Maneuver to Clear Subglottic Secretions in Vitro and in Vivo
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BACKGROUND: Clearing subglottic secretions has been proved to reduce ventilator-associated
pneumonia. A manual method named the rapid flow expulsion maneuver was developed to clear
subglottic secretions. This study evaluates its safety and effectiveness and analyzes the influential
factors. METHODS: This study was composed of 2 parts. In an in vitro study, secretions were
instilled directly to the area above the cuff in an intubated tracheal model. Secretions were expelled
by the rapid flow expulsion maneuver with different volumes and peak flows in 3 tracheal positions
(0, 15, and 30°). At each tracheal position, the maneuver was repeated twice, unless secretions above
the cuff were <0.5 mL. In an in vivo study, subglottic secretions were suctioned via subglottic
secretion drainage and then were cleared by the rapid flow expulsion maneuver. After the initial
maneuver, methylene blue (2 mL) was instilled above the cuff, and the maneuver was performed
again. The subject’s sputum color was then recorded over 24 h. RESULTS: In the in vitro study,
no aspiration was observed in the 277 maneuvers completed. Subglottic secretions were visibly
expelled in 167 of 277 maneuvers (60.3%), and the median clearance efficiencies of the 3 consecutive
maneuvers were 39.6, 6.3, and 0.4%. In the 108 first maneuvers, 93 (86.1%) produced visible
secretions. Multiple linear regression models were used to identify predictors of clearance effi-
ciency: tracheal position (P < .001), flow (P = .041), and secretion viscosity (P = .017). In the in vivo
study, 77 rapid flow expulsion maneuvers were completed after suctioning via subglottic secretion
drainage in 16 subjects, and the maneuvers collected 221.5 mL of secretions. No aspiration was
observed over 24 h. CONCLUSIONS: The rapid flow expulsion maneuver was safe and effective to
clear subglottic secretions. The first maneuver was the most effective to expel the majority of secretions.
Supine position and high peak flow improved the clearance efficiency. Key words: subglottic secretion drainage;

Evaluation of the Safety and Effectiveness of the Rapid Flow Expulsion

ventilator-associated pneumonia. [Respir Care 2017;62(8):1007-1013. © 2017 Daedalus Enterprises]

Introduction

Ventilator-associated pneumonia (VAP) is the most fre-
quent infection occurring in patients who are admitted to
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the ICU.! VAP is also a substantial clinical and economic
burden.? A well-known cause of VAP is the secretions
accumulated in the subglottic space; thus, preventing as-
piration reduces the incidence of VAP.> Holding secre-
tions above the cuff of an artificial airway to avoid secre-
tion leakage into the lower airway has been shown to
prevent early VAP. However, evidence of prevention in
late-onset VAP is less robust.* This suggests that microas-
piration of subglottic secretions may be postponed, but not
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eliminated,* plus a high density of pathogens may develop
in the subglottic secretions over time. Although secretions
can be completely impeded above the cuff, once the cuff
is deflated (eg, at extubation or repositioning of the arti-
ficial airway), the secretions still fall down to the lower
airway, which may cause VAP. Therefore, subglottic se-
cretion drainage becomes important.

SEE THE RELATED EDITORIAL ON PAGE 1111

Over the years, clinicians have used special artificial
airways with an independent dorsal lumen to evacuate
subglottic secretions; this technique was referred to as sub-
glottic secretion drainage. A systematic review of 17 eli-
gible trials with 3,369 subjects showed that subglottic se-
cretion drainage tubes helped to reduce VAP rates.’
However, the reported failure to aspirate subglottic secre-
tions using subglottic secretion drainage had an incidence
of 34% in the study by Rello et al® and 48% in the study
by Dragoumanis et al.” This high incidence of failure raised
safety concerns with subglottic secretion drainage, because
the suction port was apparently occluded by suctioned
tracheal mucosa,” which was the dominant cause of suc-
tion lumen dysfunction and a cause of the tracheal mem-
brane injury® and laryngeal edema.®

Other ways have been sought to clear subglottic secre-
tions, such as utilization of high PEEP or plateau pressure
generated by a ventilator.'%!! While the cuff is deflated,
the large pressure gradient produces high flow to flush
subglottic secretions to the oral cavity. This method was
tested by Safdari et al'!; the resultant VAP rate was sig-
nificantly lower than for the group with routine oropha-
ryngeal suctioning (26.3% vs 47.4%, P = .04).

