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1. List of abbreviations

Cl - cardiac indexSV - stroke volumeHR - heart rate PEEP — positive end-expiratory
pressureSvO, - venous oxygen saturatioBcvO, — central venous saturatioviQ, — oxygen
consumptionDO;, —oxygen delivery]CG - indocyanine greenCG — PDR - indocyanine
green plasma disappearance r&€T - procalcitonin,ARDS - acute respiratory distress
syndromeJTBV - intrathoracic blood volum&VLW - extravascular lung watédAC - N-
acetyl-cysteine

2. Introduction

Intensive care is one of the most expensive fietdsnedicine. Therefore it is
important that we have therapies and methods winigtove patients’ outcome. With the
development of the technique our possibilities beeagreater as well; however we have to
search a place for the new methods and therapiescad fulfill this by performing studies,
analyzing data and when it is possible having naegysis in clinical trials. In my thesis |
wrote about studies, where in different patientypaton | examined the hemodynamic effect
of different therapies, or the traditional monitgyi method was supplemented by a new
method. Patient populations were the following: ARpatient, patients with septic shock,
patients with liver cancer.

ARDS belongs to the clinical pictures with high madity. Its pathophysiology and
therapy isn’t clarified fully yet. One common fegdlof the treatments of acute lung injury is
the “lung protective ventilation” and the “open ¢unonception”. The aim of the “open lung
conception” is to recruit alveoli with high airwayessures (lung recruitment) and keep up an
optimal positive end-expiratory pressure to keepalveoli open. The optimal PEEP pressure
is a continuously changing target value, what sthdad titrated individually by each patient.
During the lung recruitment applied high intrattmcapressures can cause hemodynamic
instability that is why continuous hemodynamic ntoring is important.

Shock is a complex syndrome, when decreased blmyd lBads to cell damage
because of hypoxia, and consequently it leads ¢garoffailure. In circulatory failure the
balance between tissue oxygen consumption j\&#2d delivery (D@ will be impaired. In
the ICU our aim is to ensure the appropriate oxggjen. The optimal oxygen consumption
of the body is demonstrated by the Sv@®ixed central venous saturation can be an
appropriate alternative to Sy(5cvQ is easy to measure via the central venous lin@j vgh
commonly inserted by most of the ICU patients. dh chappen through co-oxymetry or
through a newly developed fiberoptic catheter (C&y®ulsion) which in contrast measures
continuously Scv@

The first line treatment of hypotonia in severetgeghock is aggressive fluid therapy.
In case of inadequacy, vasopressor and/or inotragent should be applied. The most
frequent applied vasopressor is norepinephrinechvié a potenti-agonist with small 3-
adrenergic effect. The use of norepinephrine is tradictory, because through its
vasoconstrictor effect it can worsen the microdatian in the hepato-splanchnic system.
Ischemia can lead to multiple organ failure. In @tmdy we combined dobutamine and
norepinephrine, and monitored its effect througlocyanine green excretion.

During liver resection surgeons apply clamping imid extreme bleeding. The
Pringle maneuver is very often used during livergety to minimize blood loss. A large
haemostat is used to clamp the hepatoduodenal diglainterrupting the flow of blood
through the hepatic artery and the portal vein gnug helping to control bleeding from the
liver. However it can directly lead to reperfusipinenomenon in the liver and it has recently
been suggested that it should be avoided in hepatgcfor cancer patients due to its side
effects on tumor recurrence and worse prognosisainsy the released free radicals
scavengers can be used. A potent free radical sgaves NAC, what replenishes the



endogenous antioxidant system of the cell. Howeéueas been only rarely examined in liver
resection. To monitor liver function we can useditianal laboratory methods and the
dynamic liver function test (ICG-PDR).

3. Aims/ Hypothesis

1. The aim of our lung recruitment study was tovestigate respiratory and
hemodynamic changes during the procedure and ddisgeaptimal positive end-expiratory
pressure (PEEP) titration. We investigated theticelahip between PEEP, Paénd EVLW,
and observed how the conventional continuously oredshemodynamic variables changed
compared with ITBV and CI.

2. In septic shock patients norepinephrine miglet tmrmful for the splanchnic
circulation. Our aim was with the study to inveate whether ICG-PDR improves in septic
shock patients when norepinephrine is combined widlbutamine in a one-hour long
treatment.

3. The hepatocyte protective effect of NAC hasbesn examined during liver resection.
The aim of our study was to investigate the eftddNAC prophylaxis on the postoperative
conventional and dynamic liver function (ICG-PDRMION) tests following liver resection.

4. CeVOX monitor was developed for continuous @ntenous saturation monitoring
(Pulsion Medical Systems, Munich Germany). The aihour study was to compare the
accuracy of the CeVOX monitor measuring continuoastral venous saturation (ScvO2)
with laboratory blood gas oxymetry under cliniceatumstances.

