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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Aim of study: Supra-physiologic level of PaO, securing
oxygen reserves and preventing perioperative hypoxia, may
offset the reduced oxygen delivery during cardiac surgery.
However, high FiO, will speed up gas absorption in low V/Q
regions, promote atelectasis formation and increase pulmonary
shunt fraction. PaO,/FiO,, P(a-Et)CO, and PEtCO,/PaCO, are
the variable linked to CO, and O, exchange impairment. The aim
of our study was to assess pulmonary gas exchange performance
while ventilating patients with different FiO, during OPCABG.

Material and methods: The seventy patients were randomly
equally distributed in two groups: H (High) and L (Low). The
patients in the group H were ventilated with FiO, 0.8 and the
patients in the group L _ with FiO, 0.5. PaO,/FiO, ratio, P(a-Et)
CO, gradient and PEtCO,/PaCO, ratio were checked at the start
and the end points of operations.

Results: PaO /FiO, decreased, P(a-Et)CO, increased and
PaCO,/PEtCO, decreased at the end of operations compared
with the start values in both groups. PaO,/FiO, P(a-Et)CO,
and PaCO,/PEtCO, ware different between H and L groups.
The difference became statistically significant at the end of
operations. (PaO,/FiO,326+65 vs 290+63 p=0.020; P(a-Et)CO,
5.7£2.3 mmHg vs 7.542.4 mmHg p=0.003; PaCO, /PEtCO,
0.84+0.05 vs 0.80+0.06 p=0.001). The groups were comparable
according to the outcomes such as hemodynamic and laboratory
data, duration of postoperative mechanical ventilation and ICU
length of stay.

Conclusions: FiO, 0.8 was associated with more derangements
of pulmonary gas exchange compared with FiO, 0.5. Although
FiO, did not have an impact on the outcomes we studied, using
FiO, 0.5 seems to be safer in patients undergoing OPCABG.

Key words. FiO,, pulmonary gas exchange, anaesthesia,
OPCABG.

Introduction.

Supplemental oxygen is conventionally employed to
secure oxygen reserves and prevent perioperative hypoxia.
Traditionally, high arterial partial pressures of oxygen (PaO,)
have been used to maximize tissue oxygen delivery during
cardiac surgery [1]. Supra-physiologic level of PaO, increases
the oxygen gradient between capillaries and peripheral tissue,
which may offset the reduced oxygen delivery (DO,) caused by
hypothermia, fluid shift, myocardial dysfunction, blood loss,
and anaemia during cardiac surgery [2]. DO,, interrogated by
SvO, (mixed venous oxygen saturation), may increase to a
clinically significant degree as inhaled oxygen fraction (FiO,)
is increased during cardiac surgery, and the increase of SvO, is
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not related to Hb concentration [3]. In their study, Ju et al. [4]
observed that a mild increase in intraoperative PaO, may result
in improved survival after OPCABG.

The pros and cons of hyperoxia has been debated during
many years. Several meta-analyses were done about this topic
[5,6]. In 2018 was published World health organization (WHO)
global guidelines for the prevention of surgical site infection
(SSI) [7]. Guidelines development group suggests that adult
patients undergoing general anaesthesia with tracheal intubation
for surgical procedures should receive an 80% fraction of FiO,
intraoperatively and, if feasible, in the immediate postoperative
period for 2-6 hours to reduce the risk of SSI. Two systematic
reviews were conducted [8,9]. In patients under general
anaesthesia with endotracheal intubation and mechanical
ventilation, 80% FiO, reduced the incidence of SSI. No evidence
of harm with high FiO, was found for major adverse effects
(atelectasis, cardiovascular events, intensive care admission,
death during the trial) in the meta-analysis of randomized trials.
According to the recent trial, perioperative hyperoxia therapy
(Fi0,>0.8) with the aim of decreasing SSI did not increase
cardiovascular complications after elective colorectal surgery
in a general population [10].

