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Summary:

Objectives To assess the influence of mechanical ventiladiohealthy body organs.

Type of the studyExperimental, comparative.

Material and Methods15 piglets, age 6 weeks, average weight 23kggé&alB8.8-27kg).
These animals were identically anesthetized, instnted, and divided into 3 groups. Group
A — spontaneously breathing, group B — mechanioatiytilated with tidal volume 6ml/kg,
and group C — ventilated with tidal volume 10mlficy 12 hours. The parameters of lung,
heart, liver and kidney functions, neuro-humorafjulation and systemic inflammatory
reaction were recorded initially (time-1) and afterelve hours (time-12) of mechanical
ventilation.

The results:At time-1 levels of soluble adhesive molecules weghéi (CAM; P<0.01),
glomerular filtration index and free water cleamnwere lower P<0.05) in both the
ventilated groups when compared with group A. Rigéntricle myocardial performance
index was higher (RIMPP<0.05) in group C when compared with group A. Leval CAM
(P<0.05) and creatinine clearance<(Q.01) were higher, free water clearance was lower
(P<0.05) in group C when compared with group B.

At time-12 the RIMP (P<0.05) and levels of CAM ieased P<0.01), creatinine clearance
decreasedR<0.05) in both the ventilated groups when compaxgti same parameter at
time-1. Ventilation index was higheP<0.05), and hypoxemic index was low&<(0.01) in
group C when compared against with group B.

Conclusions: This study showed that mechanical ventilation irdlichanges compatible
with early inflammatory response in healthy anim&lggher tidal volumes had detrimental
effect on ventilatory parameters, reduced myochpmkagformance and over time potentiated

adverse reaction of other organs.



Key words: mechanical ventilation, inflammatory cgan, neuro-humoral regulation, organ

function



I ntroduction:

In our clinical practice, we observe extravasaldfitetention in critically ill newborns and
infants with pulmonary disease. The question isthdrethis fluid retention is a mediated
response of extra-pulmonary organs associated pulimonary pathology or whether it is a
consequence of the ventilatory treatment.

Expression of soluble adhesive molecules and releas cytokines from alveolar
macrophages, the endothelium of pulmonary vas@ddrand lung tissue follow intrathoracic
positive pressure changes during mechanical vénotilaCirculating inflammatory mediators
induce molecular interactions, vascular permegbiis well as organ microcirculation
changes (Floret al. 2003, Hiroet al. 2007, Thomas 1997). Intrathoracic volume and piress
changes limit diastolic cardiac ventricular fillirgnd activate neuro-humoral regulation to
stabilize the blood circulation (Zelleet al. 1997). Aldosteron decreases urinary excretion of
sodium, whereas brain natriuretic peptide increas@sary sodium excretion. Activated
vegetative nervous system receptors, angiotensmd, @atecholamines influence renal
perfusion whereas connexines influence microcitaiain the renal medulla. Renal
microcirculation, membrane receptors, transportnobés, and cell organels functions are
regulated by signal molecules and influenced bywrgssue, cell, and molecular interactions
(Haeflinger et al 2004, Wdlfle et al. 2007, and Schmiet al. 2008). The resulting renal
functions are influenced mostly at the regionatld¥Hosteet al. 2006, Morgan 2007).

Our healthy animal model allowed for regular exaation of global cardiac ventricular
performance, function of lung, liver, and kidneyswaell as neuro-humoral regulation and
inflammatory response. To select representativarpeters for assessment we followed our

own previous experimental experience (Kebal.2008).



Material and Method:

This experimental, comparative study was approved the multidisciplinary ethical
committee of Faculty of Medicine in Pilsen, CzeclepRblic according to thevalid
regulations of the Czech Republic and European triidelsinki Declaration 2004), and
conducted at an EU accredited experimental laboyratiacthe Faculty of Medicine in Pilsen.
The study included 15 white piglets, age 6 weeksrage weight of 23kg (range 18.8-27kg),
and sex ratio 6:9 in favor of females.

