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Abstract

Background: There is a growing concern of the potential injurious role of ventilatory over-distention in patients
without lung injury. No formal guidelines exist for intraoperative ventilation settings, but the use of tidal volumes
(V1) under 10 ml/kg predicted body weight (PBW) has been recommended in healthy patients. We explored the
incidence and risk factors for receiving large tidal volumes (V+ > 10 mlL/kg PBW).

Methods: We performed a cross-sectional analysis of our prospectively collected perioperative electronic database
for current intraoperative ventilation practices and risk factors for receiving large tidal volumes (V+ > 10 mlL/kg
PBW). We included all adults undergoing prolonged (> 4 h) elective abdominal surgery and collected
demographic, preoperative (comorbidities), intraoperative (i.e. ventilatory settings, fluid administration) and
postoperative (outcomes) information. We compared patients receiving exhaled tidal volumes > 10 mlL/kg PBW
with those that received 8-10 or < 8 ml/kg PBW with univariate and logistic regression analyses.

Results: Ventilatory settings were non-uniform in the 429 adults included in the analysis. 17.5% of all patients
received Vy > 10 ml/kg PBW. 34.0% of all obese patients (body mass index, BMI, > 30), 51% of all patients with a
height < 165 cm, and 34.6% of all female patients received Vr > 10 ml/kg PBW.

Conclusions: Ventilation with V+ > 10 mlL/kg PBW is still common, although poor correlation with PBW suggests it
may be unintentional. BMI > 30, female gender and height < 165 cm may predispose to receive large tidal
volumes during general anesthesia. Further awareness of patients’ height and PBW is needed to improve
intraoperative ventilation practices. The impact on clinical outcome needs confirmation.

Background

The lung can be injured by positive pressure ventilation.
Mechanical stretch triggers a proinflammatory response
within the first 2 hours in healthy animal models [1-4].
The benefit of lung protective ventilation (LPV) with
low tidal volumes (Vr), usually 6 mL/kg predicted body
weight (PBW), has been strongly evidenced for patients
with acute lung injury and acute respiratory distress syn-
drome (ALI/ARDS) [5-8]. LPV strategies, designed to
limit end-inspiratory volumes and pressures, were asso-
ciated with reduced inflammatory markers in bronchoal-
veolar lavage fluid and blood [6-8] and improved clinical
outcomes [5,7,8].
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In patients without evidence of existing lung injury,
the significance of ventilator-induced lung injury is con-
troversial [9-17]. Clinical studies favoring a LPV regimen
in non-ALI patients suggest a decreased inflammatory
or pro-coagulation mediators with LPV strategies com-
pared to conventional ventilation [12,14], and some
have found improvement in clinical outcomes after
thoracic or esophageal surgery [11,13,15]. However,
inevitable confounders in these studies such as different
PEEP and oxygen fractions, and concerns of potential
effects of LPV (i.e. atelectasis, hypercapnia, etc.) have
prevented from reaching widespread application. Guide-
lines for intraoperative ventilation are lacking, and the
recommended safety threshold for healthy patients has
unofficially been set at Vr < 10 mL/kg PBW [18-21].

We hypothesized that V1 > 10 mL/kg PBW is still
often applied in routine intraoperative ventilatory set up.
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We expected a < 10% of patients receiving unintentional
large tidal volumes because of reduced height or obe-
sity-related height/weight disproportion. We performed
an observational cross-sectional analysis of our perio-
perative electronic database to study the incidence of
and risk factors for receiving intraoperative Vp > 10
mL/kg PBW during general anesthesia.