Fig. 1. Respiratory therapists implementing the rapid flow expul-
sion maneuver to clear subglottic secretions for an intubated
subject.
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Current knowledge

Clearing subglottic secretions has been proved to re-
duce ventilator-associated pneumonia; the subglottic se-
cretion drainage airways have been widely used over
the years. However, the reported failure to aspirate se-
cretions and the occlusion caused by suctioned tracheal
mucosa raised safety concerns.

What this paper contributes to our knowledge

To clear subglottic secretions, we developed a manual
method: the rapid flow expulsion maneuver. Our study
showed that this maneuver, which requires no special
artificial airway, clears secretions above the cuff more
efficiently and cost-effectively than do subglottic se-
cretion drainage tubes. Consequently, this maneuver
might be applied to clear subglottic secretions in a wider
range of patient populations.

A manual method using high-flow air produced by a
manual resuscitator to expel secretions from the subglottic
space to the oral cavity has been used since the 1990s in
Beijing Chaoyang Hospital (Fig. 1).!? This method, named
the rapid flow expulsion maneuver, has been utilized by
>50 ICUs in mainland China.'3 The rationale of this ma-
neuver is to enhance the patient’s coughing to expel the
subglottic secretions during cuff deflation. When an intu-
bated patient exhales or coughs, if the cuff is deflated at
the same time, patient’s rapid expiratory flow will pass the
space around the deflated cuff to bring the subglottic se-
cretions toward the oropharynx, and then these secretions
can be easily removed by oral suction. However, the ex-
piratory flow generated by the intubated patient may not
be sufficient to expel the subglottic secretions. It is en-
hanced or amplified by the high flow produced via squeez-
ing a resuscitation bag. The key to success of this maneu-
ver is the cooperation between the 2 operators performing
the maneuver and the timing of the rapid flow delivery; the
resuscitation bag must be squeezed at the beginning of
expiration, and the cuff must be deflated at exactly the
same time (Fig. 2). The purpose of this study is to evaluate
the safety and effectiveness of this maneuver and to ana-
lyze the factors that influence its efficiency.

Methods
Study Design

To assess the effects of rapid flow expulsion maneuver
as well as to explore the possible influential factors, an
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Fig. 2. The rapid flow expulsion maneuver to clear subglottic se-
cretions. A: Step 1: Deliver one breath via resuscitation bag. B:
Step 2: At the beginning of expiration, the operator squeezes
the resuscitation bag to produce high flow against subject’s
exhalation flow. At the same time, the assistant deflates the
cuff, so that the flows are forced to expel through the space
around the deflated cuff and to bring the subglottic secretions
to the mouth.

in vitro evaluation was conducted to identify key factors to
optimize the maneuver, followed by an in vivo study to
confirm the safety and effects of the maneuver in compar-
ison with a subglottic secretion drainage tube. The in vivo
study was approved by the institutional review board of
Beijing Chaoyang hospital. This study was implemented
in Beijing Chaoyang hospital. Inclusion criteria were
subjects who were orally intubated with subglottic se-
cretion drainage endotracheal tubes, and estimated du-
ration of invasive mechanical ventilation was > 48 h,
whereas exclusion criteria were PEEP = 10 cm H,O
and Fo = 0.8, severe pulmonary bullae and history of
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Fig. 3. Diagram of the in vitro model. SSD = subglottic secretion
drainage.

pneumothorax, contraindications of supine position (eg,
head and/or neck injury, intracranial pressure > 20 mm
Hg, recent epidural spinal infusion or spinal anesthesia),
unstable hemodynamics, and tracheotomy. Eligible sub-
jects were enrolled and given informed consent.

