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Effective cleaning of the ETT results in improved outcomes
when used in both PRN and protocol fashion.
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Current standard of
care closed suction
does not keep the
ETT patent or free
of bacterial and
fungal colonization.

Suction catheters (closed systems and open) have been the
standard of care for clearing endotracheal tubes since the

inception of intubation and mechanical ventilation, yet the
consensus is that suction is generally ineffective in cleaning
the endotracheal tube.
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" Current Standard of Care Closed Suction.......................

Quantifying the Opportunity:

« =~100,000 ICU Beds in the US!
« Occupancy range 57.4% to 82.1% (Mean of 69,750)2

- Mechanically ventilated patients range 20.7% to 38.9%
(Mean of 21,909)2

- Estimated annual ventilator days 7.99M (21,909 x 365)
« Spending for hospital care was $937B for 20134

» ICU costs account for 17-39% of hospital care (Mean of
262B)>°

- Day 3 on the ventilator in the ICU 32B ($3,968 x 7.99M)°
* Process Improvement opportunity:

v Quality or outcome improvement (reduce time on
ventilator)

v Cost reduction (decrease length of stay)

end@clear




CHEST

Original Research

CRITICAL CARE MEDICINE

Increases in Endotracheal Tube

Resistance Are Unpredictable Relative
to Duration of Intubation

Alison M. Wilson, MD; Dana M. Gray; and John G. Thomas, PhD

Back ¥k Tated ions after intubati

can affect the resistance of an endotracheal

tubeTETl‘).Our bjective was to b

d patient tubes and size-matched controls to

evaluate differences in resistance.

Methods: New ETTs, with internal diameters of 7.0 through 8.5 mm, were tested as controls to

enlabluh the resistance of each size group as
and p

y P drop. N were

btained using a mass fl

rates. Seventy-one patient ETTs were

Pressure drop was measured at three flow

compared with controls.

of patient tubes, respechvely, had the pressure
dro

P
Jorci oo

can sif

spontaneous breathing trial

d after ibation by an identical method and

Results: In each control group, pressure drop was tightly clustered with low variation and no overlap
between sizes. A total of 73 to 79% of the patient ETTs had a pressure drop of > 3 SDs of
size-matched controls at all flow rates. Pressure dmp in 48 to 56% (across three flow rates) of
d tubes was equivalent to the next smaller size of controls. At 60 and 90 L/min, 10% and 15%

p was unp ble relative to the duration of mtnbahon.

of a control tube three sizes smaller. The

significantly i
d.rop of ETTs. The degree of change was highly variable, occurs in all snzes, and was unrelated to the
ofil of an ETT maybe comparable to new tubes one to four sizes
smaller. This may impact ﬂle tolerance of ventilator weaning. (CHEST 2009; 136:1006-1013)

bb ETT = endotracheal tube; HEPA = high-efficiency particulate air; ID = internal diameter; SBT =

d by the p

D uration of mechanical ventilation in a critically
ill patient is affected by many factors, includi

ventilator settings, ablhty to wean, patient comfort, and
1 with the 3-5 Multiple factors influ-

underlying illness, comorbidities, presence of pneu-
monia, and ability to wean from the ventilator.!2
Airway resistance can significantly impact required
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ence the resistance of endotracheal “tubes (ETTs),

For editorial comment see page 957

including airway humidification, secretions, and bac-
terial colonization.5-11 Inflammatory reactions in the
lung secondary to bacterial infection may cause
increased production of secretions within the first
24 h of intubation, leading to increased resistance
and possible occlusion of ETTs.12-14 ~

Very strict industry standards regulate length and
diameter specifications for ETT production.!> Reg-
ulations mandate that for ETTs with internal diam-
eters (IDs) of = 6.5 mm, the variation in ID cannot
exceed + 0.20 mm. Regulation prohibits the overlap
of tube ID between adjacent tube sizes.'¢ For each
size, there is a predictable amount of resi that

Original Research

Wilson, A., Gray, D., Thomas, J., 2009, Increases in Endotracheal Tube Resistance Are

Secretion build-up in ETT:

Occurred in all patients

48% had pressure drop equivalent
to next smaller size tube

10% to 15% of patient tubes had a
pressure drop of a tube three

sizes smaller

Independent of duration of

ventilation

Cannot predict which patients will
have high volume of secretions

Unpredictable Relative to Duration of Intubation, CHEST October 2009 vol. 136 no. 4 1006-1013’ endECIear
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Endotracheal tube intraluminal volume loss among

mechanically ventilated patients

Shah, Chirag MD; Kollef, Marin H. MD

Critical Care Medicine: January 2004 - Volume 32 - Issue 1 - pp 120-125
doi: 10.1097/01.CCM.0000104205.96219.D6 Clinical Investigations

Abstract
Objective: To measure endotracheal tube intraluminal volume loss among
mechanically ventilated patients.

Design: Prospective observational study.

Setting: Medical intensive care unit (19 beds) of an urban university-affiliated teaching
hospital.

Patients: A total of 101 patients with acute respiratory failure requiring >24 hrs of
mechanical ventilation.

Interventions: None.

Measurements and Main Results: Acoustic reflectometry was employed to measure
the intraluminal volume of 13-cm endotracheal tube segments. The endotracheal tube
segment volumes were statistically smaller among endotracheal tubes used in patients
compared with unused endotracheal tubes (5.4 £ 0.7 vs. 6.0 £ 0.6 mL, p <.001). The
average percentage

difference in endotracheal tube segment volumes, between the unused endotracheal
tubes and the endotracheal tubes used in patients, was 9.8% (range, 0-45.5%). The
percentage difference in the endotracheal tube segment volumes increased
significantly with increasing duration of tracheal intubation (r2 = .766, p < .001). The
minimum diameter of the endotracheal tube segments was also statistically smaller
among endotracheal tubes used in patients compared with the unused endotracheal
tubes (7.5+ 0.4 vs. 6.7 £ 1.2 mm, p < .001).

Conclusions:

Endotracheal tube
intraluminal volume
loss is common
among patients with
acute respiratory
failure requiring
mechanical ventilation
and increases with
prolonged tracheal
intubation.

Shah, Chirag MD; Kollef, Marin H. MD, Endotracheal tube intraluminal volume loss among —
mechanically ventilated patients, Critical Care Medicine: January 2004 - Volume 32 - Issue 1 - pp endchear'
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High-Resolution Computer Tomography in Assessing Endotracheal Tube Obstruction

Cristina Mietto?, Riccardo Pinciroli2, Annop Piriyapatsom’, John G. Thomas?, Lynn Bry?, Mary L. Delaney?,

Andrea Du Bois?, Jessica Truelove®, Gregory R. Wojtkiewicz®, Matthias Nahrendorf*, Robert M. Kacmarek'%, Lorenzo Berra!

