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Abstract

Objective: We tested the hypothesis that right heart failueng) endotoxin shock may result from altered
ventriculovascular coupling responsible for impedipower transfer to the pulmonary circulatidviethods:
The changes in vascular pulmonary input impedanderigit ventricular contractility produced by lovesk
endotoxin infusion were studied in 6 intact aneitbd dogsResults. Endotoxin insult resulted in pulmonary
hypertension (from 22 + 2 to 33 + 3 mmHg) assodiati&h significant decreases in stroke volume (fr2®9 +

4 to 20.2 £ 3 ml) and right ventricular ejectioadtion (from 41 + 3 to 32 £ 2%). The first minimurhioput
impedance spectrum and zero phase were shifteddevégher frequencies. Input resistance and cteaisiic
resistance were dramatically increased. The latiange contributed to a significant increase in ghksatile
component of total right ventricular power outprgri 13 to 21%, indicating a reduction in the hydicaright
ventricle power output delivered into the main poirary artery. Overall changes in input pulmonarpestance
were indicative of increased afterload facing tiggatrventricle leading to depressed performancecantrast,
right ventricular systolic elastance was simultarsdyp increased from 0.56 to 0.93 mmHg/ml indicateugy
increase in right heart contractilitZ¢.onclusion: These data suggest that pulmonary hypertensioreisdtting
of experimental endotoxin shock is accompanied ddgtdrious changes in the pulmonary impedance rspect
which are responsible for a mismatch of increagedractile state of the right ventricle to the \iagyhydraulic
load ultimately leading to ventricular-vascular aapling.
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1. Introduction

Although septic shock and endotoxin insult shaee dhility to decrease right heart performance [3B,Both
clinical and experimental studies have led to abersible controversy and confusion regarding the tru
mechanisms of cardiac dysfunction [11,21]. Centiathis controversy is the fundamental issue of thwie
abnormal right ventricular dynamics during sepsid #s experimental counterpart, endotoxemia, iani¢dd by
dysfunction intrinsic to the myocardium itself, @ternatively, simply reflect homeometric anddremetric
adjustments of an otherwise normal right heart heute the abnormal pulmonary vascular environment i
which it must pump work. As a matter of fact, somghors claim that right ventricular dysfunctionseptic
shock, which represents a more common encountetgatien than previously suspected, may result from
abnormalities in right ventricular afterload [1B}ientually aggravated by concomitant poor coromparnju-sion
[23]. Others have proposed that the prominent nmshaof depression regarding both ventricles lreghie
effects of a circulating myocardial depressantdaf21]. Beside these mechanisms, attention has bezently
focused on the potential role of ventriculovascuwaupling in modulating the cardiac performance [Ehe
rationale for the present study was to test theothgsis that how effectively right myocardial penfiance is
transmitted to the pulmonary circulation may beedwined to some extent by the vascular bed thrdhgh
process of ventricular-vascular coupling. Indeée, pattern of pressure and flow waves measurekeinmain
pulmonary artery represents the result of a colidietween a forward wave from the heart with akivacd
wave reflected from the more peripheral parts efghlmonary arterial tree. Such a wave reflectioenmmenon
has a detrimental effect by causing a phase séfiftden pressure and flow waves that may reduchyttheulic
power output of the right ventricle delivered irttee main pulmonary artery. Therefore, we investigates
changes in right ventricular-vascular coupling ags with acute pulmonary hypertension producecdiydose
endotoxin infusion. This experimental model was usedause of its ability to mimic the clinical sepshock
syndrome [8]. The specific aim of this study wasetmluate the right heart operating parameters gurin
experimental septic shock and provide further imsigegarding the role of pulmonary vascular load in
modulating the right ventricular performance.

2. Methods

All experimental procedures and protocol used is ithvestigation were reviewed and approved byBttecal
Committee of the Medical Faculty of the UniversifyLiege. All procedures were performed in accor@anith
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the Guiding Principles in the Care and Use of Animapgproved by the Council of the American Physiolatic
Society.

