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Abstract: Overweight/obese children undergoing mechanical ventilation experience elevated airway pressure. The
objectives of this study were to investigate the effects of body mass index (BMI) on airway pressure in children and
to design a method of estimating airway pressure during intraoperative mechanical ventilation. A total of 180 chil-
dren aged 2-10 years, who were undergoing adenotonsillectomy, were enrolled. They were allocated to one of three
groups based on BMI: normal weight, overweight, or obesity. Peak inspiratory pressure (Ppeak), plateau inspiratory
pressure (Pmat), and dynamic pulmonary compliance (Cdy”) were measured during mechanical ventilation with a VCV
mode. Serious postoperative pulmonary complications were monitored 5 days after the surgery. The results showed
that Ppeak and Pplat were significantly increased in overweight/obese patients (p < 0.05). BMI had a significant posi-
tive correlation with Ppeak (r=0.60, p < 0.001) and Pplat (r=0.52, p <0.001); age and Cdyn were positively correlated
(r=0.69, p < 0.001). The fitted equation for estimating the Ppeak’ Pplat’ and Cdyn were created using linear regression
analysis according to the BMI and age: Ppeak (cmH,0) = 1.049 x BMI-1.145, with an R? of 0.363; Pp‘at (cmH,0) =
0.929 x BMI-1.211, with an R? of 0.274; and Cdyn (mL/cmH,0) = 1.919 x year + 7.418, with an R* of 0.472. Those
methods used to predict the Ppeak, Ppw and Cdyn, had a sensitivity of 76.3%, 78.9%, and 97.4% and a specificity of
52.6%, 52.6%, and 36.8%, respectively. Youden’s index was 0.289, 0.316, and 0.342, respectively. There were
no serious postoperative pulmonary complications in any of the children. We concluded that a significant positive
correlation was observed between BMI and airway pressure, age, and Cdyn in pediatric patients undergoing general
anesthesia; thus, the equation to rapidly evaluate the range of airway pressure and Cdyn was fitted based on a child’s

BMI and age.
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Introduction

Perioperative respiratory adverse events in
children, a major source of all critical incidents,
are one of the major causes of morbidity and
mortality during pediatric anesthesia [1-3]. The
most common threat during anesthesia is high
airway pressure, which potentially leads to nu-
merous complications, including pulmonary ba-
rotrauma, hypoxemia, hypercapnia, and atelec-
tasis. In our experience of performing general
anesthesia in children with obstructive sleep
apnea syndrome (OSAS), there was often a
large variation in airway pressure and an ele-
vated airway pressure during positive mechani-
cal ventilation, particularly among those who
were overweight or obese. The cause of this

phenomenon is unclear, even after excluding
the common factors [4], including light anes-
thesia, endobronchial intubation, poor pulmo-
nary compliance, acute bronchospasm, ob-
struction of the breathing circuit, kinking or
obliteration of the endotracheal tube (ETT) lu-
men by mucous plugs or blood clots, and ETT
connector defects; this suggests that this oc-
currence may be attributed to overweight/
obese body conditions [5].

Airway-related perioperative complications dur-
ing tonsillectomy are more frequent in OSAS
children with overweight/obese body condi-
tions than in their healthy weight counterparts,
and an overweight or obese body condition is
often present in these OSAS patients [6, 7].
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Table 1. BMI (kg/m?2) cut-off values for over-
weight and obesity for children