1, Department of Anesthesia, Critical Care ond Pain Medicine, M fh

tts General Hospl

I, Boston, MA; 2, School of Dentistry, West Virginla University, Morgontown, WV;

3, Center for Clinical and Transiational Metagenomics, Department of Pathology, Brigham and Women's Huspital, Boston, MA; 4, Center for System Biology, Massachuselfs General Hospital, Boston, MA;
5, Deportment of Respiratory Care, Massachusetts General Hospitol, Bostan, MA.

Introduction
The presence of the endotracheal tf
physiological homeostasis of mucus cld
ETT becomes covered in a thick layer
preventable by the use of commerl
catheters (Fig. 1).

“In

The reduction in ETT Iy
increased airflow resist]
of breathing.?

The two parts of this §
use of High-Resolution
{HR-CT} in measurin|
obstruction and B} dete
between volume loss
resistance in the ETT.

Methods

an

Fig. 2, ETT in
rmucus layer.
Part A.

From Nov-Dec 2012, we collected 2,
intensive care units at MGH. Patient
study group if they required mec

summary,
methods for ETT cleaning
are insufficient to prevent

increase
work of breathing.”

ation (air)
Hounsfield
as chosen to
r mucus

standard

more than 48 hours. Immediately after extubation, these
study ETTs were sealed and cut at 24 cm from the Murphy
Eye (lung end).

The control group (n=24) consisted of new adult ETTs
matched with the study group by size and brand. All the
ETTs underwent HR-CT scanning within 48 hours after
extubation. HR-CT was performed with an isotopic spatial
resalution of 110um (Siemens Inveon system).

The entire 24cm ETT
S was scanned.
* However, three
- ‘ 4.4cm long sections
l I I oy ] of each tube were
— . pu— used faor the analysis
e e (Fig.2)
Fig. 2. Scheme of ETT sections for HR-CT scan anolysis

ek

ETT narrowing, leading to g
in patient filed with
retions, The
the ETT was
tween HR-CT
PartA.

ETTs from 20 patie 8+14 years, BMI 266
kg/m% who were i than 48 hours

(average time on ventilats ere collected

Study group ETT analysis: HI

from oral to lung
section 4.7%5.5%,
section 7.848.0% and ui
section 12.6+14.4%;
p=0.031 for oral vs. lung
section) (Fig. 4).
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Fig. 4. Distritution of CSA reduction of used ETT group along the tube length.

SCCM 2014°

The grade of occlusion
was weakly correlated
with the length of
intubation{R?=0,352,
p=0.006) (Fig. 5).

L The mean internal
et ,  diameters (ID) free of
secretions were reduced
from initial 1Ds of 7.0mm
to 6.74x0.24mm
{p=0.026), ot
7.5mm to 7.10+0.52mm (p=0.007), and of 8.0mm to
7.6320.43mm (p=0.038).

Days of Inubation

Fig. 5. Correlation between grade of ETT
occlusion and days of intubation,

Part B.
Pressure drop (a3 surrogate of airflow resistance) strongly
correlated with an increase in volume loss from the ETT
silicone filling. This correlation is maintained at different
airflows. (Airflow 30 |/min: R’= 0.87, p=0.021; 50 |/min: R*=
0.91, p=0.013; 70 I/min: R?= 0.90, p=0.015) (Fig. 6).

Fig. 6. Correlation
between ETT
Tuminal air volume
reduction and
pressure drop at

different alrflows.
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Conclusions
Part A. In a group of 20 prolonged mechanically ventilated
adult patients, the CSA of the ETT was reduced by about
25%.
Part 8. Volume loss determined an increase in airflow
resistance.
In summary, standard methods for ETT cleaning are
insufficient to prevent ETT narrowing, leading to an
increase in patient work of breathing.

References

L. Knovdes MR & of, | Clin Invest 2002;109:571-9
2. Wikson AM &t al, Chest 2009;136:1006-13
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|—f Care Closed Suction........................

The primary goal of mechanical ventilation is to reduce the
“work of breathing.” Work of breathing is both the effort to
Inspire air into the lungs and the effort to exhale. This effort
depends on compliance (How elastic the lung is) and
resistance (How much obstruction exists in the airway).

The total work of breathing in the mechanically ventilated
patient consists of:
1. the patient's own physiologic work of breathing,
2. the disease process that the patient is suffering from,
and,
3. theresistance offered by the ventilator circuit and
endotracheal tube (known as the "imposed work
of breathing").

10 endclear



11

Airway resistance and lumen radius are exponentially related to
the fourth power. This means any change in the radius causes
a tremendous change in the airway resistance.

For example, if the radius is cut in half airway resistance
doesn’t just double. It increases by a factorof 2 X2 X2 X 2 =16
(Poiseuille's equation).

If the radius increases 2 times, airway resistance decreases by
the same factor of 16.

Because of this relationship any small amount of
bronchospasm, secretion accumulation in the endotracheal
tube, water in the ventilator tubing, or other obstruction
considerably increases airway resistance.

Kevin T Martin., RESISTANCE AND COMPLIANCE, RC Educational Consulting Q . .
Services, Inc., 1985, Revised 2008, 9-101° emnd ’Cledar




" Current Standard of Care Closed SUCHON....................

Suction does not effectively clean endotracheal tubes
and can be harmful!

AARC Clinical Practice Guidelines ‘%

Endotracheal suctioning of mechanically ventilated
patients with artificial airways (2010):

Although the internal Ilumen of an ETT decreases
substantially after a few days of intubation, due to formation
of biofilm, suctioning should be performed only when
clinically indicated in order to maintain the patency of the
artificial airway used. Special consideration should be given
to the potential complications associated with the procedure.

12 end@clear




The build-up of
biofilm is harmful
and can lead to
Infection and
Increased duration
of ventilation and
ICU length of stay.

Endoluminal narrowing is generally under-appreciated for it’s
severe impact on pressure and resistance.




