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Computed tomographic analysis of the effects
of two inspired oxygen concentrations
on pulmonary aeration in anesthetized
and mechanically ventilated dogs

Francesco Staffieri, DMV, PhD; Delia Franchini, DMV, PhD; Giuseppina L. Carella, DMV;

Manuela G. Montanaro, DMV

Valerio Valentini, DMV; Bernd Driessen, DVM, PhD;

Salvatore Grasso, MD; Antonio Crovace, DMV

Objective—To compare the effect of 2 concentrations of oxygen in inspired gas (fraction
of inspired oxygen [Fio,] 1.0 or 0.4} on pulmonary aeration and gas exchange in dogs during

inhalation anesthesia.
Animals—20 healthy dogs.

Procedures—Following administration of acepromazine and morphine, anesthesia was in-
duced in each dog with thiopental and maintained with isoflurane in 100% oxygen (100%
group; n = 10) or a mixture of 40% oxygen and air (40% group; 10). Dogs were placed in
dorsal recumbency and were mechanically ventilated. After surgery, spiral computed to-
mography (CT) of the thorax was performed and Pao,, Paca,, and the alveolar-arterial oxygen
tension difference (P,,_,0,} were assessed. The lung CT images were analyzed, and the
extent of hyperinflated (-1,000 to 901 Hounstield units [HUs]), normally aerated {(-900 to
-501 HUs), poorly aerated (=500 to =101 HUs), or nonaerated (-100 to +100 HUs) areas was

determined

Results—Compared with the 100% oxygen group, the normally aerated lung area was
significantly greater and the poorly aerated and nonaerated areas were significantly smaller
in the 40% oxygen group. The time to CT (duration of surgery) was similar in both groups.
Although Pacc, was similar in both groups, Pao, and P, 0, were significantly higher in
the 100% oxygen group. In both groups, pulmonary atelectasis developed preferentially in

caudal lung fields

Conclusion and Clinical Relevance

In isoflurane-anesthetized dogs, mechanical ventila:
tion with 40% oxygen appeared to maintain significantly better lung aeration and gas ex-
change than ventilation with 100% oxygen. (Am J Vet Res 2007,68:925-931)

Pulnmnary atelectasis is a condition in which there is
an absence of gas from portions of the lungs because
of failure of the alveoli to open or impairment of gas
absorption from alveoli.! It is known that in 90% of hu-
mans with normal lung function before anesthesia, pul-
monary atelectasis develops in the most dependent part
of the lungs during general anesthesia, and it is con-
sidered the major cause of impairment of gas exchange
and lung compliance.'? The principal pathophysiologic
mechanism that may contribute to the development of
atelectasis during anesthesia is a cascade of events, be-
ginning with compression of lung tissue followed by

airway closure and absorption of alveolar gas."?
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ABBREVIATIONS
Fio, Fraction of inspired oxygen
CT Computed tomography
HU Hounsfield unit
PEEP Positive end-expiratory pressure
P Peak airway pressure
£¥C0o,  End-tidal partial pressure of CO,
ROI Region of interest
Pleali Alveolar-arterial oxygen tension
difference
FRC Functional residual capacity
vi/a Ventilation-to-perfusion

In humans, administration of a high inspired oxy-
gen [raction of 80% to 100% (ie, Fio, 0.8 to 1.0) dur-
ing anesthesia is associated with development of more
extensive atelectasis in the dependent lung areas, com-
pared with that which develops during administration
of a lower Fio, (0.3 to 0.4)." Results of several clinical
and experimental studies have confirmed this factor as
a determinant for atelectasis formation in each phase
ol anesthesia: induction (preoxygenation),*” mainte-
nance,” and prior to extubation.” Thus, use of low Fio,
(0.3 10 0.4) for the maintenance of anesthesia is con-
sidered an appropriate technique to reduce atelectasis
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formation in humans who do not have preexisting lung
disease.'