Animal Model

All animals were premedicated with atropine 0.074gd/Atropin; Hoechst-Biotika, Slovakia)
and azaperon 5.0mg/kg (Stresnil; Janssen PharnzeutV., Belgium) intramuscularly.
Thiopental 10.0mg/kg (Thiopental, VUAB Pharma, Qrze&epublic) by was used
intravenously for induction of anesthesia and teathintubation (endotracheal tube with
internal diameter 5.5mm, Kendall; GPS Prague, Ltdacsonet al. 2007). Thiopental at
2.0mg/kg/hour by continuous intravenous adminigtratand bolus doses of fentanyl at
5.0microg/kg (Fentanyl; Hexal AG, Germany) were cuder continuous analgesia and
sedation. Central venous catheter was insertedtiv@anternal jugular vein (Certofix Paed
5F; B.Braun, Germany), arterial cannula (Arrow 22@ternational CR, Germany) was
surgically inserted into femoral artery. Urinanathage was achieved by surgical cystostomy
using permanent urinary catheter (Arrow Cystofix-lOnternational CR, Germany). All
animals were given intravenous infusion of Ringestdution at 2.0 ml/kg/hour (Ringer,
Infusia, Czech Republic) for the duration of thedst

Animals were divided into three groups based ofedsht strategies of ventilation. Group A
used as the control group included tracheally iateth and spontaneously breathing piglets,
connected to the ventilator for 1 hour to assesg lmechanics. Animals in Group B and C

were tracheally intubated and mechanically vemdan supine position for 12 hours using



different tidal volumes, in Group B 6ml/kg and inrd@p C 10ml/kg. Animals were
mechanically ventilated using pressure controlletfirey (Elema 900C, Siemens, Germany)
with constant respiratory rate 26breaths/min, pasiend-expiratory pressure 6ca® and
fraction of inspired oxygen 0.21.

Measurements and Calculations

The following parameters were continuously monitione all animals (Life Scope 9, Nihon
Kohden, Japan): ECG, heart rate (HR), pulse oxym&pQ), end-tidal carbon dioxide
(etCQ; kPa), central venous pressure (CVP; mmHg), syistegstolic arterial blood pressure
(SBP; mmHg), mean systemic arterial blood pres@#BP; mmHg) and diastolic systemic
arterial blood pressure (DBP; mmHg). Urine outpu®©( ml/kg/h) and core temperature (°C)
was recorded using permanent urinary cathetervahes of peak inspiratory pressure (PIP;
cmH;0), mean airway pressure (Paw; csh, respiratory rate (RR), end-expiratory pressure
(PEEP; cmHO), tidal volume (M; ml/kg), minute ventilation (¥ I/min), and fraction of
inspired oxygen (Fie) were recorded. Calculation of the following inescwas performed:
alveolar-arterial oxygen tension difference (AaD®Pa), arterio-alveolar oxygen tension
difference (a/ADQ; kPa), oxygenation index (Ol), hypoxemic ind®aQ/FiOz), and dead
space to tidal volume ratio Wt ;%), ventilation index (VI), dynamic compliance loing
(Cayn; ml/cmHO/Kkg), airway resistance &R cmHO/I/s). Echocardiographic examination
was performed repeatedly (probe 3.5-5.0 Hz, Sonwe;LiSiemens, Germany) and the
following indices were recorded: left ventriculdrostening fraction (SF), and Tei-index of
myocardial performance of the right (RIMP) and IgftMP) ventricles, [IMP= (isovolumic
relaxation time + isovolumic contraction time) eejon time. Tei-index evaluates global
systolic and diastolic function of each ventricldncrease of the index value represents

myocardial functional impairment (Tet al. 1995).



The following parameters were measured in urine aadhm samples: urea (mmol/l),
creatinine (umol/l), sodium (mmol/l), potassium (wiff), chloride (mmol/l), osmolality
(mmol/kg). Alanin-aminotransferase (ALT; upkat/lsparat-aminotransferase (AST,; pkat/l),
total bilirubin (ukat/l), glucose (mmol/l), and finogen (g/l) were measured in serum and
plasma samples. Blood gas and acid-base analystsolined from systemic arterial blood.
Creatinine clearance [CrCl= (u-creatinine x uringpaoit) / s-creatinine; ml/min], fractional
excretion of sodium [FeNa= (u-Na / s-Na) / (u-cirmae / s-creatinine)], glomerular filtration
index [GFI= u-Na / (u- creatinine / s-creatininajld free water clearance [Cfw= urine output
— (urine output x u-osmolality) / s-osmolality] veecalculated (Quiglegt al. 1997).