- of Biofilm is Harmful ...oeveeeeeeeneeenonns

Tracheal Tube Biofilm as a Source of Bacterial Colonization
of the Lung

TIMOTHY J. J. INGLIS,1* MICHAEL R. MILLAR,2 J. GARETH
JONES,3 AND DAVID A. ROBINSON4

Departments of Microbiologyl and Pathology,4 Leeds General
Infirmary, and Departments of Microbiology2 and Anesthesia,
University of Leeds, Leeds, West Yorkshire LS2 9JT, United

Kingdom “Following contamination
Received 10 January 1989/Accepted 7 June 1989

JOURNAL OF CLINICAL MICROBIOLOGY, Sept. 1989, p. OT _the _traCheaI _tUbe
2014-2018 Vol. 27, No. 9 biofilm with a patient's

Biofilm formation in tracheal tubes, its bacterial content, and its own gastromtestlnal f!org,
interaction with ventilator gas flow were investigated. At least 50 entrainment of bacteria in
mg (dry weight) of biofilm was found in 30 of 40 tracheal tubes the inspiratory gas flow

used in intensive care patients for 2 h to 10 days. Electron ) )
microscopy showed bacteria in this layer, and quantitative prowdes a mechanism for
initial and repeated lung

studies showed that bacterial counts could reach up to 106/c
colonization.”

of tube length. Bacteria were cultured from the patient sj
18" of 78 heat and moisture exchanger-microbiolo¢’
units removed from ventilator circuits. Particles
detach from tracheal tube luminal biofilm and
to 45 cm from the tracheal tube tip. Following contamination of
the tracheal tube biofilm with a patient's own gastrointestinal
flora, entrainment of bacteria in the inspiratory gas flow provides
a mechanism for initial and repeated lung colonization.

Inglis, T., Millar, M., Jones, G., Robinson, D., 1989, Tracheal Tube Biofilm as a Source of " .
14 Bacterial Colonization of the Lung, Journal of Clinical Microbiology, Vol. 27, No. 9, p. 2014- endg)clear
201811 Cleane
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Use of High-definition Computed Tomography to
Assess Endotracheal Tube Luminal Narrowing after
Mechanical Ventilation

Riccards Pincirol, M.D., Gristing Migtto, MO, Loterzo Berta, MO
* Departrnent of Anesthesia, Sritica Sare andd Pain hiediche, hfssmdusetts Gererd Hospitd, Harand ilecdical Sdhodl, Bioston, bl as sachwssts.
bamaEparneas ong

FODTUICTION and dearance of muacas

are key mechaniorms in the physiclogy
of the repimmry system. Their mgubtion i
often impaired in intubared patisnts whoshoe
supersbundant producton and  inefficient
clearance. Az a mault, avargbly thick layer of
e wltimately adheres to the inner surface
of the endotracheal mbe (ETT) mduocing it
original cresscectional ama. This luminal nar-
roving significantly irnpacts aidlo e istance
that varies inversely 1o the fonrth power of the
conduifs radins ascoding to the Poisenilles
equation (AF = § pl(me ). Fatients work
of breathing roay consequently increasel
Howvewer, the J.mponanc,e of ETT

O

used suctioning systemns aE
tain the ETT function
Tostudy the rmagnitods of this adverss ewent,
wre denelo ped an innonetive spproach sl
ize the acomtion of mucus in emubared ETTE
with high-definition comp ed woogmphy The BTT is colleckd on extubation and sealed. Scanning is performed on s posi-
tron emission wmog mphy-computed mmography scanner (Sieme s, balvern, PA). with msolotion down to 15 po. bdalt-
phinar imege of the ETT paricolady it lung end (rerminal 10 cm), shov the reduced inner diameter on coronal fig. Aland
manswers (fir B)sections. SD-wolurne rendering moonetructions of the lumen can alzo be obtained (fig. C). This technique
precisely visnalize the raorphokay of the luren and quantifie the existing araoont of rmucus. bleasareme e such as wolure
of secretionsiair or minirurm cros-eectonal ares can be collecred, all of which may have exered sipnificant effects & vio.
High-definition cornpued mmogrphy ey also be ussaful o stdy the efficacy of devicas for the rainenance of the ETT foncrion
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the Mucus shavwer: A device 1o keep the erdotracheal tube free foonsecmtione. Cotcaw Med 2012; 40:11024
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gt 2003, e done o Scivly I, L privoott Wik Wik, & hesiokogy 2012 3

Berra, et al. Use of High-definition Computed Tomography to Assess Endotracheal Tube Luminal
Narrowing after Mechanical Ventilation, the American Society of Anesthesiologists, Inc.
Lippincott Williams & Wilkins. Anesthesiology 2013; 119:20212

Is Harmful .......................

“However, the importance
of ETT progressive
luminal narrowing during
mechanical ventilation is
still widely unrecognized,
and currently used suction
systems are unable to
maintain the ETT
function?
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Advanced endotracheal tube biofilm stage, not

duration of intubation, is related to pneumonia
Wilson, Alison MD, FACS; Gray, Dana; Karakiozis, Jacqueline BS;
Thomas, John PhD

Journal of Trauma and Acute Care Surgery: April 2012 - Volume 72 - Issue 4 - p 916923
doi: 10.1097/TA.0b013e3182493a10 Original Articles

Abstract

BACKGROUND: Biofilms are complex communities of living bacteria surrounded by a

protective glycocalyx. Biofilms have been implicated in the development of infections such

as dental caries and hardware infections. Biofilms form on endotracheal tubes (ETT) and

can impact airway resistance. The lifecycle of a biofilm has four stages. We hypothesize )
that there is a relationship between the stage of biofilm on the ETT and development of CONCLUSIONS:
pneumonia.

. - . “Advanced biofilm stage
METHODS: Thirty-two ETT were analyzed for biofilms and staged. Staging was performed . .
by a microbiologist blinded to all patient information. Data included development of (Stage IV) is associated
pneumonia, duration of intubation, comorbidities, and microbiology. Pneumonia was defined with pneumonia. Duration
as presence of fever, WBC >12 K or <4 K, infiltrate on chest X-ray, and purulent sputum : :
with +lower airway culture (bronchoalveolar lavage or brush). Statistics were performed by a of I_ntUb_ atl-on does not
biostatistician; p < 0.05 defined significance. predict biofilm stage.”

RESULTS: There were 11 women and 21 men with a mean age of 50 years. Mean
intensive care unit days were 13 (standard deviation = 9.9) and mean length of intubation
was 7.4 days (standard deviation + 5.0). Half (16 of 32) the patients developed pneumonia
while intubated. Eight of 10 patients with a stage IV biofilm had pneumonia. There was a
relationship between increasing biofilm stage with the incidence of pneumonia (p < 0.05).
Stage |V biofilms were associated with pneumonia (p < 0.02). There was no relationship to
duration of intubation, patient age or hospital stay and biofilm stage.

Wilson, A., Gray, D., Karakiozis, J., Thomas, J., 2012, Advanced endotracheal tube biofilm stage, ~
16 = not duration of intubation, is related to pneumonia, Journal of Trauma and Acute Care Surgery, endQCIGa r
April 2012 - Volume 72 - Issue 4 - p 916-92313 Cloanar airways, fawar vent days™



> The Build-up of Biofilm is Harmful ........c....cccu......

