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Abstract

Introduction: General anesthesia causes pulmonary atelectasis within few minutes of induc-
tion. This can have significant impact on postoperative outcome of cancer patients undergoing
prolonged reconstructive surgeries.

Objective: The purpose of this study was to evaluate the impact of sonographically detected
perioperative atelectasis on the need for postoperative oxygen supplementation, bronchodila-
tor therapy and assisted chest physiotherapy in patients undergoing free flap surgeries for head
and neck carcinoma.

Methods: Twenty eight head and neck cancer patients underwent bilateral pulmonary ultra-
sonographic assessments before and after lung surgery. Lung ultrasound scores, serum lactate,
and Pa0;/FiO; ratio were measured both at the beginning and at end of the surgery. Patients
were scanned in the supine position and the number of single and confluent B lines was noted.
These values were correlated with the need for oxygen therapy, requirement of bronchodilators
and total weaning time to predict the postoperative outcome. Other factors affecting weaning
were also studied.

Results: Among twenty eight patients, seven had mean lung ultrasound score of >10.5 which
correlated with prolonged weaning time (144.56 &33.5min vs. 66.7 +15.7min; p=0.005).
The change in lung ultrasound score significantly correlated with change in PaO,/FiO; ratio
(r=-0.56, p=0.03). Elevated total leukocyte count >8200 pL and serum lactate >2.1 mmoL/L
also predicted prolonged postoperative mechanical ventilation.
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Conclusion: This preliminary study detected significant levels of perioperative atelectasis using
point of care lung ultrasonography in head and neck cancer patients undergoing long dura-
tion surgical reconstructions. Higher lung ultrasound scores highlighted the need for frequent
bronchodilator nebulizations as well as assisted chest physiotherapy and were associated with
delayed weaning. We propose more frequent point of care lung ultrasonographic evaluations
and use of recruitment maneuvers to reduce the impact of perioperative pulmonary atelectasis.
© 2020 Associacao Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Published
by Elsevier Editora Ltda. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

Introduction

Atelectasis is an under-reported perioperative pulmonary
complication after positive pressure ventilation. The inci-
dence varies from 50% to 90% in adults undergoing
general anesthesia, when spontaneous or positive pressure
mechanical ventilation is used.”? Head and neck cancer
reconstruction surgeries are time- consuming, involving
adults who are chronic smokers with multiple comorbidi-
ties. Accordingly anesthesia is prolonged and patients are
put on elective mechanical ventilation in the postoperative
period.® The need of positive pressure mechanical ventila-
tion invariably results in collapse of small airways and/or the
whole acinus. This loss of lung aeration can vary from local
hypoventilation to complete atelectasis,* and is expected to
effect the process of weaning from mechanical ventilation.
The use of lung ultrasound for detecting anesthesia-induced
atelectasis has arisen as a reliable, point of care and non-
invasive tool for anesthesiologists.” However, the role of
lung ultrasonography in detecting atelectasis in free flap
reconstructive surgeries has not been studied. The pri-
mary outcome was to study the variation in lung ultrasound
scores and to measure the weaning time from mechanical
ventilation and requirement for postoperative atelectasis
treatment bundle in head and neck cancer patients under-
going reconstructive surgeries. It was hypothesized that
lung ultrasonography would be feasible in all patients in
detecting perioperative pulmonary atelectasis and subse-
quently predicting the postoperative outcome in the form
of weaning from mechanical ventilation and requirement of
bronchodilator therapy and chest physiotherapy.

Methods

This was a single-center, prospective observational study
to evaluate the role of lung ultrasonography in detecting
perioperative atelectasis and subsequently predict the post-
operative course of mechanical ventilation in head and neck
cancer reconstructive surgeries.

The study was conducted in accordance to the principles
of Declaration of Helsinki. After obtaining institute ethical
committee approval, study was registered with Central Trial
Registry India (CTRI/2017/06/008949).