The following immunoanalysis was performed in serana plasma samples: interleukin 6
(IL-6; pg/ml; RD-ELISA), tumor necrotizing factorlgha (TNFe; pg/ml; RD-ELISA),
intercellular adhesion molecule-1 (ICAM; ng/nBender-ELISA), vascular cell adhesion
molecule-1 (VCAM; ng/ml; Bender-ELISA) and brain tnaretic peptide (BNP; ng/mi;
Bachem-EIA).

Study Protocol

The recovery interval after endotracheal intubatod insertion of intravascular and urinary
catheters took 60 minutes.

Clinical assessment and respiratory and circufgbarameters were recorded, blood samples
were obtained after recovery interval (time-1) lhanimal groups (A, B C,); and after
twelve hours (time-12) in mechanically ventilatedups (B, C;2). The blood samples were
collected from the arterial line, urine from thénary catheter at the same time points.

All the animals were put down at the end of thelgtoy intravenous administration of a bolus
dose of cardioplegic solution at 15ml/kg (Infuseoifas cum procain; Ardapharma, Czech
Republic). The dead animal bodies were disposed@drding to the regulations of the Czech

Republic and European Union.



Statistical Analysis

Parametric data were expressed as mean, 95%CI, Stahtjard deviation. Non-parametric
data were expressed as median, 95%ClI, range, uateilg range. For qualitative analysis of
accuracy of the variables reference interval dspar (Wilkoxon-Shapiro), the linearity

(linear fit), average (Anderson-Darling), reprodilidy (Bland-Altman) agreement were

used.

The data of groups B and C were compared to aaogtoup A; within each group before
and after the 12 hour interval and between groups® C.P values <0.05 were considered
statistically significant. All the data were anadgizusing statistical software (Analyze-it 211

Software Ltd.).



Results:

All measured values, laboratory analysis resultad acalculated parameters from
spontaneously breathing animals in group A werel asecontrol data.

Time-1 Experimental data acquired at time-1 of the studrewanalyzed by ANOVA
analysis. Significant differences were found betw&roups C and A (F= 6.1<0.001;
Fcrit= 2.699), whereas no significant differencetween Groups B and A were noted (F=
1.02;P= 0.449; Fcrit= 2.250).

In the parameters of ventilation a/AR@as lower in Group Gwhen compared to Group A
(0.55 £ 0.22 versus 0.89 + 0.1 0.019), and Rawe was higher in Groupwhen compared
to Group B (1.21 + 0.28 versus 1.01 + 0.3%; 0.049).

The observed extrapulmonary parameters and thdferelices between mechanically
ventilated groups (B, C) and spontaneously bregthmoup (A) at time-1 are summarized in
table 1.

Tablel

When data between groups B and C were comparefbitbering differences were detected:
higher levels ICAM in group Ccompared to group841.86 = 1.34 versus 25.2 + 0.335
0.032), higher CrCl in group;&ompared to group;80.609 + 0.04 versus 0.234 + 0.0Z
0.0002), and lower Cfw in group;@ompared to group,;H-0.12 + 0.76 versus -0.78 + 0.31;
P=0.044).

Data variations of other monitored parameters dat reach the level of statistical
significance.

Time-12 Data acquired at time-12 of the study were analyhgdANOVA analysis.
Significant differences were found between GroumB C (F= 4.595<0.01, Fcrit= 2.725).
In the parameters of ventilation a/AR@as lower in group & compared to group1B(0.67

+ 0.39 versus 0.8% 0.24;P= 0.021), Pa@FiO, was lower in group { compared to group



Bi2 (322.97+ 173.50 versus 414.12 107.62;P= 0.040), and higher Ol in group:£

compared to group(4.33+ 2.73 versus 2.161.38;P= 0.041).

The observed extra pulmonary parameters and tiféarahces between groups B and C at
time-12 are summarized in table 2.

Table2

Differences in renal indices were observed onhhimigroup C with Cfw lower in group ;¢
compared to group {G&P= 0.040), UO lower in group & compared to group:GP= 0.008).
Significant changes in myocardial function wereeaed in the left ventricular shortening
fraction being lower in group B compared to group;BP= 0.037) and group {z compared

to group G (P= 0.041). RIMP was higher in group Bcompared to group ;B[P= 0.0085),
and in group & compared to group:dP= 0.019). LIMP was higher in group,£compared

to group G (P=0.032).

The summarized data (n= 25) were analyzed andd@feklevance, casual relation, odds and
the reliability were determined. Interesting coatin, regression, level of reliability and
confidence interval of targeted dependent and iedéent variables are summarized in table
3.