4. Patients

The Local Ethics Committee approved our studied,iaformed consent was obtained
from patients or their relatives. For our lung tetment study every mechanically ventilated
patient with an acute onset (<24 hrs) of ARDS (lumgiry score> 2,5) was considered
eligible for the study. Septic shock patients bestapilized by norepinephrine infusion were
included in our norepinephrine — dobutamin treatirearto control, prospective study. The
inclusion criteria were first measured ICG-PDR hadbe < 18 %. Patients with chronic
hepatic disease were excluded. Eligible for the GE\study were all critically ill patients
requiring hemodynamic monitoring and central vensatsiration could be measured by them.
The study was performed in collaboration of théofwing centers: Technical University of
Munich, Sheba Medical Centre, Tel-Aviv; Klinikum @nburg GmbH; Medical Center
Cologne —Merheim; HELIS Klinikum Erfurt. Patientshese tumors were considered to be
resectable were randomly assigned in our NAC —ystinca prospective, randomized, placebo
controlled clinical trial following informed consemvas obtained. Patients had undergone
extended (more than one lobe) liver resection kead primary liver tumor, liver metastasis
or haemangioma.

5. Methods

Lung recruitment
Hemodynamic parameters were measured by PiCCO onahiting the lung recruitment
procedure. Patients were sedated and paralyzeagdine procedure. Mechanical ventilation
was performed in pressure control mode with,Fi(D, respiratory rate of 20, and
inspiratory/expiratory ratio of 1:1. After 4 min$ stabilization basic measurements were
repeated and recorded as baseling {@lues, and then lung recruitment and PEEP ibtmat
were started. Lung recruitment was performed awsho Figure 1.



Figure 1.: Lung recruitment protocol
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PEEP was set at 26 cm®l and then 40 cm 4@ of pressure amplitude was applied for 40
secs (40/40 maneuver). If there was no improvenmethie tidal volume (¥) or in the PaQ
patients were considered to have nonrecruitablgsluvith this recruitment maneuver and
were withdrawn from the trial. After the openingpedure, the pressure control was reduced
to reach a Y of 4 mL/kg to exclude tidal recruitment; henceyothle PEEP could be
considered responsible for maintaining the alvepén. Permissive hypercapnia was allowed
to a pH of 7.15. Optimal PEEP was then determineziway that PEEP was reduced stepwise
from 26—2 cm HO in every 4 mins. At the end of every 4-min periaderial blood samples
were taken for blood gas analysis. The optimal P&B® defined as 2 cm,B above the

level of PEEP, where the Pa@ropped by 10%. After setting the PEEP at thenogtievel,

the 40/40 maneuver was applied again and thewalame was set as 6 mL/kg. To
standardize circumstances, the Fnas left at 100% until the end of the trial peraddL hr in
every patient.

Nor epinephrine and dobutamine treatment

Patients with fluid unresponsive hypotonia werdisiteed by norepinephrine and we started
invasive hemodynamic monitoring by them. The endipof norepinephrine treatment was
adequate preload (ITBV> 850 mtmarterial mean pressure > 70 mmHg, Cl > 31&md/
or 65-70% ScVQ@ We started dobutamine therapy when measured IBB-P 18 % (Dose
of ICG: 0.25 mg/kg). Dobutamine infusion (Ou&/kg/min) lasted one hour long, as we
measued again ICG-PDR and recorded the hemodynparameters. (i). Following
hemodynamic parameters were recorded: HR, MAP, GMPSVI, ITBVI, EVLWI, dP/dt,



and laboratory parameters: blood count, blood gz, and renal function, PCT, CRP were
recorded at Jés T, time point.

NAC protective effect during liver resection on ischemia-reperfusion

61 patients undergoing liver resection were randerdhiinto three groups. Patients in the
NAC group got 150 mg bolus NAC at the beginningtioé¢ operation followed by a

continuous infusion 12 mg/kg/h during the surgePatients in the placebo group (P)
received the same amount 5% dextrose infusiorhdaet two groups the intermittent Pringle
maneuver was applied by the surgeon and consi$tetbss-clamping the hepatoduodenal
ligament about for 20 minutes and releasing thenpldor 5 minutes at the time of the
resection. In the control group (K) the patientsl handergone a routine liver resection
without NAC and clamping.

Figure 2: Randomization of patients undergoing liveresection
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Measuring ScvO, with CeVOX monitor

The CeVOX probe (PV2022-37; Pulsion Medical SysteiMunich, Germany) was
inserted as described in the device’s user’'s mafim position of the probe in the superior
vena cava was controlled by chest X-ray; thereafter system was calibrated in vivo to
ScvQ measurements by laboratory co-oximeter. The stdndalume of 1.5 ml blood was
drawn from the same lumen through the catheter&lapter every 8 h for ScyO