Methods

After IRB exempt approval (COMIRB#10-0551), all
patients > 18 years old who underwent elective abdom-
inal surgery of > 4 h at our institution from August
2007 to May 2010 were included in this cross-sectional
analysis. A threshold of 4 h duration was arbitrarily cho-
sen to exclude short abdominal procedures where
mechanical ventilation might be too brief and/or unre-
flective of non-spontaneous ventilatory settings. All data
have been collected from clinical documentation entered
by anesthesiology residents, attending staffs, and certi-
fied registered nurse anesthetists into the institution’s
perioperative clinical information system (Centricity™
General Electric Healthcare, Waukesha, WTI). Collected
information included patient characteristics (age, gender,
height weight, preoperative comorbidities: obesity,
defined as a body mass index, BMI, > 30 kg/mz, asthma,
COPD/emphysema, obstructive sleep apnea, oxygen
dependency, congestive heart failure, diagnosed cancer),
intraoperative management (ventilatory settings, blood
gas analysis, administered intravenous fluids, need of
blood products or vasopressors), and postoperative
course and outcomes (need of postoperative mechanical
ventilation (POMYV) and ICU admission, duration of
mechanical ventilation, ICU and hospital length of stay,
in-hospital mortality).

Patients’ predicted body weight was calculated by the
following formulas [7]: Males: PBW (kg) = 50 + 0.91 x
(height (cm) - 152.4); Females: PBW (kg) = 45.5 + 0.91
x (height (cm) - 152.4). Exhaled recorded tidal volumes
(Vr), in mL per kg PBW were calculated. Patients with
median values of intraoperative exhaled Vr less than 8
mL/kg PBW (< 8 mL/kg PBW), 8-10 mL/kg PBW (8-10
mL/kg PBW) and greater than 10 mL/kg PBW (> 10
mL/kg PBW) were a priori selected for comparison.
While Vi 10 mL/kg PBW is the Vr limit mostly
accepted and recommended as safe in healthy patients,
the Vr < 8 mL/kg PBW threshold is an arbitrary limit
chosen in this study for the purpose of statistical com-
parison. Though arbitrary, V values < 8 mL/kg PBW
are more similar than 8-10 mL/kg PBW to the resting
tidal volumes of spontaneously breathing adults (7-8
mL/kg) and also to those V values shown to be protec-
tive in ARDS patients [5,7]. All aforementioned variables
(demographics, comorbidities, intraoperative manage-
ment and outcomes) from the three Vi subgroups were
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compared to detect differences that may be implicated
in the use of V > 10 mL/kg PBW.

Statistical Analysis

Descriptively, for continuous variables, mean + SD are
shown, nominal variables are shown as percentages (n,
%) [7]. Median values of ventilatory parameters (Vr,
respiratory rate, peak pressure, etc) from each patient
were selected, instead of the means, for calculating the
subgroups averages to minimize errors of extreme
values from spontaneous ventilation or rapid intraopera-
tive adjustments. Variables were compared using either
one-way ANOVA or Chi-square to detect potential dif-
ferences between the different Vi subgroups: > 10 mL/
kg PBW, 8-10 mL/kg PBW and < 8 mL/kg PBW. Logis-
tic regression analysis was performed including patients
from all V1 subgroups with significant variables from
the univariate analysis. All statistical analysis was per-
formed with SPSS 18.0 software. p < 0.05 was consid-
ered to be statistically significant.

Results
429 patients met inclusion criteria and their characteris-
tics are summarized in Table 1. Exhaled V1 values from
all patients averaged 579.0 + 99.3 mL (8.7 + 1.6 mL/kg
PBW) and ranged from 344.0 mL (5.1 mL/kg PBW) to
880.0 mL (15.4 mL/kg PBW). 154 patients (35.9%) were
ventilated with a median exhaled V1 < 8 mL/kg PBW,
200 patients (46.6%) with a V1 8-10 mL/kg PBW, and
75 patients (17.5%) with V1 > 10 mL/kg PBW. Volume
Control Ventilation was used in 386 (90.0%) patients,
Pressure Control Ventilation in 4 (0.8%) patients. The
ventilatory mode was not recorded in 39 (9.1%) patients.
Statistically significant differences between V sub-
groups were found in several variables (Table 2). When
patients from both extreme subgroups were compared,
patients in the V1 > 10 mL/kg PBW subgroup showed a
significantly greater proportion of females and obese
patients (defined as BMI > 30) than patients receiving
Vr < 8 mL/kg PBW_ Patients in the V1 > 10 mL/kg
PBW had significantly smaller heights and predicted
body weights (PBW), although the average weight was
similar and consequently the average body mass index
(BMI) was significantly greater than those receiving Vr
< 8 mL/kg PBW. The larger median exhaled Vr was
associated with a significantly increased minute volume
ventilation, reduced respiratory rates, greater peak pres-
sures and lower values of end-tidal CO, partial pressure.
No differences in PEEP pressure, inspired oxygen frac-
tion or arterial oxygenation were found between Vrt
subgroups. Duration of the surgical procedure and the
estimated blood loss were slightly greater in the Vi > 10
mL/kg PBW subgroup but did not reach statistical sig-
nificance. Transfusion of blood products, but not of
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Table 1 Demographic characteristics of patients who
underwent prolonged (= 4 h) abdominal surgery