Table3

The multivariate analysis of renal parameters agetaof dependent variables demonstrated
the following results: free water clearance did cmtelate with FeNa, GFI, CrClI or with UO;
glomerular filtration index did not correlate witiMP, UO or with MABP, and one-hour
diuresis did not correlate with GFI, CrCl, LIMP with SF.

Regression analysis clarified following findingslo@erular filtration was correlated with
creatinine clearance< 0.723; p<0.01) but not with one-hour diuresis 0.029;p= 0.842),

mean arterial pressure=0.321;p= 0.588) or left ventricle performance=(0.097; p=
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0.923). One-hour diuresis ware was influenced byammef arterial pressura= 0.487;
p<0.05) but not by glomerular filtratiom= 0.029;p= 0.772), shortening fraction or the left
ventricle performance. An excretion of sodium clated with glomerular filtrationré 0.994;
p<0.01). The influence of the aldosteron decrease of sodium and increase of potassium
urinary excretion was present after twelve houmnsaestrated by their urine losses (ratio of
values sodium / potassium in urine permanentlyolel.0).

Figurel
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Discussion:

Respiratory failure is the most common indicatiénm@chanical ventilation in the pediatric
intensive care units. In contrast, indications foechanical ventilation of otherwise healthy
children are rare. Scientific literature does naivile enough information about the direct
impact of mechanical ventilation on changes in filngctions of extrapulmonary organs or
systems.

The aim of our study was to assess the influeneeemthanical ventilation of healthy lungs on
the function of extrapulmonary organs. It used thgaéxperimental animals to exclude the
influence of other primary organ pathology and limmate the confounding influence of
hypoxia and/or hypercapnia.

Several clinical and experimental studies focusamg renopulmonary interaction during
mechanical ventilation of diseased lungs were ghblil in the last few years. Clinical series
demonstrate a protective influence of the airwaspure release ventilation on renal function
in patients with acute lung injury (Herireg al. 2002), renal failure as a result of cardio-renal
syndrome in acute on chronic heart failure (Liagtgal. 2007), and the need for optimal
interventional treatment strategy including mecbahiventilation in patients with renal
failure (Kuiperet al. 2005). Experimental studies with lung impairmemtniurine model
referred to an effect of a particular strategy agchmanical ventilation on development of
systemic organ inflammation (Gurkaet al. 2003) and mechanical ventilation induced
inflammatory reaction leading to pulmonary, hepatitl renal dysfunctions in experimental
pneumonia (Dhanireddst al. 2006). There is also experimental evidence foalreimctional
impairment in dogs with acute lung injury after iaafoon of gastric content (Hoangt al.
2008) or non-protective strategy of mechanical Netidn causing acute lung injury and
exclusively renal functional changes without moidplecal changes (Wolthuist al. 2009).

All the so far published data from clinical and exmental studies could not fully exclude

12



the effect of underlying lung pathology and/or afomal cardiopulmonary interactions on the
function of extrapulmonary organ systems.

The results of our study support the so far publistdata and bring some new findings too.
Remarkable changes were found after only one héunechanical ventilation with the
development of systemic inflammatory response, ateolu of the right ventricular myocardial
performance, and subsequent activation of neuroshainreaction. Early development of
systemic inflammatory response was confirmed byhdrngserum levels of both soluble
adhesive molecules compared with the group of smaausly breathing piglet$<0.01).
Deterioration of the right ventricular myocardiarformance was detected by higher values
of Tei-index in comparison with spontaneously brgay piglets (P<0.05). Interestingly, this
right ventricular functional myocardial deterioati during the first hour of mechanical
ventilation did not correlate with brain natriurepeptide levels. This could be explained by
only subtle changes of right ventricular myocargalformance and/or activation of other
neuro-humoral autoregulation preventing cardiaaladilatation.

After 12 hours of mechanical ventilation this sttoa changed completely. Over time,
mechanical ventilation resulted in further reductaf biventricular myocardial performance
(P<0.01), development of systemic and pulmonary veramngestion, and expected elevation
of serum levels of brain natriuretic peptide. Tedlex of myocardial performance assesses
both systolic and diastolic function of cardiac tresbes and appears to be sensitive to
changes of preload and afterload in the acutecelirand experimental setting (Tet al.
1995, Cheunget al. 2004). One can also speculate about mechanicdilatem affecting
systolic function or ventricular afterload to largectent than preload and diastolic function,
therefore not leading readily to atrial distenseoml increased brain natriuretic peptide levels.
This explanation is supported by the fact that awetation was found between the values of

Tei index and levels of brain natriuretic peptideour study.
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Activation and time related changes of the neunmmal regulation can explain higher left
ventricular contractility P<0.05) and higher creatinine clearance; urinarywsodexcretion as
well as glomerular filtration H<0.05) in the first hour compared with a group of
spontaneously breathing animals.