Computed tomography represents the gold stan-
dard method for the study of lung aeration and par-
ticularly for detection of atelectasis. On the basis of
differences in radiographic densities recorded in each
individual CT image (expressed in HUs), it is possible
1o distinguish between hyperinflated (~1,000 to -901
HUs), normally aerated (=900 to =501 HUs), poorly
aerated (~500 to ~101 HUs), and nonaerated (=100 to
100 HUs) areas of lungs.**

The use of high Fio, is currently standard prac-
tice in veterinary anesthesia, but results of systematic
analyses that support this practice are lacking to our
knowledge. In fact, we are not aware of any studies to
investigate how differences in 1o, allect lung aeration
and, consequently, pulmonary gas exchange in dogs
during inhalation anesthesia. The purpose of the study
reported here was to compare the effect of 2 Fio, con-
ditions (1.0 and 0.4) on pulmonary aeration and gas
exchange in isoflurane-anesthetized dogs positioned in
dorsal recumbency for abdominal surgery. We hypoth-
esized that administration of high Fio, will lead to a
greater impairment of lung aeration and gas exchange
than administration of lower Fio, in dogs

Materials and Methods

The study was conducted in compliance with the
Ttalian Animal Welfare Act and statutes of the Univer-
sity of Bari relating to the use of client-owned animals
in clinical investigations.

Animals—Twenty adult healthy client-owned fe-
male mixed-breed dogs scheduled for elective ovario-
hysterectomy were enrolled in the study after written
owner consent had been obtained. An equal number of
dogs was randomly assigned 1o each of 2 groups (desig-
nated as the 40% and 100% groups on the basis of the
administered Fio,). Preoperative screening included a
CBC., serum biochemical analyses, and thoracic radio-
graphy (right lateral view). Dogs with abnormal clini-
copathologic findings or physical examination evidence
of pulmonary disease were excluded from the study.

Anesthetic procedure and monitoring—Tach dog
was premedicated with acepromazine® (30 pg/kg) and
morphine sulphate” (0.3 mg/kg) administered IM. Once
an adequate level of sedation was achieved, a cephalic
vein was catheterized (20-gauge catheter) by use of
aseptic techniques. and lactated Ringers solution was
administered (5 mls/kg/h). Thoracic radiography was
performed with the dog in right lateral recumbency to
exclude major lung disease. Approximately 30 minutes
after premedication, anesthesia was induced via 1V ad-
ministration of 10 mg of thiopental'/kg, The dog was
restrained in sternal recumbency, and endotracheal
intubation was performed; the endotracheal tube was
connected 10 a rebreathing circuit with soda lime as a
CO, absorber. Subsequently, the dog received isoflu-
rane’ in 100% oxygen (100% group; n = 10) or a gas
mixture of 40% oxygen and air (40% group: 10). Five
minutes after connection to the breathing circuit, the
dog was positioned in dorsal recumbency and was me-
chanically ventilated by use of a respirator® operated in

a volume-controlled mode with tidal volumes of 15 mL
/kg, an inspiratory-to-expiratory ratio of 1:2, an i
tory hold of 25% of the inspiration time, zero PEEP, and
a P, limit of 20 em H,0. Respiratory rate was adjusted
to maintain an ETCO, of 35 to 45 mm Hg. A continuous
lead I ECG: heart rate; systolic, diastolic, and mean 4
terial pressures (determined at the left dorsal metatarsal
artery by use of a noninvasive oscillometric technique);
oxygen saturation as measured by pulse oximetry; Fio;
end-tidal isoflurane concentration; ETCO,: P, : plateau
airway pressure; tidal volume: and minute ventilation
were continuously monitored throughout anesthesia
The multigas analyzer unit' was calibrated prior to each
experiment by use of gas standards. At the end of the
surgical procedure, CT of the thorax was performed
and an arterial blood sample was withdrawn [rom the
right femoral artery. The dog was kept in dorsal recum-
bency throughout the procedure until the end of the CT
procedure. The interval between placement into dorsal
recumbency and commencement of the CT procedure
(ie, the time to scan) was recorded.