Adult patients aged 18-65 years of either gender, sched-
uled for elective head and neck cancer resection surgery
followed by free flap reconstruction, were included in the
study. Patients were thoroughly evaluated one day prior

to surgery and written informed consent was taken. Need
for admission to high dependency units and postopera-
tive ventilatory support was explained. All patients were
premedicated with oral alprazolam 0.25mg and raniti-
dine 150 mg the night before surgery and again 60-90 min
before the expected time of surgery. In the operating
room, an intravenous line was secured and injection of gly-
copyrrolate 0.2mg was administered intravenously to all
patients. Baseline monitoring consisted of electrocardiogra-
phy, non-invasive blood pressure monitoring, capnography,
pulse oximetry, temperature and urine output monitor-
ing.

In all patients, oxygen supplementation was given and
definitive airway in the form of surgical tracheostomy was
created under local anesthesia. Thereafter, general anes-
thesia was induced using morphine 0.1mg/kg, propofol
2.0mg/kg and vecuronium 0.1 mg/kg to facilitate muscle
relaxation. Mechanical ventilation was standardized for all
patients. GE Datex-Ohmeda Aestiva 3000 (GE Healthcare,
Wauwatosa, WI) delivered volume-controlled ventilation
(tidal volume 8 mL/kg of predicted body weight, FiO, 0.40,
respiratory frequency 12 breaths/min adjusted to obtain an
end-tidal carbon dioxide between 32 and 36 mmHg, inspira-
tory to expiratory ratio of 1:2, and positive end-expiratory
pressure (PEEP) 5cmH,0. Anesthesia was maintained using
isoflurane 1-1.2% minimum alveolar concentration with 30%
oxygen and 70% nitrous oxide mixture. Supplemental doses
of vecuronium (one-fourth of the initial bolus dose) were
administered as per requirement. Radial artery cannulation
was done for continuous invasive blood pressure monitoring
and for taking samples for blood gas monitoring. A wide bore
16G intravenous line preferably was also secured to manage
massive fluid shifts.

Data collected included demographic characteristics,
comorbidities, routine blood parameters, and intraoperative
hemodynamics including heart rate, blood pressure, capnog-
raphy, pulse oximetry, minimum alveolar concentration and
temperature monitoring throughout the length of surgery.
The patient’s hemoglobin, serum lactate and PaO,/FiO, lev-
els were measured both at the beginning and at end of the
surgery. The total duration of surgery, perioperative fluid
administration, urine output and estimated blood loss was
also recorded. The requirement of any blood transfusion and
vasopressor support and use of diuretics intraoperatively
was also recorded.

Lung ultrasound was performed by two trained anesthe-
siologists (with minimum of six months experience in lung
ultrasonography). The Sonosite ultrasound machine with a
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Table 1  Original lung ultrasound scoring system.
Normal aeration Mild loss of aeration Moderate loss of aeration  Severe loss of aeration
Quotation 0 1 2 3

Original lung ultrasound score 0-2 B lines >3 B lines

Multiple coalescent B lines Consolidation

The number of single and confluent B lines was recorded, and a score ranging from 0 (no aeration loss) to 24 (complete aeration loss)

was calculated to summarize the B lines of the eight ICSs.

Figure 1  Each hemithorax is divided into four quadrants by
anterior axillary line (AAL, anterior axillary line; PAL, posterior
axillary line).

3-5MHz curved array probe (GE Healthcare) was used for
all lung USG examinations. Lung aeration scores were based
on a previous study by Montesse et al., in which the thorax
was divided into six quadrants on each side - anterior, lat-
eral and posterior by anterior and posterior axillary lines.?
However since our patients had free flap reconstruction in
the postoperative period, the feasibility of scanning the pos-
terior quadrants was not possible. Therefore we calculated
the lung ultrasound score by dividing the thorax into only
four quadrants on each side - anterior and lateral by ante-
rior axillary line (Fig. 1). Patients were scanned while in
the supine position and two sets were recorded for all the
patients, one before surgery and one at the completion of
surgery. Intercostal spaces (ICS) of each of these areas were
scanned. The number of single and confluent B lines was
recorded, and a score ranging from 0 (no aeration loss) to
24 (complete aeration loss) was calculated to summarize the
B lines of the eight ICSs (Table 1). All examinations were per-
formed by an independent observer unaware of the previous
ultrasound findings within time interval of 5-8 min.