Most anaesthetics cause a loss of muscle tone that is
accompanied by a fall in the resting lung volume. The lowered
lung volume promotes cyclic (tidal) or continuous airway
closure. High inspired oxygen fractions cause rapid absorption
of gas behind closed airways, resulting in atelectasis [11].
Overall, about 75% of impaired oxygenation can be explained
by atelectasis and airway closure taken together [12]. 10-20%
of the lung is regularly collapsed at the base of the lung during
uneventful anaesthesia, before any surgery has been performed.
After thoracic surgery and cardiopulmonary bypass, >50%
of the lung can be collapsed still several hours after surgery
[13,14].

Atelectasis causes a reduction in gas exchange capacity and
leads to intrapulmonary right to left shunts [15], which can be
assessed by a decrease in the ratio between the arterial oxygen
tension and the inspired oxygen concentration, the oxygenation
index (PaO,/FiO,) [16].

End-tidal PCO, (PEtCO,) is routinely used in the clinical
assessment of the adequacy of ventilation because it provides an
estimate of PaCO,. How well PEtCO, reflects PaCO, depends on
the gradient between them, expressed as P(a-Et)CO,. The major
determinant of P(a-Et)CO, is alveolar dead space (VDalv). The
alveolar dead space may be derived as follows: VDalv = (1 —
PEtCO,/ PaCO,). As measured by this equation, VDalv depends
both on the “true” alveolar dead space and on the extent of the
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venous admixture, the PEtCO,/PaCO, ratio may be seen as a
direct overall meter of the gas exchanger performance in a scale
from 0 to 1. The presence of alveolar dead space and/or venous
admixture at different extent would progressively decrease this
ratio from the unity, reflecting the progressive deterioration of
gas exchanger in its two components, oxygenation, and CO,
removal [17].

The aim of our study was to assess PaO /FiO, ratio, P(a-Et)CO,
gradient and PEtCO,/PaCO, ratio changing while ventilating
patients with different FiO, during off-pump coronary artery
grafting operations. We tried to answer the question, how higher
FiO, could worsen pulmonary gas exchange during OPCABG
and if it might have a significant effect on the outcomes such
as hemodynamic and laboratory data, duration of postoperative
mechanical ventilation and ICU length of stay.

Materials and Methods.

This study was approved by ethical review board of Tbilisi 5th
clinical hospital in 2022 (# CS03-022). Informed consents were
obtained from all individuals. The study was conducted from
April 2022 to November 2022.

The seventy patients were randomly equally distributed in two
parallel groups (H _Highand L _Low) with 1:1 allocation ratio
(35 patients in each). All of them underwent to OPCABG. The
patients in the group H (high) were ventilated with FiO, 0.8 and
the patients in the group L (low) were ventilated with FiO, 0.5.

Sample size was calculated at http://sample-size.net. We
hypothesized that the mean gradient P(a-Et)CO, between PaCO,
and PEtCO, would be greater in the group H, where patients
received high oxygen concentration. The calculated sample was
equal to 32 with a (two-tailed) =0.01, B =0.1 assuming effect
size = 2 and Standard deviation = 2.

Randomization was done by online program “Research
randomizer”. (https://www.randomizer.org/).

Inclusion criterium to involve patients in our study was the
European System for Cardiac Operative Risk Evaluation
(EuroSCORE) II. To create homogenous group with relatively
low preoperative risk, only “EuroScore < 5” patients were
included. We used preoperative pulse oximetry (SpO,) as
exclusion criterium. Patient with arterial oxygen saturation less
than 97% were excluded.