CT and analysis of lung densities—Lung aeration
and distribution of atelectasis were analyzed by means
of a spiral CT scanner.® At the end of surgery, each dog
was maintained in dorsal recumbency and transported
to the nearby CT scanner, whereupon the endotracheal
tube was reconnected to the anesthesia machine and
mechanical ventilation with the same Fio, administered
during surgery (0.4 or 1.0) was recommenced. The dog
was positioned in the scanner in dorsal recumbency,
and a dorsal plane scout image that extended over the
thorax was obtained. Spiral CT of both lungs was then
performed during end-expiration apnea. All images
were obtained at a setting of 120 kVp and 160 mA by
use of a lung algorithm; matrix size was 512 X 512, field
of view was 35, and pitch was 1.5. Images of 10-mm
slice thickness were reconstructed.

All CT images were analyzed for lung abnormali-
ties; if pathologic changes were detected, the dog was
excluded from the study. An operator (VV) who was
unaware of the Fio, administered analyzed the CT
images by means of a computer program. Both right
and left lungs were chosen as ROIs for analysis by
manually drawing the outer boundary along the in-
ner aspect of the ribs and the inner boundary along
the mediastinal organs. The ROIs were drawn by
use of a bone window [or the outer boundary along
the inner aspect of the ribs (window width, 2,000;
window level, 200) and a lung window for the in-
ner boundary along the mediastinal organs (window
width, 1,600; window level, —600; Figure 1). The to-
tal area (mm?) of right and left lungs was calculated
by including pixels with density values of —1,000 to
+100 HUs.” The computer software plotted the dis-
tribution of radiographic attenuations (HUs) among
the selected ROIs. In accordance with previous hu-
man studies,™” we identified the [ollowing regions
or compartments within the lungs: hyperinflated (ie,
composed of pixels with CT numbers of -1,000 to
—901 HUs), normally aerated (ie, composed of pix-
els with CT numbers of =900 to -501 HUs), poorly
aerated (ie, composed of pixels with CT numbers of
=500 to —101 HUs), and nonaerated (ie, composed
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of pixels with CT numbers of =100 to +100 HUs and
indicating complete atelectasis). The arca (mm?) of
each compartment in each CT image was calculated.
For each dog, the data acquired in each CT image
were then added together to yield the total area that
each compartment occupied within both lungs. Nu-
meric surface area values of each compartment were
expressed as a percentage of total lung surface area.
In addition, all slices performed in each dog were
subdivided equally into apical (cranial), median, and
caudal fields, and the percentage of total atelec
each field of both the right and left lungs was calcu-
lated in both study groups (100% and 40% groups)
Moreover, in each group, the percentage of total at-
electasis in each field (apical, median, and caudal) of
the right and lelt lung was separately calculated.

Evaluation of gas exchange—Dur-
ing CT imaging, temperature-corrected
Pao, and Paco, were determined. The
P 2205 was calculated in each dog by use
of'a'formula as follows:

Pﬂi_Jo, = (PH-PH_‘O) X Fio
Paco,/R - Pao,

where PB is the barometric pressure at
sea level (760 mm Hg; Bari is located at
sea level); PH,O is the water vapor pres-
sure at 37°C {47 mm Hg); and R is the
respiratory exchange ratio, which is as-
sumed to be 0.9 in dogs."

Statistical analysis—Data are re-
ported as mean + SD. Demographic
data, hemodynamic and respiratory
variables measured during anesthesia,
total lung surface area analyzed, pul-

monary aeration compartments, Paco,, hgm, —Repr
and P, o, for the 2 study groups were oxygen LA<

and 99.3 + 0.7%, respectively), and end-tidal isoflurane
concentration (1.5 + 0.1% and 1.4 + 0.5%, respectively)
measured during anesthesia.