In Vitro Study

An artificial trachea (2.2-cm diameter, clear polyvinyl
chloride cylinder) with representative human vocal cords
was connected with a test lung (B&B Medical, North High-
lands, California) (see Fig. 3). The trachea was intubated
with an 8.0-mm inner diameter subglottic secretion drain-
age endotracheal tube (Mallinckrodt-Medtronic, Minneap-
olis, Minnesota), and the cuff was inflated to 25-30 cm H,O.
The endotracheal tube was connected to a self-inflating
resuscitation bag (Galemed Corporation, Taipei, Taiwan).
Right above the vocal cords, a collection bottle was con-
nected with the trachea via a flexible soft tube. At the other
end of the trachea, investigators connected a gas flow
analyzer (Fluke Biomedical VT PLUS HF, Cleveland,
Ohio). Two filters were utilized: one was placed between
the test lung and the tip of endotracheal tube, to capture
any subglottic secretions that might have leaked to the
lower airway during the operation; the other one was placed
between the collection bottle and the gas flow analyzer to
prevent the secretions being expelled to the analyzer. Four
mL of secretions with different viscosities were collected
from clinical patients and instilled via subglottic secretion
drainage directly into the area above the cuff of the endo-
tracheal tube. The breath was delivered via a resuscitation
bag by the investigators, and expulsion volume and peak
flow for expelling secretions were measured by a gas flow
analyzer. The trachea model was placed at 0, 15, and 30°
from horizontal. In each tracheal position, up to 3 maneu-
vers were utilized to flush the subglottic secretions out of
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the vocal cords. The quantity of the maneuvers depended
on the clearance of the secretions. No additional maneu-
vers were indicated if 0.5 mL of secretions were left above
the cuff. After each maneuver, secretions expelled to above
the vocal cords were collected in the collection bottle and
weighed. The clearance efficiency was calculated by the
formula: percentage of clearance efficiency = amount of
secretions expelled to above the vocal cords by the ma-
neuver/the amount of secretions above the cuff before the
maneuver).

In Vivo Study

Subglottic secretions were suctioned via subglottic se-
cretion drainage in semi-Fowler’s position. Immediately
after this procedure, subjects were placed in the supine
position, and the rapid flow expulsion maneuver was uti-
lized to clear subglottic secretions, which were collected
and weighed. Then 2 mL of methylene blue was instilled
above the cuff via subglottic secretion drainage, and the
maneuver was performed again. The color of tracheal se-
cretion was observed and recorded over 24 h to track
aspiration. This entire procedure was implemented every
other day in the enrolled subjects until extubation. Com-
plications (eg, air leak, hemodynamic instability, etc) were
monitored.

All of the subjects were placed in supine position during
the rapid flow expulsion maneuver. Enteral feeding was
suspended 30 min before the maneuver, and a 2-min pre-
oxygenation period was offered. Cuff pressure was main-
tained at 25-30 cm H,O. Two operators performed the
maneuver, and one stood at each side of the subject’s bed.
Oral secretions were suctioned, and then the subject was
disconnected from the ventilator and connected to the self-
inflating resuscitation bag (Fig. 1). One breath with tidal
volume was delivered to the subject, and then at the be-
ginning of expiration, the operator squeezed the resusci-
tation bag to produce high flow; at the same time, the other
operator deflated the cuff (Fig. 2). At the end of the ma-
neuver, the cuff was re-inflated, and secretions that were
flushed to the oral cavity were suctioned and collected.
During the maneuver, the clinicians monitored subjects’
vital signs, S, , heart rhythm, and subjective complaints.
The maneuver would be terminated if any of the following
criteria were met: (1) Spo, = 90%:; (2) heart rate increased
by 20%; (3) subject’s discomfort; or (4) new-onset irreg-
ular heart rhythm.