Number 429
Age (years), Mean + SD 581+ 149
Gender distribution

Male, n(%) 293(68.3%)

Female, n(%) 136(31.7%)

ASA classification

1, n(%) 21(4.9%)
2, n(%) 169(39.4%)
3, n(%) 194(45.2%)
4, n(%) 13(3.0%)
Unclassified 32(7.5%)
Comorbidities
COPD, n(%) 30(7.0%)
Asthma, n(%) 30(7.0%)
Obstructive Sleep Apnea, n(%) 63(14.7%)
Oxygen dependency, n(%) 18(4.2%)
Obesity (BMI > 30), n(%) 147(34.3%)
Congestive Heart Failure, n(%) 14(3.3%)
Cancer, n(%) 276(64.3%)
Surgical diagnosis
Cancer (Gl, GYN or GU origin), n(%) 276(64.3%)
GU stricture/fistula repair, n(%) 78(18.2%)
Incontinence/Neurogenic bladder, n(%) 36(8.4%)
Other, n(%) 39(9.1%)
Duration of surgical procedure (minutes), Mean + SD 3475 + 946
Outcomes
POMV and ICU admission, n(%) 62(14.5%)
POMV duration (days), Mean + SD* 18 +34
ICU LOS (days), Mean + SD? 41 +57
Hospital LOS (days), Mean + SD 70+ 67
In-hospital mortality, n(%) 6(1.4%)

(ASA = American Society of Anesthesiologists; BMI = Body Mass Index; COPD
= Chronic Obstructive Pulmonary Disease; Gl = Gastrointestinal; GYN =
Gynecological; GU = Genitourinary; POMV = Postoperative mechanical
ventilation)

? Only patients that required POMV and ICU stay were included in this
calculation

other intravenous fluids, was significantly increased in
the large V1 subgroup.

Logistic regression analysis, including all significant
variables from the univariate analysis, found obesity as
the most significant risk factor for a patient receiving a
Vr > 10 mL/kg PBW (OR 8.7) but did not result in a
reliable prediction equation (overall correct classification
85.4%, Nagelkerke R? = 0.61). The use of blood products
was not significant in this analysis.

The relationship between the median exhaled Vt (in
mL) of all patients plotted against their actual body
weight and predicted body weight (PBW) showed a poor
correlation (correlation coefficients: 0.30 and 0.24,
respectively). The correlation between the Vy with the
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PBW was greater when patients from the V subgroups
were plotted separately (Figures la-c). Note that most
patients in the V1 < 8 mL/kg PBW had heights > 165
cm and PBW > 60 kg, while most patients in the V1 >
10 mL/kg PBW had heights < 165 cm and PBW < 60 kg
(Figures 1d-f).

34.0% of all obese patients and 34.6% of all females in
the 429 patient cohort were ventilated using Vy > 10
mL/kg PBW. Figure 2 shows the significantly different
distribution of gender and obesity in the V1 subgroups
(p < 0.001).