6. Statistics

Statistical analysis were performed with SPSSVitndows (Statistical Program for
Social Sciences, SPSS version 11.5). Significaeeel was given as p < 0.05 in each study.
If data showed normal distribution data are shownmean + SD. In cases of not normal
distribution data are shown as median. Data arsepted as box-plots in the figures. The
statistical difference between the time points werealyzed by paired T-test. If the
relationship between the data was important weopesd Pearson’s correlation test. In our
lung recruitment study the number of the patierthmlater time points was below 10, so we
applied Wilcoxon test and not paired T-test. In bwer resection study we chose the PDR



value measured at 24 hour as the primary endpoirdur statistical analysis. To ensure 80%
power for our study based on our previous PDR nreasents and to show at least 5%
difference between the groups if p< 0.05 we neemj@oroximately 20 patients per every
group. Because of financial causes we could notiteenough patients to our study, so our
data are preliminary. Based on retrospective Scu@ta a sample size calculation was
performed. To reach 80% power with a<p0.05 and the smallest difference not to be
overlooked between CeVOX and blood gas analysesuned values of 5%, 750 pairs of
data were needed from approximately 50 patients.rmban values measured by the CeVOX
catheter and by blood gas machines were comparied) Btudent'st-test. Correlation
between the values was evaluated by calculatidteafson’s correlation. Agreement between
the two measurements was tested by calculatingyetemic error (bias), as described by
Bland and Altman.

7. Results
The effect of lung recruitment on ventilation and hemodynamic parameters

Oxygenation improved significantly after the ratment maneuver (kR) compared
with the baseline (@ and remained significantly elevated for 30 mifig). The baseline
PEEP (17 + 3 cm D) and the optimal PEEP (15 £ 4 cra@®] did not differ significantly.

On study entry, patients were hemodynamically stdbltwo patients it was necessary to
increase the inotropic support during the recruittmaneuver due to a decrease in Cl below
2.5 L/min/nf, but regarding the whole sample patients remaireedodynamically stable, and
none of the patients needed additional fluid regit@ent. Heart rate remained almost
unchanged during the investigation (Table 1.). Maderial pressure increased agR but
then remained significantly lower compared withR but not with . After the opening
procedure, Cl decreased significantlggd) and then significantly and continuously
increased as PEEP was being reduced until Tend3Fig

Table 1.Respiratory and hemodynamic changes at the five stages

T' J TEL”SH Tcnd T.'Sﬂ ITI’JI]
pH 7.27 + .07 722 = 06" 7.22 + (6" 727 +.06° 7.39 = .06
Paco,, mm Hg 49 + 13 57 = 14" 56 = 11° 49 +11° 47 + 92
Pac,, mm Hg 203 = 108 328 = 132¢ 323 + lr}l" 266 £ 1217 254 = 118
PIP, cm H,0 365 43 + & a3 + b 34+ 8° N9
PEEP, cm H,0 17+3 26 +0° 15 + 4° 15 + 4° 15 + 4°
Vr, mL 523 + 214 342 = 63¢ 479 = 118° 506 + 110° 502 + 106°
Heart rate, beats/min 109 = 19 109 =25 113 =19 107 = 18 106 = 19
MAP, mm Hg 77+13 83 =11 73 +112 76 + 14° 78 =12
CVP, mm Hg 205 24 + g 19 + 5% 20 + 6° 20 + 6°
CI, L'min/'m® 390 +1.04 362091 421+111° 385+112 3.88=+1.03
SVI, mL/m® 37T +=9 32 + 8 369 36 = 10° 369
ITBVI, mL/m® 832 + 205 705 + 1887 B14 + 257 878 + 245° 852 + 212
EVLWI, mL/kg 15+8 15 =9 15 =8 14 +5 I +7
NE, pg/min 13.0 = 8.8 14.0 = 8.7 146 =96 14.0 = 9.7 144 +9.2
Dob, pg/kg/min 6.5+ 4.7 8.0 =80 8.0=8.0 9.0 = 8.0 40+ 2.0

TO, baseline; T26R, 4 mins after the recruitmenbewaer at a positive end-expiratory pressure of
26 cm HO and tidal volume of 4 mL/kg;efs 40/40-maneuver was repeated and tidal volumatset
6 mL/kg; T30, 30 mins; T60, 60 mins; PIP, peak iredpry pressure; PEEP, positive end expiratory
pressure; VT, tidal volume; MAP, mean arterial ptege; CVP, central venous pressure; Cl, cardiac

index; SVI, stroke volume index; ITBVI, intrathoiadlood volume index; EVLWI, extravascular lung
water index; NE, norepinephrine, Dob, dobutamine.
p<.05 compared with TQ< .05 compared with T26R. Data are presented as m&ih



Figure 3: Hemodynamic parameters’ changes during lung rtecemt
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Data are presented as box-plot (minimum, maximuchra@an). Cl: cardiac index; CVP: central venous
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Despite the finding that there was a significargifpee correlation between Cl and HR, as the
latter did not change during PEEP titration, theesteed change in Cl was mainly due to
changes in stroke volume rather than changes iasishown in Figure 2. There was a
temporary “rebound” increase in Cl at,Jcompared with baseline, but then it returned to
prerecruitment values bysdand To. The preload indicators such as the central venous
pressure and ITBVI changed inversely during thestigation. There was a moderate
positive correlation between the Cl and the ITB¥kignificant negative correlation between
the Cl and central venous pressure, and no significorrelation between Cl and MAP.