All patients received intravenous access and were induced
with midazolam 2mg/kg, fentanyl 5mcg/kg and pancuronium
0.1 mg/kg. Intubation of trachea was performed following 5
minutes mask manual ventilation with FGF 6-8 L/min FiO, 1.0.
After the patient was intubated and airway secured, FGF was set
at 2 L/min and the vaporizer opened fully at 8% for sevoflurane.
The patients were ventilated with anaesthetic machine
“Drager Primus” in VCV mode: Vt 8ml/kg, f 10-12/min, I:E
1:2, PEEP 3mbar. As soon as the anaesthetic concentration
reached to 1.2 MAC, the vaporizer setting was adjusted to
keep the concentration at 1.1-1.2 MAC during the operation.
Fresh gas oxygen concentration (F, O,) was adjusted to keep
inhaled oxygen concentration (FiO,) about 0.5 in the group
L and about 0.8 _ in the group H. We used fentanyl infusion
2mcg/kg/h for analgesia with intermittent boluses 1 mcg/
kg as needed. We added pancuronium 0.01 mcg/kg in every
hour after induction for muscle relaxation. Hemodynamic was
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stabilized by a- and - mimetic and blocker agents. We used
dobutamine and norepinephrine via infusion and metoprolol
and urapidil via boluses as needed. Heart rate, invasive arterial
pressure and central venous pressure data were recorded per five
minutes. Either average or median values of hemodynamic data
were calculated and compared between groups as well as the
medications consumed during operation.

Arterial blood gas sampling was done mandatory after 30
minutes from the beginning of mechanical ventilation and at the
end of the operation. PEtCO, was monitored by gas analyser
of the anaesthesia machine “Drager primus”. The P(a-Et)CO,
gradient and PEtCO,/PaCO, ratio were calculated at these two
points. Arterial oxygen partial tension (PaO,) was registered
and PaO,/FiO, ratio was calculated as well.

We evaluated blood lactate, creatinine, and cardiac troponin
I levels. Blood sampling for lactate and creatinine was done
after 30 minutes from tracheal intubation, at the end of the
operation, on the first and the second postoperative morning.
We evaluated cardiac troponin I level after 12 hours from the
end of the operation.

Statistical analysis of acquired data was performed by the
program IBM® SPSS® Statistics 23. According to exploring
data distribution normality, values are presented either as
mean and standard deviation or median with interquartile
range. Comparison of normally distributed values were done
by Student’s t-test and paired t-test. Variables not following
a normal distribution were compared by non-parametric tests
(Mann-Whitney U test; Wilcoxon signed rank test). The Chi-
Square test was used to examine whether or not two nominal
(categorical) variables had a significant connection. All tests
were two-tailed. A P-value < 0.05 was considered statistically
significant.

Results.

The demographic data of the patients involved in H and L
groups are shown in the Table 1.

The mean FiO, was about 50% in the group L and about 80%
_ in the group H. The mean PaO, was significantly different
between groups at both points of anesthesia (at 30 minutes
passed after intubation and at the end of the operation). The
mean PaO, as well as the mean PaO,/ FiO, ratio decreased at the
end of operations compared with the start values in both H and
L groups, but more intensively in the H group. (Table 2).

We used PaO,/ FiO, ratio as an indicator of oxygenation
status. Its’ mean value was slightly low in group H comparing
with group L at 30 minutes passed after starting mechanical
ventilation and the mean difference became statistically
significant at the end of operations. (Figure 1).

P(a-Et)CO, gradient mean value increased and PaCO,/PEtCO,
decreased at the end of operations compared with the start
values in both H and L groups. The difference of the mean
values between start and end points were statistically significant
in the group H (Table 3).

P(a-Et)CO, gradient mean values as well as PaCO,/PEtCO,
ratio were different between H and L groups. The difference
became statistically significant at the end of operations (Figure 1).

FiO, level did not have an effect on the outcomes we studied.
The H and L groups were similar according to the hemodynamic



Pa0O,/FiO, ratio

500
400
300
200
100
L H L H
start point (p=0.411) end point (p=0.020)
mean 363 346 326 290
P(a-Et)CO, gradient (mmHg)
10.0
9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
L H L H
start point (p=0.075) end point (p=0.003)
mean 4.9 5.9 5.7 7.5
PaCO,/PEtCO, ratio
0.95
0.90
0.85
0.80
0.75
0.70
0.65
L H L H
start point (p=0.074) end point (p=0.001)
mean 0.86 0.84 0.84 0.80

Figure 1. Comparison of PaO /FiO, ratio, P(a-Et)CO, gradient and PEtCO /PaCO, ratio (mean £SD) between L and H groups at the start and
the end points of operations.
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Table 1. Demographic data of the patients distributed into the L and the H groups.