In all dogs, the CT procedure was completed dur-
ing end-expiration apnea, thereby taking advantage of
the apnea in the immediate period following the sud-
den discontinuation of mechanical ventilation. The CT
procedure required = 1 minute for completion in all
dogs, and immediately alter the end of the procedure,
mechanical ventilation was resumed. Lung aeration and
gas exchange data were collected (Table 1); the mean
lung area (mm?) distribution of radiographic attenua-
tions (HUs) within the selected ROIs in both groups
was assessed (Figure 2). The total analyzed lung surface
area was similar in both groups. In dogs ventilated at an
Fio, of 0.4, the percentage of normally aerated lung area

tative transverse CT images of the thorax of a dog breathing
and thorax of a dog breathing 100% oxygen (B) during isoflurane

LulIlp;IrLLl “In addition, the relative dis- aresmesla The boundaries of the ROIs are drawn manually {orange line} on each

tributions (%) of atelectasis in the apical
(cranial), median, and caudal lung fields
were compared between the 2 study
groups, between lung fields in each group, and between
the right and left lung in each group. Statistical analysis
included a 1-way ANOVA, and a value of P = 0.05 was
considered significant.

pr
of lhc ROI.‘.

Results

‘here were no significant differences between the
40% and 100% groups with respect to age (3.2 = 1.2
years and 3.1 & 1.4 years, respectively); weight (20.6 &
7kgand 203 =73 l\g respectively); time to scan (62.9
+ 8.2 minutes and 62.2 + 8.1 minutes, respectively): or
mean heart rate (103 + 10 minutes™ and 104 & 12 min-
utes™, respectively), mean arterial pressure (73.0 + 6.4
mmIgand 72.3 + 6.9 mm Ig, respectively), respiratory
rate (9 = 1 minule 1and 9 + | minutes™, respectively),

(14.3 = 2.7 em H,0 and 14.5 + 2.6 cm H,0, respec-
ll\Ll)) plateau airway pressure (13.8 & 2.6 cm H,0 and
13.6 + 2.6 em H,0O, respectively), ETCO, (¥7ﬁ+2/
mm Hg and 36.8 + 2.2 mm lli\, rcspmu\d\) oxygen
saturation as measured by pulse oximetry (99.1 + 1.1%

mwaqe Ateectamc inonaerated} areas {arrows) in the dependent lung fields are
dog breathing 100% oxygen. The numbers indicate the surface area

Table 1—Pulmonary aeration and blood-gas exchange variables
{mean + SDJ} in isoflurane-anesthetized and dorsally recumbent

ures con-
nd 100%

dogs undergoing mechanical ventilation with gas mi
taining either 40% or 100% inspired oxygen (40%
groups, respectively)

40% group 100% group
Variable (n=10) (n=10}

Total lung surface area*® {cm?) 8,966 + 4,756 10,517 = 1,801
Aeration status (%)t

Hyperinflated 25+28

Normally aerated 771 £ 50

Poorly aerated 175 + 6.4

Nonaera(ed 25+09

Py 50, (mm Hg} 356 =117
Pan,{mmHg) 21419 4994,, 490t
Paco, fmm Hg) 3B+4

*Total lung surface area derived via computer-assisted analysis
of radiographic attenuation {HUs) in CT images. tPercentage of
total lung surface area that was classified as hyperinflated (1,000
t0 —801 HUs), narmally aerated (-900 to —501 HUs), poorly aerated
00 to 101 HUs) and nonaerated (-100 to +100 HUs]. $Value
significantly (P - 0.05) different from 40% group value.

AJVR, Vol 68, No. 9, September 2007

927

Caudal

Figure 3—Representative transverse CT images obtained at the level of the apical,
median, and caudal lung fields of the thorax of a dog breathing 40% oxygen and
a dog breathing 100% oxygen during isoflurane anesthesia. The dog’s sternum is

at the top of each image.

plied in several clinical and experimental studies'>'®in
animals. To our knowledge, this is the first study to ap-
ply this classification in a clinical context in dogs; nev-
ertheless, this classification has already been applied in
previous experimental studies'**" in dogs. In 1 study,"
the mean HU values representative of normally aerated
lung areas in healthy dogs ventilated with 100% oxygen
were =790 to -870 HUs

Anesthesia-induced atelectasis is a well-known
confounding factor that may influence the interpreta-
tion of diagnostic lung CT images.' Tor this reason,
in dogs undergoing thoracic CT for evaluation of the
lungs, the scanning procedure is usually performed