Mechanical ventilation using higher tidal volumed to progressive changes in inflammatory
response in our study. Increased tidal volumeshédourse of artificial ventilation cause
alveolar distension. This mechanical stimulus imduexpression of soluble adhesive
molecules and cytokine activation (Bart@t al. 1997, Thomas 1997). The effect of
mechanical ventilation on oxygenation, systemioblpressure, one-hour diuresis, and on
liver function was minimal. One-hour diuresis was expected dependent on the mean
systemic arterial pressure.

We have to admit that our selected set of biochalhparameters provides only indirect
information about activation of hormonal rennin lasteron — angiotensin system. The
sodium excretion changes and presence of neuro4lalimegulation could be supported by
direct measurement of peptides and hormones. Iatilce free water clearance and fractional
excretion of sodium became remarkable indicatordddsteron effect.

We are aware that the results of our study couhhmrtially limited by a dispersion of the
renal indices data (Anderson-Darling>0.05) caused by post-analytical mathematical
calculations of the laboratory values, and in indlial animals influenced pre-analytically by
stress from invasive interventions. Indexed dataevwsifficiently accurate (Bland-Altman;

p<0.01) as the concept was not based on absolutesraksessment but their differences.

Results of our study show that mechanical venbitatof healthy lungs activates early

inflammatory response and triggers neuro-humorglilegion. After 12 hours of mechanical

ventilation, effect of aldosteron persisted wittduetion of free water clearance. Non-

14



protective, higher tidal volume mechanical ventitgtstrategy contributed to both reduction
of right ventricular myocardial performance and rexuction of endogenous creatinine
clearance and one-hour diuresis. Based on our dia¢éa,use of protective strategy in
mechanical ventilation and an early extubation hawverity in daily pediatric clinical

practice.

15



References:

1. BARTON RP, MAHONY L: Receptor physiology. IEssentials of Pediatric Intensive
Care. DL LEVIN et al. 2% Churchill Livingstone. New York, Inc., 1997, pp8%51693.

2. DHANIREDDY S, ALTEMEIER WA, MATUTE-BELLO G, O'MAIONY DS,
GLENNY RW, MARTIN TR, LILES WC: Mechanical ventiletn induces inflammation,
lung injury, and extra-pulmonary organ dysfunctionexperimental pneumonidab Invest
86(8): 790-799, 2006

3. FLORI HR, WARE LB, GLIDDEN D, MATTHAY MA: Earlyelevation of plasma
soluble intercellular adhesion molecule-1 in pediadcute lung injury identifies patients at
increased risk of death and prolonged mechanicatilagon. Pediatr Crit Care Med
4(3): 315-321, 2003

4. GURKAN OU, O'DONNELL C, BROWER R, RUCKDESCHEL BECNER PM:
Differential effects of mechanical ventilatory s&@y on lung injury and systemic organ
inflammation in mice.Am J Physiol Lung Cell Mol Physia85(3):L710-8, 2003

5. HAEFLINGER JA, NICOD P, MEDA P: Contribution obnnexines to the function of
the vascular wallCardiovasc Re62(2): 345-356, 2004

6. HERING R, PETERS D, ZINGERLING J, WRIGGE HnWBPIEL T, PUTENSEN C:
Effects of spontaneous breathing during airway fues release ventilation on renal
perfusion and function in patients with acute luimgury. Intensive Care Med8(10):
1426-1433, 2002

7. HIROY, YOSHIMOTO T, SUZUKI N, SUGIYAMA T, SAKURDA M, TAKAI S,
KOBAYASHI N, SHICHIRI M, HIRATA Y: Angiotensin Il eceptor type 1-mediated
vascular oxidative stress and pro-inflammatory gemxgression in aldosteron-induced
hypertension: the possible role of local rennintatemsin systemEndocrinol 148(4): 1688-

