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ABSTRACT

Bronchoaspiration results in local deterioration of lung function througlctdiamage and/or
indirect systemic effects related to neurohumoral pathwaydi®taguished these effects by
selectively intubating the two main bronchi in pigs while a PBEER or 10 cmHO was
maintained. Gastric juice was instilled only into the riglwng. Lung mechanical and
ventilation defects were assessed by measuring unilaterabpaty input impedance (4
and the third phase slope of the capnogram) ®r each lung side separately before the
aspiration and for 120 min thereafter. Marked transient elevatiodssiparameters and;S
were observed in the affected lung after aspiration. Eleva®iBEP did not affect these
responses in the £ parameters, whereas it prevented therfereases. None of these indices
changed in the intact left lung. These findings furnish evidendbeopredominance of the
local direct damage over the indirect systemic effecthendevelopment of the deterioration
of lung function, and demonstrate the benefit of an initially st PEEP following

aspiration.



1. INTRODUCTION

Management of the adverse pulmonary consequences of bronchoasmos#&ma major
challenge for health professionals during general anaestmskiatansive care (Marik, 2001,
2011). This syndrome has been reported to cause a high incidemoebidity and mortality,
involving up to 90 % of the affected patients, depending on the extéhé afivolved lung
regions (Cameron et al., 1973; Engelhardt and Webster, 1999; Leftrack1979; Olsson et
al., 1986; Warner et al., 1993). Inhalation of the gastric ctsieto the lower respiratory
tract induces a number of pulmonary syndromes, described originaNjehgelson et al.,
including acute aspiration pneumonitis caused by the acidity subsdquemtmical injury
(Mendelson, 1946), and aspiration pneumonia resulting from the inhat#tipathogenic

bacteria (Marik, 2001, 2011; Raghavendran et al., 2011).

The mechanisms responsible for the acute deterioration ofdmatjon following aspiration
of the gastric contents have not been fully clarified. Earlesults demonstrated the
involvement of direct physiochemical processes leading to mucdsahage and
desquamation (Kennedy et al., 1989; Wynne et al., 1981). Anothet difect of gastric
juice aspiration may be related to pepsin being cytotoxic to bronepighelial cells
(Bathoorn et al.,, 2011). A further direct mechanism of lung injdollowing
bronchoaspiration may be subsequent to the induced surfactant dgsfuhetnonica et al.,
2014). Besides these direct mechanisms, indirect pathwaysal&vdéeen reported to be
involved in the course of aspiration, since the lung injurybee found to be mediated by
capsaicin-sensitive vagal sensory afferent nerves (Kenneady @089; Kollarik et al., 2007;
Martling and Lundberg, 1988; Nemzek and Kim, 2009). Another indirect roatebe due to

the activation of systemic inflammatory processes originafrogn the affected lungs,



including the release of endogenous mediators by neutrophils, alveatmophages or by
activation of the complement system leading to vasculzkalge and oedema formation
(Goldman et al., 1991; Kennedy et al., 1989; Knight et al., 1992;rNRjdtal et al., 2007;
Nishizawa et al., 1996; Weiser et al.,, 1997). Although the @éfeegtrevention and/or
treatment of the bronchoaspiration would require the identificatfothe roles of these
individual mechanisms, no previous studies have attempted to dlaifyvolvement of the
direct and indirect pathways in the adverse functional chaingé® lung during the acute

phase of gastric juice inhalation.

Another important factor that may affect the severity of tingldamage and the outcome of
bronchoaspiration is the application of a raised positive end-expirptessure (PEEP).
While an elevated PEEP is beneficial for the recruitmenund regions and maintaining
them open during mechanical ventilation (Colmenero-Ruiz et al., 109&t al., 2008), a
significant hemodynamic impairment characterized by a detédora cardiac function may

also occur during a PEEP increment (Marumo et al., 2009).

The aims of the present study were therefore to quantify therageproles of direct and
indirect mechanisms of the deterioration of lung mechanioswolh acid aspiration. Acidic

gastric content was unilaterally administered into one lurdy@anges of lung mechanics
were measured alternately in the affected and intact lundsttier aim was to investigate
the effects of different PEEP levels on the respiratory amdilatory outcomes during and

following the inhalation of gastric juice.