Implications of endotracheal tube biofilm in ventilator-

associated pneumonia response: a state of concept
Critical Care 2012, 16:R93 d0i:10.1186/cc11357

Sara Gil-Perotin (sara.garcia@uv.es) Conclusions:

Paula Ramirez (ramirez_pau@gva.es)

Veronica Marti (vemarhal@hotmail.com) “Airway bacterial colonization and biofilm
Jose Miguel Sahuquillo (wadjur@hotmail.com) :

Eva Gonzalez (evitag555@hotmail.com) formation on ETTs are early and frequent
Isabel Calleja (isa.calleja@hotmail.com) events in ventilated pa'[ients_ There is

Rosario Menendez (rmenend@separ.es)

Juan Bonastre (bonastre. jua@gva.es) microbiological continuity between airway

colonization, biofilm formation and VAP
Results: development. Biofim stands as a

_ _ _ pathogenic mechanism for  microbial
Eighty-seven percent of the patients were colonized based on ETA

cultures. Biofilm was found in 95% of the ETTs. In 56% of the perS|stence, and |mpa|red response to

cases, the same microorganism grew in ETA and biofilm. In both treatment in VAP.
samples the most frequent bacteria isolated were Acinetobacter

baumannii and Pseudomonas aeruginosa. Nineteen percent of the )
patients developed VAP (N=14), and aetiology was predicted by In summary, our study supports the idea of

ETA in 100% of the cases. Despite appropriate antibiotic treatment, a dynamic relationship between airway
bacteria involved in VAP were found in biofilm (50%). In this lonizati biofil d VAP d | t
situation, microbial persistence and impaired response to treatment co Or_]lza lon, DioT r_n’ an ) eve opme_n :
(treatment failure and relapse) were more frequent (100% vs 29%, The idea of bacterial survival on ETT biofilm
P=0.021; 57% vs 14%, P=0.133). as a pathogenic mechanism for microbial
persistence and impaired response to
antibiotic therapy highlights the importance
of discovering new strategies focused in the

removal of biofilm from the ETT.”™

end@clear
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g IIm is Harmful .......................

Description and Microbiology of Endotracheal Tube Biofiln
i Mechanically Ventilated Subjects

Pierre-Eric Danin MD, Emmanuelle Girou PharmD, Patrick Legrand MD.,
Bruno Louis PhD. Redouane Fodil PhD. Christo Christov MD, Jérome Devaquet ML
Dantel Isabey PhD, and Laurent Brochard MD

BACKGROUND: A biofilmn is found on the inner side of endotracheal tubes (ETT) in mechanicall
ventilated patients, but its features and role in pneumonia remain unclear. METHODS: Thi
prospective, observational, monocentric study included critically ill ventilated subjects. Measure
ment of the ETT inner volume was first performed before extubation using the acoustic reflectios
method. After extubation, the biofilm was studied by means of optical and atomic force microscopy
Bacteriological analysis was then performed and compared with clinical documentation. RESULTS
Twenty-four subjects were included. Duration of intubation lasted from 2 to 79 d (mean = S
11 = 15 d). The mean percentage of ETT volume loss evaluated in situ (n = 21) was 7.1% a
not linked with the duration of intubation. Analyses with atomic force microscopy (n =
a full coverage of the inner part of the tube with biofilm, even after saline rinse. Its th}
from 0.8 to 5 pm. Bacteriological cultures of the biofilm (n = 22) often showe
as in tracheal secretions, especially for pathogenic organisms. Psendomonas
albicans were among the most frequent microorganisms. In subjects
cessfully treated episode of ventilator-associated pneumonia (n =
still present in the biofilm. CONCLUSIONS: ETT biofilm is
whatever the duration of intubation and appears quickly- ntubation. Even after soft rinse,
small but measurable part of biofilm remains always present, and seems strongly adherent to th
ETT lumen. It contains potentially pathogenic bacteria for the lung. Key words: biofilm, endotrache
tube; ventilator-associated pneumonia. [Respir Care 2015:60(1):21-29. © 2015 Daedalus Enterprises]

Biofilm build-up in
ETT

Respiratory Care 2015

Biofilm is always

present whatever the
duration of intubation
and appears quickly.

Biofilm is strongly
adherent and
remains after rinse.

Average total volume
loss was 7.1% which
IS equivalentto 1 —
1.5 cc of material in
tubes ranged 7 — 9
mm.

Danin, P.E., et. al., Description and microbiology of endotracheal tube biofilm in mechanically
18 @ ventilated subjects, Respir Care. 2015 Jan;60(1):21-9. doi: 10.4187/respcare.02722. Epub 2014

Nov 415
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Using an ETT
cleaner addresses
retained secretions
and colonization In
a positive way.

Current indications for endotracheal tube suctioning are to
use as minimally as possible
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Using an ETT Cleaner Addresses.......cccccvvviiiicennnnnn..

<X

Quantifying the Benefit of an Optically Directed Endotracheal Tube

Clearing Device Using Bioluminescent Bacteria
John G. Thomas, PhD'; Hamed M. Motlagh, MPH?"; Christopher Waters, MS'; Sarah L. McLaughlin, BS2
'West Virginia University, Department of Pathology; West Virginia University, Animal Models and Imaging Facility

INTRODUCTION:

Previously, we had optimized the
use of 1) our Adult Ventilator-
Endotrach-Lung Simulator (A=
VEL) (Fig. 3) combined with 2)
bioluminescent (BL) bacteria
Staphylococcus aureus (Sa) (Xen
036) or Pseudomonas aeruginosa
(Pa) (Xen 05) (Fig. 4a & 4b) to
measure the efficacy of an endo-
tracheal tube (ETT) luminal
clearing device. (Fig. 2a)

HYPOTHESIS:

bours (B, (Se

Here, we wanted to evaluate the device, integrating quantitative
E

BL photonic assessment addressing thr
B- Middle, C- Lung
of labeled biofilm-accretion, Pfé and PSRE clearing.

METHODS:
The A-VI
Bennett

ETT regions (A= Oral,
) (Fig. 2b) while visualizing the distribution

il is composed of three integrated systems: Puritan=
entilator 720, anatomically designed head position, and

a compliant bi-lobed Michigan Lung; model settings were those

used for a COPD patient. Extubated ETTs were re
two hours after extubation, and placed on the A-VEL with a
nebulized broth/ glucose
mixture for 12 hours.
Bioluminescent mixture of
Sa and Pa, were grown
independently u\cnlq_hl and
nebulized for 6 hours at the
ETT-Lung interface,
combined or independently,
al a concentration of 1x10°
CFU nl. The ETT was
placed in an anatomically
correct head, and cleared in
approximately 10 seconds
from Murphy’s eye,

eived within

backward to the Oral end,
recovering biofilm accretion
material utilizing the
EndoClear device. TVIS (Fig.
4a & 4b) (Caliper Life
Sciences) Photonic Intensity
measurements were taken Pfe "a
cleaning for each ETT zone, nami Luran
and IPBBE cleaning three times. re—