Subglottic secretion drainage was performed at a pres-
sure of —100 mm Hg with a 20-s interval and duration of
8 s 3 times/d while subjects were intubated. Five mL of air
was injected via the drainage lumen to maintain patency
before suctioning.
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Statistics

The continuous and categorical variables of volume,
flow, amount of secretions above the cuff, viscosity of
secretions, and clearance efficiency were analyzed using
descriptive statistics. The Kolmogorov-Smirnov statistical
tests and histogram were used to test the normality of
distribution for these variables. Data were stratified by
groups (with visible secretions vs without visible secre-
tions), and differences in the above-stated variables were
compared between groups using the Student ¢ test for vari-
ables of flow and tidal volume and the Mann-Whitney U
test for variables of secretion viscosities and amount of
secretion above the cuff. A chi-square test was used to
determine the association between different tracheal posi-
tions and visible secretions. Dummy variables were cre-
ated for the different tracheal positions. Binary stepwise
logistic regression analysis was performed to assess the
impact of a number of factors (amount of the secretions
above the cuff, secretion viscosities, flow, tracheal posi-
tions at 15 and 30°) on the likelihood that secretions above
the cuff could be cleared out (yes/no) in all of the maneu-
vers (n = 277).

To further explore how these factors predict clearance
efficiency of secretions above the cuff, we used a multiple
linear regression to assess only the 108 first maneuvers,
since the first maneuver was the most effective to clear the
majority of secretions. The bivariate relationship between
the efficiency of secretion clearance and the influential
factors was investigated using Pearson’s correlation anal-
ysis. Analysis of variance was used to assess the difference
in the clearance efficiency and tracheal positions (0, 15,
and 30°). The following variables were entered into a step-
wise regression model: secretion viscosity, flow, tracheal
position at 15°, and tracheal position at 30°. A P value of
<.05 was considered to be statistically significant for all
predictor variables. Data analysis was conducted with SPSS
23.0 for Windows (SPSS, Chicago, Illinois).

Results
In Vitro Study

No aspiration was observed in the 277 rapid flow ex-
pulsion maneuvers completed. The median (interquartile
range) clearance efficiencies of the 3 consecutive maneu-
vers were 39.6% (18.1-65.4%), 6.3% (0-18%), and 0.4%
(0-9.1%). Subglottic secretions were visibly expelled in
167 of 277 maneuvers (60.3%), whereas they were visibly
expelled in the first maneuver in 86.1% of cases (93 of
108) (P < .001). Volume, flow, tracheal position, and
viscosity of the secretions are compared in Table 1 be-
tween the groups that cleared the secretions visibly and
those that did not. In the logistic regression analysis, the
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Table 1.  In Vitro Comparison Between the Groups With Visible Secretions and Without Visible Secretions
Parameters Visible Secretions No Visible Secretion P

n 167 110
Tidal volume, mean = SD mL 780.2 = 182.8 771.7 £ 153.5 .68
Flow, mean = SD L/min 92.3 £22.1 90.4 +17.5 43
Viscosity of secretions, median (IQR) mm/min 6.4 (1.0-37.9) 6.4 (1.0-22.8) .65
Amount of secretions above the cuff, median (IQR) g 3.9 (2.7-4.0) 2.8 (1.6-3.7) <.001
Tracheal position, n (%) .039

0° 103 (61.7) 52 (47.3)

15° 33 (19.8) 25 (22.7)

30° 31 (18.6) 33 (30.0)

IQR = interquartile range

Table 2.  Clearance Efficiency and Flow at Different Tracheal
Positions in the First Maneuver In Vitro
Parameters 0° 15° 30° P
n 61 22 25

Clearance efficiency in 55 £ 26 29 =27 23 £19 <.001
the first maneuver,
mean * SD %

Flow, mean = SD

L/min

929 *+22 872*x20 923=*23 .58

amount of secretions above the cuff was associated with
visible secretions (odds ratio = 3.28, 95% CI 2.37-4.55,
P < .001), whereas an elevated tracheal position and se-
cretion viscosity were associated with the failure to clear
secretions above the cuff.

