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INTRODUCTION

Although the risk of intraoperative hypoxia appearbe less than in
previous decades, it still remains a dangerousnpiatecomplication
during OLV. The appropriate tidal volume (TV) dugirone-lung
ventilation (OLV) is still a matter of debate. Bdsen the work of
Katz who compared 7 and 14 mL/kg-1 TV, textbookd @apers
recommend using high TV to avoid intraoperative dyip and
atelectasis. Numerous authors have reported tlydt iV during
OLV might increase the incidence of acute lung ripjwdue to the
large peak inspiratory pressures, end-inspiratoojurmes, and
shearing forces due to cyclic opening-closing efahveoli. Low TV
during OLV has both advantages (lower risk of ppstative acute
lung injury and respiratory distress syndrome, alalver
concentrations of circulating inflammatory factorsjand
disadvantages (worse intraoperative atelectasise mtrapulmonary
shunt, hypoxia, and hypercapnia). There is nonessellittle
evidence that the use of low TV during OLV will Ifad provide
adequate arterial oxygenation or worsen intra-puakng shunt. The
lower limit for TV is unclear because the extent which TV
influences oxygenation and shunt fraction during\VOtemains
unknown. Application of external positive end-egpary pressure
can decrease the incidence of atelectasis dueetgeption of lung
collapse, and minimizes alveolar injury by prevegticyclic
openingclosing during OLV. However, the optimal dewwof PEEP
remains unknown. Previous studies reported thatisieeof high TV
with PEEP or the use of low TV without PEEP worsdhse



oxygenation and is injurious for the lung. It isdely accepted the
use of low TV should be accompanied by PEEP whehigts TV
can be used safely without PEEP; we thus considered./kg TV
with 5 cmHO PEEP and 10 mL/ kg TV without applied PEEP to be
an appropriate comparison.

Physiologically, an approximately 5 to 10 mmHg difence exists
between end-tidal carbon dioxide (EtCO2) and atedarbon
dioxide (PaCO2) measured during double-lung veidita(DLV)
that may increase during one-lung ventilation (OL&&pecially if
low tidal volume is applied. There is no evidenbattduring OLV
the EtCO2 or PaCO2 should be kept in the normajean

In terms of oxygenation as a main outcome measme of the most
sensitive organs to hypoxemia is the brain, becauseakes up
approximately 20% of the oxygen demand of the whaoldy and the
oxygen reserve of the brain is sufficient only I&r seconds during
critical decreases of oxygen supply. Two recenbrspfrom the
same working group have suggested that administradf lung
protective strategy for OLV results in desaturatioh the brain
parenchyma. The authors of these studies havewstettithat further
studies are needed to clarify whether this obserdesaturation
results in long-lasting cognitive consequences. known both from
animal experiments and from human observationsciratbral blood
flow, its metabolic regulation and autoregulaties,well as cerebral
blood volume, are largely determined by the altenst of PaC®
rather than by the partial pressure of oxygen terel blood (Pag).



As a result, hyper- or hypocapnia during OLV magodhave a great
impact on the oxygenation of the brain tissue.

The majority of thoracic surgical procedures maguiee one-lung
ventilation (OLV). To achieve this, for the sakebaith fast insertion
and the proper insertion of the tube, the doubfeeln endotracheal
tube (DLT) is the first choice. However, there eegtain cases when
intubation with DLT is not possible, or when thé¢eahate use of a
single-lumen tube (SLT) and a DLT during surgeryésessary. In
those cases, bronchial blockers (BB) serve as iflmates. Different
BBs are commercially available, among which the tacker
(AnaesthlQ, Rotterdam, The Netherlands) is a neddyeloped
device. In the present study we report on our adihéxperience with
the introduction and intraoperative use of this B¥e also intended
to assess how the individual anatomy of the maamdini influences

proper blocking with this type of blocking devices.



1. OBJECTIVES

1. The purpose of the first study was to compare ffexis of low
(5 ml/kg) and high (10 ml/kg) TV, without analyzinghe
independent effect of PEEP, on arterial oxygenatsttunt fraction
and ventilatory mechanics during OLV, in patienithvopen chest,

in the lateral position and during surgical mangpiain.

2. Aim of our second study was to analyze the efféotral-tidal
CO,-driven or arterial C@driven one-lung ventilation in arterial

oxygen tension.

3. In the third study we intended to investigate thiguence of the
ventilatory strategy with a low (5 ml/kg) TV + 5 &0 along with
maintanance of arterial normocapnia during OLV erebral blood
flow and cerebral oxygen saturation. The most irtgr clinical
question related to the study was whether admatistr of low tidal
volume along with maintenance of normocapnia resitcerebral
oxygen desaturation and a decrease in cerebrat Hlow during

one-lung ventilation.

4. In the fourth study we intended to assess how thkvidual
anatomy of the main bronchi influences proper bilegkwith this

type of blocking devices.



2. PATIENTS AND METHODS

3.1 Effects of different tidal volumes for one-lung ventilation
on arterial oxygenation

Sudy population
After approval from the local Ethics Committee (DEO
RKEB/IKEB 2976-2009; this study was registered at
http://www.clinicaltrials.gov, identifier: NCTO015038), written
informed consent was obtained from 100 ASA Il ipats
scheduled for lung resection surgery.
Preoperatively lung-function tests with wholebodigtipysmography,
arterial blood gas analysis while breathing room, &tCG,
preoperative echocardiography, computerized tonpdgea lung
scan, and bronchoscopy were done. Exclusion @itedre severe
cardiovascular disease and severe alteration of ptle@perative
pulmonary function, with FEV1 <70% and FEV1/F\#€0% of the

predicted value.

Anesthesia

Patients were premedicated with 5 mg midazolam @rid mg
atropine intramuscularly 30 minutes before arriwathe operating
room. An epidural catheter was inserted at the hmidgicic

level (T5-8); after a successful test dose, ansiofu of 0.125%
bupivacaine was started at a rate of 0.1 mg/kg/aadrsubsequently
maintained throughout surgery.

Anaesthesia was induced with a combination of 2kmgtopofol, 2

png/kg fentanyl. Intubation was facilitated by adisiration of 0.2
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mg/kg cis-atracurium. Anaesthesia was maintaingt sgvoflurane
in 100% oxygen. The concentration of sevoflurans titaated to a
target Bispectral Index (BIS) between 40 and 60vi€ien, Dublin,
Ireland) and it was ranged between 0.8-1.2 Vol%urNeuscular
block was monitored with acceleromyography (TOF &habx, NV
Organon, Oss, the Netherlands). The patients’ &ashwere
intubated with double-lumen endotracheal tubes (D(Bronche

Cath Mallinckrodt Medical Ltd, Athlone, Ireland). The rect
position of the DLT was confirmed by fiber-opticomchoscopy in
both supine and lateral positions. Standard mdngancluded five-
leads ECG, continuous arterial pressure monitovikga catheter
inserted into the radial artery, central venouseigr, NIBP, core
temperature at the tympanic membrane, and pulsenedsy.