2. MATERIALSAND METHODS

The work was carried out in accordance with EU Directive 201BI63£lating to animal
experiments. The experimental protocol was approved by theutimstal Animal Care
Committee of the Faculty of Medicine at the University o=, (No. XI1V/152/2013), and

was performed in accordance with the National Instituté$eafth guidelines for animal use.

2.1. Animal preparations

Male Vietnamese mini-pigs (n=13) weighing 28.2+0.9 kg (21-33nage used in the present
study. Anaesthesia was induced by an intramuscular injection ainket (20 mg/kg, CP-
Ketamin 10 %, Produlab Pharma, Raamsdonksveer, Netherlands)landey2 mg/kg, CP-
Xylazin 2 %, Produlab Pharma, Raamsdonksveer, Netherlandsanntit. line was secured
into the ear. A continuous infusion of propofol (6 mg/kg/h, Propoféb 2MCT/LCT,
Fresenius-Kabi, Bad Homburg, Germany) was then maintained througleostutly via the
ear vein. The mini-pigs were tracheostomized and a double-luararula (Broncho-cath
right 35 Fr, Mallinckrodt Medical, Athlone, Ireland) was oduced into the distal trachea.
The double lumen tracheostomy tube was positioned to achieve sepgptet of the left
and right lung sides and the tips were sealed by inflating 2 The pigs were then
mechanically ventilated (Model 900C; Siemens-Elema, Solnad&vwen volume-controlled
mode with a tidal volume of 7-8 ml/kg at a frequency of ~20/mith @n inspired oxygen
fraction (FiQ) of 0.3 in air. A femoral artery was prepared surgically steaile manner and
cannulated for blood sampling and the measurement of arterial blosslmeand cardiac
output by thermodilution (PICCO Catheters; PULSION Medical SwysteFeldkirchen,
Germany). The jugular vein was prepared in the same watheasemoral artery and
cannulated for fluid and drug administration. Muscle relaxationacageved by regular i.v.

administration of pipecuronium (0.1 mg/kg, every 30 min, Arduanchter-Gedeon,



Budapest, Hungary). The thorax was opened by means of a midlineotioongdollowing an
i.v. bolus of sufentanyl (25 pg/kg, Sufentanil Torrex, Chiesirfhaeuticals, Vienna,
Austria) and the ribs were widely retracted. Following cbesining, the pigs were randomly

assigned to maintain a PEEP of 4 or 10 ¢@H

Arterial blood samples were analysed radiometrically (CbB24; Roche Diagnostics, Basel,
Switzerland). The Horowitz quotient (HQ) was calculatedhasratio of the arterial partial

pressure of oxygen and FiO

A small incision was made in the stomach and 10—-20 ml of gqsitce was obtained via a
catheter introduced into the stomach. This gastric juice M@ametl to remove solid particles.
The pH of the remaining fluid was determined and hydrochloricvaadadded to reach a pH

of 2 if needed.

2.2. M easurement of lung mechanics

2.2.1. Forced oscillations

The measurement system for collection of the input impedspexera of the right or left lung
(ZLs) in the mini-pigs was similar to that used previouslytfe whole lungs (Petak et al.,
2006). Briefly, the mechanical ventilation was ceased aegpdation and the cannula of the
measured lung was connected to a loudspeaker-in-box system hehdartnula of the other
lung was occluded. Thus, during these 8-s long apnoeic periods, thd tmdillatory signal
was introduced only to either the left or the right lung. Pddhe measurements, the pressure
in the loudspeaker box chambers was set to the level of BEiP Ro keep the mean
transpulmonary pressure constant. The loudspeaker delivered a coggndeated small-

amplitude (< £1 cmkD) pseudo-random signal in the interval 0.5-21 Hz through a screen



pneumotachograph (11 mm ID), which was used to measure the ayas(Ml) with a
differential pressure transducer (model 33NA002D; ICSensors, MslpfA, USA). An
identical pressure transducer was used to measure the prasgshee left or right main

bronchi with reference to the atmosphergsP

The R s and V' signals were low-pass filtered at 25 Hz and samplédani analogue—digital
board of a microcomputer at a rate of 256 Hz. Fast Fourierforamstion with 4-s time
windows and 95 % overlapping was used to calculate the unilai&ral spectra

(ZL,S =0 PL,s/V')-

2.2.2.Estimation of airway and parenchymal parameters

The airway and parenchymal mechanical properties for the indivithgs were separated by
fitting a model to the Z spectra by minimizing the differences between the measmetd a
modelled impedance values. The model consisted of an airwayadonemt containing
airway resistance (Raw) and airway inertance (law),aandnstant-phase tissue unit (Hantos
et al., 1992) characterized by tissue damping (G) and etzs(&):

Z s= Raw + plaw + (G - jH) /o*

where j is the imaginary unig is the angular frequency«f), anda is (2/) arctan (H/G).