Experiments were performed on 6 healthy adult mdrdpgs ranging in weight from 16 to 24 kg. Anestaes
was induced by intravenous injection of sodium pbatbital (25 mg/kg i.v.). After endotracheal irdtibn, the
dogs were connected to a volume-cycled ventilsgots deliver a tidal volume of 15 ml/kg at a reafory rate
adjusted to maintain an arter@C0, between 30 and 35 torr. Arterial oxygen saturati@s monitored closely
and maintained over 95% throughout experimentsdjpysting theF;0,. When metabolic acidosis occurred, it
was corrected with a slow infusion of sodium bicaréite. The thorax was opened through a medial stamyo
the pericardium was opened and the main pulmoméeyyavas mobilized from the aorta by carefullysisting
the fat between them. An electromagnetic flow pr@#ew unit 3765 M, Cardiovascular-Instruments, Uk3s
placed around the main pulmonary artery. The pramkiged the diameter by less than 5%, leading to a
reduction of the cross-section of the artery, estitd by visual inspection, of around 10% in mostesa
Because the frequency response of the flow metsiflatiup to and beyond 15 Hz, no correction wasdieg to
the measured flow waves.

A four-lumen Swan-Ganz balloon-tipped catheter poed with a fast response (50 ms) thermistor (Right
ventricular ejection fraction catheter, Edwards Lalbanies, Santa Ana, CA, USA) was inserted by usiregg
right jugular vein. The distal port of the cathetezs advanced into the main pulmonary artery utstitip was
felt just distal to the flow probe, to provide messments of pulmonary arterial pressure waves (PARg
intermediate port of the catheter was located @ right ventricle, just downstream to the tricuspalve to
obtain measurements of ventricular pressure waMess.right carotid artery was cannulated for systeméan
blood pressure (BP) and for blood samples. Finallpalloon-tipped catheter (Pericor 45, DatascBagamus,
NJ) was advanced into the inferior vena cava thncaidemoral venotomy. Progressive inflation of thédloon
was aimed at producing a titratable decrease tliamputput by reducing venous return [9].

The deformation of the pressure signal through thigl-filled Swan-Ganz catheter was evaluated ushg
linear second-order underdamped model. Determimatiothe undamped natural frequeney and of the
damping coefficient{ was achieved using the classical pop test [10,I6g pressure spectrum was then
corrected according to the following formula:

p(o)/pl0)= (0] -0’ +2ive,l) /o],

wherep(w) andp.(w) are, respectively, the components at the frequeno¥ the corrected pressure and of the
measured pressure. Then application of Inverse &otiransform allowed us to reconstruct the pressigrmal
as it was seen at the port of the catheter.

2.1. Physiologic measurements

The dependent level of the right atrium was takerthashydrostatic baseline for all pressure measemndsn
Pulmonary and arterial catheters were flushed #lied fvith normal saline, and connected to transdsi¢Model
1280C, Hewlett Packard, Palo Alto, CA, USA). Stapiessure calibrations of the manometers were made
repeatedly throughout the study by providing focreaanometer, a low- and high-level signal as ezfes
points.

Heart rate (HR) was determined from a continuousbnitored electrocardiographic lead. Cardiac ou{Q@)
and right ventricular ejection fraction (RVEF) weareeasured by using a rapid computerized thermodiiuti
method (REF-1, Edwards Laboratories, Santa Ana, C3A)USerial measurements of RVEF by this method
have been shown to be reproducible and have bdielateal by comparisons with first-pass scintigrapBly A
series of 3-5 consecutive CO and RVEF determinatieass performed at end-expiration by using 5 ml @f 5
dextrose cooled to less than 4°C. The mean ofre®l@®0 and RVEF values that varied by less than b0 3
close determinations (of 5) after elimination ofhiand low values were the CO and RVEF recordedhfatr
experimental study point. Right ventricular endstlidic (RVEDV) and end-systolic volumes (RVESV) wer
derived from CO, HR, stroke volume (SV) and RVERuUsing the following formulae SV = CO/HR, RVEDV =
SV/(RVEF) and RVESV = RVEDV - SV.

Pulmonary arterial blood flow was measured contirslpwith the flow probe. The zero baseline fosttievice
was taken as the signal at the end of diastolafenflowmeter-probe system was calibrated in viyadrording
the flowmeter output during simultaneous thermditilu estimation of cardiac output. Postectopic deaid
beats lacking optimal flow velocity configuratiorere excluded from analysis.

2.2. Computations

All pressure and pulmonary blood flow recordingsravperformed during a 30-s apneic period in order t
eliminate any influence of respiratory cyclic vdioas. The pressure and flow signals during expenis were
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digitized with the use of a high-speed analog-tntdi converter (16/MI CAN, Paris, France) workiag a
sampling rate of 200 Hz.