Just before skin closure, a gastric feeding tube was
inserted in all patients. Patients were then transported
to the high dependency unit in a sedated state where
they were mechanically ventilated via the newly-created
tracheostomy. On the morning of postoperative day 1, seda-
tion was withdrawn and patients were allowed to emerge
slowly from anesthesia. They were transitioned to pressure
support ventilation or continuous positive airway pressure
mode and finally weaned from mechanical ventilation. Total
weaning time (time patient remains on weaning mode) was
subsequently recorded. Once the patient started maintain-
ing spontaneous breathing on T-piece, decision to shift to
the ward was taken. In the ward, total duration of oxy-
gen requirement through T-piece for maintaining SpO, > 92%,

Table 2 Demographic features of study population.

Total 28 (100)
Male (%) 26 (92.9)
Female (%) 2(7.1)
Weight, (mean + SD), kg 66.5+9.5
Smoking history+(%) 18 (64.3)
Alcoholic history+(%) 14 (50)
Diagnosis
Ca alveolus (%) 15 (53.5)
Ca buccal mucosa (%) 11 (39.2)
Ca oropharynx (%) 1(3.5)
Low grade mucoepidermoid carcinoma 1 (3.5)
of SMG (%)
Comorbidities, no (%)
Hypertension (%) 12 (42.8)
DM (%) 6 (21.4)
COPD (%) 2(7.1)
Prior radiotherapy (Yes/No) (%) 13 (46.4)/15
(33.6)
Prior tracheostomy (Yes/No) (%) 8 (28.6)/20
(71.4)
Stage of tumor (IV/1II/11) (%) 18 (64.3)/8
(28.6)/2
(7.1)
Reconstruction pectoralis flap (%)
Radial bone free flap (%) 22 (80.9)
Rectus abdominis flap (%) 4 (16)

Fibular free flap (%)
Radial bone free flap (%)

1(1.8)
1(1.8)

Values are expressed as absolute numbers (%).

along with need for bronchodilator and chest physiotherapy
was recorded.

The sample size calculation was based on the previous
study,” the association between differences in LUS scores
(preoperative versus postoperative) and change in partial
pressure of arterial oxygen PaO,/FiO; ratio. Assuming that
the correlation between the two factors was 0.45 and power
of 0.8, a sample size for the group was determined to be
29, as calculated by correlation. The sample size for enroll-
ment was 29. The normality of the measurable data was
assessed using the Kolmogorov-Smirnov test. The normally
distributed data was expressed as mean, standard devia-
tion; range etc. whereas skewed data was expressed as
median and inter quartile range. For time-related compar-
isons, student’s t-test (paired) or Wilcoxon signed rank test
was applied for normal or skewed data respectively. The
categorical data was expressed as frequencies, percentages
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Table 3 Comparison of demographic characteristics in patients with high and low lung ultrasound scores.

Lung ultrasound score (<10.5) Lung ultrasound score (>10.5) p-Value
n=21 n=7
Age (yrs) 52.6 +£10.3 54.6 £11.3 0.816
BMI (kg/m?) 24.33+£11.3 25.39+10.3 0.282
Sex (M/F) 20/1 6/1 0.113
ASA status (I11/11/1) 1/17/3 3/3/1 0.231
Stage of tumor (IV/11I/1I) 13/6/2 4/2/1 0.322
Comorbidities 5 2 0.231
Smoker (Yes/No) 13/7 5/2 0.294
Alcohol (Yes/No) 11/10 3/4 0.454
Prior radiotherapy (Yes/No) 9/12 4/3 0.456
Prior tracheostomy (Yes/No) 4/17 3/4 0.235
Hb (baseline) (g/dL) 12.3+2.4 11.8+1.9 0.678
TLC 7800+ 1100 9200+ 1029 0.115
Platelet count (lacs/L) 1.23+0.98 1.16 +£0.72 0.222
Blood urea (mg/dL) 18+2.3 20+1.8 0.345
S creatinine (mg/dL) 1.12+0.6 1.03+0.8 0.245
S electrolytes (mEq/dL) 134+5.6/4.5+0.78 136 £4.8/4.4+0.45 0.435
S bilirubin (mg/dL) 0.34+0.11 0.24+0.06 0.675
SGOT (Iu/L) 45+10.9 444+11.2 0.523
SGPT (IU/L) 35+12 40+ 11 0.365
S albumin (g/dL) 3+0.45 3.2+0.67 0.456
Blood sugars (mg/dL) 145+5.6 135+5.8 0.876