Normothermia was maintained with forced-air (Baiugder 750,
3M, Eden Prairie, MN, USA). During two-lung ventitan (TLV) a

volume-controlled square-wave flow pattern ventlat with 10

mL/kg TV with a respiratory rate of 10 was used #&mdratio was
kept at 1:2 (Draeger Primus, Draeger Libeck, GeynaRor

adjusting the TV the actual body weight was usdtkrAnduction of
general anaesthesia and intubation, both lungs wengilated as
described above, in supine position for 10 minufEsereafter,
arterial blood was again sampled for gas analysisheemodynamic
and ventilatory parameters were simultaneously roemh The
patients were then turned into the lateral positenmd proper

insertion of the DLT was confirmed by fiber-optiéswalization.



TLV was continued with the same pattern for 10 resuand all

measurements were repeated.

Sudy protocol

After a recruitment maneuver, following the guidel described in
the literature (holding a constant airway presafrd0 cmHBO was
applied to the whole lung for 10 s) OLV was startedhe lateral
position, from the time the thoracic cavity was @@ Considering
the fact that a recruitment maneuver under an EiQ may last up to
30 minutes, and the fact that hypoxic pulmonaryogasstriction
becomes maximal after approximately 10-15 minutgsasurements
were made every 30 minutes to reach a steady &tatéaQ.
Patients were randomly assigned to 30 minutes ofiladon with
either a TV of 10 mL/kg TV without external PEEPdarspiratory
rate of 10 breaths/minute (Group 10, N.=50) or fbvaof 5 mL/kg
with 5 cmHO PEEP and a respiratory rate of 20 breaths/minute
(Group 5, N.=50). According to the rules of crosmogesign during
the subsequent 30 minutes, each patient receivedaltiernative
management. Randomization was based on computerajed
codes that were maintained in sequentially numbseaded opaque
envelopes until after induction of anesthesia. Byithe subsequent
30 minutes of OLV, the alternative ventilatory mgement was
used. Before ventilatory settings were changed, réruitment
maneuver was repeated The [:E ratio, and the, Ri@re kept
constant throughout the study. From the time ofule of thoracic

cavity, TLV was started with the pattern descrilabdve and FigQof



0.4 oxygen in air was used to avoid absorptionleatasis in the

postoperative period.

Measurements

During OLV, the partial pressure of oxygen in agkblood (Pa®),
the partial pressure of carbon dioxide in artdslabd (PaCQ), peak
inspiratory airway pressure (Ppeak), plateau iaspiy airway
pressure (Pplat), hemodynamic parameters were dedo80 min
after each change in the ventilatory setting. Airvpsiessures were
measured by the anesthesia machine. Surgical matigguon the
operated lung was temporarily stopped to allow datkection. After
the study period, OLV with the same ventilatorytisgs was

continued to allow the completion of surgery.

Postoperative monitoring and care

All patients were admitted postoperatively to atppaesthesia care
unit for at least a 12-24 hours postoperative nooinig that included

serial blood gas analysis measurements and adfigspostoperative
chest x-ray. During this period oxygen therapy tigto nasal cannula
was provided as was necessary for proper oxygenatid epidural

analgesia was continued to provide appropriate @atitrol.

Satigtical analysis
Intrapulmonary shunt fraction calculations werefgened using the
nomogram of Benataat al. PaQ between 60 and 100 mmHg were

considered to be abnormally low. P&B0 mmHg or Sagx90%
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were considered severe hypoxemia. One hundrednpafpeovided
an 80% power to detect a two-tailed difference @h@mHg in Pa@
during OLV with ana error of 5% based on an expected standard
deviation of 100 mmHg. Distribution normality watdrmined
using the Shapiro-Wilk test. Studenttstests were used to for
intergroup comparisons of preoperative values aralyais of data
obtained during twolung ventilation. Data obtairdading one-lung
ventilation were analyzed with two-way repeated-aswges of
ANOVA with “randomization order” and “TV” being caidered
independent variables. Results are presented assmeaDs; P<0.05
is considered statistically significant. SAS for ntfows 9.2. (SAS

Institute Inc. Cary, NC USA) was used for statatianalysis.

2.2 Impact of PaCO, driven and EtCO, driven one-lung
ventilation on arterial oxygenation

Sudy population

After approval from the local Ethics Committee (DEO
RKEB/IKEB 2976-2009), written informed consent wabtained
from 100 ASA Il patients scheduled for lung resaetsurgery.
Preoperatively lung-function tests with wholebodgtysmography,
arterial blood gas analysis while breathing room, &ECG,
preoperative echocardiography, computerized tonpdgeca lung

scan, and bronchoscopy were done.
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Anesthesia

All patients were premedicated with 5 mg of midaroland 0.5 mg
of atropine im prior to arrival in the operatingorn. Before
induction, an epidural catheter was placed atéhellof Th V=VIII
to ensure appropriate intraoperative and postoperanalgesia. A
mixture of 0.1 mg/ml of bupivacaine and 5 mcg/rhfentanyl was
administered at a rate of 0.1 ml/kg/hour throughbuet study and in
the postoperative period. For the induction of #mesa, a
combination of 2 mg/kg propofol, 2 mcg/ml fentaayld 0.2 mg/kg
cisatracurium was used. Muscle relaxation and depthnesthesia
were monitored by the appropriate monitoring syste#nthe Zeus
anesthesia working place (Draeger Medicalipéck, Germany).
After the desired level of muscle relaxation wasacteed, a
doublelumen endotracheal tube was inserted usingectdi
laryngoscopy. The position of the tube was alwaysegained by
fiberoptic bronchoscopy. For maintenance of anestih& mixture of
sevoflurane in oxygen/air was used. The concentratiof
sevoflurane was tailored according to the BIS le&thndardised
monitoring including five-lead ECG, invasive artdrblood pressure
monitoring, core temperature, and pulseoxymeter weed

throughout the anesthesia procedure.