R CONCLUSION
The combination of the IVIS technique and the A=VEL simulator
El 2 " | provided a method which demonstrated the clearing device
~ “u| | | climinated photonic labeled ETT accretion after one pass. This
- 1 ' I was independent of luminal endotrach location (A, B, C).
i 4 ¥
L ¥y &) ‘ DISCUSSION:
ol it Bk s 0 Xen 29 S.a Xen 05 Pa H‘:u‘l:‘gg;‘l‘z‘ o, s
Figun Adult VEL Figure d4a: Engineered bacteris IVIS Figure 4b: Enginecred bacteria IVIS hlgh]lgh‘Ld l"\ our
previouse ex=
RESULTS: periments, where
For P samples, Pa labeled ETT accretion alone  with Region C having greatest intensity and with the use of CT
or in combination with Sa produce the greatest near occlusion. P8 clearing for all section radiography the s
intensity (p/sec / em2/sec), with each sector detected zero labeled ETT accretion, independent endotrach=biofilm
different: A (2.1-6.1), B (2.2-5.5), C (5.1-7.0). of times cleared. Sa, alone, gave similar visual occulusion reduced
Visualization highlighted differences in distribution, imprint but intensity. airway volume by

Visualization in Photonic Intensity

Figure 8: (See Fig. 1)

CLINICAL APPLICATION:

The application of IVIS and engincered bioluminescent bacteria,
particularly bio-film associated, is an unrecognized tool for
application here, particularly
ication, dc.\rl\* highlighted the benefit of the clearing

1 Soction C Section A Section 1 Section €

Section A Section

Xen29Sa Xen 05 Pa Xen 208+ Xen 05 Pa

ses in endotracheal tube resistance
bation. Chest. 2009;136(4):1006=

uration o

)
MA, Delgado M' I\(n g 1, Holzman [, Bactenial

“The clearing device could be part
of routine ETT suctioning that has
the potential of reducing 1) BF .“M~""
occlusion and 2) nidus of infection .

ndOclear, Inc., Petoskey MI.

without the use of antibiotics.” ancoiph Cancer Centr and NIH grans P20

nd P30 RR0O32138/ GM103488.
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WVU, IVIS Imaging. Freshly suctioned ETT, pre and post endOclear® use
Florescence Key: Blue = Low, Green/Yellow = Medium, Red = High bacteria counts

’ .
AINOT1 11 1 A000A

Figure 1 Figure 2 Figure 3
Bioluminescence from Near absence of Amount of mucous and
pseudomonas bacteria bioluminescence after secretions removed
within in an ET Tube one cleaning with the from the ET Tube in
after suctioning endOclear® device Figure 1

21 ASM 201216 endQCIGar'
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A clinical assessment of the Mucus Shaver: A device to keep the
endotracheal tube free from secretions

Lorenzo Berra, MD; Andrea Coppadoro, MD; Edward A. Bittner, MD, PhD; Theodor Kolobow, MD;
Patrice Laquerriere, PhD; Joshua R. Pohlmann, BS; Simone Bramati, MD; Joel Moss, MD, PhD;

Antonio Pesenti, MD

Objective: We evaluated a new device designed to clean the
endotracheal tube in mechanically ventilated patients, the Mucus
Shaver.

Design: Prospective, randomized irial.

Setting: University hospital intensive care unit.

Patients: We enrolled 24 patients expected to remain ventilated
for >72 hrs.

Interventions: The Mucus Shaver is a concentric inflatable
catheter for the removal of mucus and secretions from the interior
surface of the endotracheal tube. The Mucus Shaver is advanced
to the distal endotracheal tube tip, inflated, and subsequently
withdrawn over a period of 3-5 secs. Patients were prospectively
randomized within 2 hrs of intubation to receive standard endo-
tracheal tube suctioning treatment or standard suctioning plus
Mucus Shaver use until extubation.

Measurements and Main Results: During the study period, de-
mographic data, recent medical history, adverse events, and staff
evaluation of the Mucus Shaver were recorded. At extubation, each
endotracheal tube was removed, cultured, and analyzed by scanning
electron microscopy. Twelve patients were assigned to the study

n endotracheal tube (ETT) is
generally required for the

maintained by using suctioning cathe-
ters. Nevertheless, it has been shown
management of critically ill that intraluminal volume loss attribut-

| ; | _ cumulation of secrefions

group and 12 were assigned to the control group. No adverse events
related to the use of the Mucus Shaver were observed. At extubation,
only one endotracheal tube from the Mucus Shaver group was
colonized, whereas in the control group ten endotracheal tubes were
colonized (8% vs. 83%; p < .001). Scanning electron microscopy
showed little secretions on the endotracheal tubes from the study
group, whereas thick bacterial deposits were present on all the
endotracheal tubes from the control group (p < .001 by Fisher exact
test, using a maximum biofilm thickness of 30 jum as cut-off). The
nursing staff was satisfied by the overall safety, feasibility, and
efficacy of the Mucus Shaver.

Conclusions: The Mucus Shaver is a safe, feasible, and effi-
cient device for endotracheal tube cleaning in the clinical setting.
The Mucus Shaver is helpful in preventing endotracheal tube
colonization by potentially harmful microorganisms. (Crit Care
Med 2012; 40:000-000)

Kev Worps: bacterial biofilm; endotracheal tube; endotracheal
tube occlusion; endotracheal tube suctioning; mechanical venti-
lation; Mucus Shaver; secretion removal; ventilator-associated
pneumonia

vented by standard suctioning treat-
ment or by optimal humidification (1—
4). This vicious process of secretion
a__rr'umul'\finn can lead to life-threaten-

» Bacterial colonization:
» Control group — 83%
» Study group — 8%

« Biofilm by SEM > 30um
thickness:
* Present in all control group
* Minimal in study group

Berra L, et. al, A clinical assessment of the Mucus Shaver: a device to keep the endotracheal tube
22 . free from secretions. Crit Care Med. 2012 Jan:40(1):119-24. doi: 1097/CCM.0b013e31822e9fe37

“In conclusion, we propose the Mucus
Shaver as a device able to improve care
of mechanically ventilated patients by
reducing bacterial colonization of the
inner ETT lumen, suggesting a potential
role in infection prevention, and reducing
secretion deposits, preventing possible
partial or complete ETT occlusion and
leading to increased airway resistance
and work of breathing.”

end@clear
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The Impact of a Unique Airway Clearance System on Airway Mechanics in Ventilated Patients

Schofield, L%, Shorr, A.F.2, Washington, J.%, Carlson, M., Wagner, W.1

-1 McLaren Northern Michigan Hospital, Petoskey, M1, 2 Washington Hospital Center, Washington, DC

* Wark completed at:
Melaren Horthern Michigan
Hozpizal

Petoskey, Michigan

((231) 387-3042
schofield@narthemhealth.org

Abstract

Methods

Conclusions

Background: The adherence of secretions along the endotracheal tube (ETT) lumen in mechanically
ventilated (MV) patients' results in airway narrowing and concomitantly may increase patients' work of
breathing. Biofilm accumulation may also promote the development of ventilator-associated
pneumenia. Routine suctioning does not address the potential risks associated with secretions and
biofilm that collect within the ETT lumen. & unique mucus shaver system (endOclear®) facilitates
removal of secretions and biofilm._

The purpeose of this study is to determine the effectiveness of reducing peak airway pressures and
resistance in ventilated patients who have their ETT cleared with @ mucus shaver system. The hypothesis
is: Application of a mucus shaver system in addition to routine suctioning prior to spentaneous
breathing trials (SBTs) lowers both peak airway pressures and airway resistance.