Ten consecutive cardiac cycles were selected freladgtstate portions during each experimental peiibe
digitized data for each group of measurements apadyzed by a computer-assisted system. Pressdrioan
waves for each recording period were averagedddyme a mean pressure wave and a mean flow waugeFo
analysis was subsequently performed on the averageds. Frequencies at which the flow modulus wats n
greater than twice the maximum amplitude for latsule, taken as the background noise of the fexwrding
system, were excluded from analysis. The pressuetrspn was then corrected following the above-noereti
formula, to take into account of the catheter di&in. Pop-tests procedure was repeated ten timésgjave a
mean value of 11.51 + 0.222 for the undamped nlaftequencyw,, and a mean value of 0.43 + 0.013 for the
damping ratiof. Taking the value ofo, into account, spectral analysis was limited toH2 The modulus of
pulmonary vascular input impedance spectrum waivetkras the ratio of pressure modulus to flow mosul
(per kilo) at a given frequency [1]. The phase arajla given harmonic was calculated as the difterdetween
pressure and flow phase angles, with the convemtiannegative phase angle denotes flow leadingspre. In
order to avoid any potential errors in the assessiethe phase of impedance, owing to the distdnaecould
set up between the flow and pressure measuremi® during the course of experiments, a systematic
correction was introduced by extracting the lineand from the phase versus frequency diagram. Téduln
and phases of the pulmonary vascular input impezlapectrum were then plotted against frequency.

The pulmonary vascular characteristic impeda@gewas derived as the average of moduli for theuesagies
above the minimum of the input impedance spectrBuimonary vascular impedance at 0 Hz) (was
calculated as the ratio between mean pulmonaryyapiessure and mean blood flow per kilo (indexsout
resistance). The extent to whi&y differs from Z. was used to quantify wave reflection. The proportof
forward wave at a given frequenaythat was reflected back was expressed as the tieflemefficient ((w))
which was estimated through the following formula:

I'(o) = (o) ~2.)/(Z ) +Z)

Oscillatory power per kiloW,) was derived from the moduli of pulmonary blood flamd impedance according
to the formula:

1
W, =5 2(0,)’Z,cos ),

whereQ, is the modulus of flow per kil&Z, is the modulus of impedance afyds the phase angle of impedance
at thenth harmonic [1].

Mean power per kiloW) was calculated as the product of mean pulmondeyial pressure and mean flow per
kilo, and the total hydraulic poweWg) was obtained by the sum of oscillatory and meamgr components.

End-systolic right ventricular pressure/volume peiwere generated by a four-step inflation of tHerior vena
cava balloon to reduce right ventricular preloadtHese diagrams, peak systolic pressure was tubdtifor
endsystolic pressure and the inotropic state ofitite ventricle was referred to as the slope @f thgression
line obtained from data collected at end-systoliespure/volume pointsE{ = systolic elastance) [11,17].
Therefore, meak; values were computed by averaging individiayalues obtained as described above, during
baseline and after endotoxin challenge.

2.3. Experimental protocol

In order to provide similar states of vascularrfdl, the dogs were infused, when necessary, witlh% low
molecular weight dextran to increase central verprassure up to 6-7 mmHg over 30 min. After an taital
30-min period, baseline hemodynamic recording watained from simultaneous measurements of pulmonary
artery pressure and pulmonary artery blood floner€hfter a first four points right ventricular pgese-volume
diagram was generated from RVEF, CO, HR and pressaesurements at baseline (1 point) and after stepw
decreases in the cardiac output (3 consecutiveag)oilsfter deflation of the inferior vena cava lbalh, the dogs
were allowed to rest for a minimum of 10 min. Befothe experiment was continued, hemodynamic
measurements were repeated to document returretbabeline position. The dogs were then submittea to
freshly prepared endotoxin solution B$cherichia coliendotoxin (0127 B8, Sigma Chemicals, St. E&pui
MO, USA) at 0.25 pg/kg/min for 2 h. Hemodynameasurements including HR, CO, SV, BP (mean
systemic blood pressure), PAP (mean pulmonaryiakressure), RVEF, RVEDV, and RVESV were repeated
30, 60, 90 and 120 min after baseline. Right veunlar pressure-volume points needed for elastance
computation were again generated at the end oftexidoinfusion period. Pulmonary arterial input iegance
spectra were recorded at baseline and at the egrdotoxin challenge.
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Table 1 Effects of endotoxin infusion on systemic and puémpohemodynamics