In the 108 first maneuvers, multiple linear regression
models were used to identify predictors of clearance effi-
ciency. The comparisons of clearance efficiency and flow
among different tracheal positions are listed in Table 2.
The variables (secretion viscosity, flow, tracheal position
at 15°, and tracheal position at 30°) were marginally as-
sociated with the outcome variable. All of the 4 variables
that were entered into the stepwise regression model were
significant predictors of clearance efficiency: Tracheas
placed at 15° (P < .001) and 30° (P < .001) were inde-
pendent predictors of clearance efficiency, whereas the
flow (P = .041) and secretion viscosity (P = .02) also
predicted the clearance efficiency. The regression model
explained 32.1% of total variance in clearance efficiency
of secretions above the cuff. The regression model for
secretion clearance is Y = 0.387 + 0.002 X (flow) —
0.002 X (secretion viscosity) — 0.247 X (tracheal position
at 15°) — 0.312 X (tracheal position at 30°), where 1 = yes
and 0 = no for tracheal positions at 15 and 30°. There was
no significant collinearity observed (tolerance > (.20, vari-
ance inflation factor < 0.50).
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In Vivo Study

Ten female and 6 male subjects were enrolled, with
median (interquartile range) age 65 y (35-75 y). They were
intubated with 7.0-8.0-mm subglottic secretion drainage
endotracheal tubes. Seventy-seven maneuvers were com-
pleted, which yielded 2 mL (interquartile range 1-3 mL) of
secretions/maneuver for a total of 221.5 mL of secretions.
Each maneuver was completed immediately after suction-
ing via subglottic secretion drainage. None of the maneu-
vers were terminated. No aspiration of methylene blue was
observed, and no complications were observed for 24 h
after the maneuvers.

Discussion

Our study demonstrates that the rapid flow expulsion
maneuver results in efficient removal of subglottic secre-
tions. The influential factors related to its efficiency are
explored and discussed below.

Frequency of the Maneuver

The leakage of subglottic secretions depends on the pres-
sure above and below the cuff, which refers to the amount
of the secretions above the cuff and PEEP. When the
amount of secretions above the cuff was <4 mL in Young’s
bench model with a PEEP setting at 5 cm H,0, leakage of
subglottic secretions was significantly reduced.!'* More-
over, if there were only few secretions above the cuff,
Suys et al'> found that the subject’s tracheal mucosa might
be prolapsed adjacent to the subglottic suction port while
using subglottic secretion drainage to suction. This pro-
lapse also contributed to one third of subglottic secretion
drainage dysfunction in the study by Rello et al® and 42.5%
blockade of the subglottic suction port in the study by
Dragoumanis et al” Therefore, the current preferred pro-
cedure is not continuous but intermittent suctioning of the
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accumulated subglottic secretions.'®!7 Similarly, our study
found that it was less possible to clear secretions visibly if
only a few secretions existed above the cuff. The subglot-
tic secretions produced within 24 h were estimated to be
7.8 = 1.1 mL, according to Greene et al'8; thus, it is more
reasonable to utilize the rapid flow expulsion maneuver
intermittently (eg, every 6—8 h). The actual frequency
depends on the quantity of patients’ oral secretions.

Subject Position

The patient’s tracheal position is also critical for secre-
tion drainage, because gravity plays an important role in
draining subglottic secretions. Compared with semi-
recumbent plus prone position, Trendelenburg plus prone
position accelerated the mucus clearance, improved expi-
ratory-inspiratory flow, avoided aspiration, and finally pre-
vented VAP in the study by Li Bassi et al'® Those authors
offer a possible explanation: The oropharyngeal secretions
are removed by gravity. Similar to their findings, our study
also shows that the supine position at 0° works more ef-
ficiently than the trachea positioned at 15 and 30°. We did
not test the efficiency of our maneuver with Trendelen-
burg and/or prone position, but it can be expected that the
clearance efficiency would be higher than in the supine
position. However, Trendelenburg and/or prone position
may not be feasible in clinical practice, because critically
ill patients may not easily tolerate those positions.