Smoker included current smokers or those with >10 pack years of smoking, alcoholic included were those with history of consumption

from past more than 10 years.

Table 4 Comparison of surgical factors in patients with high and low lung ultrasound scores.

Lung ultrasound score (<10.5) Lung ultrasound score (>10.5) p-Value
n=21 n=7
Duration of surgery (min) 433.57 + 101.3 728.57 + 119.8 0.001
Total crystalloids (mL) 3557.14 + 1000.7 3856.23 + 879.7 0.358
Total colloids (mL) 333.67 + 110.1 400.23 £+ 123.5 0.236
PRBC/WBC/FFP/platelet transfusion (mL) 350.25 + 98.23 389.6 + 101.2 0.234
Urine output (mL) 647.32 + 108.78 768.45 + 110.34 0.173
Lasix (mg) 8.33 £ 2.35 9.45 + 1.34 0.234
Estimated blood loss (mL) 759.89 + 110.34 850.45 + 109.45 0.289
Hb (end) (g/dL) 10.29 + 2.34 9.23 + 1.45 0.17
Lactate (pre) (mmoL/L) 1.24 + 0.56 1.13 £ 0.67 0.565
Lactate (end) (mmoL/L) 2.08 + 1.34 2.56 + 1.45 0.476
Pa0,/FiO; (Pre) 427.27 + 101.23 445 + 122.23 0.426
Pa0;/FiO; (end) 337.24 £ 109.67 137.29 + 56.8 0.000
Table 5 Comparison of postoperative parameters in patients with high and low lung ultrasound scores.
Lung ultrasound score (<10.5) Lung ultrasound score (>10.5) p-Value
n=21 n=7
Duration of postoperative mechanical 840.34 + 113.54 900.45 + 101.2 0.234
ventilation (min)
Total weaning time (min) 66.7 + 15.7 144.56 + 33.5 0.005
Duration of postoperative oxygen - 4.25 + 1.2 0.002
therapy (days)
Duration of hospital stay (days) 10.5 +£2.4 22.5 + 4.6 0.008
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47 patients recruited

2 patients refused

consent

45 patients included

12 patients had change in surgical plan

33 patients included

In 5 patients all quadrants could not be

visualized

28 patients studied

Figure 2  Consort diagram.

etc. The association of various categorical/classified data
was analyzed using Chi-square test or Fisher’s exact test,
whichever was applicable. Pearson correlation was used to
assess association between the oxygenation ratio and lung
ultrasound scores. The correlation between various patient
parameters and lung ultrasound scores was also studied.
Logistic regression analysis was done to assess various fac-
tors predicting delay in weaning from mechanical ventilation
and subsequent oxygen requirement. A p-value of <0.05
was considered significant in all the tests. Analysis was per-
formed using Excel 2007 (Microsoft, Redmond, WA, USA) and
SPSS version 15.0 software (IBM, Armonk, NY, USA).

Results

Forty-seven adult patients met the eligibility criteria in
the six months enrollment period (May 2017 to November
2017). Two patients refused to participate in the study. In
twelve patients the surgical plan was changed from free flap
reconstructive surgery to primary closure. In another five
patients, all lung zones could not be visualized. The consort
diagram has been shown in Fig. 2. The demographic profile
of twenty eight patients who completed the study is shown
in Table 2.