Boys Girls
Age (yr) . . - :
Overweight Obesity Overweight Obesity
2.0 175 18.9 17.5 18.9
2.5 17.1 18.4 171 18.9
3.0 16.8 18.1 16.9 18.3
3.5 16.6 17.9 16.8 18.2
4.0 16.5 17.8 16.7 18.1
4.5 16.4 17.8 16.6 18.1
5.0 16.5 17.9 16.6 18.2
5.5 16.6 18.1 16.7 18.3
6.0 16.8 18.4 16.7 18.4
6.5 17.0 18.8 16.8 18.6
7.0 17.2 19.2 16.9 18.8
7.5 17.5 19.6 171 19.1
8.0 17.8 20.1 17.3 19.5
8.5 18.2 20.6 17.6 19.9
9.0 18.5 21.1 17.9 20.4
9.5 18.9 21.7 18.3 20.9
10.0 19.3 22.2 18.7 21.5
10.5 19.7 22.7 19.1 22.1
11.0 20.1 23.2 19.6 22.7
11.5 20.4 23.7 20.1 23.3
12.0 20.8 24.2 20.5 23.9

Therefore, we aimed to study the effects of
body mass index (BMI) on airway pressure and
dy namic pulmonary compliance (Cdyn), in an
effort to develop and validate a simplified eval-
uation method for predicting the airway pres-
sure and Cdyn in pediatric patients with OSAS
during intraoperative mechanical ventilation.
Additionally, we hope that it can serve as a
reference to reduce the risk of airway-related
respiratory complications and improve the
effectiveness of mechanical ventilation in over-
weight/obese children.

Material and methods

Approval from the institutional review board
(IRB) of Xinhua Hospital Affiliated with Shang-
hai Jiao Tong University, School of Medicine
(Approval No. XHEC-D-2013-023) and written,
informed parental consent was obtained; the
trial was registered at the Chinese Clinical
Trial Registry (ID: ChiCTR-RCH-13004060). The
study was conducted at Xinhua Hospital, School
of Medicine, Shanghai Jiaotong University in
Shanghai, China. The investigators certify that
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this study did not raise any issues concerning
patient risk and that the study was performed
in accordance with the Declaration of Helsinki
with no ethical complications.

Healthy children (aged 2-10 years and American
Society of Anesthesiology Class |) scheduled
for adenotonsillectomy surgery in the supine
position under general anesthesia from 01/
01/2014 to 7/30/2015 were enrolled. The chil-
dren were diagnosed with OSAS by otolaryngol-
ogists and required surgery to alleviate their
clinical symptoms. Children with upper respira-
tory infections, abnormal chest radiographs, or
a history of acute or chronic respiratory, pulmo-
nary, major abdominal, chest wall deformities,
or neuromuscular disease were excluded. The
BMI was designated according to the Working
Group on Obesity in China (WGOC) using BMI
cutoff values from standardized growth charts
for overweight and obese children aged 2-18
years (Table 1) [13]. Overweight and obese chil-
dren were included in the study, and normal
weight children were recruited as controls.

Patients underwent an electrocardiogram, fol-
lowed by continuous monitoring of noninvasive
arterial blood pressure, arterial oxygen satura-
tion, and bispectral index (BIS). While patients
were administered 100% oxygen through a
face mask, anesthesia was induced using intra-
venous midazolam 0.1 mg/kg, propofol 2 mg/
kg, remifentanil 1 yg/kg, and rocuronium 0.6
mg/kg. Thereafter, adequate neuromuscular
blockade (train-of-four monitoring) was provid-
ed, and anesthesia was maintained (BIS 40-60)
with propofol 4-8 mgkg*h' and remifentanil
0.15-0.3 pg-kglmin?. Two minutes later, orotra-
cheal intubation was performed, and the tube
position was verified by auscultation and fiber-
optic bronchoscopy by an experienced anes-
thesiologist. Mechanical ventilation was pro-
vided using a standard anesthesia ventilator
system (Ohmeda 7810, Modulus 2 Anesthesia
system, Madison, WI, USA) and a constant flow
ventilator with a TV of 10 mL/kg, positive end
expiratory pressure (PEEP) at 4 cmH,0, preset
respiratory rate of 18 beats/min, an end tidal
CO, maintained between 36-45 mmHg by ad-
justing the respiratory rate, an inhalation-to-
exhalation time ratio of 1:2, and 2 L/min of
oxygen. All children received a constant TV
using a similar circuit and compression volume.
Ventilatory settings were kept constant in the
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Assessed for eligibility (n = 188) ‘