Methods: This study retrospectively identified all subjects having their ETTs cleared at a single
institution prior to beginning a SBT between Jan 2012-Jul 2013. All subjects had received at least 24 hrs
of MV prior to the SBT, and all underwent routine suctioning with a closed in-line system prior to use of
the mucus shaver. Peak airway pressures before and after the additional use of the mucus shaver along
with changes in airway resistance served as our co-primary endpoints. The study also compared changes
in these variables as function of the ETT lumen size.

Results: The median peak airway pressure measured 29 cmH,0 before use of the mucus clearance
system and fell ta 23 cm H,0 (p<0.001). There was a similar decline in the median airway resistance (27
m H,0/Lps to 15 cm H,0/Lps, p < 0.001). The average percent decline in peak airway pressure equaled
17.6+13.3% while the mean drop in airway resistance was greater, 33.3218.9%. Seventy-five percent of
subjects experienced a greater than 10% and 19% fall in peak airway pressure and airway resistance,
respectively. Differences in ETT lumen size did not alter the magnitude of the fall seen in either of the
co-primary endpoints.

Conclusions: The addition of a unigue mucus shaving and tube cleaning system to routine suction prior
to an SBT significantly reduces both peak airway pressure and airway resistance in persons undergoing
SBTs.

Introduction

Current standard of care closed suction systems do not completely clean the inside of the endotracheal

tube B34

Secretions and biofilm accumulation may lead to decreased liberation from the ventilator™® and increased
ventilator associated pneumonia [VAP)

Recent protocol use of an endotracheal tube cleaning device prior to spontaneous breathing trials at one
center was associated with improved patient outcome {decreased length of intubation and decreased length
of ICU and hospital stay) and decreased hospital cost.2

Physiclogic implications of this new secretion management tool have not yet besn described

Study Objective

To describe the effect of routine, protocolized use of endOclear® device on physiologic measures of airway
resistance and peak pressures during efforts to liberate patients from the ventilator

Design: Prospective, cbservational quality assurance study, January 2012 through July 2013
Setting: Community hospital mixed medical-surgical ICU
Subjects: Mechanically ventilated patients on the ventilator over 24 hours

Protocol:
* Prior to SBT, the patient undergoes standard closed suctioning

* endOclear® (Figure 1) is used and measurements on the same settings are repeated
* patient undergoes SBT

Endpoints: PAP and airway resistance
Statistics:

* Endpoints from before and after period compared with either Student’s t test (paired)
* p < 0.05 assumed to represent statistical significance

* peak-airway-pressure (PAP) and resistance are measured while the patient is still on the vent in ventilated

Results

*  Cohort
n = 109 patients, 18 bed mixed surgical / medical ICU
In 2011, prior to use of endOclear® the mean duration of MV was 4.3 days
Mean duration of MV in current population 3.4 days
*  Median airway resistance declined from 27 cm H,0/Lps to 15 cm H,0/Lps (p < 0.001).
*  The average percent decline in peak airway pressure equaled 17.6+13.3%
*  The mean drop in sirway resistance was greater, 33.3+18.9%

Results:
Impact on Peak Airway Pressure

Results:

Seventy-five percent of subjects experienced a greater than 10% and 19% fall in peak airway pressure and airway resistance, respectively.
Differences in ETT lumen size (.g., whether 8.0 mm vs. smaller) did not alter the magnitude of the fall seen in either of the co-primary endpaints

Effect on Airway Resistance

p<0.001
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+ Addition of a unigu\mucus shaving
and tube cleaning s
(endOclear®) to ro
prior to an SBT sign
both peak airway p
airway resistance

“Addition of a
unique mucus
shaving and tube
cleaning system
(endOclear®) to
routine suctioning
prior to an SBT
significantly
reduces both
peak airway
pressure and
airway resistance”

endclear
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Effective cleaning
of the ETT results
in improved
outcomes when
used in both PRN
and protocol
fashion.

The build-up of biofilm is harmful and can lead to infection
and increased duration of ventilation and ICU length of stay
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Efficacy Study of a Novel Device to Clean the Endotracheal Tube
Massimiliano Pirones, Riccardo Pindirolit, Cristina Miettot*, David imber?, Christopher Chenelle, Robert M Kacmarek?, Lorenzo Barrat

qummcmmwnn mmmmwmml of Re Care,
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Baokground Methode Roeculte

The Endotrachesd Tube (ETT) s » Mw'uw We ervoled in Be study adlt Istubuted putierts wxpecied o be 526 patiosts ware screened scroes dferert intensive Care Units.
for more thes 48 Sours Random sllocston o elther
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duy overy 8 hocrs.
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ETTs wers collected #t the bedside, sesled and rapicly processed.
Computnd Tomegraphy (HRCT) wis cbtuned for

the terminad 22 cm of each ETT. Raw bnaging cute of mucus wnd air

SCCM 2015%°

In our trial, endoluminal
narrowing was safely
prevented by the
implementation of a
cleaning protocol with a
novel device. The
subsequent reduction in
airway resistance might
be beneficial in terms of
reduced ventilatory effort
by the patient. Regular
ETT cleaning might also
disrupt the biofilm
formation process at the
ETT luminal surface,
having the potential to
significantly reduce
bacterial colonization.
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Removal of Endotracheal Tube Debris Obstruction by a Clearing Secretion

Device.