2.3. Capnography

Changes in partial COpressure in the exhaled gas during mechanical ventilation were
measured with a calibrated sidestream capnometer (Capdibc Datex/Instrumentarium,
Helsinki, Finland). C@traces were recorded alternately from each lung by closingioren|

of the endotracheal tube, at a time while the tidal volume de&seased by one-third by

elevating the ventilation frequency. The 8-s Q€aces obtained from the aspirated or the



intact lung were imported into custom-developed signal analysisasef The third phase of
the expiratory C@curves in each expiration was identified by selecting the t&es from

its peak end-tidal value back to 60 % of the total length ofnigat temporal change. Linear
regression analysis was applied to these phases to obtain slope thirtd phase of the
expiratory capnogram (§. S, was normalized by dividing each slope by the average values
of the corresponding GQroncentration in the mixed expired gas to obtain normalized time
domain third phase slopesn(3. Four to six expiratory traces were analysed in each

recording.

2.4. Haemodynamic monitoring

Systemic haemodynamic parameters were monitored by a trams@uin arterial
thermodilution system (PiCCO; Pulsion Medical System, Muniagrn@ny). A 4F arterial
catheter was inserted into the femoral artery. The tHendi@ator bolus was injected into the
right atrium via a central venous catheter positioned injtigallar vein. The monitor
determined the cardiac index (CI) by normalizing the cardiac otapghe body surface area.
The same monitoring system was used to measure the meaal aressure (MAP) and heart

rate (HR).

2.5. Experimental protocol

Following stabilization of the pulmonary mechanical and haemodynaaniables after the
anaesthesia and the preparation, the pigs were randomiyexbdiy groups in which the
PEEP was set to a level of either 4 (Group P4, n=7) or 13©Gn(@roup P10, n=6). Two sets
of baseline Zs recordings were then collected for each lung separately bydarscillations
(Fig. 1). This was followed by registration of the £taces from each lung separately.

Aspiration was achieved by unilaterally instilling the preparestrgajuice mixed with



hydrochloric acid (pH 2) into the endobronchial lumen (right lung) of theheal tube
(0.5 ml/kg) and leaving the left lung unaffected. To maintaeliest possible gas exchange
and similarity to a clinical situation, F)Qwvas elevated to 1 after injection of the gastric
content. Forced oscillatory and capnogram measurements werelegcimr each lung
alternately at 5, 15, 30, 45 and 60 min following aspirationa3sess the effect of a PEEP
change in this period, the level of PEEP was interchangeckéettlie groups (10 to 4 crbl
and 4 to 10 cmbO, respectively) 60 min post-aspiration. Following this PHiEErchange,
additional 4 s and CQ recordings were collected at 65, 75 and 90 min post-aspiration.
Finally, PEEP was re-established at the original level additional measurements were
performed at 95, 105 and 120 min post-aspiration. Blood gas samplesanaysed and
thermodilution measurements were performed at baseline and 80 2hd 110 min post-

aspiration.

2.6. Statistical analysis

The scatters in the parameters were expressed as SE. vidleeKolmogorov-Smirnov test
was used to test data for normality. Two-way repeated nmesasuixed model of analysis of
variance (ANOVA) with the factors assessment time (convsolpost-aspiration) and lung
side (aspirated or intact) was used in both PEEP-based groupsess &lse effects of the
aspiration of the gastric contents on the lung responsivenessdopleecs$ the third phase of
the capnogram and on haemodynamic parameters. The choice of appropwatiance
structure was on the basis of Akaike information criterionsues The Holm-Sidak multiple
comparison procedure was applied to compare the different conditionsregpeated
measures) or lung sides (affected or intact). Correlation semlyetween the variables were

performed by using Pearson correlation tests. Statistica teste carried out with the



SigmaPlot software package (version 12.5, Systat SoftwareCIA, USA) and SAS (version

9.2, SAS Institute, Cary, NC, USA) with a significaneed! of p < 0.05.