Baseline Tao Teo Too End of endotoxin challenge

HR (beats/min) 145 + 10 163+7 174+ 7 185+ 8 186+ 8

CO (I/min) 3.9+0.21 4+0.3 3.9+0.25 3.7+0.18 3.76 £ 0.25

SV (ml) 269+4 246+3 2234 20.3+4 20.2+3

BP (mmHg) 132+ 14 126 £ 8 108+ 5 88+ 8 84 + 10

PAP (mmHg) 22+2 24+3 30+ 4 34+5 33+3

RVEF (%) 41 +3 39+2 35+3 32+3 32+72

RVED (ml) 64.5+4 62.8+3 62+5 62.6+3 625+3

RVES (ml) 3764 38.2+3 40.3+2 424 +3 427+3

Values are means * s.e.m. HR, heart rate; CO,aaualitput; SV, stroke volume; BP, mean blood presdeAP, mean pulmonary artery
pressure; RVEF, right ventricular ejection fracti®VED, end-diastolic volume; RVES, end-systoliduroe.
4P <0.05.

2.4. Statistical evaluation

Values were summarized by their mean and standaod ef the mean (mean + s.e.m.). Least-squaresrline
regression analysis was used to compute slopaghifyentricular end-systolic pressure volume fefeghips. A
regression line was fitted for each dog at baselne after 120 min of endotoxin infusion to obtain
corresponding systolic elastance values.

Two-way analysis of variance in which= 6 dogs represented the levels of the first clasgifin factor aneh =

5 represented the levels of the second classiicdtictor corresponding to the five experimentalqas which
were tested (baseline, 30, 60, 90, and 120 mim sfégting endotoxin infusion), were used to asseseffects
of endotoxin on the following hemodynamic parangtétR, CO, SV, BP, PAP, RVEF, RVEDV, and RVESV.
When the analysis of variance evidenced a sigmfieffect of endotoxin on hemodynamic variable® th
Scheffe simultaneous 95% confidence intervals wesezl to determine which values differed signifigaffom
baseline.

A classicalt-test for paired data was used to compare meansebefdotoxin insult and at the end of endotoxin
infusion for the following variables: input impedamn characteristic impedance, reflection coefficieight
ventricular power output and right ventricular sjistelastance.

P-values < 0.05 were accepted as indicating stedissignificance.

Fig. 1. Composite right ventricular end-systolic pressucdume plots for dogs as a group at baseline aner af
endotoxin infusion period.sEsystolic elastance) is displayed for both experital conditions.
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3. Results
3.1. Effects of endotoxin infusion on systemic@mnchonary hemodynamics
Table 1 summarizes the systemic and pulmonary détasaline and during progression of shock.

A significant effect of endotoxin was revealed hg fanalysis of variance for the following variableR, SV,
BP, PAP, RVEF and RVESV. The Scheffe simultaneol$ @bnfidence intervals for the difference between
the means before endotoxin infusion and after endiotinsult, evidenced that a significant differerappeared
120 min after starting the endotoxin infusion. Ngn#ficant effect was pointed out regarding CO &\EDV.

Low-dose endotoxin infusion induced a classic respaf aortic hypotension. BP decreased gradualin f£32
to 84 mmHg, this difference was significant. COrdesed over time, but the change failed to reaatisstal
significance. Pulmonary hemodynamic variables iatichat PAP tended to increase and became saymifyc
different from baseline after 90 and 120 min. Thes a statistically significant increase in HR frahe
baseline value of 145-186 beats/min after 120 ifiiris increase was associated with a significantidedh SV
from 26.9 to 20.2 ml.

3.2. Right ventricular operating parameters

In all dogs, endotoxin insult was responsible fatatistically significant reduction in RVEF from 44 32%.
RVEDV remained statistically unchanged during tHecalirse of the experiment whereas RVESV increased
significantly from 37.6 to 42.7 ml.

Rectilinearity of the pressure-volume plots wasemegal finding in all dogs during the two experitan
conditions with correlation coefficients very ndafranging from 0.90 to 0.96).

Endotoxin caused a significant upward and leftwdnift .1 such individual pressure-volume relationshiTo
obtain composite right ventricular end-systolicgsure-volume plots for the dogs as a group, reispdgt at
baseline and after endotoxin insult, peak ventaicpressures interpolated from the regression mmsafrom
individual dogs were averaged at identical intes\afl RVESV and presented in Fig. 1. Averaged skepeas
significantly increased from 0.56 + 0.12 at baselim 0.93 + 0.23 mmHg/ml after endotoxin infusion.