L H
Age (v) 66.9 £+ 8.0 673+7.2 P=0.814
Sex (F/M) 11/24 13/22 P =0.802
Weight (kg) 79.6+ 12.1 78.6£10.0 P=0.712
BSA4 (m2) 1.91+£0.16 1.89+0.13 P=0.568
Table 2. Comparison of PaO, and PaO / FiO, ratio between L and H groups at the start and the end points.
L H L H L H
FiO, (%) PaO, (mmHg) PaO,/FiO,
% £ 50.1+3.0 80.8 £2.2 P<0.001 181 +40 280+ 70 P<0.001 363 + 84 346 £ 85 P=0.411
< E
-]
§ = 49.6 4.7 80.5+2.0 P<0.001 161 +31 233+ 66 P<0.001 326+ 65 290 £ 63 P=0.020
< 3
P=0.568 P=0.523 P=0.004 P=0.020 P=0.009 P=0.010

Table 3. Comparison of P(a-Et)CO, gradient and PaCO /PEtCO, ratio between the start and the end points in the H and L groups.

H L

at 30 min at the end at 30 min at the end
P(a-Et)CO, (mmHg) 59+25 75+24 P=0.030 49+2.1 57+23 P=0.120
PaCO,/PEtCO, ratio 0.84 +£0.06 0.80 £ 0.06 P=0.025 0.86 +0.05 0.84 £ 0.05 P=0.136
Table 4. Comparison of outcomes between the H and the L groups.

L H

Hemodynamic data
HR (min™) 76.3+7.5 749 +17.7 P=0.424
MAP (mmHg) 76.5+2.9 75.5+2.5 P=0.221
Norepinephrine (mcg/kg/min) 0.04 [0.02; 0.06] 0.04 [0.03 0.09] P=0.231
Urapidil (mg/kg) 0.06 [0.00; 0.20] 0.05 [0.00; 0.16] P=0.445
Dobutamine (mcg/kg/min) 2.25[1.77; 2.87] 2.15[1.76; 2.85] P=0.716
Metoprolol (mg/kg) 0.02 [0.00; 0.03] 0.02 [0.00; 0.04] P=0.975
Laboratory data
Peak Lactate (mmol/L) during 72 h 1.57 [1.30; 1.90] 1.50[1.30; 1.80] P=0.624
Creatinine increase (%) during 72 h 13.1 [8.0; 22.0] 14.0 [9.7; 28.6] P=0.445
Cardiac Troponin I (ng/ml) after 12 h 0.140 [0.070; 0.350] 0.092 [0.068; 0.350] P=0.593
ICU mechanical ventilation (hours) 8.0=+19 83+2.0 P=0.561
ICU length of stay
<48 h 32 (91.4%) 30 (85.7%) P=0710
> 48 h 3 (8.6%) 5 (14.3%)

and laboratory data. We did not find statistically significant
difference between the H and L groups in the outcomes such
as the duration of postoperative mechanical ventilation and the
ICU length of stay (Table 4).

Discussion.

High FiO, may increase P(a-Et)CO, gradient by preferentially
vasodilating well-perfused alveoli, resulting in the redistribution
of blood flow to these alveoli from poorly perfused alveoli and
an increase in VDalv. Larson and Severinghaus [18] reported
that the administration of O, to awake sitting subjects led to
an increase in P(a-Et)CO,. They attributed this finding to the
vasodilating effect of O, on blood vessels at the base of the
lungs, which results in the expansion of the apical VDalv. The
changes in P(a-Et)CO, are most likely due to the dilution effect
of alveolar PCO, (PACO,) with gas from VDalv.
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Yamauchi H, et al. [19] demonstrated that P(a-Et)CO, depends
on FiO, in anaesthetized ventilated patients. They concluded,
that not only the true VDalv but also intrapulmonary shunt and
cardiac output may be associated with the magnitude of P(a-Et)
CO, in the presence of variable FiO,.