Excluded (n = 46)
Not meeting inclusion criteria (n = 28)
Refused to participate (n = 16)
Other reasons (n = 2)

‘ Enrollment (n = 142)

l

BMI change
(Non-Randomization)

)

Group by BMI
Allocated to
Normal (n = 52)
Overweight (n= 45)
Obese (n = 45)

}

Lost to follow-up (n = 0)
Discontinued intervention (n = 2)

Figure 1. CON-
l SORT flowchart.

Analyzed (n = 140) BMI = body mass
Excluded from analysis (n = 2) index.

VCV mode during the study. The patients were
placed in the supine position, and the Ppeak,
P . @nd C, = values were recorded during po-
sitive pressure ventilation using the Datex
Capnomac Ultima gas monitor (Datex Ohmeda),
with the D-Lite® sensor positioned between
the ETT and the Y-piece in the ventilator breath-
ing circuit. After allowing ventilation to stabi-
lize for 3 min (2-3 min following endotracheal
intubation, the Ppeak value varied less than 1
c¢mH,0), data were independently recorded at
4-6 min by a different anesthesiologist. All data
were recorded during atisfactory muscle relax-
ation (TOF T4/T1 < 25%). All procedures were

performed under a single-blinded protocol.

Serious postoperative pulmonary complica-
tions (PPCs), including hypoxemia, pneumotho-
rax, and acute respiratory distress syndrome
were followed 5 days after surgery. When seri-
ous hypoxemia (Sp0O, < 90% under room air)
occurred, chest CT imaging was performed to
observe the atelectasis and pneumonia.

Statistical analysis

Data were analyzed using SPSS 19.0 statistical
analysis software (SPSS Inc, Chicago, IL, USA).
The changes in Ppeak, Pplat, and Cdyn were
assessed using one-way ANOVA, with p <

0.05 considered significant. The relationship
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between the Ppeak, Pplat, and Cdyn variables and
BMI were evaluated using correlation analysis
and Pearson correlation coefficient (R). Com-
parisons of the Ppeak, Pplat, and Cdyn variables in
both the measured and fitted groups were
assessed using paired Student’s t test. The
sensitivity and specificity of the fitted equation
were analyzed with a receiver operator charac-
teristic (ROC) curve, and an area under the
curve (AUC) was used to generate and test a
nomogram. The optimal criterion value was
determined at the point on curve at which the
Youden’s index was maximal. Statistical signifi-
cance was defined as p < 0.05. Results are

reported as the mean + standard deviation.

The number of patients in each group required
to reveal a statistically significant difference,
was determined by one-way ANOVA power anal-
ysis using PASS 11 software (NCSS, LLC,
Kaysville, UT, USA). For the BMI variable, the
airway pressure in normal (n = 7), overweight (n
= 8), and obese (n = 7) patients was measured
in a preliminary trial. The Ppeak of normal, over-
weight, and obese patients was 15.3 + 3.2
¢cmH,0, 17.6 + 3.2 cmH,0, and 20.4 + 3.1
cmH,0, respectively, and the Pplat was 13.3 +
3.7 cmH,0, 14.6 £ 4.9 cmH,0, and 16.6 + 2.9
c¢mH,0, respectively. Based on the difference
between the two groups, a two-sided type |
error rate of 0.05, a power of 0.90, and a total
of 38 patients were required to reveal a statisti-
cally significant difference.

Results

A total of 180 patients were included in the
study. Any patient with an oxygen saturation
(Sp0,) of < 94% for > 60 s during fiberoptic
bronchoscopy confirmation of ETT placement
was excluded. The details of the CONSORT flow-
chart are summarized in Figure 1.