3.3. Pulmonary arterial input impedance spectra afficiency of power transfer

Pooled impedance spectra obtained before and #iféerendotoxin infusion period are depicted in Fig.
Impedance moduli increased at all frequenciesr@sat of endotoxin insult. Fig. 2 shows that thecrum of
pulmonary vascular input impedance was affectedlisplacement of the first minimum modulus towards a
higher frequency from 2.5 £ 0.3 to 7.5 + 0.6 Hzsifilar change was induced on zero phase crossimgchw
was shifted to the right from 3.9 £ 0.4 to 5 * Bl8 after endotoxin insult.

Parallel to these changes, there was a progreasivsignificant increase in characteristic impedaantd input
resistance from 2730 + 120 to 4040 + 70 dyn -ra™ ckg and from 6560 + 210 to 12108 + 282 dyn cisi* -
kg, respectively (Fig. 3). Reflection coefficiert faequency 0 L(0)) increased significantly with endotoxin
infusion from a baseline value of 0.46 + 0.04 t650+ 0.05. For the first harmonic, the reflectiavefficient
decreased significantly from 0.59 + 0.04 to 0.4®.84. For the second harmonic, the reflection ddiefit
increased significantly from 0.37 + 0.04 to 0.46.84.

A significant increase in steady-flow, pulsatiledaiotal power output was noted with endotoxin irdas(Fig.
3).

The ratio of pulsatile power output to total powertput (which constitutes an index of dissipatedrgye
showed a significant increase from a baseline value + 2 to 21 + 3%.
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Fig. 2. Composite pulmonary input impedance spectra befme after endotoxin insult are depicted in the
upper panel. Pulmonary hypertension was associaidtan increase in input resistance,Yand a shift to the
right of the first minimum. Endotoxin effects oragh angle are displayed in the lower panel. A lesgative
phase angle at low frequencies and a displacengetitet right of zero crossing were the most prontirdfects
of endotoxin.
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Fig. 3. Mean values * s.e.m. of characteristic impedar®e),(input resistance (Zo), as well as of osciltato
(Wo) and mean power (Wm) components of total sightricular power (Wt), before and after endotoxisult.
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4, Discussion

Our data show that hyperdynamic endotoxin-inducédcls resulted in decreases in right ventricular
performance as evidenced by reductions in botlkstvelume and ejection fraction. Reports from Sathereet

al. [24] and Natanson et al. [19] have shown simiguctions during infusion of endotoxin eitherpigs or
beagle dogs, respectively. The initial report byldEob et al. [12], who have used the pressurewelu
relationship to investigate the role of the heamnriry endotoxin shock, indicated decreased myoahrdi
contractility throughout the time course of the emment, whereas our data show increased rightt hear
contractility following the induction of endotoxishock. In fact, the cardiovascular severity andhakty
reported in the Goldfarb et al. study [12] was lighiesulting in a hypodynamic endotoxin shock gisosed to
hyperdynamic state of shock without any early agewant in our study. Thus, these divergent restdis be
explained on the basis of a fundamental differéndbe endotoxin models used in these studiesofrtrast, our
data agree with earlier reports by Goodyer [13] Ragmond [22] who showed that contractility wasréased

in dogs during endotoxin shock. Although previoaadfrom our laboratory [4] did not evidence anyito
actions by a sustained low-dose endotoxin infusionmyocardial ox-idative metabolism in intact dogs
cannot speak of the late depression of myocardiafractility described by others [12,21], since study did
not extend beyond 2 h. Because we did not presattdynpt to measure either the direct effects dbwxin or
the proper role played by changing afterload ohtrigeart contractile state, we had to assume keatttual
performance was the end result of endotoxin infb@eon two prominent factors that changed in opposit
directions: increased afterload combined with reéahypovolemia on the one hand, and enhanced aitity
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on the other hand. The net result of these effecidyzed a deterioration in right heart performaasgudged by
the reduction in both ejection fraction and strek&ume. Therefore, our results would indicate thetrdy after
the endotoxin insult, alteration in cardiac perfarmoe may be due to a direct result of the pulmorasgular
environment to which the right ventricle is subgett