The change in lung ultrasound score significantly corre-
lated with change in PaO,/FiO, ratio (r=-0.56, p=0.03),
recorded at beginning and end of surgery. The duration
of surgery also correlated with changes in lung ultrasound
scores (r=—0.66, p=—0.001).

The presence of lung ultrasound score >10.5+0.17 at
the end of surgery predicted prolonged weaning time
and requirement of postoperative bronchodilator therapy,
chest physiotherapy and additional oxygen supplementa-
tion with both sensitivity and specificity of 100%. The
area under receiver operator characteristic curve was 1.0.

ROC Curve
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Figure 3  The receiver operator characteristic curve for total

leukocyte count is shown with area under curve of 0.861.

Among the twenty-eight patients, seven patients had a
mean lung ultrasound score of >10.5, which correlated
with prolonged weaning time (Pearson correlation coeffi-
cient r=0.68, p=0.007). The average weaning time in these
seven patients was 144.56 +33.5min vs. 66.7 +15.7min
in patients with lower ultrasound scores (p=0.005). One
patient out of these seven also required vasopressor sup-
port, from which was weaned after 48h of shifting to
recovery. The mean duration of total ventilator stay was
900.45 4+ 101.2 min vs. 840.34 £ 113.54 min with lower lung
ultrasound scores (p=0.234). There was no significant dif-
ference in total ventilator stay in patients with lower or
higher lung ultrasound scores. All the seven patients were
shifted to the surgical ward on the second postoperative
day and required oxygen supplementation for 3-5 days.
The patients also required additional nebulizations with
salbutamol and assisted chest physiotherapy. The average
postoperative stay in hospital in patients with higher lung
ultrasound scores was 21+ 3.5 days as compared to those
with less ultrasound scores (11 +2.4 days, p=—0.008). The
postoperative 30-day survival rate was 100% in patients with
and without prolonged mechanical ventilation. The compar-
ison of demographic profile, comorbidities, surgical factors
and postoperative outcome in patients with lower and higher
lung ultrasound scores is shown in Tables 3-5.

Logistic regression analysis was done to analyze various
factors involved in postoperative weaning from mechani-
cal ventilation and subsequent oxygen supplementation. On
multivariate regression analysis an elevated total leukocyte
count >8200 pL and serum lactate >2.1 mmoL/L predicted
the requirement of postoperative mechanical ventilation
and further oxygen supplementation with sensitivity of
85.7% and specificity of 90%. The receiver operator charac-
teristic curve for total leukocyte count showed area under
curve of 0.861 (Fig. 3). The ROC curve for serum lactate
showed area under curve of 0.592 (Fig. 4).

Discussion

General anesthesia causes atelectasis within the first few
minutes of induction in most dependent parts of lung.®” In
the supine position, approximately, 15-20% of lung tissue
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Figure 4 The ROC curve for serum lactate is shown with area
under curve of 0.592.

near the diaphragm or about 10% of total lung mass may
develop atelectasis during surgery, which may extend up to
50% of lung tissue in open heart surgery.® Mild to moder-
ate perioperative atelectasis usually occurs in nearly half
of elective surgical patients, approximately 20% patients
may develop severe atelectasis (oxygen saturation < 81% up
to 5min) intraoperatively’ and 13% in the post-anesthesia
care unit.'® Perioperative atelectasis, though a self-limiting
lung aberration, can progress to a critical level in high-
risk patients. The initial presentation is hypoxemia, which
can progress to pneumonia as a continuum of intraoperative
atelectasis. "

In this preliminary observational study, the prevalence
of perioperative pulmonary atelectasis detected by lung
ultrasonography was 25%. None of the patients progressed
to pneumonia in the postoperative period. However, the
patients who developed atelectasis during the course of
surgery not only had prolonged weaning from ventilator but
also required bronchodilator therapy, chest physiotherapy
and oxygen support through a T-piece to maintain SpO, > 92%
in the postoperative period for next 3-5 days.