Ventilatory strategy during the study and study protocol

Patients were randomly assigned to Ef@®@ven ventilation (Group
EtCO,, N.=50) for maintaining EtCOin normal range or to a
PaCO2 driven ventilation with increased respiratate for
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maintaining arterial normocapnia (Group PaCON.=50).
Randomization was based on computer-generated dbdesvere
maintained in sequentially numbered sealed opaquel@pes until
after induction of anesthesia.

Measurements

During OLV, the partial pressure of oxygen in a@gkblood (Pa®),
the partial pressure of carbon dioxide in artdslabd (PaCQ), end-
tidal carbon dioxide (EtCO2), respiratory rate pinatory time, peak
inspiratory airway pressure (Ppeak), plateau iaspiy airway
pressure (Pplat), hemodynamic parameters were dedaon every
15 minutes.

Satigtical analysis

Distribution normality was determined using the iobgoro-

Smirnov test. Student's t tests were used to faergmoup

comparisons of preoperative values.Tukey-Kramemtas uesd for
analysis of data obtained during twolung ventilati®ata obtained
during one-lung ventilation were analyzed with avey repeated-
measures of ANOVA. Results are presented as me&is+P<0.05
is considered statistically significant. SigmaPlat (Systat Software

Inc, Chicago, Il, USA) was used for statistical lsags.
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3.3 Impact_of normocapnic one-lung ventilation on cerebral
oxygenation
Sudy population
Twenty-four patients undergoing lung surgeries wactuded in the
study, which was approved by the local Medical &@hCommittee
of the University. All patients gave written anddmmed consent.
There were 20 lobectomies, 2 bilobectomies and d2osassisted

thoracoscopies.

Anesthetic procedure

All patients were premedicated with 5 mg of midaroland 0.5 mg
of atropine im prior to arrival in the operatingorm. Before
induction, an epidural catheter was placed atekellof Th V-VIII
to ensure appropriate intraoperative and postoperanalgesia. A
mixture of 0.1 mg/ml of bupivacaine and 5 mcg/rhfentanyl was
administered at a rate of 0.1 ml/kg/hour throughbet study and in
the postoperative period. For the induction of #mesa, a
combination of 2 mg/kg propofol, 2 mcg/ml fentaayld 0.2 mg/kg
cisatracurium was used. Muscle relaxation and depthnesthesia
were monitored by the appropriate monitoring syste#nthe Zeus
anesthesia working place (Draeger Medicalipéck, Germany).
After the desired level of muscle relaxation wasacteed, a
doublelumen endotracheal tube was inserted usingectdi
laryngoscopy. The position of the tube was alwayseeained by
fiberoptic bronchoscopy. For maintenance of anestih& mixture of

sevoflurane in oxygen/air was used. The concentratiof
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sevoflurane was tailored according to the BIS le®thndardised
monitoring including five-lead ECG, invasive artdrblood pressure
monitoring, core temperature, and pulseoxymeter wased

throughout the anesthesia procedure.

Ventilatory strategy during the study

end-expiratory pressure (ZEEP). When the patiesi®wurned into
lateral decubitus position, this ventilatory modaswnaintained for 5
minutes for stabilisation purposes. At the timeskih incision OLV
was started with constant squared flow in volumatimdled pressure
limited mode with a TV of 5 ml/kg and with 5 crg®l PEEP. Peak
airway pressures were kept below 35 cmH20, aneg@lapressures
under 25 cmbkD. Respiratory frequency was adjusted in order to
maintain normocapnia. After closure of the chest meturned to
double-lung ventilation was restarted with 10 ml’/Rg and ZEEP.
With the patients back in supine position, a migtof 50% oxygen
in air was used for ventilation, with 10 ml/kg TYZEEP.

Monitoring oxygenation and PaCO,

In all patients radial artery catheters were plaicethe awake state
for continuous monitoring of arterial blood pressand blood gas
sampling. Arterial blood gas samples were takethénawake state,
in the supine position after induction of anestaehiring DLV, in
the lateral decubitus position during DLV and evéfy minutes
during OLV.
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Cerebral oxygen saturation and blood flow monitoring

Before induction of general anesthesia, a ceredxginetry probe
was placed on the forehead of the patients on thredependent
side. INVOS 5100C Cerebral Oxymeter System (Sonemet
Corporation, Troy, MI, USA) was used to monitor etenal oxygen
saturation (rS¢). Transcranial Doppler (TCD) measurements were
performed using Rimed Digilite Transcranial Doppsemography
(Rimed Ltd, Israel). Temporal window was used fasanation. A
fixed probe was used to measure cerebral blood Viewacity in the
middle cerebral artery on the non-dependent sitle.device permits
the assessment of the best available signal ofrtitkelle cerebral
artery between the depths of 45-55 mm. Systolastdlic and mean
blood flow velocities were registered, and pulgéstiindices were
calculated by the device. Both cerebral oxygenragitn and blood
flow velocities were continuously monitored frometlawake state
throughout the study. For the sake of clarity, otflgse rS@ and
blood flow velocity values were taken into accoumthe statistical
analysis where simultaneously blood gas analysis vedso

performed.

Satigtical analysis

Before starting the study, a power analysis watopmed according
to the variance published in a previous study ofmkerling et al.
Power analysis revealed that the predicted populasize to be

studied in order to obtain a 20% difference in best oxygen
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saturation during OLV compared to lateral DLV was Twenty-
four patients were included in the study.

Statistica for Windows (Tulsa, USA) programme wasedi for
analysis. The normality of distribution was tesbydShapiro—Wilks
test. Thereafter, differences were analyzed wite fRepeated
Measures Analysis of Variance (ANOVA) (Pag®@troduced as a
co-factor, as its variance might have influencedldbtcome variable
disguising the true relationship) with the TukeyakKwer Multiple
Comparisons Test. The relationship between cerelorgigen
saturation and PaPPaCQ as well as middle cerebral artery mean
blood flow velocity was assessed by linear regogssinethod.
Values ofp < 0.05 were accepted as statistically significBxta are
presented as mean + SD.

After the patients were intubated in supine posijtidouble-lung
ventilation (DLV) was started in volume controlletbde using 1.0

FiO, and a tidal volume of 10 ml/kg and a zero

3.4 Clinical experience with a new endobronchial blocker: the EZ-
blocker

Subjects and methods

Inclusion of patients started after we had obtaipedmission from
the local medical ethics committee (permission nemiEOEC
RKEB/IKEB 3283-2010). All subjects gave written dnfmed

consent before surgery.
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Description of the EZ-blocker

The main part of the device is a 650 mm long cathet Fr. in
diameter, containing four lumina. Its ending formsymmetrical,
double-stem, 4-cm-long Y-shape. Among the four hanitwo (one
on each side) enable the connection between thenwhthe main
bronchi and the environment, creating suction anodliding oxygen.
The other two lumina (one on each side) servenfitaiting and
deflating the cuff located at the stems of the ¥p#d ending. The
extensions are fully symmetrical and are color codfor

identification purposes.