1696, 2007

16



8. HOANG JB, LIU M, EESLEY RB, BRITOS-BRAY MF, KESRI P, HASSOUN H,
HAAS M, TUDER RM, RABB H, SIMON BA: Effects of acidspiration-induced acute lung
injury on kidney functionAm J Physiol. Renal PhysiBeb 6 [Epub ahead of print], 2008

9. HOSTE EAJ, KELLUM JA: Acute kidney injury: epiaigology and diagnostic criteria.
Curr Opin Crit Carel2: 531-337, 2006

10. JACSON PG, COCKCROFT P: Analgesia, anaesthasththe surgical procedures in the
pig. Diseases of the urogenital system and the nmaamrgland. In:Handbook of Pig
Medicine PG JACSON, P COCKCROFT. Saunders Elsevier. 200230-241; 155-165

11. KOBR J, KUNTSCHER V, RESKA V, MOLACEK J, VOBRUBA V, FREMUTH J,
RACEK J, TREFIL L, KG'OVA J: Adverse effects of the high tidal volume idgr
mechanical ventilation of the healthy lung. An esmental study in pigsBratisl Med J
09(2): 45-51, 2008

12. KUIPER JW, GROENEVELD AB, SLUTSKY AS, PLOTZFMechanical ventilation
and acute renal failur€rit Care Med33(6): 1408-1415, 2005

13. LIANG KV, WILLIAMS AW, GREENE EL, REDFIELD MM Acute decompensate
heart failure and the cardio renal syndro@et Care Med36 (1 Suppl): S75-88, 2008

14. MORGAN BJ: Vascular consequences of integnithypoxiaAdv Exp Med Biob18:
69-84, 2007

15. QUIGLEY R, ALEXANDER SR. Acute renal failuren.l Essentials of Pediatric
Intensive CareDL LEVIN et al. 2% Ed. Churchill Livingstone, New York, Inc., 1997p p
509-523.

16. SCHMIT VJ, WOLFLE SE, BOETTCHER M, deWIT C: Gapmnctions synchronize

vascular tone within the microcirculatiodharmacol Re®0(1): 68-74, 2008

17



17. TEI C, SEWARD JB, TAJIK AJ, MINAGOE S, TOYAMA ¥ Index of Myocardial

Performance: A Simple and Reproducible MeasurenoénjiGlobal® Right Ventricular
Myocardial FunctionCirculation92(8): 2832-2833, 1995 (Supplement | 2834)

18. TEI C, LING LH, HODGE DO et al.: New index foombined systolic and diastolic
myocardial performance: simple and reproduciblesueaof cardiac functiond. Cardiol 26:
357-366, 1995

19. THOMAS JA. Molecular intensive care. Bssentials of Pediatric Intensive Cai®L
LEVIN et al. 2 Churchill Livingstone, New York, Inc., 1997, pp2R266.

20. WOLTHUIS EK, VLAAR APJ, CHOI G, ROELOFS JTH, FBERMANS NP,
SCHULTZ MJ: Mechanical ventilation using non-iripus ventilation settings causes lung
injury in the absence of pre-existing lung injunyhiealthy mice. Available online
[http://ccforum.com/content/13/1/R1], 2009

21. WOLFLE SE, SCHMIT VJ, HOEPFL B, GEBERT A, ALCBA S, GROS D, de WIT

C: Connexin 45 cannot replace the function of camme40 in conducting endothelium-
dependant dilatations along arteriol€g.c Res101(12): 1292-1299, 2007

22. ZELLERS TM, LUCHETT PM. Cardio pulmonary intet@n. In: Essentials of Pediatric
Intensive CareDL LEVIN et al. 2 Churchill Livingstone, New York, Inc., 1997, pp 37

182.

18



Table 1: Summarized extrapulmonary parameters and their differences compared with

group A in thetime-1 (n= 15)