Norepinephrine and dobutamine treatment in septic shock

By patients stabilized by norepinephrine less th@a§o ICG-PDR dobutamine was combined.
We couldn’t find significant difference in any dig¢ hemodynamic parameters measured in
the two time points ( and T), and every parameter remained in the normal range
Administering dobutamine did increase neither @rdndex, nor heart rate. But if we look at
the cases one by one (Figure 4-5)%ypatients CI increased (3.8 £ 0.98, 4.5 + 1), by 5
decreased (4.2 £ 0.8, 3.6 £ 0.5), but on the whaensidering the low patient number — we
could not find significant differences between th® groups. lllustrating the changes in Cl
and ICG-PDR data measured atahd T, in each case it is visible, that increase or deswe
changes in Cl were not followed by the similar desin PDR. On the whole ICG-PDR
increased slightly along the one hour treatment, thare was no significant difference

between the 2 time points{T13.4+ 4.3 vs. T: 14.78+ 6 %, p= 0.22).

Figure 4-5: Cl and ICG-PDR changes in cases atyland T;
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NAC effect on liver resection

61 patients were randomized into the 3 groups1B8ytatients had to be excluded because of
inoperability and 1 patient died during the openatbecause bleeding could not be ceased.
For the final analysis we could use 46 patientsadahich had undergone a successful liver
resection. Distribution of etiologic causes of tlieer resection is the following: liver
metastasis: 45, primary liver tumor: 11 and haenwang: 4 cases. Considering age, gender,
operation time and the clamping time there wasigifscant difference between the groups,



the randomization was successful (Table 1). Theabipes were performed by the same
surgeon and he decided in the question of opemabilihere were no postoperative
complications in any of the patients, such as escitver failure, encephalopathy, jaundice,
hypoalbuminemia, hyperbilirubinemia, bleeding. Aflour patients were discharged back to
the Surgical Department from the Intensive Care Without any complications.

Figure 6: ICG PDR and ICG R-15 in the three groupsat the beginning (To),
At the end (Teng) and 24 hours after the surgery (Bs)
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Figure 7: Intraoperative hemodynamic changes
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In the NAC group the mean arterial pressure deeteaggnificantly in the 4 hour of the
surgery, and remained significantly lower in tffeH®ur compared to the P and K groups and



the baseline measurement (Figure 1). In other hgnadic parameters such as heart rate,
CVP and central venous saturation (S¢)@here were no differences between the groups
(data not shown). The CVP and Sc)y/dd not changed significantly according to thedbag
measurements in each time points.

We did not monitor directly the blood loss duritg toperation, but recorded every hour the
value of the hemoglobin based on the arterial bigasl analysis. There were no differences
between the groups, or in the number of patients iguired blood transfusion. We recorded
the intraoperatively substituted fluid amount, whigas almost the same in the three groups
(Table 2, Table 3).

CeVOX and co-oximetry measurement

There was no significant difference between thesaalues measured by the CeVOX
catheter and the laboratory results (mean 72.2¥9R1.9+ 9.6%, respectively,= 0.44;

95% confidence interval, Cl: lower = —0.3, upp€d.8). The mean difference between the
ScvO2 values (blood gas analyser — CeVOX) was#p&34%. There was significant
correlation between ScvO2 as measured by the Ceaftathe results determined by
conventional blood gas devices (Fig. 1). Bland Alichan plotting showed that the mean
difference between the means (bias) was —0.3,lanter and upper levels of agreement of —
13.2 and 12.5 (Fig. 1).
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The percentage error (limits of agreement dividgthie mean ScvO2) was 35.5% (95% ClI
35-36%). When using only the first time pointg 53) we found a comparable correlation (
=0.79,p< 0.001) and agreement (mean bias —0.6%, limits dfeagent —13.6 and 12.4) (Fig.
2 in the electronic supplementary material, ESMiyttrermore, for the between-subject
correlation a weighted correlation coefficientraf 0.96 p< 0.001) was found. With respect
to the within-subject correlation, there was alsigaificant but less pronounced correlation
(r =0.56,p< 0.001). When comparing the changes in both teclesigu= 50 patients with
more than one simultaneous measurement) we foagr@58 p< 0.0001).

8. Discussion
Lung recruitment in patients with ARDS
PaO, and EVLW

This study showed that the applied technique of luecruitment was effective in
improving the Pa@significantly, which was not followed by a redustiin the EVLW. The
other main finding of this study is that CI altsignificantly as intrathoracic pressures vary,
but neither the CVP nor the MAP or the HR can afteese changes.

In a recent review of ARDS, four mechanisms havenberoposed to explain
improved pulmonary function and gas exchange wiEEP. 1) increased functional residual
capacity, 2) alveolar recruitment, 3) redistribatiof extravascular lung water, and 4)
improved ventilation-perfusion matching. The relaghip between EVLW and oxygenation
is controversial. In early clinical studies cortela between oxygenation and EVLW was
found to be poor. In a recent animal experimertreasing the PEEP from 10 to 15 cgaH
was followed by an increase in oxygenation withany decrease in the EVLW. Results of
our current study are in accord with this lattedfng. The message of the current trial is that
by increasing PEEP and inflation pressure althaighificantly increase the Pa(but it is
not followed by rapid changes in EVLW. Whether thes any relationship between the
EVLW and the optimal PEEP, cannot be answered edgmt due to the small sample size
(only 18 data points), hence the continuation efgtudy is required.