Anesthetic procedure

All patients received 5 mg midazolam and 0.5 mggiire before
induction of anesthesia. A thoracic epidural cath&tas introduced
at thoracic V-VII level, and after the testing do8el mg/ml

bupivacaine plus 5 Ig/ml fentanyl was administea¢d rate of 0.1
ml/kg/h. Before induction, a radial artery cannwias introduced for
continuous blood pressure measurements and fod lgas analysis.
During the entire course of anesthesia, relaxom@@F Watch SX,

NV Organon, Oss, The Netherlands) and BIS monigprivere

performed (Aspect Medical Systems, Natick, MA, US&eneral

anesthesia was induced by fentanylu(kg), propofol (2 mg/kg),

and cis-atracurium (0.2 mg/kg). After inductiorsiagle-lumen tube

(SLT) (Rischelit, Risch, Kernen, Germany) 9 mm in diameter was

introduced under direct laryngoscopy. The positigrof the
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tube was performed and controlled by bronchoscapyas desired
that the position should allow the opening of tiens of the Y-
shaped bronchial blocker in the later course ofsth@sia and
surgery. After intubation, two-lung ventilation (V). was started by
a tidal volume of 10 ml/kg and zero positive enghieatory pressure
(ZEEP, with maintenance of the peak airway preshgiew 40
cmH,O until opening the pleural cavity (Draeger Prirangsthesia
device; Draeger fibeck, Germany). Maintenance of anesthesia was
performed by administration of a mixture of sevodioe and oxygen
to maintain an appropriate depth of anesthesia.rthe fixation of
the single-lumen endotracheal tube was completer EZ-blocker
was introduced under bronchoscopic control. Uti$ tpoint, both
cuffs of the blocker were deflated. Before opertlmgpleural cavity,
the SLT was disconnected from the anesthesia de@pening of
the pleural cavity resulted in the collapse of iemdependent lung.
At this point, the cuff of the bronchial blocker svanflated on the
dependent side, and OLV was initiated with 5 mifkgand a PEEP
of 5 cmHO0.

Measurements during the procedure

Assessment of EZ-blocker positioning

After fixation of the SLT, the time necessary fapper positioning
of the blocker was recorded. The time requireddoyngoscopy and
intubation was not included in the time neededfaper positioning
of the EZ-blocker. Measurement of insertion timartetd at the

opening of the orifice of the multiport connector insertion of the
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EZ-blocker and was stopped when the correct positias verified
by bronchoscopy. Whenever proper positioning ofttl® was not
successful (two cases), the time necessary foectimg the position

was also recorded in seconds.

Assessment of cuff pressures and minimal occlusion volumes

In supine position under closed chest conditiony Twas started
with pressure-controlled mode using deceleratiogy fpattern with
25 cmHO of peak and plateau inspiratory pressure. After a
stabilization period of 1 min, tidal volume was oetded. The right
cuff of the blocker was inflated under manometentod until
reaching the pressure necessary to halve the tidhlme as
compared to the initial value. This stage was awrsid proper
endobronchial block. At this point, the cuff wadldied by a syringe
and the volume that was aspirated from the cuff measured. The
same procedure was repeated with the cuff on thesige. With
inflated cuffs we also registered the cuff pressuyia cmBO and
mmHg). Thus, we gathered information on the amafnair and

cuff pressures necessary for proper blocking ortloesides.

Assessment of duration that is necessary for the lung to collapse

(lung deflation time)

At open chest in lateral decubitus position withflated blocker
cuffs, the lungs were inflated until the nondependang reached
the lower border of the rib cage. Duration of luogilapse was

determined in different ways.
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Collapsing the lung through the stem of the BB

After inflating the nondependent lung, the cufftoe same side was
inflated while the cuff on the dependent side waflatied. The
nondependent stem was made open to the air, spantaueflation
of the nondependent lung through the lumen of tBe B
Foontaneous lung collapse through the endotracheal tube

In a second setup, after reinflation of the nondepat lung, the BB
cuff on the nondependent side was inflated for aertstime, the
dependent cuff remained deflated, and OLV was naetl. After a
short stabilization time, SLT was disconnected frtira ventilator
and the BB cuff on the nondependent side was @efladerewith the
duration of spontaneous lung collapse throughuheeh of the

endotracheal tube was measured.

Facilitated lung collapse through the endotracheal tube

The setup here was the same as for the previous. gaiditionally,
after disconnecting from the endotracheal tubeiciian system with
a force of 20 cmkD was attached to the system and the duration of
facilitated lung collapse was determined. Propdiapee of the lung
was defined by measuring the distance betweenpherworder of
the superior lobe and the rib cage. A distance &f &n was
considered appropriate. Determination of the appatg distance
was based on our previous measurements in whichsiére used
in ten patients. In this study, we asked the thoratirgeons to
determine the ideal collapse of the lung, and weasued the

distance between the lung pleural surface andppenborder of the
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superior rib cage. In this series the distancedppropriate lung
collapse was 5.5 cm on average. In the preseny,stuéach case we
reached the 5.5-cm lung collapse. The distancemessured with a
sterile centimeter scale with open chest condition.

A three-dimensional reconstruction was complete@mfr all
preoperative lung CT scans off-line in all patierfefilm Lite
software; MergeeMed, Division of Merge Healthcakilwaukee,
WI, USA). We could obtain the particular images Utitizing the
eFilm Lite software’s built-in multiplanar reconsttion function.
The MPR function produces three sets of reconstidimages:
coronal, sagittal, and transverse scans, by mefti®eappropriate
tool icons. With this function we were able to stlihe appropriate
planes that depict clearly the trachea, the bitiznaand the origins
of both bronchi. The diameters of the two main kianwere
measured perpendicular to the axis of the bronahtlse bifurcation.
The angle of the bifurcation is the angle produegdhe axes of the
left and right bronchi.