Effects of being overweight or obese on P,
P andC o

plat’

K

Atotal of 142 patients were included in the part
of this study, and 2 were excluded because the
ETTs were distorted due to inappropriate surgi-
cal technique. The patient demographics are
shown in Table 2. The overweight/obese group
exhibited significantly increased P and P__
(Table 3) values compared to that of the nor-
mal body group, but there was no significant
difference in Cdyn.

Int J Clin Exp Med 2019;12(4):3939-3946



Predicting airway pressure using BMI

Table 2. Patient demographics of the normal/overweight/

obese group

Relationships between BMI and P

peak’
P.c@ndC,

Normal Overweight For the correlation analys is, age and
N 52 43 BMI were chosen as candidate risk
Sex (M/F) 32/20 24719 factors potentially associated with
Age (yr) 5.65 + 2.03 558+ 1.73 5.69+1.84 high ppeak, high pplat, and low Cdyn in
BMI 14.67 £1.29 1742 +1.11* 20.73 + 2.80*,# OSAS children. There were significant

Values are mean + SD. *P < 0.05 versus the normal, #P < 0.05 versus

the overweight. BMI = body mass index.

positive correlations between BMI
andelevated P and P__ values, and
between age and C, in the OSAS
patients. Simple linear regression was
used to characterize these correla-

tions, and the regression lines were as

follows: P___ (cmH,0) = 1.049 x BMI-

eak

Table 3. Effect of BMI on the Ppeak, Pplatand C
BMI variable
Normal Overweight
P eax (€MH,0) 14.49 + 2.56 17.85 + 2.79* 21.84 + 5.06* #
Pplat (

dyn

(mL/cmH,0) 18.81+4.97 17.91+5.29 18.49+5.34

1.145, with an R? of 0.363 (Figure 2);

cmH,0)  12.00 +2.91 15.01 + 2.86% 17.76 + 4.69%# P (€mH,0) = 0.929 x BMI-1.211,

with an R? of 0.274 (Figure 3); and Copn

Values are mean + SD. *P < 0.05 versus the normal, #P < 0.05 versus
= plateau airway pres-

the overweight. Ppeak = peak airway pressure; P

sure; Cdyn = dynamin pulmonary compliance.

plat

404

0 :
M 13 15 17 19 21 23
BMI (kg/m2)

Figure 2. A linear increase in P . with BMI was ob-
served in children with OSAS. Ppeak = peak inspiratory
pressure, BMI = body mass index.

401

w
o
1

Pplal (cm HZO)

1 13 15 17 19 21 23
BMI (kg/m?)

Figure 3. A linear increase in the P with BMI was

observed in children with OSAS. Pplat = plateau inspi-
ratory pressure, BMI = body mass index.
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(mL/cmH,0) = 1.919 x year + 7.418,
with an R? of 0.472 (Figure 4). No
other parameters were significantly

associated withP.__ P, orC
peak’ * plat dyn

Validation of fitted equation

In this part, a total of 38 patients (normal
weight, n = 20; overweight, n = 10; obese, n =
8) were included in this analysis; no patients
were excluded or withdrew from the study. The
childrens’ age (yr) was 5.01 + 2.63, and BMI
was 16.17 + 2.42 in this group. We compared
the Ppeak, Pplat' and Cdyn from the fitted equation
with the measurement, which was used to vali-
date the accuracy of our fitted equation for pre-
dicting P___, P plat and C, . There was no signifi-
cant difference in the Ppeak, oo @Nd G, in both
groups (the fitted group vs. the measured
group) (Table 4). The ability of the fitted equa-
tions to predict the respiratory parameters
were determined by ROC analysis, and they are
shown in Table 5.

The incidence of PPCs

There were no episodes of serious hypoxemia
(Sp0, < 90% under room air), pneumothorax, or
acute respiratory distress syndrome in either
group.