The incidence of postoperative mechanical ventilation
(POMYV) and ICU admission was greater in patients
receiving Vr > 10 mL/kg PBW compared with the V1 <
8 mL/kg PBW subgroup. POMYV duration and ICU
length of stay were comparable in both groups, but hos-
pital length of stay was more prolonged in the large Vr
subgroup. The distribution of gender and obesity in
patients requiring POMV and ICU admission was signif-
icantly different in the V1 subgroups (Figure 3). Of
those 62 patients needing POMV and ICU admission,
only 31 required mechanical ventilation for at least 24 h
and had ventilatory data recorded. Pressure ventilatory
modes were the only controlled or assisted/controlled
modes used (PRVC, PCV, PSV, CPAP). Median tidal
volumes in the ICU were significantly smaller than
those used intraoperatively (573.9 + 90.4 vs. 530.8
98.6, n = 26) (p = 0.040 by paired t-test). 19 of these 31
patients had oxygenation criteria of ARDS (PaO,/FiO, <
200) and 2 of ALI (PaO,/FiO, 200-300) (radiographic
criteria not available) during their ICU stay: 7 patients
had received an intraoperative V1 < 8 mL/kg PBW
(4.5% of that V subgroup), 9 a Vr 8-10 mL/kg PBW
(4.5% of that Vt subgroup) and 5 a Vr > 10 mL/kg
PBW (6.7% of that Vt subgroup) (p = 0.736). 6 patients
died during their hospital postoperative stay. All of
them had been admitted to the ICU, but their intrao-
perative ventilatory settings were not significantly
different.

Discussion

The present study showed that: 1) Intraoperative venti-
latory settings are not uniform; 2) intraoperative ventila-
tion with large tidal volumes (V1 > 10 mL/kg PBW)
may occur in more than 15% of surgical patients; 3)
intraoperative tidal volumes do not routinely correlate
with accurate predicted body weight calculations; and 4)
obesity, female gender or short height are risk factors
for receiving large V1 during prolonged abdominal
surgery.

Our study presents obvious limitations: it is a histori-
cal analysis that includes a relatively small number of
patients from a single institution. Our results, however,
suggest that the lack of formal guidelines on
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Table 2 Characteristics of patients according to their intraoperative median exhaled tidal volumes (V) (mL/kg PBW)
Median Vy subgroups (mL/kg PBW)?

<8 8-10 > 10 p value

Number, n(%) 154(29.5%) 200(38.3%) 75(14.4%)
Age (years), Mean + SD 596 + 14.1 574 + 151 569 + 156 0.298
Gender distribution < 0.001

Male, n(%) 124(80.5%) 141(70.5%) 28(37.7%) *

Female, n(%) 30(19.5%) 59(29.5%) 47(62.7%) *
Height (cm), Mean + SD 1779 £ 9.7 1737 £ 9.7 1614 £ 11.0* <0001
Weight (kg), Mean + SD 84.1 + 202 863 + 213 896 + 259 0.207
Predicted Body Weight (PBW)(kg), Mean + SD 729 +99 684 + 102 557 £ 108 * < 0001
Body Mass Index (BMI), Mean + SD 265+ 54 284 + 54 341 +89* < 0.001
ASA classification 0.884

1, n(%) 6(3.9%) 12(6.0%) 3(4.0%)

2, n(%) 61(39.6%) 79(39.5%) 29(38.7%)

3, n(%) 73(47.4%) 86(43.0%) 35(46.7%)

4, n(%) 6(3.9%) 5(2.5%) 2(2.6%)

Unclassified, n(%) 8(5.2%) 18(9.0%) 6(8.0%)
Comorbidities

COPD, n(%) 12(7.8%) 16(8.0%) 2(2.7%) 0.270

Asthma, n(%) 10(6.5%) 14(7.0%) 6(8.0%) 0916

Obstructive Sleep Apnea, n(%) 18(11.7%) 32(16.0%) 13(17.3%) 0407

Oxygen dependency, n(%) 8(5.2%) 7(3.5%) 3(4.0%) 0.730

Obesity (BMI > 30), n(%) 33(22.6%) 64(33.2%) 50(68.5%) * < 0.001

Congestive Heart Failure, n(%) 2(1.3%) 11(5.5%) 1(1.3%) 0.051

Cancer, n(%) 106(68.8%) 124(62.0%) 46(61.3%) 0.681
Intraoperative ventilatory management