A major cause for intrapulmonary shunt during general
anaesthesia is the development of atelectasis [20]. Atelectasis
leads to intrapulmonary right to left shunts [15], which can be
assessed by a decrease of the oxygenation index (PaO,/FiO,)
[16]. In patients undergoing coronary artery bypass grafting
El-Khatib and Jamaleddine [21] found significant correlation
between PaO,/FiO, ratio and intrapulmonary shunt. An increase
in PaO,/FiO, was found in patients given FiO, 0.4 compared
to patients given FiO, 1.0 during laparoscopic cholecystectomy
[22]. Staehr et al. [23] did not find difference in oxygenation
index when compared FiO, 0.3 with FiO, 0.8 in abdominal



surgery but could not reject the possibility that 80% oxygen for
a prolonged period may affect PaO /FiO, among patients with
cardiovascular comorbidity.

In our study the patients underwent to thoracic surgery having
more risk for atelectasis formation. We found that PaO,/FiO,
decreased during the operations in both H and L groups (Table
2). But if compared between the groups, the mean PaO,/FiO,
values were low in the group H (Figure 1). So, we can say that
during the operations atelectasis were formed more intensively
in the group with higher FiO,.

Atelectasis formation as well as physiologic dead space
changes are correlated with the duration of anaesthesia
[24,25]. The groups in our study were comparable according
to anaesthesia time (227 + 38 min vs 224 + 35 min p = 0.784).

A hyperoxia-induced reduction in cardiac output may
contribute to an increase in P(a-Et)CO, and VDalv. The
decrease in cardiac output increases P(a-Et)CO, and VDalv
by causing the decrease in CO, elimination from alveoli and
the redistribution of pulmonary blood flow. Isserles and Breen
[26] reported that during constant minute ventilation and tissue
VCO,, there were reductions in PEtCO, of 7.4% and PaCO, of
4.7% which resulted in the increase in P(a-Et)CO, when the
reduction in cardiac output was 10%. Anderson and colleagues
[27] reported, that under sevoflurane anaesthesia cardiac output
increased by 5.8% when FiO, was changed from 1.0 to 0.3.
Harten JM and colleagues [28] reported, that cardiac output
decreased by 10.6% after a change in FiO, from <0.6 to 1.0 in
patients after coronary artery bypass surgery. In 2018 Smit et al.
[29] studied Hemodynamic effects of acute hyperoxia. In their
Systematic review and meta-analysis, the authors found, that
hyperoxia (PaO, of 234-617 mmHg) may considerably decrease
cardiac output and increase systemic vascular resistance (SVR),
but effects differ between patient categories. No significant
changes in cardiac output were seen in CABG patients, but SVR
increased by 15.9%.

We did not measure cardiac output directly but compared the
groups according to the hemodynamic data and the doses of
the medication affecting on cardiac output. We did not find any
significant difference between them. We also evaluated blood
lactate and creatinine levels that secondarily might had been
affected by the changes of cardiac output. The H and L groups
were comparable according to the laboratory data (Table 4).

In our study P(a-Et)CO, gradient mean values were different
between H and L groups. The patients in the H group were
ventilated with FiO, 80% and had greater P(a-Et)CO, gradient
comparing with the group L where the patients received 50% of
inhaled oxygen concentration (Figure 1). Taking into account
that the patients in both groups were anesthetized under same
condition except of FiO, and assuming that they had similar
cardiac output, we can say that inhaled oxygen concentration
had an impact on pulmonary gas exchange. We assessed PaCO,/
PEtCO, ratio as an indicator of pulmonary gas exchanger
performance. As mentioned above it may be considered a
“positive variable” (greater the ratio, better the gas exchange)
[17]. We found that the patients had better PaCO,/PEtCO, ratio
if ventilated with lower FiO, (Figure 1).