Satigtical analysis

The Shapiro-Wilk test was used for assessment taf diatribution.
The Mann-Whitney test was used for comparison & tlata.
Regression analysis was used to assess the relipobnetween the
diameters of the bronchi and cuff pressures as agllminimal
occlusion volumes (MOVs). A P value\0.05 was coestd as

statistically significant.
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3. RESULTS

4.1 Effects of different tidal volumesfor one-lung ventilation
on arterial oxygenation

Patients characteristics, arterial partial pressysalmonary function
tests, were similar in both groups of patients.
There were no significant differences in Ba®aCQ, calculated
intrapulmonary shunt (Qs/ Qt), ventilatory and hegmamic values
during TLV in the supine and lateral decubitus poss.
There was no significant effect of sequence of oamdation on any
outcome (Pa® P=0.7; PaC@ P=0,4; Qs/Qt: P=0.3; Ppeak: P=0.3;
Pplat: P=0.2); all results are thus presented asctibn of TV. TV
during OLV did not significantly alter PaQ10 mL/kg: 218+106
versus 5 mlL/kg: 211+119 mmHg, P=0.29), or hemodynamic
responses. The proportion of patients who demadsstreow Pa@
during OLV was similar with each TV (TV 10 mL/kg/100 (7%)
versus TV 5 mL/kg: 9/100 (9%), P=0.6, chi-squared tekk). severe
hypoxic episodes were noted in either of the pttiehhe values of
PaCQ during OLV were significantly greater using low T{O0
mL/kg: 39t6versus 5 mL/kg: 44+8 mmHg, P<0.001). The values of
TV, Ppeak and Pplat and static compliance (CrsindudLV were
significantly higher using high TV as compared ¢avITV. All the

patients were hemodinamically stable during thegisat procedure.
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1.2 Impact of PaCO, driven and EtCO, driven one-lung
ventilation on arterial oxygenation
Patients characteristics, arterial partial pressysalmonary function
tests, were similar in both groups of patients €hevere no
significant differences in PgQralues between groups during DLV
and at the 15th minute of OLV (Group Etc@18+101 mmHg,
Group PaC@208+107 mmHg). There were significant differences
in PaQ at the 30th and 45th minutes between groups (8&tth
Group Etc@: 152173 mmHg, Group PaGQ25+80 mmHg; 45th
min Group Etc@ 154+105 mmHg, Group PaGQ27+83 mmHg
respecively, p<0.05). In Group Pagm@ean airway pressure and RR
was higher, and the inspiratory and expiratory timees shorter than
in Group EtCQ.

4.3 Impact of normocapnic one-lung ventilation on cerebral
oxygenation

Changesin PaO2 and PaCO2 values during the study

Pa02 values significantly increased compared torésting state
when DLV was administered with 1.0 FiO2 in both isepand
lateral decubitus positions. After OLV was starté&BO2 values
gradually decreased. It is important to note that average PaO2
remained at 26 kPa throughout the whole study.idPgmtessures of
CO2 in arterial blood remained relatively stablenpared to resting
values until introduction of OLV. A gradual incream PaCO2 was

observed during OLV, but due to adjustment of nedpry

24



frequency during mechanical ventilation, averag€®2 remained

within the normocapnic range.

Cerebral oxygen saturation

Cerebral oxygen saturation increased significamthen DLV was
started with FiQ 1.0 and remained relatively stable during the
course of the study. When ventilation was changethfDLV to
OLV, no significant change was observed. A sigafficdecrease of
cerebral oxygen saturation was found compared ® \hlue
observed during DLV in lateral decubitus at theetipoints of 30,
45 and 60 minutes after the start of OLV. It is artant to note that
even at these time points, average brain oxygemratatn
corresponded to the awake value. The relative awmd cerebral
oxygen saturation during OLV (in %) were the nextsateral OLV
15 min. —3.8 + 8.2 (—19.0%-6.9%), Lateral OLV 3thmi5.6 + 8.6
(-23.5%-19.2%), Lateral OLV 45 min. -9.22 + 10-3{.5%-
11.0%), Lateral OLV 60 min. —12.6 + 9.7 (-37.8%-98)9

It is obvious that the average decrease in,n8&s at all time points
of OLV below 20%. A less than 60% oxygen saturatwas
observed in five cases (out of 24): in case 8 famin: 58%, at 30
min: 52%, at 45 min: 49% at 60 min: 58%), in case (&t 45
min:57%, at 60 min: 51%), in case 11 (at 60 mir)8in case 16
(at 30 min: 58%, at 45 min: 53%) and in case 17 %amin: 56%, at
60 min: 52%). Thus, in the majority of the casedyoslight

decreases of the rg@ere observed during OLV.
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Mean blood flow velocity of the middle cerebral artery

Middle cerebral artery mean blood flow velocityrtsgently, slightly
increased after starting OLV but returned to thtueaobserved at
lateral DLV thereafter and remained relatively &athroughout the

course of the thoracic surgical procedure.

The relationship between cerebral oxygen saturation and cerebral
blood flow velocity aswell as blood gases during OLV

Cerebral oxygen saturation was influenced by batf,Rnd PaC®

(r = 0.44 andr = 0,40,p < 0.001 in both cases). There was no
significant relationship between r$Cand cerebral bloodlow
velocity (r = 0.05,p = 0.51). Cerebral blood flow velocity was
independent from PgQ(r = 0.1, p = 0.17), while a significant
positive correlation was found between PaCid cerebral blood

flow velocity.

3.4 Clinical experience with a new endobronchial blocker: the
EZ-blocker
Insertion and proper positioning of the EZ-blockequired 71 + 12
s. Of the ten cases, malposition occurred in twobdth cases the
reason for improper first positioning was the teeep insertion of
the endotracheal tube used for guidance of thekblodVith this too-
deep positioning, the ending of the single-lumedatracheal tube
was less than 4 cm, making opening and properipoiiy of the Y-
shaped bronchial blocker impossible. In the case infial

malposition, the correction lasted for 150 and 48@spectively.
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Comparison of deflation times using different methods

The deflation time of the lung through the lumentleé bronchial
blocker was 755 + 113 s for the left and 676 + &1 for the right
side (P = 0.18). When doing lung deflation with thlecker cuff
deflated (with lung collapse thus occurring throulgé lumen of the
singlelumen endotracheal tube), the spontaneoudatidef time was
9.4 + 0.7 s, which could be further decreased byiadtration of a
negative pressure of 20 cpbito 4.1 £ 0.7 s.

Relationship between the morphological properties of tracheal
bifurcation and endobronchial block.