Although, there was a significant improvement irOPafter the recruitment and at
Tena the baseline and the optimal-PEEP did not dsfgnificantly. In fact, the optimal-PEEP
was fraction lower than at the start. This couldelplained by our ventilation protocol, in
which we use relatively high PEEP levels as contdoethe protocol used in the ARDS
Network trial. The finding that PaQdropped at o may be due to absorption atelectasis
caused by the study protocol in which aftergThe same ventilator settings with an Fi@
1.0 were applied throughout the observation of @tutes.

Hemodynamic parameters

Increased intrathoracic pressures may compromisdiaca function via several
mechanisms. High pressures can impair venous rétmoe decrease preload, or can exert a
direct compression on the cardiac fossa and thal acains. The compression on the right
atrium and the pulmonary vessels is significant endede the filling of the heart and the
outflow from the right ventricle. In a recent aninexperiment it was found, that increasing
levels of PEEP up to 14 cra@ did not compromise left ventricular end diastedume and
ejection fraction, but at PEEP of 21 caiHleft ventricular preload and the stroke volume
decreased significantly. In another clinical triaere was significant decrease in Cl when
PEEP was increased from 10 to 15 ¢®@HIn our study we found similar results, although
the PEEP levels (ranging from 15 * 4 to 26 ¢i@Hwere considerably higher, throughout the
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measurements. Nevertheless, decreasing the PEEP Z60 cmHO was followed by a
continuous increase in CI.

Due to the decrease in Cl one might expect a drogVIAP associated with
tachycardia. On the contrary we found that MAP @ased till Ter during the opening
procedure and then decreased significantly &y There was no significant change in the HR
throughout the investigation. Lim et al., reportecteased blood pressure as well as heart rate
that returned to pre-recruitment manoeuvre levels1b minutes, perhaps reflecting
sympathetic response to the prolonged recruitmearto@uvre they used. Medoff et al. and
Villagra et al. reported that blood pressure andrtheate remained stable during the
recruitment manoeuvre. These results are in acadttd our findings, that monitoring of
changes in arterial pressure and HR do not reftectrue effects of recruitment manoeuvre
on cardiac output.

It was found, that in mechanically ventilated patseespecially at high intrathoracic
pressures ITBV is superior to cardiac filling. Tiesults of our study provide further support
of this statement. However, the disadvantage ofMTB that it cannot be measured
continuously. As the continuation of this trial, anpilot study of 10 patients we found that
Scv(G showed a significant positive correlation with €@.432, p=0.002). This preliminary
data suggests that continuous Sguw@onitoring may be an alternative to invasive CO
measurements during lung recruitment in emergeegtons.

Nor epinephrine and dobutamine therapy

Because of the small patient number our study iy preliminary. Based on our
results dobutamine added to the norepinephrinéntiesa did not cause significant changes in
the hemodynamic parameters and the indocyaninen ggreretion during the 1 hour long
infusion. Only half of the patient answered on tteatment, however this was not followed
by any ICG changes.

One objection against norepinephrine is that isoganstrictive effect might worsen
the hepato-splanchnic circulation. Martin et alhwi97 patients proved that administration of
norepinephrine improved patients’ outcome. Theycaated that norepinephrine didn’t
caused hypoperfusion in the organs, and did not teanultiorgan failure. The combination
of norepinephrine and dobutamine is examined mbshe time, because its combination
enables us to use both of their vascular and caetfact changing their ratio.

Studies, which examined dobutamine cardiac effeseptic shock patients observed
an increase in the CI, caused by the increase ait hate and stroke volume. In our
preliminary study dobutamine did not change heate¢ or cardiac index. In a similar French
study with 330 patients they could not find anyfefiénces by patients treated with
norepinephrine plus dobutamine or epinephrine. &harere no differences in the
hemodynamic parameters or the surviving rate. Rgtiecardiac index was in the normal
range at the d'time point. Dobutamine combined with norepinepérincreased Cl by 5
patients, till by 5 patients it decreased. It ipmurted by some other findings, when septic
shock patients showed an increase in Cl andl D@ dobutamine treatment, and this could be
a prognostic factor also. Jellema et al. admirestelobutamine in a rising dose. Patients with
a positive chronotropic response to dobutamine lwaekr baseline HR values, and a
chronotropic rather than inotropic response predican increase in cardiac index and
systemic oxygen delivery index. Our study shoulccbetinued to establish whether patients
can be non-respondent to dobutamine treatment.
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We couldn’'t prove the improvement of ICG-PDR by ipats treated with
norepinephrine and dobutamine. ICG-PDR helps tavdrgicture about the functional state
of the liver and shows the functional impairmentcetiular level as well. Based on Joly et al.
work dobutamine did not have significant effectlmpatocyte ICG excretion despite in their
study the systemic hemodynamic parameters improN&@. excretion is used to examine
liver perfusion, because it is perfusion depend€hey did not find significant difference in
the ICG excretion after a one hour long dobutanfohese: 7.5ug/kg/min) infusion. They
explained their results: dobutamine does not irsedéhe blood supply of the liver, or if it is
increased, hepatocytes are unable to take up IC&ube of their altered metabolism.