40% 100%

during inspiratory breath holding at 15 to
20 cm H,O, so that the alveoli that were
collapsed at the end of expiration are re-
opened.*® In nonparalyzed dogs, a brief pe-
riod of hyperventilation before the inspira-
tory breath hold allows CT to be performed
while the dogs are apneic. Unlike a clini-
cal situation, the specific aim ol our study
was to quantify the degree of anesthesia-in-
duced atelectasis; therefore, in accordance
with another study,'” we performed the CT
procedure at the end of expiration. More-
over, because CT was performed during
the period of apnea that follows the sudden
discontinuation of mechanical ventilation
in dogs undergoing anesthesia with isoflu-
rane, hyperventilation was avoided, whicl
could have induced resolution of part of the
anesthesia-induced atelectasis. In the pres-
ent study, spiral CT of the lungs was con-
ducted and the procedures each required <
1 minute for completion; thus, the CT ex-
amination was successfully completed dur-
ing apnea in each dog.

Pulmonary atelectasis during anesthe-
sia may be caused by compression of lung
tissue, airway closure, and absorption of al-
veolar gas."* Airway closure and absorption
of alveolar gas (absorption atelectasis) are
the 2 mechanisms that are influenced pri-
marily by differences in Fio,."'% In humans,
induction of anesthesia causes a reduction
of the FRC of the lungs, compared with FRC
in the awake state.>” In contrast, the lung
closing capacity is not influenced to the
same extent by anesthesia.'" Hence, there is
a change in the relationship between FRC
and closing capacity during anesthesia,
with the closing capacity exceeding FRC
in the distal part of the bronchial tree.'s"
Because of this alteration, there is complete
or partial closure of the distal portions of
the airways and lung units with pockets of
trapped gas or alveoli with a low V/Q ra-
tio (ie, poorly aerated areas) are formed.""™
Mixed-venous blood continues to perfuse
areas in the lung affected by airway closure,
which causes progressive gas uptake by
continuing blood flow and results in alveo-
lar collapse and atelectasis. The rate of ab-
sorption of gas [rom an unventilated lung area increases
with an increase of Fi0,./%**! In poorly aerated areas
(ie, areas characterized by partial airway closure), the
inspired V,/Q ratio of a lung unit decreases. Eventually,
a point is reached where the rate at which inspired gas
enters the alveolus is equal to the amount of gas taken
up from the alveolus into blood. This point is known
as the critical V,/Q ratio.”** If the inspired V,/Q ratio
is lower than the critical V,/Q ratio, the lung unit will
collapse. This is more llkal\ to occur when [0, is high
and thus gas uptake is |ar},e -

To explain the results of pulmonary aeration assess-
ments in the present study, we must assume that in the
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Figure 2—Surface area distribution of CT image- d radiographic attenuations {HUs) across both lungs at the end of expvalmn

in isoflurane-anesthetized and dorsally recumbent dogs undergoing mechanical ventilation with gas mixtures containing either 40%

aerated, and nonaerated lung compartments defir

Table 2—Regional distribution (%!} of atelectasis within the lungs
of isoflu esthetized and dor ally recumbent dogs under
going mechanical ventilation with gas mixtures containing either
40% or 100% inspired oxygen.

{white circles; n = 10) or 100% inspired oxygen & Iac< circles; 10). Vertical dashed lines delineate hyperinflated, normally aerated, poorly
d by computer iteration of HUs.

tion or distribution of atelect
between the right and left lungs.

s in affected lung fields

Discussion

Lung field 40% group n =10) 100% group (n = 10)
Apical 37+ 23 241"
Median 466+ 166 296 - 6.0t
Caudal 500 + 160 679 =677

*Within a group, value was significantly (P = 0.05) different
from the median field value. TWithin a field, value was significantly
(P < 0.05) different from that in the 40% group.