3. RESULTS

There was no statistically significant difference betwdenweights of the pigs in the two
protocol groups (29.6+1.1 vs. 26.7+1.4 kg for Groups P4 and P10, respeqh = 0.125).
The quality of the fitting of the model to the Zspectra was equally good in each group and

experimental condition with mean fitting error of 6.1+0.12 %.

3.1. Unilateral lung mechanical changes

Figure 2 demonstrates the temporal changes in the airwayagdi$sue forced oscillatory
mechanical parameters in both experimental groups for thetedfdaspirated) and intact
lungs separately. The mechanical changes following aspiraticasggbgenerally greater in
Group P4 than in P10. Under the baseline conditions, the mechpaieatheters did not
exhibit any statistically significant differences betweer ttwo lung sides in either
experimental group. However, in both groups of pigs, significafférences developed
between the two sides following gastric juice aspiration: awRat least p <0.018 and
p <0.032 for Groups P4 and P10, respectively), G (p <0.050.p5 and H (p <0.05,
p < 0.036). The peak of the mechanical deterioration on theatespiside occurred 5-15 min
after the bronchoaspiration, with gradual improvements theredfter airway and tissue
mechanical parameters for the intact side did not exhibit @myfisant change throughout

the study protocol.

The changes in the lung mechanical parameters relativieitobiaseline values are depicted

in Fig. 3 for characteristic time points in the experirme@n the aspirated side, the airway
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and lung tissue mechanical indices were increased significamin after the aspiration in
both Group P4 (p <0.001, p=0.001 and p <0.001 for Raw, G and Hctreslyg and
Group P10 (p=0.012, p=0.007 and p <0.001). The changes on theteakgide were
greater than those on the intact side 5 min after the aspirat the pigs in Groups P4
(p < 0.014) and P10 (p < 0.037); significant differences wise apparent later for Raw and
H in Group P4 (p < 0.008, p =0.029) and for G and H in Group P*00(037, p < 0.009).
Significant recoveries started from 60 min after the aspirah all mechanical parameters.
Lowering the PEEP to 4 cmB in Group P10 caused a significant decrease in H (p = 0.002)
on the intact side, whereas elevating the PEEP in Group P4 didve®a major effect on the
unilateral lung mechanics. The unilateral lung mechanicahpeteas for the intact side did
not demonstrate any significant adverse change following éspiran Group P10, G and H

were even decreased on the unaffected side 120 min afteatas (p = 0.021, p = 0.022).

Since indirect mechanisms are expected to alter primaglairway tone, the changes in Raw
in the two lungs were related to reveal the relationship dmiwthe magnitudes of the
bronchoconstriction. Figure 4 demonstrates the associations betweeaspiration-induced
changes in Raw obtained from the intact and aspirated side&éefdirst 60 min of the
experiment. While fairly systematic elevations were obsemvdgdaw on the aspirated side,
the changes on the intact side were highly variable, with theritgeof the pigs exhibiting
even decrements. Nevertheless, there was a statistiggiiificant correlation between the

Raw changes on the aspirated and intact sides (R = 040.,002).

3.2. Changes in the capnogram parameters

The changes in the absolute and normalized third phase slopee ofapnogram are

demonstrated in Fig. 5 under baseline conditions and 5, 60, 90 and 12&ftexin
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bronchoaspiration. No significant change was detected, itnSsroup P10 throughout the
study, whereas;Swas elevated at 5 min on the aspirated side in Group P4 (i) @ith an
apparent recovery at 120 min (p = 0.044)y, Shd not change on the intact side during the
study, whereas it was significantly elevated on the aspiradedirs both groups 5 min after
the aspiration (p =0.021 and p = 0.001 for Group P10 and P4, reslyg@ct@teanging the
PEEP elevated the aspirated-sidg; $mthe pigs of Group P10 (p = 0.007), while there was

no change in the intact side in the pigs of Group P10, or omr sitteein Group P4.

3.3. Haemodynamic changes

Under the baseline conditions, Cl and HR did not differ betweemptbtocol groups, while
the MAP in Group P10 was lower than that in Group P4 (81.7+£7.8 vs2#88 mmHg,

p = 0.02). Bronchoaspiration or the PEEP change did not lead to fcaigineffect on these
parameters; a decrease in MAP was observed only in Groug BR40amin (1088 vs.