Cristina Miettol MD, Kevin Foley2 RRT, Lindsay Salerno2 RRT, Jenna Oleksak2 RRT, Riccardo
Pincirolil MD, Jeremy Goverman3 MD, Lorenzo Berral MD

1 Department of Anesthesia, Critical Care and Pain Medicine, Massachusetts General Hospital,
Boston MA, USA

2 Department of Respiratory Care, Massachusetts General Hospital, Boston MA, USA

3 Department of Surgery, Burn Service, Massachusetts General Hospital, Boston MA, USA

RESPIRATORY CARE Paper in Press. Published on December 24, 2013 as DOI: 10.4187/respcare.02995
Copyright (C) 2013 Daedalus Enterprises

ABSTRACT

Accumulation of secretions may suddenly occlude the endotracheal tube (ETT) requiring “These observations showed
immediate medical attention. The endOclear® catheter (EndOclear LLC, Petoskey, Ml) is ; ;

a novel device designed to clean the ETT from mucus debris and restore the luminal that SUCh deVICe 1S (I) Safe’
patency. We present a series of three subsequent cases of life-threatening partial ETT- (I |) easy tO use durmg an

occlusion recorded over a period of six months at Massachusetts General Hospital.

emergent-airway situation,

After the failure of conventional methods, standard tracheal suctioning and bronchoscopy, and (| | |) efficient to rapldly

the endOclear® device was implemented with successful restoration of the airways in all . .

three cases. The three patients rapidly improved their respiratory conditions and tolerate remove secretions in the

well the ETT-clearing maneuver. setting Of ETT obstruction by
the respiratory therapist
personnel.”

Mietto, et., al, Removal of Endotracheal Tube Debris Obstruction by a Clearing Secretion Device, . o
26 y g end@clear

RESPIRATORY CARE Paper in Press. Published on December 24, 2013 as DOI:
10 A127/recncara N200K20
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The Use of a Unique Mucus Shaver Clearing

Device to Improve Ventilator Weaning

Linda Schofleld PhD, RN = Gary W Saur, MBA, RRT = Jeffray Washington, M.D.
—~ - —

PURPOSE

Routine endotracheal suctioning
techniques are unable to
remove adherent secretions
and biofilm from within the
endotracheal (ET) tube,
resulting in a narrowed airway,
increased work of breathing,
and colonization by ventilator
associated pneumonia (VAP)
organisms. The purpose of

this study is to compare the
efficacy of removing adherent
endotracheal tube secretions
with the use of a mucus shaver
clearing device prior to weaning
trials with the efficacy of
routine suctioning alone prior to
weaning trials.

References
1. Shehetal Critical Care Med, Vol 32 2004

2 (Glassetal American Jowmnal of Critical
Care, Viol E, March 1959

3 Bogue et al. Intensive Care Med, No 30
2004

4. Wilson, Thomas, et al. CHEST, Oct 2009

5 The Mucus Shaver is helpfid in preventing
endotrachesl tube colonization by
potentially harmful microonganisms, Bema,
Crit Care Med 2012; 40:000-000 " Wilson
et 2l EAST Mesting, 20M

BACKGROUND

Ventilator-associated pneumonia (VAP Is a frequently occurring
nosocomial Infection assoclated with increased morbidity and
mortality. Bacteria that colonize the cropharyngeal area, Including
dental plague, can aspirate Into the lungs and cause nosocomial
resplratory disease. Oral care does not address the potential risk
of WAP assoclated with secretions and biofiim that collect within
the ET tube. Partlal occluslon or narrowing of the endotracheal
tube has been assoclated with Increased patlient work of breathing
and delayed extubation. Caring for ventilated patients in an ICU
Is substantially mare expensive than caring for non-ventilated
patients. A unigue mucus shaver clearing device can be used to
decrease alrway resistance, expedite weaning and remove bacteria
that cause VAP. The mucus shaver clearing device restores the
ET tube to optimal weaning conditions by confirming ET Tube
patency. The main Indications for use of the mucus shaver clearing
device Include:

Prior to spontaneous breathing trials

Thick Secretions

Dnificulty suctioning.weaning

Acute change In patient condition

Hemoptysis

Prior to Bronchoscopy/tube exchange/tracheostomy

s Mclaren

NQORTHERN MICHIGAN
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The Use of a Unique Mucus Shaver Clearing Device to Improve Ventilator Weaning

Linda Schofield PhD, RN -

Gary Saur, MBA, RRT « Jeffrey Washington, M.D.

PURPOSE

and biofilm from within the endotracheal (ET) tube, resulting in a narrowed airway,
increased work of breathina. and colonization bv ventilator associated bneumonia
(VAP

prior
trials

7/31/2011

BACKGROUND

Routine endotracheal suctioning techniques are unable to remove adherent secretions Ventilator-associated pneumonia (VAP) is a frequently occurring nosocomial infection associated with increased morbidity and mortality. Bacteria
that colonize the oropharyngeal area, including dental plaque, can aspirate into the lungs and cause nosocomial respiratory disease. Oral care
does not address the potential risk of VAP associated with secretions and biofilm that collect within the ET tube. Partial occlusion or narrowing

adhe McLaren Northern Michigan
Twelve Months Ending

7/31/2012
Actual

3 for ventilated patients in
can be used to decrease
e to optimal

nclude:

tomy

7/31/2013
Actual

Actual
e Pre endOclear

Inten
were

e Ventilator Days per Case 4.3
>, ICU Days per Case 5.2
- Hospital ALOS per Case 9.7

Direct Cost per Case $ 18,802
. Annual Savings (Direct Costs)

pron Number of Cases 583

Post endOclear ; -

3.4
4.6
9.0
$ 17,680
$ 578,952
516

» McLarel§ Northern Michigan
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Alternatives to
standard of care?

SThe standard of care does not effectively clean the
endotracheal tube and the AARC guidelines recommend

limiting it’s use. Is this the best we can do? Is there an
alternative?
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Research and experience teaches that endotracheal tube biofilms,
secretion build-up and narrowing occur in as many as 95% (Gil-
Perotin4) to 100% (Danin'®) of endotracheal tubes and is
unpredictable in its progression (Wilson!3).

Biofilms, bacteria and fungus in the ETT repeatedly colonize the
lung (Inglis!) and are associated with pneumonia (Wilson!3).

AARC guidelines promote a minimalist approach to suctioning to
avoid complications.

Are we then accepting that “this is the best we can do” in clearing
endotracheal tubes?

aaaaaaaaaaaaaaaaaaaaaaaaaa
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AirwayMedix Closed Suction System
and Accessories

1

i

AirwayMedix | Closed Suction System

Efficiency you can see

biovo Ambu*

Wi

[ Rescue Cath™

Complete Airway Management Catheters

((((((((

“AIRWAY CONTROL BEYOND INTUBATION"
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£)Omneotech

the first step in airway control. (©)752005%

airways, fewer vent days.”

Novel devices for cleaning endotracheal
tubes:

* Mucus Shaver™ (not shown)
« endOclear®

* Biovo — Airwaymedix

* Rescue Cath®

end@clear
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Conclusion - Summary

1. Biofilm, mucus, secretions and fungus represent an under-recognized
cause of serious complications in mechanically ventilated patients and
current standards of care (closed and open suction) do not adequately
address biofilm, bacterial and fungal growth and intraluminal
narrowing. The AARC recommends minimizing suction (confounding
for trying to clear the ETT).