A B; C,
P P
Variables Mean +SD Mean +SD Values Mean +SD Values
(95%Cl) (95%Cl) (95%Cl)
TNF-a 72.96 +7.08 68.65 +13.72 | NS 96.94 + 51.60 | 0.050
pg/ml (6.207) (12.026) ( 45.200)
IL-6 32.82+7.75 32.79£6.75 NS 29.50+1.10 NS
pg/ml (6.795) (5.916) (1.000)
BNP 1.04 + 0.56 1.64 £0.22 NS 1.78 £0.42 <0.01
ng/ml (0.492) (0.189) (0.365)
VCAM 25.88 +1.09 37.70£1.02 <0.05 38.86 £0.92 | <0.01
ng/ml (0.951) (0.896) (0.808)
|CAM 6.9 +2.27 25.2 £ 0.33 <0.01 41.86+1.34 |<0.01
ng/ml (1.993) (0.288) (1.176)
ALT 0.63+0.13 0.82+0.21 NS 0.76 £0.23 NS
ukat (0.115) (0.182) (0.202)
AST 0.62 £ 0.30 1.16 £1.35 NS 0.50+0.12 NS
ukat/ (0.264) (1.183) (0.103)
Bilirubin 4.00+1.55 3.40 £ 0.49 NS 3.60 +0.80 NS
umol/l (1.358) (0.429) (0.701)
Fibrinogen 1.17 £ 0.22 1.33 £0.49 NS 1.51 +£0.23 NS
gl (0.194) (0.429) (0.206)
Cfw -0.68 + 0.51 -0.78 £0.31 NS -0.12 £ 0.76 <0.05
(0.448) (0.274) (0.664)
GFI 1101 +£1181.60 | 3063 +4537.90 <0.05 2885 + 3057 | <0.05
(1035.703) (3977.543) (3572.70)
FeNa 7.56+7.78 22.67 £ 33.89 | <0.05 25.36 £ 36.78 | <0.05
(6.822) (29.707) (32.240)
uo 2.12 £+ 0.53 1.92+1.01 NS 1.70 £ 0.60 NS
milkg/h (0.465) (0.886) (0.526)
CrCl 0.183 +£0.03 0.234 £0.02 NS 0.609 £ 0.04 <0.01
mi/min (0.195) (0.226) (0.624)
MABP 74 +10.46 77 +15.12 NS 73 +5.12 NS
mmHg (9.167) (13.251) (4.490)
SF 0.43+£0.12 0.64 +0.07 <0.05 0.57 £0.09 <0.05
(0.092) (0.063) (0.082)
RIMP 0.22 £0.02 0.24 £0.01 NS 0.25 +0.02 <0.05
(0.015) (0.012) (0.020)
LIMP 0.30 £0.03 0.30+0.04 NS 0.30 £ 0.04 NS
(0.024) (0.031) (0.034)
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Legend:

A - Spontaneous breathing,, B Mechanical ventilation ¥ 6 ml/kg in the time-1, C-
Mechanical ventilation ¥ 10 ml/kg in the time-1

TNF-a - tumor necrotizing factor alpha, IL-6 - interlénl6, BNP - brain natriuretic peptide,
VCAM - vascular cell adhesion molecule, ICAM - intellular adhesion molecule, ALT -
alanin-aminotransferase, AST - asparat-aminotraasée Bilirubin - total bilirubin value,
Fibrinogen — fribrinogen value, Cfw - free wateealdance, GFI - glomerular filtration index,
FeNa - fractional excretion of sodium, UO - one+hdiuresis, CrCl — creatinine clearance,
MABP - mean arterial blood pressure, SF - shorggrfnaction of left ventricle, RIMP -
myocardial performance index of right ventricleMB - myocardial performance index of
left ventricle.

Values are stated as mean and standard deviatiean(h SD), 95% confidence interval
(95%Cl).

NS - Not significant
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Table 2. Summarized extrapulmonary parameters and their differencesin the time-12

(n=10)
B1 Cr
Variables P
Mean +SD Mean +SD Values
(95%Cl) (95%Cl)

TNF-a 49.42 + 24.24 36.58 + 14.93 NS

pg/ml (21.244) (13.083)

IL-6 92.18 +15.14 37.50 £ 15.37 NS

pg/ml (13.269) (13.468)

BNP 1.38 £0.39 1.46 +0.26 NS

ng/ml (0.344) (0.226)

VCAM 37.52+0.77 40.04 + 0.66 <0.05

ng/ml (0.673) (0.575)

ICAM 30.22 +1.77 66.66 + 1.59 <0.01

ng/ml (1.556) (1.393)

ALT 0.74 £0.26 0.72+0.22 NS

ukat/| (0.224) (0.190)

AST 1.18+1.32 0.99 £0.14 NS

ukat/l (1.156) (0.125)

Bilirubin 11.60 £ 13.88 4.60+2.24 NS

pumol/l (12.165) (1.968)

Fibrinogen 1.22 +0.39 1.39+0.38 NS

g/l (0.343) (0.330)