The medical literature documents various studies where
lung ultrasonography has been used as a useful tool for
detecting perioperative atelectasis with sensitivity and
specificity of 93% and 100%, respectively.'” Acosta et al.
in their study have demonstrated lung ultrasound as an
accurate, safe, and simple bedside method for diagnosing
atelectasis in anesthetized children.” In their study, using
magnetic resonance imaging as the standard, bedside ultra-
sound had a sensitivity of 88% and specificity of 89% for the
diagnosis of anesthesia-induced atelectasis. In a study by
Yu et al. they postulate that that LUS scores highly corre-
late with the atelectasis volume of computed tomography
(r=5-0.58, p=—0.0001)." Yu et al. demonstrated that using
computed tomography as standard, with a sensitivity of
87.7%, specificity of 92.1% and diagnostic accuracy of 90.8%.

Monastesse et al. demonstrated moderate correlation in
the LUS score between the postinduction period and arrival
in the recovery room with changes in oxygenation (Spearman

=—0.43, p=0.018). Induction of GA was associated with an
increase in the LUS score, which gradually worsened at all
time points until recovery room discharge. This increase was
significantly worse in the basal and dependent lung zones. In

their study lung ultrasonography helped in the detection of
2 capnothoraces, 1 endobronchial intubation, and 1 episode
of subclinical pulmonary edema.®

Since head and neck cancer reconstruction surgeries are
prolonged duration surgeries with planned postoperative
mechanical ventilation support, these surgeries have a high
incidence for perioperative atelectasis. Based on prior lit-
erature, the presence of small subpleural consolidations
are also one echographic manifestation of atelectasis: small
hypodense areas abutting the pleural line similar to *‘true’’
consolidations but smaller and devoid of their character-
istic tissular pattern,’” and displaying at least one B line
at its inferior border can develop. Furthermore, increas-
ing PEEP causes the disappearance of these small subpleural
consolidations.'®

During surgery, atelectasis may cause intraoperative
gas exchange abnormalities, which may be increased by
inflammation triggered by the surgery itself, leading to
postoperative lung dysfunction, even in patients without
preexisting lung injury. Therefore, we attempted to mea-
sure these changes using lung ultrasound and correlate them
with the subsequent patient outcome. Though studies are
present in which lung ultrasound has been used to assess the
diaphragm motion and correlate with pulmonary functions in
postoperative period,'”'® no previous study has documented
the role of serial lung ultrasonography in predicting the post-
operative outcome.

Computed tomography (CT) measured lung aeration has
been the gold standard for the study of perioperative
atelectasis.” However, cumulative radiation exposure' and
the need to transport the patient to or from the radiol-
ogy department limits its use even in the research setting.
Ideally suited to study perioperative aeration loss, lung
ultrasonography allows imaging the patients at multiple
time points in the operating room even during ongoing
surgery.®

It is to be noted that the presence of B lines have also
been used for diagnosis of alveolar interstitial syndrome.?°
The presence of diffuse comet tail B lines has been hallmark
of increased extravascular lung water content.* However
the presence of comet tail artifact only in the last inter-
costals spaces can be seen in normal lungs, their presence
diffusely throughout the lungs is helpful in diagnosing pul-
monary edema, pulmonary fibrosis and ARDS.?° Fig. 5 shows
the presence of consolidation in inferior quadrants with nor-
mal A lines in the upper quadrant of the same patient in
our study. In our study, most of the patients had presence
of B lines limited to inferior quadrants only. Also the fluid
administration was titrated according to the pulse pressure
variation in all patients. Therefore, the chances of increased
extravascular lung water content were minimal.

Besides lung ultrasonography, PaO,/FiO, levels are also
used as surrogate markers for perioperative atelectasis.?'
The presence of atelectasis (higher lung ultrasound score)
also correlated with lower postoperative PaO,/FiO, ratio.
However, Pa0,/FiO, ratio alone did not show significant cor-
relation with the weaning time from mechanical ventilation.
Esteve et al. in their study has evaluated the usefulness of
Pa0,/FiO, ratio to predict mortality in patients immediately
after cardiac surgery.??

