ 0.2* 2.74+0.2:2.92+0.1¢3.34 £ 0.16
Vg (ml) -3.6+0.2 -6.8+0.3* -23+02 -1+04 -46+0.6
E/E. 0.84+0.1:.0.81 +0.11 0.80+0.120.80 £0.1:0.81 +0.15
SW (mmHg.ml) 2012 £ 16¢2912 + 114° 2119 + 121948 + 15¢ 2786 + 143
SW/PVA 0.7+0.1 06+0.1* 0.7+0.1 07+01 0.6=0.f

E.s end-systolic elastanc¥y, dead volumeE.JE,, systemic ventriculo-arterial coupling; SW, strokerly SW/PVA, mechanical efficiency.
*P < 0.05 vs. basalP < 0.05 vs. Hexa’P < 0.05 vs. Band.

Several experimental studies have evaluated thectefif afterload on LV performance, in isolated hear
preparations and on intact animals. The results w@n&adictory.

Indeed, Sunagawa et al. [1] and Freeman [11] hbserged that afterload augmentation induced a dethshift
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of ESPVR, without changinBes

On the opposite, Baan and Enno [12] and Asanol. §1.3] have found that the increaselEpwas associated
with an augmentation df.s in addition to ESPVR leftward shift. All these exjpeents were conducted under
autonomic nervous system inhibition. However, b be emphasized that Asanoi et al. [13] obtaiaed
afterload increase by infusing angiotensin I, bssance with powerful vasoconstrictive propertiast, which
can also directly affect myocardial contractility.

Several studies [14,15] also investigated the arfbe of autonomic nervous system on ESPVR and foesudts
that were substantially similar to ours. Assesshegdeterminants of ESPVR during acute regiondlgsta in
open-chest dogs, Kass et al. [14] showed that theuat of rightward shift and the decrease in tlopeslof
ESPVR were independent of baroreflex integrity. motaer study performed on open-chest dogs, Schigper
al. [15] demonstrated that cardiac syimgét denervation did not change the load deperedehESPVR.

Fig. 4. Typical pressure-volume loops recordings at bage(iA and C) and during aortic banding (B and D),
with (C and D) and without autonomous nervous sydickade (A and B).
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A too strict interpretation of the changes in ESPWRBuld conclude that a leftward shift, without slope
variations, reflects that an afterload augmentaitionot associated with an increase in myocardatractility
per se. However, as correctly emphasized by Sagawh [10], the controversy regarding the intetgien of
ESPVR should prevent the use of isolated slope lmwe intercept values to characterize the conteastate.
Since in all of these studies, the end-systolimpander afterload augmentation is always to ttiedethe
control point in the pressure-volume plane, LV perfance always appears increased.

In our study, while afterload augmentation is acpanied by an increase in LV performance, we obsarve
decrease in the efficiency of the energetic transfan PVA to external mechanical work. This altera in
mechanical efficiency is independent of barorefiategrity. Our results are in accordance with samil
observations on anesthetized close-chest dogsgjl1,1

What are the mechanisms that could explain suchugmentation of LV performance in the face of iased
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afterload?

Studies on isolated heart preparations [17] ansitin[18,19] have shown LV performance to be inseehat
longer end-diastolic ventricular length, probablyedo increased myofiber sensitivity to calciumwdeer, in
our study, the augmentation of LV performance ia fhce of increased afterload is observed at mdtehd-
diastolic volumes. Therefore, the mechanism of lemtgpendant activation is unlikely to play a sigmaint role
in our observations.

Our results support the theory of homeometric aatpHation, which was described by Sarnoff et 20]¢n an
isolated heart preparation. The homeometric autdadign suggests a mechanism by which the heart can
maintain a constant stroke volume in the face ofdased afterload, without using the Starling mesma. It

has been suggested that homeometric regulatiorpiaired by an increased coronary perfusion seagnida

the increased aortic pressure. Indeed, Abel edexhonstrated that increased coronary perfusioritseisuan
improvement of the contractile performance of #féventricle [21].

Another potential explanation for the improved LVntractile performance lies on increased wall temsio
Effectively, increased end-systolic pressure cogtdoa mechanical stretch-activated channels. Dedtiom of
the cell membrane by increase in transmembranesymeegyradient could be sufficient to increase aoatci
release from the endoplasmic reticulum [22]. Anoteaedogenous stimulus for adjustment of contractile
performance could originate from the endocardialogimelium, which acts as a sensing system and lays
obligatory role in regulating cardiac function [23]

There are several possible to our study. Firstegperimental protocol take some time (about 2 fthe basal
measurements), and to ensure equal volumes byianfiis a certain central venous pressure couldecaus
considerable hemodilution which in itself wouldlirgnce the resting cardiovascular state. At theestime, a
substantial amount of blood loss could occur beetius pigs are partially heparinized. However, leematocrit
measurements rule out such an experimental liroitati

Second, we lack one control group, which is toofellpigs over time with the same interventions, Wwithout
autonomic blockade. If there is a change in theiogascular status of the pigs throughout the émpst, then
we cannot really rely on the animals as their owntiol. However, our hemodynamic results show that
experimental preparation is very stable. Furtheanave have recently published the data from a rdiffe
protocol (ischemia preparation), including a truenteol group with sham-operated animals, showing no
significant hemodynamic changes over 6 h [24].

Our data confirm the results of Schipper et al. wlemonstrated that improved LV contractile perforogam
response to an increased afterload is not abolibiesympathetic and parasympathetic denervatioh Bich
mechanisms of autoregulation, independent of thienamic nervous system, are of paramount importamce
heart transplant patients. Indeed, such patiefttspumh lacking cardiac innervation, can adaptrtiwairdiac
output, stroke volume, end-systolic and end-diasfessures without simultaneous changes in Inatrt

In conclusion, our results demonstrate that ancese in LV afterload has a composite effect on L\ttion.
Ventricular performance is increased, as expresgedtSPVR leftward shift, increase s and SW but
mechanical efficiency is decreased. These changeasbaerved independently of baroreflex integrity.
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