NAC prophylaxisin liver resection

Liver is an organ with rich vasculature. Intraope blood loss can be a risk factor
for postoperative morbidity. Common feature of suegical methods is the vascular control,
when the circulation of the liver is excluded soragvirom the systemic circulation. This way
we are able to control the bleeding, but we migiise hemodynamic intolerance. The
surgeon applied Pringle maneuver in our study.umstudy we also could not find significant
differences between the control and the placebarm the hemodynamic parameters
recorded every hour during the operation time. Maml. described the advantages of this
method in a prospective randomized study suchess intraoperative blood loss and less
alteration in postoperative liver function. Usirgetmaneuver shortened the time to complete
the resection too. In our study there was no difiee in the operation time between the three
groups. Although we did not measure the blood ldissctly, none of the three groups’
patients required more blood transfusion duringdimegery, and even the hemoglobin levels
were similar in the one-hour periods during thedivesection.

Disadvantage of vascular occlusion might be thenwechemia reperfusion in the
liver, which leads to cellular injury. This processntributes to the development of oxygen
free radicals and it will result in oxidative stseBree radicals can be eliminated by giving
exogenous antioxidants, such as N-acetylcystemeaeptic patients NAC reduced Bi level,
what we could not observe in our study. The difieeecan be that septic shock is a long
lasting toxicity for the liver, till liver resectirocauses ischemia only for 30-40 min. Beside the
antioxidant profile another explanation for the noyement in liver function might arise from
the hemodynamic effects of NAC. Many studies désgdrithat NAC improved the systemic
and regional hemodynamic and oxygen transport uteativer failure of various origin.
Devlin et al. for example described increased omrygensumption and ICG clearance by
ventilated patients with liver failure. We foundathn the placebo and control group the ICG
clearance decreased at thgqWwhile in the NAC group it showed a moderate imgmoent,
what did not Erove to be significant. We recor@dsb a significant decrease in the in the
MAP for the 4" hour of the surgery in the NAC treated group, wéwtld be observed in the
5™ hour also. However this was not followed by a daese in the central venous oxygenation,
or an increase in the heart rate. Other groups ir@dastable hemodynamically during the
operation time.

For assessing liver function in the perioperatiwriqgdl we have two possibilities:
routine laboratory tests, the so called static steshd dynamic liver function tests.
Conventionally measured laboratory tests, suchhasbitlirubin, the serum liver enzymes
(ALT, AST), and the proteins (PTT, albumin) syntized in the liver are not able to track the
changes in the liver function quickly enough, onlyh latency. The dynamic assessment of
the liver function means a function performed obly the liver, such as clearance of
substances (e.g. indocyanine green, ICG). ICG-PDiReal to be superior to bilirubin in
terms of outcome prediction and indicated earher liver dysfunctionDuring our study we
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measured both the conventional (Bi, PTT, Albumirf§TA ALT) and dynamic tests (ICG-
PDR) for the assessment of liver function. Cuilgenthere is no exact definition for liver
failure regarding laboratory parameters, so it adhto define what the early laboratory
warning signs are. General studies examine thetigmef liver enzymes, prothrombin and
bilirubin postoperatively. Balzan et al. descrilibd kinetics of the laboratory measurements
in their study. The prothrombin level reaches ihimmum on the first postoperative day and
increases to the preoperative level on thel@y. The bilirubin increases until th& 8ay and
thereafter slowly decreases to day 7. In anothetysthe liver enzymes reached a peak on
postoperative day 1 or 2 and returned to normaldys 7 to 10. Balzan defined the indicator
of postoperative liver failure as the 50-50 craemeaning a PT< 50% or SeBi > jofol/L
(3 mg/dl) on the 5th postoperative day. By noneoof patients enrolled in the study
developed liver failure during their hospital stdyhe AST, ALT showed significant and
pathological increase following the surgery, howahe most likely reason for it is the tissue
injury caused by the resection. The level of prathibin and albumin decreased, but we did
not get bleeding and there was no edema formaitinubin increased slightly but remained
in the normal range. The PDR increased to theid all of the three groups, but it was
significant only in the placebo and control grodjhis is contrary to the findings that the
reduced liver volume decreases the PDR. The exjpbentor our findings might be based on
a study by Thasler and colleagues. They examiretiegmodynamic changes following major
liver resection. In the hepatectomy group, the I€l€rance decreased rapidly during the
intraoperative phase of liver resection but retdri® the preoperative values at the end of
surgery. After liver resection a rapid normalizatiof liver function (ICG clearance) was
observed, indicating an increase in blood flowte temnant parenchyma and they could
observe a hyperdynamic circulation with increasédr@ unchanged MAP.

Based on our preliminary results it seems thay tm Bi and PDR can be relied on for
monitoring the real physiological changes in livenction after liver resection. This is in
accordance with the results of a recent study.