To the extent that pulmonary input impedance spetprovides a complete evaluation of the arteriglagition

by the pulmonary vasculature to both pulsatile steddy-state pressure and flow waves it, therefepresents

an ideal model for the description of the couplafghe right ventricle to the pulmonary vasculaet(1]. The
pulmonary input impedance spectrum in our dogs reeémdotoxin insult was in agreement with resutts i
previous studies [18]. It was characterized byeestfall from a high value at 0 Hz to a minimumaltsd
between 3 and 5 Hz, and a negative impedance pldee frequencies indicating that flow leads prees The
specific alterations we found after endotoxin ibhsukre: (1) rightward shift of frequencies relatit@ the
minimum of impedance modulus and to the zero-plasssing; (2) increased impedance moduli, at all
frequencies, leading to both increased charadteristpedance and input resistance of the pulmonary
vasculature; and (3) increased magnitude of wallectens at zero frequency.

The rightward shift of the pulmonary input impedarspectrum could be due to either increased pulsewa
velocity or alteration in the site of major reflects [25]. From our data, we were not able to diffdiate
between these possibilities.

Baseline characteristic impedance, which is largigiermined by the elastic and compliance promedfethe
central pulmonary artery, was in the normal rangedefined by previous reports [1,18]. Endotoxirugibn
resulted in an increase in characteristic impeda8g®e characteristic impedance is not only affédiy the
compliance of the main pulmonary artery, but algatb cross-sectional area, our results suggestinbheeased
characteristic impedance in endotoxin insult ccagdthe result of cumulative effects of decreasedptiance
and of pulmonary vasculature constriction. The igeeenechanism for the observed changes in pulmonary
impedance remains speculative. Low-dose endotousion is known to increase pulmonary vasculaet@s

is manifest by the significant augmentation of poh@ry vascular resistance [6]. Previous data fram o
laboratory [5] suggest that endotoxin's effectgppaimonary vascular resistance are exerted at téferelint loci
such that these effects are additive. These endwnioatuced effects consisted of increased vascakistance of
the arteriolar segment and appearance of a Stamisigtor at the venous side of the pulmonary Gitmn,
which acted as the relevant back-pressure to fléve. current observations indicate that endotoxménaimilar
influence on stiffening of larger vessels, suchtresmain pulmonary artery. In addition, the inceeés mean
pulmonary pressure resulting from endotoxin insulty account, in part, for the observed elevation in
characteristic impedance occurring by means ofain passive distending pressure of the proxirlhpnary
vascular tree. Stiffening of the pulmonary artegstalso been the explanation for increased chaistitte
impedance during sympathetic stimulation leadingnbanced pulmonary vascular tone [20], or in pulang
hypertension secondary to an increase in pulmoranous pressure [14]. Characteristic impedancenis a
important determinant of the arterial oppositionptdsatile flow and thereby, a factor determiningocardial
performance. An increase in characteristic impedascesponsible for a larger pulse pressure ®istme flow
wave amplitude.

Because pulmonary reflected pressure waves adtessyre generated by the right ejecting ventrigleereas
reflected flow waves subtract from forward flowsassment of reflection coefficient magnitude ip@minent
importance regarding right ventricular loading citinds or the manner in which appropriate modulataf
ventricular-vascular coupling occurs. The increas@ulmonary wave reflection that results from etocton
insult is an indicator of altered ventricular-vascwcoupling. Such a mismatch of pulmonary impeeéatacthe
increased contractile state of the right ventriglénally responsible for reducing the efficienafypower transfer
to the pulmonary circulation, as assessed by ttie ad pulsatile to total power output. In our amils with
endotoxin-induced pulmonary hypertension, totahtrigentricular power output increased as well asathsolute
level of its pulsatile component leading to a daseein efficiency. As a consequence, right venaicu
performance declined despite of a relative incraaseontractility. These observations are consistgitih
investigations regarding systemic circulation thave indicated that without beneficial matchingirafreased
inotropic state to impedance, there is little,riffaimprovement in ventricular performance [2]. @isingly, our
data show that elevated dynamic afterload was esbaated with increased right ventricular endidias
volume. This expected increase in preload in regpadasncreased afterload was not present in ouckstb
animals, due, probably, to a peripheral blood papln relation to enhanced venous compliance andenade
fluid loading [7].

In conclusion, our data suggest that early deficitsight cardiovascular performance during endmtashock
were due to the lack of appropriate matching of itt@ease in the ventricular inotropic state tonpahary
vascular impedance ultimately leading to alteredtneular-vascular coupling and decreased powersfea to
the pulmonary circulation.
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