Discussion

In this study, being overweight or obese was
significantly associated with increased P
and P values in young OSAS patients, and
increased Ppeak and Pplat values were positively

correlated with BMI. There was no significant
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Figure 4. The C, showed a linear increased with
age in children with OSAS. Cdyn = dynamic pulmonary
compliance.

relationship between being overweight or obe-
se and C e however, C oo Was positively corre-
lated with age. More importantly, we were able
to develop a good model for predicting P__,,
Pplat, and Cdyn based on BMI and age in children

undergoing VCV.

It is frequently recommended that ventilation
remain at a pressure of <20 cmH,0. P__ and
C,,, should be changed cautiously during en-

dg)ybronchial intubation [8, 9]. In the current
study, the mean P of 14.4 + 2.3 cmH,0
observed using cuffed ETTs in children aged
2-10 years with a normal BMI was lower than
that reported by Campos et al. [9]; they used a
similar methodology and reported a mean Ppeak
of 23.6 + 5.3 cmH,0 in children of unknown
BMI and aged 0.2-7.0 years, using uncuffed
ETTs. The Cdyn measured in the present study
was also lower than that reported previously by
Mahajan et al. [8]. Notably, the Ppeak values
derived using the ETTs utilized in our study
were similar with those previously reported in
children and adults using laryngeal masks
[10, 11]; however, the patients’ BMIs were
unknown in those prior studies. Given that leak
pressure around ETTs is associated with an
overestimation of Ppeak and pulmonary com-
pliance values [12], this discrepancy can be
primarily attributed to the difference in leak
pressures between the various ETT sizes [8,
13]; cuffed ETTs were used in all patients in
the present study, and, thus, there was no leak
pressure. The cuffed ETTs, relative to uncuffed
ETTs, can minimized the sevoflurane concen-
trations within the surgeons’ operating area
during pediatric adenoidectomies, which fur-
ther suggests that cuffed ETTs can provide a
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higher airway seal pressure for positive airway
pressure ventilation than other airway devices
[14]. In addition, the mean BMI was normal in
the patients in our study, but the BMI was not
measured in the study conducted by Campos
et al. [15], which may also contribute to the dis-
crepancy because ventilation strategies used
in obese patients differ from those used in nor-
mal patients. Differences in the study design
and methodology, including BMI, ventilation
parameters, leaks, and the final position of the
ETT in the bronchus, may have contributed to
the observed differences between our study
and other studies.

The combined percentage of children who were
overweight or obese in a study reported by
Nafiu et al. [16] was 20.7%, and they concluded
that children with OSAS were more likely to
experience perioperative complications [17].
These complications included intraoperative
desaturation, difficulties with mask ventilation,
and upper airway obstruction, which are closely
related to those of a high BMI [17]. However, it
is unclear how changes in airway pressure and
C,, are correlated with BMI, as this has not
been studied thoroughly in children with OSAS.
In the present study, there was a significant
increase in P and Pplat in overweight and
obese children, BMI was significantly correlat-
ed with Ppeak and Pplat’ and there was a signifi-
cant positive relationship between Cdyn and
age. Interestingly, some studies report that air-
way resistance is significantly associated with
age [8, 18], while in the present study, Ppeak and
Pplat were only significantly associated with BMI.
Notably, the children in the aforementioned
prior study were anesthetized with sevoflurane,
which maintains diaphragm contractility [18],
but in the present study, rocuronium was
administered in order to reduce muscle tension
during intraoperative mechanical ventilation.
Therefore, we surmise that the muscle relaxant
used was the primary cause of the discrepancy
between the results of the two studies.