Minute ventilation (L/min), Mean + SD 759 + 142 885 + 138 1087 £215%* <0001

Respiratory rate (breath/min), Mean + SD 106 £ 1.9 100+ 16 96 +16* < 0.001

Peak pressure (cmH,0), Mean + SD 209 + 6.3 222 +56 236 +66* 0.004

PEEP (cmH,0), Mean + SD 3719 38+ 23 39+£19 0.819

End-tidal CO, (mmHg), Mean + SD 354 + 42 343 + 26 339+27* 0.004

Mean FiO,, Mean + SD 702 + 272 706 + 26.6 740 + 252 0.699

PaO,/FiO, ratio, Mean + SD 2989 + 1882 3152 + 2494 2481 + 1575 0.19
Intraoperative use of vasopressors, n(%) 25(16.2%) 28(14.0%) 13(17.3%) 0.741
Intraoperative fluid management

Infused crystalloids (mL/kg/h), Mean + SD 78 +32 83+ 36 86 + 37 0213

Infused colloids (mL/kg/h), Mean + SD 18+12 18+ 16 14 +£09 0.656

Estimated blood loss (mL), Mean + SD 6506 + 661.3 7496 + 8025 869.1 + 887.8 0127

Fluid balance (evaporation & insensible losses not included) (mL/kg/h), Mean + SD 65+ 33 7.1 +36 77 + 4.1 0.079

Use of blood products, n(%) 27(17.5%) 55(27.5%) 27(36.0%) * 0.007
Duration of surgical procedure (minutes), Mean + SD 3408 + 922 3456 + 944 366.0 + 987 0.155
Outcomes

POMV and ICU admission, n(%) 17(11.0%) 27(13.5%) 18(24.0%) * 0.028

POMV duration (days), Mean + SpP° 15+28 19 + 38 21 +37 0.801

ICU LOS (days), Mean + spP 33 +£32 48 + 64 37 £66 0.488

Hospital LOS (days), Mean + SD 6.2 + 6.1 70 + 66 83 +78* 0.101

In-hospital mortality, n(%) 3(1.9%) 2(1.0%) 1(1.3%) 0.752

(ASA = American Society of Anesthesiologists; BMI = Body Mass Index; FiO, = Inspired fraction of oxygen; PaO, = arterial oxygen partial pressure; PEEP = Positive
End-Expiratory Pressure; POMV = Postoperative mechanical ventilation)
(p values shown in last column refer to comparison of the three groups, * refers to p < 0.05 in comparison of extreme groups)

? Predicted body weight was calculated by the following formulas [7]: Males: PBW (kg) = 50 + 0.91 X (height (cm) - 152.4); Females: PBW (kg) = 45.5 + 0.91 X
(height (cm) - 152.4)
® Only patients that required POMV and ICU stay were included in this calculation
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Figure 1 Relationship between intraoperative median tidal volumes (Vy) and patients’ predicted body weight (PBW) (1.a-1.c) and
height (1.d-1.f) in patients from all V; subgroups. Note the PBW and height distribution in the different VT subgroups, with most patients in
the Vr > 10 mL/kg PBW subgroup having a PBW < 60 kg and height < 165 cm while the opposite was observed in the V; < 8 mL/kg PBW and
a more uniform distribution was observed in the V4 8-10 mL/kg PBW.
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intraoperative ventilation practices is leading to a signifi-
cant percentage of surgical patients receiving large tidal
volumes.

Intraoperative ventilatory settings were not uniform in
our study, reflected by the poor correlation between the
tidal volumes in the whole patient sample with the pre-
dicted body weights or other size variable. The range of
observed tidal volumes in mL/kg of predicted body
weight was wider than expected, especially the highest
tidal volume values.

Avoidance of large tidal volumes is, at present, the
most efficient strategy to prevent and/or treat acute
lung injury (ALI) or acute respiratory distress syndrome
(ARDS) [5,7,22,23]. In patients without lung injury or
risk factors for it, recent reviews recommend the use of
Vr < 10 mL/kg PBW [18,19]. Other authors have pre-
viously observed benefits of a low Vr ventilation strategy
in surgical patients without evidence of lung injury, in
terms of decreased inflammation or improved outcomes
[10-15,24]. In our study, one out of every 6 patients
(17.5% of patients) received intraoperative V > 10 mL/
kg PBW. This incidence was greater than expected.
However, we were not able to find any recent literature
presenting the current ventilatory practices during gen-
eral anesthesia without a predefined intervention or pro-
tocol. Furthermore, it is known that compliance with
low Vr ventilation strategies was also difficult to imple-
ment even in the ICU setting [25-28], where patients
usually present one or more risk factors for ALI/ARDS.
Resistance to applying lung protection ventilation strate-
gies has also been observed in patients with ALI criteria