was significantly greater and the percentages ol poorly
aerated and nonaerated compartments were significant-
ly smaller than those values in dogs ventilated at an Fio,
of 1.0. Mean Paco, was similar in  both groups, whereas
Pao, and P,_ o, were significantly higher in the 100%
group, compared with findings in the 40% group. The
percentage of atelectasis in the apical (cranial) lung field
was similar in both groups but significantly lower than
the percentage of atelectasis in the median and caudal
lung fields (Table 2). In the 40% group, atelectasis was
almost equally distributed across the median and cau-
dal lung fields. In the 100% group, a significantly great-
er degree of atelectasis was detected in the caudal lung
field, compared with the median lung field. Moreover,
the percentages of atelectatic surface area in the median
and caudal lung fields were significantly higher in the
100% group, compared with values in the 40% group
In each study group, there was no difference in forma-

The key finding of the present study in dogs under-
going inhalation anesthesia was that tilation with
40% of inspired oxygen maintained significantly better
lung aeration and gas exchange than ventilation with
100% oxygen. Compared with findings in dogs inhal-
ing 40% oxygen, inhalation of 100% oxygen was associ-
ated with significant increases in nonaerated (increase
of 10.3%) and poorly aerated (increase of 9.2%) lung
areas and a reduction (decrease of 18.2%) in normally
aerated lung areas. These changes negatively allcclcd
gas exchange, and P,,_,0, was 176.7 + 49.2 mm Hg in
the 100% group and 35.6 + 11.7 mm Hg in the 40%
group.

In 1963, Bendixen et al'" detected a progressive de-
crease in lung compliance and gas exchange in anes-
thetized humans and animals during inspiration of
oxygen-enriched gas mixtures. Following the advent of
CT, Brismar et al'* determined that dense areas could be
detected in dependent regions of both lungs of humans
within 5 minutes of induction of anesthesia. Results of
a morphologic study'’ of similar dense areas in animals
supported the diagnosis of atelectasis.

The technique used to characterize the acration
pattern of lungs on the basis of HHUs (defining hyper-
inflated, normally aerated, poorly aerated, and nonaer-
ated areas) was originally applied in humans with acute
respiratory distress syndrome'* but has since been ap-
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100% group, the high Fio, induced more rapid collapse
of lung units affected by airway closure (contributing to
an increase in atelectasis), collapse of more lung units
with low V,/Q ratio (contributing to an increase in at-
electasis), and formation of more lung units with low
V,/Q ratio (contributing to an increase of poorly aer-
ated areas) than developed in dogs ventilated with an
1o, o[ 0.4. Ina previous study in Ll()i,S Lundquist et al*
identified a lack of pulmund densities in dependent
lung regions of dogs that were ventilated with room air
during barbiturate anesthesia. The results of that study
are in agreement with our findings and would suggest
that further reduction of Fio, to 0.21 may be associated
with almost complete absence of nonaerated areas in
lungs of anesthetized dogs.

As in humans, atelectatic areas were found pre-
dominantly in the caudal dependent lung ficld*? (ic,
cranial to the diaphragm) in the dogs of the present
study. The diaphragm separates the intrathoracic cav-
ity from the abdominal cavity and allows diflerent pres-
sures to exist in the thorax and abdomen. After induc-
tion of anesthesia, the diaphragm relaxes and moves
cranially; therefore, it is less effective in maintaining
different pressures in the 2 body cavities. More specifi-
cally, the pleural pressure increases much more in the
dependent portion of the thorax, compressing adjacent
lung tissue.” In dogs ventilated at an Fio, of 0.4, the
small degree of atelectasis (2.5 = 0.9%) was almost
equally distributed between median and caudal lung
fields, whereas in dogs ventilated at an Fio, of 1.0, a sig-
nificantly greater amount of atelectasis present in
the caudal lung field, compared with that in the median
and cranial lung fields.

Formation of atelectatic units and units with a
low V,/Q ratio is responsible for impairment of gas ex-
change. In collapsed lung areas that are still perfused, a
complete shunt situation develops with lack of any gas
exchange. Perfusion of regions with low V,/Q ratio will
also impede oxygenation of blood to an extent that is
directly related to the change of the V,/Q ratio." Thus,
compared with the 40% group, the significantly greater
amount of nonaerated and poorly aerated lung areas
and the smaller amount of normally aerated lung area in
th 100% group can explain the significant increase in

.0, in this group. The significantly lower Pao, in
Llog> ventilated with 40% inspired oxygen (211.4 + 11.9
mm Hg), compared with dogs ventilated with 100% ox-
ygen (499.4 = 49 mm Hg), was attributed to the lower
Fio, administered in the former group. However, the
Pao, achieved in the 40% group can still be considered
a sale level of arterial oxygenation, especially if it is as-
sociated with a low P, 0, gradient.