When assessing the diameters of the left and righih bronchi, a
significant difference was found (13.9 + 2.6 mm lfgft side vs. 16.7
*= 2.1 mm for right side; P=0.047). The average amjlthe tracheal
bifurcation was 73:815.9 The amounts of air necessary for proper
blocking as well as the corresponding cuff pressorethe two sides
were: Amount of air necessary for blocking undeway pressure of
25 cmHO (ml) left: 6.7+£1.16, right: 8.0+1.1, p= 0.033;uft
pressure during proper blocking under airway pressii 25 cmHO
(mmHg) left: 39.8 + 4, right: 84.6 £ 5 p<0.001. Aegter amount of
air was necessary for a proper endobronchial

block on the right side than was necessary ondfteside, with a
correspondingly higher cuff pressure in the righgstuff.

In a further analysis, we assessed whether a opfitip exists

between the ratios of main bronchial diameters & ratios of
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MOV. It was found that a significant positive rédetship exists
between the two parameters; e.g., the greater idmaeder of the
main bronchus, the larger the amount of air thas wecessary for
proper endobronchial bloclké(r 0.43; =0.04).

In contrast to this, no relationship could be dieteécbetween the
angle of tracheal bifurcation and the MOV valudsjst indicating
that the angle has no impact on the proper endchrainblock
(r’=0.06; P=0.487). Similarly, the bifurcation of timin bronchi did
not have any impact on the time that was neceskaryproper
blocking (f = 0.26; P=0.19).
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2. DISCUSSION

Our work is a prospective, randomized, crossovesigiestudy in
humans during thoracic surgery, where the effetifterent TVs
were investigated during OLV. Our primary resulttiet arterial
oxygenation and shunt fraction are similar with T&f$6 mL/kg and
10 mL/kg during OLV with open chest in the lategpakition, during
surgical manipulation in patients with normal lulngction. The TV
to be used to maintain adequate oxygenation

during OLV remains controversial. Based on the wofkKatz,
textbooks and reviews recommend using high TV bezalV less
than 8 mL/kg-1 can lead to atelectasis that mayesse the
incidence of hypoxemia. However, traditionally OLNas been
performed with high TV without added external PEigeause

high TV with external PEEP (5-10 crp®l) promotes alveolar
hyperinflation which can lead to lung injury.

There is growing evidence that smaller TV during\Cthan during
two-lung ventilation helps preventing lung injurAs might be
expected, low TVs reduced inspiratory airway pressuwhich may
reduce pressure-related lung injuries that somest@eeompany one-
lung ventilation.8 The effect of low TV on oxygeiat is
controversial. The conclusions of the present statyespond to the
findings of Kozianet al who compared TVs of 5 and 10 mL/kg for
OLV in piglets and evaluated lung density distribnt They found a
TV of 5 mL/kg along with PEEP after an alveolarrtétnent
maneuver a safe alternative to larger TVs. Howewetheir study,

respiratory rate was different using different TMbus minute
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volume was not identical, the constant level of Balndicates
constant alveolar ventilation. In contrast, in @audy the minute
ventilation was kept constant with doubling thepiestory rate at
low TV. This double respiratory rate produced auain in
alveolar ventilation and CQOetention. Lickeet al found that use of
low TV with PEEP and recruitment maneuvers serveésgaate
oxygenation during OLV. In our study, we evaluatadaller TVs
than commonly clinically used. However our resalts different

from the results of Rozet al who found that at the same plateau
pressure, an increased PEEP with low TV worsengdemation. In
our study only 5 cmpD PEEP was used with low TV, whereas
Roze's used 9 cmy® PEEP which can lead to compression of
alveolar capillaries due to overdistension and thes potential to
worsen oxygenation (although clinically not sigeétly). It has to
be noted, that compression of alveolar capillaridee to
overdistension would produce an increase in deatesgand an
increase in PaC{but it would only slightly reduce Pa@ue to the
shunt effect (diversion of blood flow to less véated areas). This
effect on Pa@would only be apparent at low FiOThe amount of
abnormally low arterial oxygen partial pressure \sasilar in each
of our groups, and neither ventilation strategydpiced serious
hypoxemia (Pagx60 mmHg).

Use of PEEP during ventilation with low TV is alsontroversial.
Application of external positive end-expiratory gsare can decrease

the incidence of atelectasis due to prevention lanlapse and
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minimizes the alveolar injury preventing cyclic op®g-closing
during OLV. However, the optimal level of PEEP rénsaunknown.
Some studies reported beneficial effects on oxyemavhereas
others reported no benefit or worsening of oxygenatMany now
believe that ventilation with low TV without addexternal PEEP
worsens oxygenation and promotes alveolar de-rtacenit. Kimet

al did not found difference in PaBiO, ratio using low TV with and
without PEEP. This observation suggests that agpijidic of PEEP
cannot compensate for hypoxia due to atelectasisechby low
TVs. We thus compared low TV with PEEP and high Wwihout
PEEP as this is probably the safest clinical apgrea and one that
has been used in many previous studies. The wsd¥wfof 5 mL/kg
was associated with an increased Pa@t this increase remained
between the limits of normocapnia.

Once low TV is used, the respiratory rate has todbabled to
maintain the constant minute ventilation. This k#al an increased
dead-space ventilation and increased PaClhere were no
significant differences in calculated intrapulmgnahunt values. We
note, though, that intrapulmonary shunt fractionsrevcalculated
using the nomogram of Benatar al. Better estimates would be
available from a pulmonary artery catheter, buagive monitoring

is not routine in our department. A constant & 1.0 during the
study was motivated by safety because of the ldakxperience in
the use of such low TVs in humans. However, thees&im, was
used in all patients. This high FiGnight accelerate atelectasis after

the alveolar recruitment maneuver, but we did nioid fany
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differences in Pa® Moreover, it seems unlikely that at such a high
FiO,, that an alveolar recruitment maneuver appliedndfutes
before the measures could influence the obtaintal dalditonally,
administration of higher Fihas also a methodological background:
while using high Fi@ small changes in the shunt fraction may lead
to consequently larger changes in P&dd therewith may enhance
the comparison of the effects of different ventitgtstrategies. After
finishing OLV, TLV was continued with Fi©of 0.4 in air to avoid
the absorption atelectasis in the postoperativioger

There were significantly higher values of statianpdiance (Crs)
using high TV during OLV than using low TV. Highglateau
inspiratory pressures usually reduce compliancethodigh, an
increased Pplat is logically observed after indrepsthe TV,
however, the increase in TV and the increase ofRplkat are not
lineary correlated which may explain the higher pbanmce using
high TV.