94.0+7.0 mmHg, p = 0.031).

3.4. Gas exchange

Arterial blood gas parameters are demonstrated in Tableolsighificant change was
observed in arterial pH or GGhroughout the study protocol in either group, except for a drop
in pH in Group P4 following the change of PEEP (p = 0.04), and aat&e in arterial CQ

in Group P10 at 110 min (p = 0.016). A significant decrementdesscted in HQ for both
groups at 20 min (p = 0.048 and p = 0.020 for Group P10 and Group P4tikedpe but no

change was apparent thereatfter.
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4. DISCUSSION

In the present study changes in the lung mechanical and ventpatiperties were measured
for the left and right lungs separately following unilateraltg@aguice aspiration. This
approach allowed a within-subject comparison of the local and ingdiystemic effects of the
bronchoaspiration by measuring the affected and the intact lungetypaOur results
revealed that the marked acute lung mechanical responseseabsethe airway and tissue
mechanical properties in the aspirated lung were not associdatbdany detectable
deterioration on the intact side at the 2-h follow-up after aspiraNevertheless, there was a
significant association between the magnitude of the airesgonse in the intact lung and
that in the aspirated lung. The presence of an uneven viemtitzft the aspirated lungs was
obvious from the values of the elevated normalized capnogrampth@se slope. However,
this change was not seen in the intact lung, in accordance witfotted oscillatory
mechanical findings. The elevation of the PEEP under thmsgitmns prevented the adverse
changes in the capnogram third phase slope, while it had only nfieciseon the other lung

mechanical, ventilation or oxygenation indices.

In agreement with the findings of the few previous studies in wihielhmechanical changes
were assessed for both lungs together in various animal modelsbserved an acute
deterioration in the lung tissue mechanics in the aspirated Kmegt(al., 2008; Meers et al.,
2011; Petak et al., 1998). This adverse change can be attributddhtmary oedema due to
the increased vascular permeability (Goldman et al., 199&@rt et al., 1981; Ko et al.,
2008), surfactant dysfunction (Davidson et al., 2005; Lamonida @044) and inflammation
(Knight et al., 1992; Nader-Djalal et al., 2007). Since allthidse processes promote the
development of atelectasis leading to a lung volume loss, thatieles in the unilateral G

and H in the aspirated lungs are likely to occur subsequenthystphenomenon. The scarce
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earlier results indicated similar detrimental changeshentbtal resistive properties of the
pulmonary system (Kuckelt et al., 1979; Meers et al., 201éhfan et al., 1984). However,
we are unaware of any previous studies assessing changegay ieiechanics following acid
aspiration. The marked acute rise in Raw indicates the aj@welnt of a transient bronchial
smooth muscle contraction in the aspirated lung. Although the mecisanesponsible for
this finding have not been fully clarified, it may be explainedthuy direct effect of the
epithelial damage on the airway smooth muscle contracfligilos et al., 2013), or by the
localized release of bronchoconstrictive neurotransmitters, asitdchykinin and bradykinin

by capsaicin-sensitive neurons (Ricciardolo et al., 1999).

Respiratory abnormalities were also assessed in the prasgytgt measuring $and Sg,.
The extent of emptying of lung compartments containing variousdo@centrations during
mechanical ventilation and the shape of the resulting capnapeudetermined primarily by
the airway geometry (Blanch et al., 1999; Bohm et al., 2000;Hid6amuddin et al., 2009;
Stromberg and Gustafsson, 2000; Yaron et al., 1996), and the drivssymexerted by the
elastic recoil of the respiratory tissues (Babik et al., P0IBe marked elevations in these
parameters in the aspirated lungs suggest the presence of wrayeeitilation, particularly
at the lower PEEP level (Fig. 5). This may be subsequenet@talized deposition of the
instilled gastric juice (Amigoni et al., 2008; Meers et &011), which compromised the

regional ventilation in these patchy lung areas.

Our findings also demonstrate the transient feature of thtardance, since the ventilation

abnormalities were no longer detectable 60 min after the &epirdhis temporal pattern

suggests that the period 0-60 min is the optimum time window fohénaegeutic application

14



of an elevated PEEP against lung peripheral ventilation abfibesa following

bronchoaspiration.