Atelectasis also plays an important role in the post-
operative period. In humans, the [ormation of pulmo-
nary atelectasis during anesthesia is an important factor
for the onset of postoperative hypoxemia because atel-
ectasis resolves only within 24 hours after surgery.'>?
Results of recent studies**** have indicated that hypox-
emia during the postoperative period could be an im-
portant complication in dogs that have undergone ab-
dominal surgery during anesthesia with volatile agents
delivered in 100% oxygen, even in dogs without preex-
isting lung disease. Although more studies are needed
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to better define the time necessary to resolve anesthe-
sia-induced atelectasis and the impact of atelectasis
[ormation on gas exchange in the postoperative period
in dogs, one may assume that there is a correlation be-
tween development of anesthesia-related pulmonary
atelectasis and hypoxemic events [ollowing anesthesia.
In addition, atelectasis may contribute to the develop-
ment of pneumonia (\ﬁcr surgery, secondary to bacterial
entrapment in alveoli.*

The use of low Fio, is considered a prcxcma&i\c mea-
sure to reduce formation of absorption atelectasis. In hu-
mans, PEEPand recruitmentmancuvers can also hrapph(d
for mlmopemu»e treatment of anesthesia-induced atelec-
tasis.'? The application of increasing levels of PEEP can be
useful for the re-expansion of collapsed alveoli. Some pa-
tients require high levels of PEEP Lo re-expand atelectatic
lung areas, potentially causing pronounced impairment of
important hemodynamic and respiratory functions that
can limit its application.*® Application of low levels of
PEEP from the beginning of anesthesia could be a better
strategy Lo prevent atelectasis formation. The recruitment
maneuver is a technique that has been used in humans
to re-expand collapsed alveoli via pulmonary hyper-
inflation. It involves administration of breaths of sulficient

tidal volume to cause airway pressures to increase to 30 to

for use in humans have been reported, also in combin:
tion with PEEP? The high airway and intrathoracic pres-
sures that are achieved during the recruiiment maneuver
limit its application to relatively short episodes (10 to 15
seconds’ duration) to avoid severe impairment of hemody-
namic and pulmonary functions. After a recruitment ma-
neuver, reduction of Fio, allows the re-expanded alveoli to
remain open for a longer period (40 minutes), compared
with maintenance of high Fio,, which favors the recol-
lapse of previously expanded alveoli within 5 minutes.”
Tuture studies are required to evaluate the ellicacy ol
the recruitment maneuver and PEEP techniques of
ventilation in minimizing the extent of anesthesia-in-
duced atelectasis in anesthetized dogs. Regardless, in
the present study of healthy dogs positioned in dorsal
recumbency and undergoing inhalation anesthesia with
mechanical ventilation, an Fio, of 0.4 provided signifi-
cantly greater lung acration and gas exchange than that
achieved with an F1o, 0f L.0.

a. Prequillant 1%, Fatro SpA, Bologna, lialy

b, Mortina Cloridrato Molteni 1%, Molteni SpA, Firenze, ltaly.
¢ Pentotal Sodium, Gellini SpA, Aprilia, Italy:

d. Isoba, Shering-Plough SpA. Milano, Italy.

e Ohmeda 7850 ventlator, Datex Ohmeda, Helsinki, Finland
L

2

Ohmeda Modulus CD, Ohmeda, Helsinki, Finland.
GE ProSpeed SX, General Tlectric Co, Milwaukee, Wis

h.  DicomWorks, version 1.3.5; 2000.2002, inviweb, Philippe
PEUCH - loic BOUSSEL, Available at dicom.online.le/fe/
download him. Accessed Mar 12, 2006.
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