The presence of smoking status also did not predict the
postoperative ventilator requirement and subsequent oxy-
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Figure 5
and multiple B lines.

gen requirement in the ward. Preoperative smokers were
also found to have the same risk as that of non-smokers in
their requirement of postoperative mechanical ventilation.
This was in accordance with the study by Petrar et al. Their
study demonstrated equal risk of postoperative pulmonary
complications in both smokers and non smokers.?

Our study also showed elevated total leukocyte count
>8200 pL and serum lactate >2.1 mmoL/L has sensitivity and
specificity in predicting prolonged weaning time by 85%
and 90% respectively. Since total leukocyte count is one
of the early markers for sepsis, their elevation could also
be due to underlying infection.?* Also the elevated serum
lactate levels, which are early biomarkers for organ dys-
function, alone can only detect underlying decreased organ
perfusion.” However the combination of both parameters
could be helpful in detecting the underlying organ disease
and postoperative recovery.

This study should be read in light of a few limita-
tions. Firstly, only two reading of lung ultrasonography were
planned. We feel that lung ultrasonography could be done
more frequently, especially during the intraoperative and

———my

Subpleural consolidation

B-Lines

Lung ultrasonography of right upper and lower quadrants. Lower quadrant shows the presence of subpleural consolidation

postoperative periods until complete recovery takes place.
Secondly, we could not visualize the posterior and dorsal
parts of the lung, the region where maximum atelectasis
occurs. This was due to presence of flap reconstruction on
the head and neck area which had to be kept immobile
during first 24h post surgery, thus preventing the patient
from being turned laterally for lung ultrasonography. This
might have lead to underscored lung ultrasound score val-
ues. Thirdly, the lung oxygenation index PaO,/FiO, was not
recorded in the weaning phase, though they were performed
during assessment for weaning. However, this limitation was
applicable to all patients. The strength of the study is that
the same groups of patients were evaluated and all the surg-
eries were performed by same team of surgeons with more
than 10 years experience.

Conclusion

This preliminary observational study detected significant
perioperative pulmonary atelectasis in patients undergo-
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ing free flap reconstructive surgeries for head and neck
carcinoma using point of care lung ultrasonography. Fur-
thermore, the presence of higher ultrasound scores after
the completion of surgery can be taken as surrogate marker
for prolonged weaning, frequent postoperative requirement
of bronchodilators chest physiotherapy and oxygen supple-
mentation for a favorable outcome of the patient. Though
further trials in larger number of patients are needed, we
propose lung ultrasonographic examinations at regular inter-
vals and intermittent lung recruitment manuvers in head and
neck cancer patients undergoing long-duration surgeries.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Moller JT, Johannessen NW, Berg H, Espersen K, Larsen LE.
Hypoxaemia during anaesthesia - an observer study. Br J
Anaesth. 1991;66:437-44.

2. Lundquist H, Hedensteirna G, Standberg A, Tokics L, Brismar
B. CT-assessment of dependent lung densities in man during
general anaesthesia. Acta Radiol. 1995;36:626-32.

3. Petrar S, Bartlett C, Hart RD, MacDougall P. Pulmonary
complications after major head and neck surgery: a retrospec-
tive cohort study. Laryngoscope. 2012;122:1057-61.

4. Mittal AK, Gupta N. Intraoperative lung ultrasound: a
clinicodynamic perspective. J Anaesthesiol Clin Pharmacol.
2016;32:288-97.

5. Monastesse A, Girard F, Massicotte N, Lefebvre CC, Girard
M. Lung ultrasonography for the assessment of perioper-
ative atelectasis: a pilot feasibility study. Anesth Analg.
2017;124:494-504.

6. Loring SH, Butler JP. Gas exchange in body cavities. In: Farhi LE,
Tenney SM, editors. Handbook of physiology. The respiratory sys-
tem. Gas exchange. Bethesda, Maryland: American Physiology
Society; 1987. p. 283-95.

7. Lundquist H, Hedenstierna G, Strandberg A, Tokics L, Brismar
B. CT-assessment of dependent lung densities in man during
general anaesthesia. Acta Radiol. 1995;36:626-32.