Flow Used in the Maneuver

Among 10 maneuvers to clear subglottic secretions in
the study by Hodd et al,'® PEEP at 35 cm H,O was shown
to be the most efficient. However, the clinical feasibility is
doubtful, because of its high potential to cause baro-
trauma,?® as well as tolerance, particularly in awake pa-
tients who may not tolerate such high pressures. It is as-
sumed that once the endotracheal tube cuff is deflated, the
large positive pressure gradient will generate high constant
flow around the cuff. The same mechanism was utilized
with plateau pressure generated by a 2-s inspiratory hold
in the study by Safdari et al'' With that being said, the key
step to clear subglottic secretions is the rapid flow flushed
into the space between the deflated cuff and the trachea
membrane. This mechanism explains our findings that flow
is associated with clearance efficiency. However, in our
study, the rapid flow is produced by investigators via the
resuscitation bag and not by the ventilator. The potential
advantage of our maneuver is that it avoids high constant
airway pressure for the patients because the cuff is de-
flated when the rapid flow is delivered to the patient. We
did not measure the exact pressure, but we speculate that
the pressure in the airway and alveoli would decrease when
the cuff is deflated; thus, our maneuver might be safer than
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simply using PEEP or plateau pressure at or above 35 cm
H,O. Furthermore, in our 20 years’ clinical experience
using this maneuver among thousands of adult patients, no
complications have been observed.

Collaboration in Deflating Cuff and Compressing
Resuscitation Bag

Besides using high PEEP to clear subglottic secretions,
another common way to clear subglottic secretions is by
compressing a self-inflating bag during cuff deflation. Ac-
cording to the 2 large-scale surveys of anesthesiologists?!
and senior ICU nurses?? in the United Kingdom, the re-
suscitation bag was utilized before extubation. However,
those studies did not report the details of how to use the
resuscitation bag, especially the cooperation involved in
deflating the cuff and compressing the resuscitation bag
simultaneously. Our study, as well as our clinical experi-
ence, strongly suggests that the collaboration of the 2 op-
erators plays the key role in the success of the rapid flow
expulsion maneuver, and this collaboration differentiates
our maneuver from others that use a resuscitation bag. We
observed that aspiration occurred if deflating the endotra-
cheal tube cuff was not perfectly synchronized with squeez-
ing the resuscitation bag. That observation might explain
the high percentage of aspiration in the study by Hodd.'®
It is also why we always check staff’s competency before
their clinical practice.

One limitation in our study is that we did not compare
the clinical outcome of subjects using the maneuver
with using a subglottic secretion drainage tube. Our
randomized controlled trial (ClinicalTrials.gov registra-
tion NCT02032849) is currently enrolling subjects to
investigate the effect of the rapid flow expulsion ma-
neuver versus subglottic secretion drainage on VAP and
its efficiency of clearing subglottic secretions. The other
limitation in the use of the maneuver is among patients
with high ventilator settings (eg, PEEP > 10 cm H,0),
because the maneuver might cause a risk of losing PEEP
when disconnecting patients from the ventilator. Al-
though the interval between disconnection from the ven-
tilator and connection to the resuscitation bag with a
PEEP valve is short, there is still a risk of losing PEEP,
which may cause alveoli decruitment. Thus, this ma-
neuver may be contraindicated in patients who require
high ventilator support. For these patients, it is worth
attempting to use the ventilator instead of manual op-
eration to mimic the rapid flow maneuver to clear sub-
glottic secretions. Future studies may compare these 2
procedures. No matter which procedure is used, we em-
phasize that clinicians require training and practice, es-
pecially in synchronizing the necessary collaboration
between 2 operators.
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Conclusions

The rapid flow expulsion maneuver that we developed
to clear subglottic secretions has been safe and effective in
both in vitro and in vivo studies and was well tolerated by
subjects. The first maneuver is the most effective; it cleared
~40% of the subglottic secretions. The amount of secre-
tions above the cuff and the tracheal position decide whether
secretions can be visibly expelled or not, whereas the tra-
cheal position and flushing flow generated via resuscita-
tion bag appear to predict the efficiency of secretion clear-
ance. These results suggest that the rapid flow expulsion
maneuver needs to be utilized intermittently with high
peak flow in supine position. The in vivo study shows that
the rapid flow expulsion maneuver expelled more secre-
tions even after suctioning via subglottic secretion drain-
age. No aspiration of the subglottic secretions was ob-
served during and after maneuvers in either the in vitro or
the in vivo study.
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