during general anesthesia for surgical procedures [29].
So, although potentially a single institution problem, the
incidence of V1 > 10 mL/kg PBW may be an underesti-
mated incident that needs to be confirmed and
addressed. Measures have been implemented in our
institution to minimize these suboptimum practices.
Predicted body weight calculation in adult patients is
determined by the patient’s gender and height [7]. The
correlation between V1 and the PBW in our patients
presented a poor correlation. This correlation greatly
improved when the tidal volume subgroups were studied
separately, which suggests an important role of the wide
range of Vr used (344.0 to 880.0 mL, corresponding to
5.1 to 15.4 mL/kg PBW) on the scattering of the whole
sample. However, despite a better correlation of Vi with
the PBW in each Vr subgroup, the wide range of Vr
values still reflects the challenging and often erroneous
height-based PBW estimate. Furthermore, PBW and
height in the large V1 subgroup tended to be “shifted to
the left” compared to values in the lower V1 subgroup
(compare Figures la and 1d with 1c and 2f, respec-
tively). This reflects, in our opinion, an inaccurate esti-
mation of the patients’ height and therefore PBW in
those patients receiving V1 > 10 mL/kg PBW. The PBW
formula is not an easy mental calculation, and the lack
of effect of weight or BMI is somehow counterintuitive
to some providers. These two factors may explain why
patients of shorter height and obese patients, with unu-
sual height/weight proportions, are more likely affected
by the unintentional use of large tidal volumes. The risk
of females and/or short height for receiving large tidal
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volumes has been observed before in the ICU setting
[30]. Nonetheless, the surprisingly high incidence in the
intraoperative setting of large tidal volumes has, to our
knowledge, not been reported. The fact that half of
patients with a height < 165 c¢m, one third of patients
with a BMI > 30 or one third of females may be receiv-
ing these large tidal volumes during general anesthesia
deserves, in our opinion, further awareness and creative
solutions.

The significantly worse clinical outcomes (greater inci-
dence of POMV and ICU admission and longer hospital
stay) with the use of V1 > 10 mL/kg PBW compared to
the Vr < 8 mL/kg PBW subgroup are difficult to
explain. Known predictors of poor outcome are likely to
have been involved in the greater incidence of POMV
and ICU admission in the high V subgroup, including
obesity and other preoperative comorbidities [31-33]
and intraoperative management events (blood transfu-
sion and maybe others) [31,33-35]. The different inci-
dence of blood transfusion within the different V
subgroups is difficult to explain, but it may have been
more influenced by surgical technical challenge and mis-
calculation of blood loss/blood volume related to obesity
than by a direct link to ventilatory settings. In our
study, ICU admission criteria was unclear and not easily
available in the electronic database, which may have also
contributed to bias from a greater incidence of difficult
intubation in obese patients, providers’ preferences, time
of day, etc. The finding of a greater incidence of pres-
sure assisted ventilatory modes and smaller tidal
volumes was not unexpected, and may reflect a greater
awareness in ICU providers with the risk of conven-
tional tidal volume ventilation. The impact of intrao-
perative use of large tidal volumes on the incidence of
postoperative ICU admission and ALI/ARDS deserves
confirmation from a multicenter study.

Conclusions

Incidence of intraoperative ventilation with V1 > 10
mL/kg PBW is probably underestimated because of
inaccurate estimates of predicted body weight, espe-
cially in obese patients, patients of female gender or
with short height. Our findings support the need of a
multi-center prospective study to confirm the role of
the intraoperative ventilatory insult on clinical out-
comes. Meanwhile, it would be helpful to raise aware-
ness among anesthesia providers of the risk of
unintentional use of large tidal volumes in obese
patients, females or patients with short height. Devel-
oping automated tools for accurate predicted body
weight calculations in our electronic perioperative
medical records or other interventions may help to
provide the quality of ventilatory care that is intended
in patients during general anesthesia.
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