These results suggest that a relatively high air-
way pressure may be both safe and neces-
sary to meet the requirements of intraoperative
mechanical ventilation in overweight and obe-
se children undergoing mechanical ventilation
with VCV mode (setting the target tidal volume
at 10 mL/kg), but there is still some risk of lung
injury. Although Pplat was within 20 cmH,0 in our
three study groups, the actual driving pressure
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Table 4. Comparison of fitted values with measured values of

P P ,and Cd
yn

nn et al. [21] proposed monitoring
the tracheal pressure by continu-

peak’ = plat’ . . .
Fitted value Measured value P ally calculating ETT resistance via
PY. In the present study, we con-

P __ (cmH,0) 15.82 + 2.54 15.21 + 3.13 0.085 .

peak 2 tinuously measured Ppeak, Pp‘at,
Pplat (cmH,0) 13.81+2.25 13.34 +3.11 0.180 and Cdyn during mechanical venti-
Cdyn (mL/cmH,0) 17.03 £ 3.11 16.47 £+ 4.85 0.298 lation at the Y-piece using the
Values are mean + SD. Fitted value: the value come from fitted equation; D-Lite all-in-one flow sensor, a
Measured value: the value come from the actual measurement. P = peak small, lightweight, inexpensive

airway pressure; P
compliance.

plat

Table 5. Ability of fitted equations to predicate respiratory

parameters

= plateau airway pressure; de = dynamin pulmonary

sensor that can accurately and
reliably measure airway pres-
sures and pulmonary compliance
[22]. Measuring PT is a relatively
accurate method to calculate lung

Sensitivity Specificity Youden’s
(%) (%) index

AUC (95% Cl)

and airway pressures, but it is not

P widely employed because a spe-

P 76.3% 52.6% 0.289 0.591 (0.461-0.722) 0.170

peak

P 78.9% 52.6% 0.316 0.605(0.475-0.735) 0.114

plat

C 97.4% 36.8% 0.342 0.570(0.435-0.705) 0.294

dyn

cialized ETT is required. PV, and
especially PY, can overestimate
the pressures applied to the lungs

AUC: area under the ROC curve; 95% Cl: 95% confidence interval; P

airway pressure; P
compliance.

= plateau airway pressure; C

plat dyn

(driving pressure = Pplat-PEEP), at the range of
8-14 cmH,0, was at a higher level. Driving pres-
sure, as one of the most critical indicators for
evaluating ventilator-induced lung injury, is the
increase in airway pressure due to hyperinfla-
tion during mechanical ventilation, and a high
driving pressure is associated with worse out-
come [19, 20]. However, no serious respiratory
complications were detected in our present
study, which may have been attributed to shor-
ter surgery times and good pulmonary compli-
ance. Therefore, we suggest that the conven-
tional mechanical ventilation setting (VCV with
TV at 10 mL/kg), may be not an ideal venti-
lation strategy, and further investigation is
required to determine an optimal lung-protec-
tive mechanical ventilation strategy in pediatric
patients undergoing general anesthesia, espe-
cial in those who are overweight or obese.

There are some limitations in this study. First,
P Py @nd C, were measured during me-
chanical ventilation at the position of the Y-
piece; however, measuring those parameters
at the position of distal end of the ETT (PT) is a
relatively more accurate method. In the clinical
setting, airway pressure is measured at the
ventilator (PV), the Y-piece in the breathing cir-
cuit (PY), or the distal end of the ETT (PT) during
intraoperative mechanical ventilation. Guttma-
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peak
= dynamin pulmonary

and airways during positive pres-
sure ventilation [23, 24]. There-
fore, measuring PY is an effective,
easy, and practical method to
evaluate airway resistance during
clinical anesthesia. A second limitation is the
data from the present study were collected
under realistic clinical conditions, and the re-
sults were derived from Chinese children diag-
nosed as being overweight or obese according
to the WGOC guidelines [13]. While the meth-
ods for generating the standardized BMI growth
curve in Chinese children were identical to th-
ose described by the World Health Organization
(WHO) and US Centers for Disease Control
(CDC) in 2000, slightly different BMI cut-off val-
ues were found between overweight and obese
children [13]. The diagnostic criteria defining
overweight and obese children differs by coun-
try, which may result in variation in the evalua-
tion of lung and airway resistance in different
countries.