Cfw 0.14 +1.53 -1.04 £ 0.23 NS
(1.345) (0.203)

GFI 390.18 + 588.33 251.10 + 128.84 NS
(515.680) (112.930)

FeNa 2.54+4.35 1.89+1.01 NS
(3.810) (0.890)

uo 1.30+0.48 0.96 £ 0.70 NS

ml/kg/h (0.419) (0.614)

CrCl 0.123 £ 0.02 0.254 +0.05 <0.05

ml/min (0.661) (0.821)

MABP 89 +6.97 81+7.20 NS

mmHg (6.108) (6.311)

SF 0.52 £ 0.05 0.43+0.13 NS
(0.047) (0.118)

RIMP 0.31+0.03 0.30£0.03 NS
(0.029) (0.028)

LIMP 0.35+0.05 0.38 £ 0.05 NS
(0.043) (0.047)
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Legend:

B12 - Mechanical ventilation ¥6 ml/kg in the time-12, G - Mechanical ventilation ¥ 10
ml/kg in the time-12

TNF-a - tumor necrotizing factor alpha, IL-6 - interlenls, VCAM - vascular cell adhesion
molecule, ICAM - intercellular adhesion molecul&LT - alanin-aminotransferase, AST -
asparat-aminotransferase, Bilirubin - total bilirulvalues, Fibrinogen — fribrinogen values,
BNP - brain natriuretic peptide, Cfw - free watérazance, GFI - glomerular filtration index,
FeNa - fractional excretion of sodium, UO - one+hdiuresis, CrCl - creatinine clearance,
MABP - mean arterial blood pressure, SF - shortgrinaction of left ventricle, RIMP —
myocardial performance index of right ventricleMB - myocardial performance index of
left ventricle.

Values are stated as mean and standard deviateen(mSD), 95% confidence interval
(95%Cl).

NS - Not significant
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Table3: Correlation, regression and data reliability (n= 25)

Dependent | Independent R p t 95% Cl intervals F P
variables variables Values
Cfw FeNa 0.08 | NS 0.007 | -13.79t09.25 |0.16 | NS
GFI 0.06 | NS 0.004 | -14121to0 1214 0.08 | NS
uo 0.11 | NS 0.013 | -0.27t0 0.47 0.30 | NS
FeNa GFlI 0.99 | <0.01 | 0.998 | 115.93t0127.5119.0 | <0.05
TNF-a 0.66 | <0.01 | 0.444 |0.48t01.36 18.3 | <0.01
AaDO, 0.16 | NS 0.027 |-0.19t00.43 0.63 | <0.05
GFlI uo 0.02 | NS 0.001 | -0.0001 to 0.00010.01 | NS
CrCl 0.72 | <0.01 | 0.637 | 0.2881t00.455 |3.01 | <0.05
LIMP 0.09 | NS 0.009 | -0.001t00.002 |0.21 | NS
MABP 0.32 | NS 0.107 | -0.003to 0.0003| 2.74 | NS
uo ICAM 0.42 | <0.01 | 0.181 | -0.03t0-0.001 |5.09 | <0.05
MABP 0.48 | <0.05 | 0.238 | -0.01to0-0.06 7.16 | <0.05
CrCl 0.50 | <0.05 | 0.331 | 0.3881t00.405 |4.02 | <0.05
GFI 0.02 | NS 0.001 |-1514t0 1732 0.01 | NS
LIMP 0.28 | NS 0.083 | -0.046 t0 0.057 | 2.08 | NS
SF 0.06 | NS 0.004 | -0.077t00.288 | 0.09 | NS
Legend:

Cfw - free water clearance, FeNa - fractional ettareof sodium, GFI - glomerular filtration
index, UO - one-hour diuresis, CrCI — creatinineachnce.

TNF-a - tumor necrotizing factor alpha, AaD®alveolar-arterial oxygen tension difference,
LIMP - myocardial performance index of left ventecMABP - mean arterial blood pressure,
ICAM - intercellular adhesion molecule, SF - shomg fraction of left ventricle.

NS - Not significant
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Figure 1: Regressions analysis of data RIMP versus BNP (n= 25)

R2=0.064, reability R=0.004, F= 0.094, p<0.762, 95%CI -3.92 to 5.29

————— Linear fit (1.442 to 1.534)

Scattler Plot  (n=25)
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Legend:

BNP — brain natriuretic peptide, RIMP — myocargiaiformance index of right ventricle
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