Continuous central venous saturation measur ement

In the current multicentre clinical study we congzhm vivo fiberoptic Scve
measurements with the CeVOX monitor to Sgwd®@termined by laboratory co-oximetry. It
was found that values measured by the CeVOX filteraatheter showed good correlation
with laboratory values. The Bland and Altman pletewed moderate agreement with
laboratory-measured ScyQn certain situations tissue hypoxia may exispie normal
global hemodynamic figures. There is increasingl@vce that measuring Scy@® a simple
alternative to Sv@as an indirect index of tissue oxygenation. Acocaydo recent studies
Scv( allows early detection of hemodynamic instabil@®pmpared with increased lactate or
metabolic acidosis, Scy@nay indicate inadequate oxygen delivery earlier.the
measurement of Scy@o-oximetry is the standard procedure. Howevenfinaous
monitoring of Scv@ may be indicated in patients with acute illnes®\ate at risk of
developing sudden hemodynamic instability and lawd@c output. Once this is confirmed,
invasive hemodynamic monitoring of cardiac outpud areload is recommended. There are
two technologies currently available utilizing bdroptic probe for continuous measurement
of ScvQ: the PreSep (Edwards Lifesciences, Irvine, USA) ttwe CeVOX monitor. The
advantage of the latter is that it can be insdrtemlany central line already in place. Our
results regarding the accuracy of CeVOX under ¢fihcircumstances are comparable to
result reported previously. In the current invesiign Scv@ measured by CeVOX showed
good correlation.

14



9. Novel findings

9.1. Following lung recruitment and descending optim&EP titration, the PaO
improves significantly, without any change in th& L&V up to 1 hour. This
suggests a decrease in atelectasis as a reseltraitment rather than a reduction
of EVLW. There is a significant change in Cl duritfiie maneuver, but neither
central venous pressure, heart rate nor MAP céectéhese changes.

9.2. For amelioration of the ischemic/reperfusion injdoyilowing liver resection the
NAC prophylaxis did not prove to be effective basedour recent study. Our
results showed that the intraoperative administeX&dC prophylaxis caused
hemodynamic instability in patients, until it dietninfluence the postoperative
liver function significantly, therefore the routirgpplication of NAC in liver
resection is not supported by our results. Ouhefroutine laboratory tests only Bi
and the dynamic test ICG PDR proved to be usefulnfonitoring liver function.

9.3. There was no significant difference between ICA@RRifter dobutamine
infusion. When dobutamine increased CI it was miibWved necessarily by an
increase in ICG-PDR. Based on our results dobutarhas no obvious effect on
ICG-PDR.

9.4. The results in a heterogeneous group of critigdllpatients show that
continuous Scv@monitoring by the CeVOX technology gave comparabailts
to that measured by laboratory co-oxymetry andefioee, can be relied on in the
everyday clinical practice, particularly when manimg the trend of Scvis
desired.

10. Acknowledgements

| would like to express my deepest gratitude tddasor Zsolt Molnar for letting me
commence my work as his Ph.D. student. He introdlunce as a medical student to scientific
research and ensured his invaluable assistanakslpport and graceful guidance over the
years for my development. He also showed me howhaeld respect our patients whilst
being human to them. | would like to thank to TarBaakmany MD, PhD, for his unselfish
support, that he — as my ancestor - helped meatbray research work. | would like to thank
to Tamas Leiner MD, to Andras Mikor MD and Krisztidanczos MD, who were always
there when | needed help, and who let me to shardilemmas. | would like to thank to
Professor Lajos Bogar for his help that | could kviorthe Institute of Anesthesiology and
Intensive Therapy. | express my thank to Tamész€gi MD and Ibolya Orosz for their help
in the laboratory measurements at the beginningpuld like to acknowledge all the doctors
at the Institute for their support and help to asethe beginner colleague, that they taught me
and helped me with their advices. | would likeharik all the nurses (especially to Judit
Gubanyi) and anesthesiology assistants at theéutesfor their extra work helping us to
perform our studies beside their basic work. Igftdty acknowledge everyone who has taken
part of this project for their constant supportjathhas made it possible to complete this
dissertation.

15



11. List of publications

SZAKMANY T, TOTH I, KOVACS Z, LEINER T, MIKOR A, KOSZEGI T, MOLNAR Z.
Effects of volumetric vs. pressure guided fluid rdpy on postoperative inflammatory
response. A prospective, randomized clinical tdialensive Care Medicine. 2005 May; 31
(5): 656-63.