We have to mention several limitations to our stuBirst, only
patients with no or minor alterations of the prex@tive pulmonary
function were studied. Of course many patients fgvihoracic
surgery present with various degrees of COPD ankingnary
hyperinflation. Some are chronically hypoxic, andhevs are
hypercapnic. We excluded patients with serious iaard
comorbidities and severely abnormal lung functioestd, as
mentioned in the methods section. The extent tachvioiur results

can be generalized to sicker patients remains ttebermined.
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A second limitation is that our cross-over desigayrhave decreased
the intersubject variation and it is widely usectimical research in
investigation of acute effects on oxygenation, beea patients
served as their own controls. A consequence otmss-over design
is that we were unable to evaluate any long-terieces of this TV
management. It thus remains possible that low gh hTV is
preferable for reasons beyond their acute effeats amterial
oxygenation and pulmonary shunt. We did not obsemg acute
lung injury, ARDS, pulmonary edema, or pneumonighimi 72
postoperative hours.

Third, we have studied patients in the lateral fmsi with open
chest and during surgical manipulation. In therkdt@osition, the
eventually gravitational effect on the redistrilouti of pulmonary
blood flow during OLV is already present, so it \ebhave no more
influence on the findings of the study. The opersthand surgical
manipulation were preferred to reproduce as muchpaassible the
clinical conditions during OLV. Unfortunately, warnot quantify
the amount of blood flow redistribution due to thseirgical
manipulation, which might influence the resultstlod present study.

However, surgery was temporarily stopped to alleadollection.

The relatively high RR impairs the emptying of alrend results in
increased functional residual capacity. So the Ra@@en lung-
protective OLV results in signifi cantly higher PaB&tCO, driven
OLV.
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We found that OLV with low (5 ml/kg tidal volume @riow PEEP
did not result in a significant decrease in cerkbrggen saturation
if normocapnia was maintained. We applied 10 miikgwith ZEEP
during DLV in the lateral decubitus position befotdV of the
dependent lung was started. Our additional findivegs that this
respiratory strategy during OLV permitted the mamnance of
sufficient level oxygenation and peripheral oxygeaturation
without critical decreases of Pa0n previous guidelines of OLV, a
higher than 13 kPa Pa@nd a peripheral oxygen saturation above
90% are described as minimal acceptable values iBhthe first
study to assess both cerebral oxygen saturationcarebral blood
flow with administration of lung protective ventitay strategy
during OLV.

The ideal ventilatory strategy during single lungniilation is a
debated issue.

Based on recent clinical reports and review aitéeo main sets of
respiratory strategies can be drawn: Titaglitional approach uses a
fixed higher (10-12 ml/kg) tidal volume and ZEEPttbhauring
double-lung and one-lung ventilation. The newercem of lung
protective strategy includes low (5-7 ml/kg) TV, low PEEP (5
cmH,0) and pressure controlled ventilatory mode. Boththese
approaches have intra- and postoperative advantaged
disadvantages; therefore there are concerns ogdadéal approach.
A common endpoint of these two approaches is tontaia
sufficient oxygenation during OLV. Thus, from theint of view,

the ideal approach should be one which permits icerfit
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oxygenation of the organs with no or minimal intrand
postoperative side effects. The most important sffects of the
traditional approach include pulmonary oedema, eaduhg injury
and dynamic hyperinflation, whereas the lung ptbtecstrategy
with low tidal volumes might result in lung atelasis and
hypercapnia and low rSO

Weighing up the advantages and disadvantages, walede to
perform our study using the lung protective apphoaed intended to
test whether application of low TV along with lowEPP and
maintaining normocapnia resulted in sufficient asleoxygenation,
brain tissue oxygen saturation and cerebral bléma fduring OLV.
We have found that application of this approach sdawt
significantly affect cerebral oxygen saturation asetebral blood
flow.

Cerebral tissue oxygen saturation as measured BYO®N is
determined by several factors, including cerebridod flow,
cerebral blood volume, oxygen saturation and hadoboy
concentration of the arterial blood and cerebrataimgic rate of
oxygen. The haematocrit and haemoglobin conceaftratevels
remained constant throughout our study.

Cerebral blood flow and cerebral blood volume areainty
influenced by the cerebral perfusion pressure amel terebral
vascular resistance. The most potent regulatompustis of the
cerebral arteriolar tone (i.e. the determinant efebrovascular
resistance) is PaGOIn cases of hypercapnia a dilation of the

cerebral arterioles occurs, leading to increasds inocerebral blood
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flow and blood volume. By contrast, if hypocapng present, a
vasoconstriction of the cerebral arterioles occumssulting in
decreased blood flow and blood volume. Converthesée previous
physiological observations into our study, mainte®a of
normocapnia enabled us to keep the metabolic amrabcular
responses within the physiologic range and thetevdgérebral
oxygen saturation was independent from change®@bcal blood
flow and blood volume. Although a slight increasé RPaCQ
occurred in our study during OLV, the expected éase in cerebral
blood flow was probably counteracted by the deaeafscerebral
blood flow induced by sevoflurane anesthesia.

The second determinant factor of cerebral tissygex saturation is
the peripheral oxygen saturation (SpOf arterial blood. As critical
decreases (SpO< 90%) did not occur in our study using lung
protective ventilation and the Pa®f arterial blood was relatively
stable (mean value: 26 kPa) throughout the studg, leads us to
think that these factors did not have a signifigamtact on cerebral
oxygen saturation.

The third determinant factor of brain tissue oxygeaturation is
cerebral metabolic rate for oxygen (CMROAIthough we did not
assess CMRDIn our study, it has to be noted that, accordimg t
previous reports, the anesthesiological methodofaeane-fentanyl
based maintenance of anesthesia) used tends teadeccerebral
oxygen metabolic rate. In the present study wenode to assess

oxygen saturation in the most sensitive organ fmokgmia.
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Using the lung protective approach we found thatpérmits
sufficient oxygenation of the brain parenchyma. ideer, we did
not assess the potential pulmonary complicationthisf ventilatory
approach, neither do we have information on how tthditional
ventilatory approach influences cerebral tissuegexysaturation and
cerebral blood flow. Obviously, there are someeaddhces between
the results of the present study and those puldifiyeHemmerling
et al. and Kazan et al. For explaining this differe we have
different points to mention: First, we used a dlighdifferent
ventilatory strategy during OLV, e.g. beside adsteiing low tidal
volumes we also intended to maintain normocapnsethan blood
gas analysis. This was decided because we wereeawofathe
metabolic regulation of brain circulation as ddsed above. In our
study, cerebral oxygenation decreased slightly Gatménutes, but
remained in the normal range and serious cerelesdtdrations did
not occur throughout the study. We believe this tmagxplained by
maintainance of normocapnia. Second, it could be different
methodology that explains the differences in ceakhloxygen
saturation. The third difference to mention is that also measured
cerebral blood flow velocity in the middle cerebaatery. Although
it does not measure cerebral blood flow directlyarges in blood
flow velocity may reflect changes in cerebral bldtmlv. Cerebral
blood flow is mainly influenced by PaGOThus, maintaining
normocapnia may lead to a stable cerebral bload dloring OLV.