An elevation of the PEEP is commonly used to prevent persiatetdgctasis formation
following aspiration. Our results demonstrate no major benefiti®imanoeuvre on either the
airway or the lung tissue mechanics (Fig. 3). This findingesgvath previous results where
no beneficial effect of a PEEP rise on the respiratory comgiafas demonstrated following
acid aspiration (Ko et al., 2008). However, the lack of amease in § in Group P10

indicates that the elevated PEEP prevented the development itdtieantefects in the lung
periphery. This benefit was not associated with detrimentahgdsa in the systemic
haemodynamics or gas exchange. Indeed, compromised systeemmdynamic changes
have been reported only at higher PEEP levels, such as 1fciMarumo et al., 2009).
This finding indicates that a moderately elevated PEEP hasnaficial effect on the

aspiration-induced ventilation defects without affecting théesye haemodynamics.

The most noteworthy finding of the present study is the experimentinee that all these
detrimental changes in the lung mechanics and ventilation warkedly repressed on the
intact lung side, i.e. bronchoconstriction was detected only in riimeaés that responded
strongly to unilateral aspiration (Fig. 4). This finding caniriderpreted as it reveals a link
between direct and indirect mechanisms by demonstrating theiamwapresence of
bronchoconstriction in the intact lung only if the bronchospasm was sevéhe affected

lungs. Overall, the markedly smaller responses in the ihtags reflect the negligible role of
the indirect constrictor mechanisms of systemic origin. H&weit is also possible that the
lack of change in the intact lungs following aspiration mayltfrom the opposing effects of

the elevated vagal tone leading to lung constriction (Kollarl.e2007; Nemzek and Kim,
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2009) and the endogenous release of catecholamines with relaxagatigl®i(Coupe et al.,
1987). Independently of the mechanism, our data indicate the predwmeioflocal effects

over systemic effects in the aspiration-induced detdraoraf lung function.

Our observations agree with those of previous studies, wheaé dffects prevailed in the
early stage of aspiration (the first 4-6 h) (Kennedy et 1#889). Mechanisms proposed to
explain this local damage include the direct corrosive efiethe aspirated gastric content
(Wynne et al., 1981), the localized acute airway inflammataursed by the pepsin in gastric
juice (Bathoorn et al., 2011), the localized release of bromtiveamediators and the
subsequent injury of the alveolar epithelium (Amigoni et24lQ8). Earlier studies pointed to
the systemic effects predominating in the later stages€®ehret al., 2006); these are related
mainly to inflammatory mechanisms, such as the activatioreofrophils (Motosugi et al.,

1998; Weiser et al., 1997) or alveolar macrophages.

A number of methodological issues relating to the present experimaotdel warrant

consideration. The model applied in the present study mimesnibst important clinical

features of bronchoaspiration, such as bronchospasm and atsldetasiopment leading to
impaired oxygenation. However, the effects of aspiration on the lungepatign and on the
systemic haemodynamics in the present study were less sevenagnitude than those
obtained earlier (Meers et al., 2011). A plausible explanatiothfsrapparent discrepancy
may be the unilateral aspiration applied in the current expetsnThis approach left one of
the lungs intact, which ensured low mortality with relativeditfd systemic consequences,
similarly as with previously described models where unilatac&d aspiration was applied,
but without assessing the functional changes in the lung in theat@spiand intact lungs

individually (Amigoni et al., 2008; Schreiber et al., 2006).
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A further methodological issue relates to the ventilation modavad in our porcine model.
To maintain the minute ventilation following aspiration, the volwuoetrolled mode was
selected. However, this mode of mechanical ventilation ieag to a mild overinflation of
the intact lungs following unilateral aspiration via a rethstion of the pre-set tidal volume
(Amigoni et al., 2013), especially when a relatively high PE&applied. This phenomenon
may provide a plausible explanation for the significant lowerinRai, G and H in Group

P10 after 60 min on the intact lung side (Figs. 2 and 3).

Another technical aspect of our experiments is related tamisurement of pulmonary
mechanical parameters in the open chest without the potentfalioding effects of the chest
wall mechanics. Configurational differences of the lungs inirtkect and open-chest may
have affected the values of the airway and tissue mechamaicaineters (Petak et al., 1998)
and haemodynamics (Hoit et al., 1997). However, this conditionstedde throughout the
study protocol and the mechanical parameters were obtained dsmad-amplitude
oscillations that minimizes the mechanical stress and thasg tfactors were not likely to
affect our major findings. The use of a single-compartment modektimate airway and
tissue mechanical properties may have further limitationse o& development of ventilation
heterogeneities (Lutchen et al., 1996), which is expected to ogctirei affected lungs
following bronchoaspiration. In this case, the increases in G ovayestimate the real
changes in the parenchymal viscoelasticity due to the invemtenof an artefactual

component related to enhanced ventilation inhomogeneities.