= peak

In summary, a significant positive correlation
was observed between BMI and airway pres-
sure in pediatric patients receiving VCV in the
current study. Based on these findings, we we-
re able to formulate an equation that can be
used to rapidly determine an appropriate range
of airway pressures for VCV based on a child’s
BMI. Thus, the results of the present study may
be used as a reference to reduce the risk of
respiratory complications and improve the ef-
fectiveness of mechanical ventilation in over-
weight/obese children undergoing general an-
esthesia.

Int J Clin Exp Med 2019;12(4):3939-3946



Predicting airway pressure using BMI

Acknowledgements

This work was supported by Shanghai Muni-
cipal Planning Commission of science and
Research Fund (Grant No. 20164Y0181 to
Chengmi Zhang), and Special fund for scienti-
fic and technological innovation of Shanghai
Jiaotong University (Grant No. YG2016QN73 to
Chengmi Zhang).

Disclosure of conflict of interest
None.

Address correspondence to: Xueyin Shi and Yijun
Chen, Department of Anesthesiology and Intensive
Care Unit, Xinhua Hospital, School of Medicine,
Shanghai Jiaotong University, 1665 Kongjiang Road,
Shanghai 200092, China. Tel: +86 21 25078999;
Fax: +86 21 25078999; E-mail: shixueyin1128@
163.com (XYS); 13764206966@163.com (YJC)

References

[1]  Von Ungern-Sternberg BS, Boda K, Chambers
NA, Rebmann C, Johnson C, Sly PD and Habre
W. Risk assessment for respiratory complica-
tions in paediatric anaesthesia: a prospective
cohort study. Lancet 2010; 376: 773-83.

[2] Von Ungern-Sternberg BS, Ramgolam A, Hall
GL, Sly PD and Habre W. Peri-operative adver-
se respiratory events in children. Anaesthesia
2015; 70: 440-4.

[3] Huitink JM, Lie PP, Heideman I, Jansma EP,
Greif R, van Schagen N and Schauer A. A pro-
spective, cohort evaluation of major and minor
airway management complications during rou-
tine anaesthetic care at an academic medical
centre. Anaesthesia 2017; 72: 42-48.

[4] Trachsel D, Svendsen J, Erb TO and von Un-
gern-Sternberg BS. Effects of anaesthesia on
paediatric lung function. Br J Anaesth 2016;
117: 151-63.

[6] Feldman JM. Optimal ventilation of the anes-
thetized pediatric patient. Anesth Analg 2015;
120: 165-75.

[6] LeelJJ, Sun LS, Gu B, Kim M, Wang S and Han
S. Does obesity prolong anesthesia in children
undergoing common ENT surgery? Paediatr
Anaesth 2014; 24: 1037-43.

[7]1  Gleich SJ, Olson MD, Sprung J, Weingarten TN,
Schroeder DR, Warner DO and Flick RP. Periop-
erative outcomes of severely obese children
undergoing tonsillectomy. Paediatr Anaesth
2012; 22: 1171-8.

[8] Mahajan A, Hoftman N, Hsu A, Schroeder R
and Wald S. Continuous monitoring of dynamic
pulmonary compliance enables detection of

3945

(9]

(11]

[12]

[13]

(14]

[16]

[17]

endobronchial intubation in infants and chil-
dren. Anesth Analg 2007; 105: 51-6.

Campos C, Naguib SS, Chuang AZ, Lemak NA
and Khalil SN. Endobronchial intubation
causes an immediate increase in peak infla-
tion pressure in pediatric patients. Anesth
Analg 1999; 88: 268-70.

Keidan |, Berkenstadt H, Segal E and Perel A.
Pressure versus volume-controlled ventilation
with a laryngeal mask airway in paediatric pa-
tients. Paediatr Anaesth 2001; 11: 691-4.
Natalini G, Facchetti P, Dicembrini MA, Lanza
G, Rosano A and Bernardini A. Pressure con-
trolled versus volume controlled ventilation
with laryngeal mask airway. J Clin Anesth
2001; 13: 436-9.