In our opinion, the results of the present studg those published

by Hemmerling et al. and Kazan et al. are not eafittory, rather
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serve with complementary information on what is gepng within

the brain during OLV. Our results speak in favoumaintainance

of normocapnia in order to achieve stable braisuisoxygenation
and cerebral blood flow.

Further complex studies focusing on both tissue gexrgtion,

cerebral blood flow and perioperative pulmonary pboations are

needed to find out the optimal ventilatory stratelgying OLV

During thoracic anesthesia, double-lumen endoti@ciubes (DLT)

are widely used in cases where one-lung ventilationecessary.
However, in some cases (such as difficult intutmgticacheostomy,
or traumatized patients previously intubated witBLA'), the use of
double-lumen tubes or the change from a single-futoea double-
lumen tube may become difficult or risky. In suclases,

endobronchial blockers (BB) may be indicated. Thasge is,

however, restricted to certain cases because Dt stearacterized
by faster lung deflation time, a simpler introdoctitechnique, and
easier positioning and bronchial toilet, as welloager costs.

When taking the insertion and positioning time istnsideration,

the average insertion time for a bronchial blodkeeported to be as
high as 4-6 min. In accordance with the preserdysta previous

report showed that the EZ-blocker may be positiomede quickly

(1-3 min), more safely, and more easily than pneslp used types
of bronchial blockers. The unique design of the lila@cker makes
proper positioning easier compared with classic .BBSis study

does have an important limitation: there were notmd groups to
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compare the EZ-blocker with the other types of BBsr aim was to
present our experience with this BB and presentestthnical data
that have not been previously reported in theditee. Regarding
the other aspect, the rate of malpositions durimggrition, in the
present study malposition occurred in two caseg. rBlason for the
improper first position was a too-deep initial oduction of the
endotracheal tube that served as a guidance fdrtmehial blocker.
As described in the Methods section, these malpaogiigs can be
avoided by a careful checking of the endotrachgaé position using
a bronchoscope. A distance of at least 4 cm from tlacheal
bifurcation is necessary to reach the correct posibf the BB.
Additionally, when the initial insertion of the BBas improper, the
correction lasted a maximum of 3 min, which coul lmandled
safely by administering additional oxygenationhe patients before
repositioning the BB. One disadvantage of the prelocking tube
is the long deflation time of the lung through themen of the
bronchial blocker. This delay might be tolerableridig elective
surgeries; however, the deflation time of more t680 s seems to
be too long in emergency surgical procedures angpétial cases.
For instance, in cases where the surgeon wantpéo the chest
safely as soon as possible and with minimal possifjury to the
lung, or in cases where the two sides of the luagehto be
ventilated alternatively during surgery (such aes lfuss procedure),
these long deflation times seem to be inappropriateuch cases, as
demonstrated in our study, by deflating the cufftbé BB and

opening the endotracheal tube toward the envirohrt@rentually
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combined with additional suctioning of air throutite endotracheal
tube), the deflation times may be gradually de@das

We also intended to assess how individual variati@f the
tracheobronchial anatomy influence the insertiome8 and the
amount of air necessary for proper inflation of B® blocker cuffs.
It has been demonstrated in previous studies igatliameter of the
right main bronchus is larger by 2 mm on averageceRtly, it has
also been demonstrated that the angle of the hifiorc shows
individual variation. Therefore, we hypothesizedtttanatomical
variations possibly do influence proper insertidrand blocking by
the EZ-blocker. It has been demonstrated that eettte angle of the
bifurcation nor the diameters of the main broneffiuence the time
necessary for proper BB insertion. In contrashis, tas the diameter
of the right main bronchus was larger on the rigite,
correspondingly more air was necessary for BB imffation on this
side. A significant positive relationship was dermsipated between
diameters of the main bronchi and MOV values.

A further critical question regarding endotrachaadl blocker tubes
is the cuff pressure and the pressure exerted éycthif on the
tracheal wall. In previous tests of the blockeretwduff pressures, a
25 cmHO positive airway pressure was used for testingptioper
blocking with tube. In accordance with these testsalso used this
value for predetermination of critical airway pness while testing
the cuff pressures. In a previous study, Roscoa.edlemonstrated
that the pressures exerted by the cuffs of DLTgednfrom 16 to
155 mmHg. Pressures exerted by the BB cuffs rafrged 39 to 194
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mmHg. At intra-cuff volumes required to create alg¢e 25 cmH20
positive pressure, the pressures exerted by this ofiéll the devices
were less than 30 mmHg. In the present study weddhat average
cuff pressures were 39.79 + 4 mmHg on the left side 84.6 £ 5
mmHg on the right side, respectively. Taking intmsideration that
pressures exerted by the cuffs on the tracheal wallally
correspond to 10-20% of the cuff pressures, it begstimated that
in our series they correspond to 4-8 and 8.5-16 gymthich is far
below the critical perfusion pressure of the braalctwall (30
mmHg). The pressures exerted by the cuffs on taeh&al wall
could be affected by the elasticity of cuff matksiaand the
relationship of the diameters between the cuff #&mel bronchus;
thus, we need some basic research to prove ourthsgie for the
EZblocker.

We can suggest that the cuff of the EZ-blocker khbe inflated at
the minimum volume and at the minimum pressure fooe
maintenance of one-lung ventilation to prevent bhial mucosal

ischemia. Also, cuff pressure monitoring seemset@sential.
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Based on results of our investigation we concludthat:

A protective ventilator strategy for OLV in humardring lung
surgery, with such a reduced TV as (5 mL/kg) accamgd by 5
cmH,0O PEEP provides a safe arterial oxygenation andicesil
inspiratory airway pressures, as compared to highés without
PEEP in patients with normal lung function.
Normocapnia-driven lung protective one-lung iuatibn provides
significantly higher oxygen tension compared fmermissive
hypercapnia-driven ventilation.

Maintaining normocapnia may lead to a stable catdilood flow
during OLV.

Proper blocking with the EZ-blocker is not influedcby anatomical
variations of the tracheal bifurcation. The EZ-idec allows for
short lung deflation time through the endotrachiedle used for
guidance of BB insertion, especially if it is coméd with additional
suctioning.
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