In summary, we have developed an animal model with whichstmguish the local and the

systemic effects of bronchoaspiration. Our study has providediegrgal evidence that
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unilateral aspiration of the gastric contents leads to a eralatung injury in the first 2 h,
characterized by acute elevations of the airway and tissahamieal and capnogram third
phase slope parameters, but exclusively on the affected sideindicates the primary need
for treatment of the local detrimental consequences of bronchai@@pim the acute phase
(the first 2 h) rather than targeting the adverse systehainges. Application of a moderately
high PEEP prevented the adverse changes in the third phase §ldpe capnogram,
indicating decreased ventilation heterogeneities. This bema$itnot associated with changes
in other mechanical, cardiovascular or lung oxygenation indices, Stuggéat a moderately

high PEEP may be beneficial in the optimum lung managemeéaniving bronchoaspiration.
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7. FIGURE LEGENDS

Figure 1. Scheme of the experimental protocol.sZunilateral pulmonary input impedance
measurement. L/R: measurement of left or right lung. REdEl PEEPR correspond to 4 and

10 cmHO, respectively, in random sequence.

Figure 2. Airway resistance (Raw), tissue damping (G) and elastéidy for the acidic and
the intact lungs in Groups P10 and P4 under baseline conditions (@&ndnjollowing
aspiration. *: p <0.05 between acidic and intact lungs; #0/®% vs. baseline conditions

within the same lung.

Figure 3. Relative changes in airway resistance (Raw), tissoeohg (G) and elastance (H)
in response to bronchoaspiration at 5, 60, 90 and 120 min. *: p $6t@&en acidic and
intact lungs; #: p < 0.05 vs. baseline conditions within the dantg 8: p < 0.05 vs. values at

5 min within the same lung.

Figure 4. Association between the changes in airway resistancesiadidic and the intact
lung in the first 60 min following aspiration in Groups P4 and P10idSaie: linear

regression.

Figure 5. Third phase slope of the capnogram (®&nd its normalized value (@& for the
acidic and the intact lungs in Groups P10 and P4 under baselindia@mndD min) and
following aspiration. *: p <0.05 between acidic and intact lusgsp < 0.05 vs. baseline

conditions within the same lung, 8: p < 0.05 vs. values an5within the same lung.
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Arterial pH HQ (mmHg) Arterial C@(mmHg)

Group P11 Group P- Group P11 Group P+ Group P1°  Group P-

Omin  7.40+0.03 7.43+0.02 507+59 475%19 51.00+5.80 49.90+4.67

20min  7.34+0.04 7.38+0.02# 365+52# 37458 # 60.38+4.92 56.06+4.77

80 min 7.35+0.05 7.35+0.02 388+72 472+16 59.84+6.66 60.60+2.97

110 min 7.30+0.06  7.36+0.02 384+91 494423 69.43+8.989:00+3.19

Table 1. Arterial pH, Horowitz-quotient (HQ) and arterial part&D, pressure in Groups P10
and P4 under baseline conditions (0 min) and following aspiration<#.@5 vs. baseline

conditions within the same group.
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Figure 5
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Table 1

Avrterial pH HQ (mmHg) Arterial CO, (mmHg)

Group P10  Group P4 Group P10 Group P4  Group P10  Group P4

Omin  7.40+0.03  7.43+0.02 507+59 475+19 51.00+5.80 49.90+4.67

20min  7.34+0.04 7.38+0.02# 365+52# 374+58# 60.38+4.92 56.06+4.77

80 min 7.35x0.05 7.35+0.02 388+72 472+16 59.84+6.66 60.60+2.97

110 min 7.30£0.06  7.36+0.02 384+91 494+23 69.43+8.98 # 59.00+3.19

Table 1: Arterial pH, Horowitz-quotient (HQ) and arterial partial CO, pressure in Groups P10
and P4 under baseline conditions (0 min) and following aspiration. #: p <0.05 vs. baseline

conditions within the same group.