8. Tenling A, Hachenberg T, Tydén H, Wegenius G, Hedenstierna G.
Atelectasis and gas exchange after cardiac surgery. Anesthesi-
ology. 1998;89:371-8.

9. Moller JT, Johannessen NW, Berg H, Espersen K, Larsen LE.
Hypoxaemia during anaesthesia - an observer study. Br J
Anaesth. 1991;66:437-44.

10. Moller JT. Anesthesia related hypoxemia. The effect of pulse
oximetry monitoring on perioperative events and postoperative
complications. Dan Med Bull. 1994;41:489-500.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

211

Brooks-Brunn JA. Predictors of postoperative pulmonary
complications  following  abdominal  surgery.  Chest.
1997;111:564-71.

Lichtenstein DA, Lascols N, Prin S, Meziére G. The ‘‘lung pulse’’:
an early ultrasound sign of complete atelectasis. Intensive Care
Med. 2003;29:2187-92.

Acosta CM, Maidana GA, Jacovitti D, Belaunzaran A, Cereceda
S, Rae E, et al. Accuracy of transthoracic lung ultrasound for
diagnosing anesthesia-induced atelectasis in children. Anesthe-
siology. 2014;120:1370-9.

Yu X, Zhai Z, Zhao Y, Zhu Z, Tong J, Yan J, et al. Performance
of lung ultrasound in detecting peri-operative atelectasis after
general anesthesia. Ultrasound Med Biol. 2016;42:2775-84.
Copetti R, Soldati G, Copetti P. Chest sonography: a useful
tool to differentiate acute cardiogenic pulmonary edema from
acute respiratory distress syndrome. Cardiovasc Ultrasound.
2008;6:16.

Rode B, VU&i¢ M, Siranovi¢ M, Horvat A, Krolo H, Kele&ié M, et al.
Positive end-expiratory pressure lung recruitment: compari-
son between lower inflection point and ultrasound assessment.
Wien Klin Wochenschr. 2012;124:842-7.

Subotic DR, Stevic R, Gajic M, Vesovic R. Diaphragm motion and
lung function prediction in patients operated for lung cancer -
a pilot study on 27 patients. J Cardiothorac Surg. 2013;8:213.
Kim WY, Suh HJ, Hong SB, Koh Y, Lim CM. Diaphragm
dysfunction assessed by ultrasonography: influence on wean-
ing from mechanical ventilation. Crit Care Med. 2011;39:
2627-30.

Brenner DJ, Hall EJ. Computed tomography - an increasing
source of radiation exposure. N Engl J Med. 2007;357:2277-84.
Volpicelli G, Mussa A, Garofalo G, Cardinale L, Casoli G, Perotto
F, et al. Bedside lung ultrasound in the assessment of alveolar
interstitial syndrome. Am J Emerg Med. 2006;24:689-96.
Lumb AB. Just a little oxygen to breathe as you go off to sleep:
is it always a good idea? Br J Anaesth. 2007;99:769-71.

Esteve F, Lopez-Delgado JC, Javierre C, Skaltsa K, Carrio MLL,
Rodriguez-Castro D, et al. Evaluation of the PaO,/FiO; ratio
after cardiac surgery as a predictor of outcome during hospital
stay. BMC Anesthesiol. 2014;14:83.

Petrar S, Bartlett C, Hart RD, MacDougal P. Pulmonary
complications after major head and neck surgery: a retrospec-
tive cohort study. Laryngoscope. 2012;122:1057-61.

Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab Sci.
2013;50:23-36.

Mikkelsen ME, Miltiades AN, Gaieski DF, Goyal M, Fuchs BD, Shah
CV, et al. Serum lactate is associated with mortality in severe
sepsis independent of organ failure or shock. Crit Care Med.
2009;37:1670-7.


http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0230
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0235
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0240
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0245
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250
http://refhub.elsevier.com/S1808-8694(20)30111-7/sbref0250

	Lung ultrasonography as a tool to guide perioperative atelectasis treatment bundle in head and neck cancer patients underg...
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Conflicts of interest
	References