Impakt faktor (2012): 5,39

TOTH 1, LEINER T, MIKOR A, SZAKMANY T, MOLNAR Z.: Hemodyamic and
respiratory changes during lung recruitment anceleding optimal positive end-expiratory
pressure titration in patients with acute respmatdistress syndrome. Crit Care Medicine
2007 March; 35 (3): 787-93

Impakt faktor (2012): 6,33

MOLNAR Z, UMGELTER A, TOTH | LIVINGSTONE D, WEYLAND A, SAKKA SG,
MEIER-HELLMANN A.: Continuous monitoring of ScvOJ2by a new fibre-optic
technology compared with blood gas oximetry inicaity ill patients: a multicentre study.
Intensive Care Med 2007 Oct; 33(10): 1767-70

Impakt faktor (2012): 5,39

TOTH I, MIKOR A, LEINER T, MOLNAR Z, BOGAR L, SZAKMANY T: Effects of IgM-
enriched immunoglobulin therapy in septic shockuretl multiple organ failure: pilot study.
Journal of Anesthesia, 2013 Aug; 27(4):618-22

Impakt faktor (2012): 0,831

MIKOR A, LEINER T, TANCZOS K, TOTH ] MOLNAR Z: Central venous oxygen
saturation of 70 % can not be used as a targettiaaperative hemodynamic management in
major abdominal surgery. Under publ. In Minerva stesiologica

Cumulative IF: 17,941

Hungarian:

DR. SZAKMANY TAMAS, DR. MOLNAR ZSOLT, DR. MARTON SAIDOR, TOTH
ILDIKO : Gyulladasos markerek és klinikai paraméterékeglzd szerepének vizsgalata
nagy hasi mitétek utan. Focus medicinae, 2002, IV. évfolyarszdm

DR. SZAKMANY TAMAS, TOTH ILDIKO, DR. MARTON SANDOR, DR. MOLNAR
ZSOLT: Profilaktikus N-acetylcysteine kezelés lsata posztoperativ szervdiszfunkciora és
gyulladasos markerek szintjére kiterjesztett hasidrsebészeti beavatkozasok utan.
Prospektiv, randomizalt, ké#-vak, placebo kontrollalt klinikai tanulmany. MagySebészet.
2002 Dec; 55 (6): 369-374

TOTH ILDIKO, MOLNAR ZSOLT: Hemodinamikai valtozasok és monipésuk tudnyitas
soran. Anesztezioldgia és Intenziv Ter4pia, 2066(3): 127-133

ROTH ARANKA, MIKOR ANDRAS, LEINER TAMAS, TOTH ILDIKO, MOLNAR
ZSOLT: A megfeleb névérlétszam életet ment, a nem megftelel(Egy 5 éves retrospektiv
felmérés eredményei), Anesztezioldgia és Intenenafia, 2006; 36. (4): 180-186

DR. TOTH ILDIKO, DR. LEINER TAMAS, DR. MIKOR ANDRAS, DR. TANCZOS
KRISZTIAN, PROF. DR. MOLNAR ZSOLT: Noradrenalin éslobutamin egyiittes

16



alkalmazasanak hatasa a maj indocyanin zdld kixtiladra. Anesztezioldgia és Intenziv
Terapia, 2013, megjelenés alatt

Poster:

l. Toth, T. Szakmany, A. Mikor, Z. Molnér: Extravasculantuwater does not change during
alveolar recruitment in ARDS. Critical Care, V8|.Suppl. 1, 2004

Brussel, Belgium — 24th International Symposiunmi@ensive Care and Emergency
Medicine - 2004

l. Toth, T. Leiner, A. Mikor, T. Szakmany, Z. Molnar: CVPebk not reflect changes in
preload when optimal PEEP is determined. CriticaeCVol. 9, Suppl. 1: P53, 2005
Brussel, Belgium — 25th International Symposiunirdensive Care and Emergency
Medicine - 2005

T. Leiner, I. Toth A. Mikor, Z. Molnar: Can liver perfusion improvsy adding dobutamine to
norepinephrine in septic shock? European Journahetthesiology, Vol. 22, Suppl. 34,
2005

Euroanaesthesia 2005, Vienna, Austria - 2005

A. Mikor, I. Toth, T. Leiner, T. Szakmany, Z. Molnar: Haemodynamanitoring during
lung recruitment: ScvVO2 or CO? European Journ&rasthesiology, Vol. 22, Suppl. 34,
2005

Euroanaesthesia 2005, Vienna, Austria - 2005

Szakmany T, Toth, IMolnar Z, Leiner T, Mikor A, Bogar L: Effects golyclonal IgM in
septic shock accompanied by severe respiratonyréaib randomized trial. Intensive Care
Medicine, Vol. 32, Suppl. 1, 2006

European Society of Intensive Care Medicine 19thual Congress Barcelona, Spain, 2006

Toth |, Heigl P, Kauth Z, Szarka D, Kalmar Nagy K, MolzarConventional versus dynamic
liver function tests following liver resection. értsive Care Medicine, Vol. 32, Suppl. 1, 2006
European Society of Intensive Care Medicine 19thual Congress Barcelona, Spain, 2006

Juhasz V, Marton S, Téth Bogar L, Papp A, Cseke Ld&zegi T: Examination of
postoperative mortality in tumour patients aftesmghagectomy. Intensive Care Medicine,
Vol. 32, Suppl. 1, 2006

European Society of Intensive Care Medicine 19thush Congress Barcelona, Spain, 2006

Méarton S, Juhasz V, Téth Bogar L, Papp A, Cseke Ld&zegi T: Effects of preoperative
chemoradiotherapy in cancer patients undergoingpbesgectomy. Intensive Care Medicine,
Vol. 32, Suppl. 1, 2006

European Society of Intensive Care Medicine 19thual Congress Barcelona, Spain, 2006

17