Kuo CY, Gerhardt T, Bolivar J, Claure N and
Bancalari E. Effect of leak around the endotra-
cheal tube on measurements of pulmonary
compliance and resistance during mechanical
ventilation: a lung model study. Pediatr Pulm-
onol 1996; 22: 35-43.

Olsen GH, Krishna SG, Jatana KR, Elmaraghy
CA, Ruda JM and Tobias JD. Changes in intra-
cuff pressure of cuffed endotracheal tubes
while positioning for adenotonsillectomy in
children. Paediatr Anaesth 2016; 26: 500-3.
Herzog-Niescery J, Gude P, Gahlen F, Seipp
HM, Bartz H, Botteck NM, Bellgardt M, Dazert
S, Weber TP and Vogelsang H. Surgeons’ expo-
sure to sevoflurane during paediatric adenoid-
ectomy: a comparison of three airway devices.
Anaesthesia 2016; 71: 915-20.

Aldenkortt M, Lysakowski C, Elia N, Brochard L
and Tramer MR. Ventilation strategies in obese
patients undergoing surgery: a quantitative
systematic review and meta-analysis. Br J An-
aesth 2012; 109: 493-502.

Nafiu 00, Green GE, Walton S, Morris M, Reddy
S and Tremper KK. Obesity and risk of peri-op-
erative complications in children presenting
for adenotonsillectomy. Int J Pediatr Otorhino-
laryngol 2009; 73: 89-95.

Dawson D, Singh M and Chung F. The impor-
tance of obstructive sleep apnoea manage-
ment in peri-operative medicine. Anaesthesia
2016; 71: 251-6.

Rafferty GF, Mustfa N, Man WD, Sylvester K,
Fisher A, Plaza M, Davenport M, Blaney S, Mox-
ham J and Greenough A. Twitch airway pres-
sure elicited by magnetic phrenic nerve stimu-
lation in anesthetized healthy children. Pediatr
Pulmonol 2005; 40: 141-7.

Amato MB, Meade MO, Slutsky AS, Brochard L,
Costa EL, Schoenfeld DA, Stewart TE, Briel M,
Talmor D, Mercat A, Richard JC, Carvalho CR
and Brower RG. Driving pressure and survival
in the acute respiratory distress syndrome. N
Engl J Med 2015; 372: 747-55.

Int J Clin Exp Med 2019;12(4):3939-3946


mailto:shixueyin1128@163.com
mailto:shixueyin1128@163.com
mailto:13764206966@163.com

[20]

[21]

[22]

Predicting airway pressure using BMI

Pistillo N and Farina O. Driving airway and
transpulmonary pressure are correlated to VILI
determinants during controlled ventilation. In-
tensive Care Med 2018; 44: 674-675.
Guttmann J, Eberhard L, Fabry B, Bertschmann
W and Wolff G. Continuous calculation of intra-
tracheal pressure in tracheally intubated pa-
tients. Anesthesiology 1993; 79: 503-13.
McLoughlin TF and Hopkins CS. Disposable D-
lite sensors. J Clin Monit Comput 2014; 28:
431-2.

3946

[23] Nasiroglu O, Weldon BC, Berman LS and

(24]

Haque IU. Ventilator Y-piece pressure com-
pared with intratracheal airway pressure in
healthy intubated children. J Clin Monit Com-
put 2006; 20: 95-100.

Dela Cruz RH, Banner MJ and Weldon BC. In-
tratracheal pressure: a more accurate reflec-
tion of pulmonary airway pressure in pediatric
patients with respiratory failure. Pediatr Crit
Care Med 2005; 6: 175-81.

Int J Clin Exp Med 2019;12(4):3939-3946