Recently was published a systematic review and meta-analysis
of randomized controlled trials: “Effects of high versus low
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inspiratory oxygen fraction on postoperative clinical outcomes
in patients undergoing surgery under general anesthesia” [30].
Twenty-six trials with a total 4991 patients were studied. The
authors concluded that there is a lack of evidence that the high
FiO, compared to low FiO, has a deleterious impact on the
mortality in adult patients undergoing non-thoracic surgery under
general anesthesia. The incidence of pneumonia, respiratory
failure, PPCs, ICU admissions, and length of hospital stay were
comparable between the groups; while the incidence and the
severity of atelectasis were increased and postoperative PaO,
was lowered by high FiO,. It is suggested that clinicians should
not be reluctant to administer a high FiO, in an effort to reduce
adverse events during general anesthesia. In our study we also
found that high FiO, (0.8) worsens pulmonary gas exchange
performance compared with low FiO, (0.5), but it doesn’t have
an adverse impact on the duration of postoperative mechanical
ventilation and ICU length of stay (Table 4).

In2016 two trials have attempted to demonstrate that avoidance
of hyperoxia during cardiac surgery reduces ischemia-
reperfusion injury and leads to improved clinical outcomes
[31,32]. McGuinness et al. [31] randomized 298 elective
cardiac surgery patients to either avoidance of intraoperative
hyperoxia (with a PaO, target of 75-90 mmHg) or to usual care
under hyperoxic conditions. They found no difference between
groups for the primary outcome of postoperative acute kidney
injury (AKI), or any of the secondary outcomes. In a similar
trial, Smit et al. [32] randomized 50 elective coronary artery
bypass graft (CABG) surgery patients to either a PaO, target of
130 to 150 mmHg on CPB (and 80-100 mmHg in the immediate
postoperative period) or a target of 200 to 220 mmHg on CPB
(and 130-150 mmHg postoperatively). Again, the conservative
oxygen strategy did not offer any benefit with respect to the
primary outcome of myocardial injury (defined by suitable
CK-MB and Troponin-T thresholds). Cardiac index, systemic
vascular resistance index, creatinine, lactate and F2-isoprostane
levels were not different between groups.

According to our study, H and L groups were comparable
according to laboratory data and hemodynamic profile as well
(Table 4).

Recently, Ju et al. [4] hypothesised that a mild supra-
physiologic level of oxygen tension (i.e., mild hyperoxia)
would improve post- operative mortality in patients undergoing
OPCABG. Their study aimed to evaluate the relationship
between intraoperative PaO, and mortality following OPCABG.
The authors concluded, that intraoperative mild hyperoxia (PaO,
of 150-250 mmHg) was associated with a significantly lower
risk of in-hospital mortality after OPCABG than normoxia/
near-normoxia (PaO, < 150 mmHg) and severe hyperoxia (PaO,
> 250 mmHg).

In our study PaO, mean values were different at start and end
points of anaesthesia. In the group H the mean PaO, ranged 233
— 280 mmHg and in the group L 161-181 mmHg (Table 2).
That difference of PaO, level between the groups did not alter
the outcomes we studied (Table 4).

Conclusion.

FiO, 0.8 is associated with more derangements of pulmonary
gas exchange compared with FiO, 0.5 in patients undergoing



sevoflurane anaesthesia during OPCABG. FiO, had an impact
on PaO,/FiO, ratio, P(a-Et)CO, gradient and PEtCO,/PaCO,
ratio. The patients ventilated with FiO, 0.8 had more P(a-Et)
CO, gradient, less PEtCO,/PaCO, ratio and less PaO,/FiO, ratio
at the end of OPCABG operations compared with the patients
ventilated with FiO, 0.5. Although FiO, did not have an impact
on the outcomes we studied, using FiO, 0.5 seems to be safer in
patients undergoing OPCABG.
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