2. Biofilm, mucus, secretions and fungus are increasingly linked to
prolonged length of ventilation, VAP, ICU and hospital stay.

3. The impact of endotracheal tube narrowing and subsequent clearing
can have a profound impact on patient status.

4. Effective cleaning of the ETT has the potential to assist in improved
outcomes when used in both a PRN and protocol fashion.

5. Alternatives may help us do better.

Contact: gsaur@endoclearllc.com

35 endclear




Bibliography

1. Health Forum, LLC. American Hospital Association Hospital Statistics, 2011 (2009 survey data). Chicago, IL: American
Hospital Association; 2011.

2. Wunsch H, Wagner J, Herlim M, Chong DH, Kramer AA, Halpern S, ICU occupancy and mechanical ventilator use in the
United States, Crit Care Med. 2013 Dec;41(12):2712-9. doi: 10.1097/CCM.0b013e318298a139.

3. Seneff MG, Zimmerman JE, Knaus WA, Wagner DP, Draper EA, Predicting the duration of mechanical ventilation. The

importance of disease and patient characteristics Chest. 1996 Aug;110(2):469-79.

http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData.

Coopersmith, Craig M. MD, FCCM; Wunsch, Hannah MD, MSc; Fink, Mitchell P. MD, FCCM; Linde-Zwirble, Walter T.;

Olsen, Keith M. PharmD, FCCM; Sommers, Marilyn S. RN, PhD; Anand, Kanwaljeet J. S. MBBS, DPhil, FCCM; Tchorz,

Kathryn M. MD; Angus, Derek C. MD, MPH, FCCM; Deutschman, Clifford S. MD, FCCM, A comparison of critical care

research funding and the financial burden of critical illness in the United States, Critical Care Medicine: April 2012 -

Volume 40 - Issue 4 - p 1072-1079, doi: 10.1097/CCM.0b013e31823c8d03

6. Dasta JF, McLaughlin TP, Mody SH, Piech CT, Daily cost of an intensive care unit day: the contribution of mechanical
ventilation. Crit Care Med. 2005 Jun;33(6):1266-71.

7. Wilson, A., Gray, D., Thomas, J., 2009, Increases in Endotracheal Tube Resistance Are Unpredictable Relative to
Duration of Intubation, CHEST October 2009 vol. 136 no. 4 1006-1013

8. Shah, Chirag MD; Kollef, Marin H. MD, Endotracheal tube intraluminal volume loss among mechanically ventilated
patients, Critical Care Medicine: January 2004 - Volume 32 - Issue 1 - pp 120-125 doi:
10.1097/01.CCM.0000104205.96219.D6 Clinical Investigations

9. Pinciroli, R., Mietto, C., Berra, L., 2013, Use of High-Definition Computed Tomography to Assess Endotracheal Tube
Luminal Narrowing after Mechanical Ventilation, Anesthesiology 2013

10.Kevin T Martin., RESISTANCE AND COMPLIANCE, RC Educational Consulting Services, Inc., 1985, Revised 2008, 9-
10

11.Inglis, T., Millar, M., Jones, G., Robinson, D., 1989, Tracheal Tube Biofilm as a Source of Bacterial Colonization of the
Lung, Journal of Clinical Microbiology, Vol. 27, No. 9, p. 2014-2018

12.Riccardo Pinciroli, M.D., Cristina Mietto, M.D., Lorenzo Berra, M.D., Use of High-definition Computed Tomography to
Assess Endotracheal Tube Luminal Narrowing after Mechanical Ventilation, the American Society of Anesthesiologists,
Inc. Lippincott Williams & Wilkins. Anesthesiology 2013; 119:202

13.Wilson, A., Gray, D., Karakiozis, J., Thomas, J., 2012, Advanced endotracheal tube biofilm stage, not duration of
intubation, is related to pneumonia, Journal of Trauma and Acute Care Surgery, April 2012 - Volume 72 - Issue 4 - p

916-923 S
end@clear

er airways, fewer vent days™

S


http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData
http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData

Bibliography

14.Gil-Perotin, S. et. al., 2012, Implications of endotracheal tube biofilm in ventilator-associated pneumonia
response: a state of concept, Critical Care 16:R93 doi: 10.1186/cc11357

15.Danin, P.E., Girou, E., Legrand P., Louis B., Fodil, R., Christov, C., Devaquet, J., Isabey, D., Brochard, L.,
Description and microbiology of endotracheal tube biofilm in mechanically ventilated subjects, Respir Care. 2015
Jan;60(1):21-9. doi: 10.4187/respcare.02722. Epub 2014 Nov 4.

16.Waters, C., Motlagh, H., Corum, L., Thomas, JG., 2012, , Quantifying the benefit of an optically directed
endotracheal tube clearing device using bioluminescent bacteria, American Society of Microbiology

17.Berra L, Coppadoro A, Bittner E, Kolobow T, Laquerriere P, Pohimann JR, Bramati S, Moss J, Pesenti A, A
clinical assessment of the Mucus Shaver: a device to keep the endotracheal tube free from secretions. Crit Care
Med. 2012 Jan;40(1):119-24. doi: 1097/CCM.0b013e31822e9fe3.

18.The Impact of a Unique Airway Clearance System on Airway Mechanics in Ventilatred Patients, SCCM Meeting
2014, Poster Session, Schofield, L., Shorr, A.F., Carlson, M., Wagner, W.

19.EFFICACY STUDY OF A NOVEL DEVICE TO CLEAN THE ENDOTRACHEAL TUBE, SCCM 2015,Pirrone,
Massimiliano; Pinciroli, Riccardo; Mietto, Cristina; Imber, David; Chenelle, Christopher; Kacmarek, Robert; Berra,
Lorenzo.

20. Cristina Mietto, MD, Kevin Foley RRT, Lindsay Salerno RRT, Jenna Oleksak RRT, Riccardo Pinciroli MD, Jeremy
Goverman, MD, Lorenzo Berra, MD, Removal of Endotracheal Tube Debris Obstruction by a Clearing Secretion
Device, RESPIRATORY CARE Paper in Press. Published on December 24, 2013 as DOI:
10.4187/respcare.02995.

21.The Use of a Unique Mucus Shaver Clearing Device to Improve Ventilator Weaning, CHEST Meeting 2013,
Poster Session, Schofield, L., Saur, G., Washington, J.

22.Klompas, M., Speck, K., Howell, M.D., Greene, L.R., Berenholtz, S.M., 2014, Reappraisal of routine oral care with
chlorhexidine gluconate for patients receiving mechanical ventilation: systematic review and meta-analysis, JAMA
Intern Med. 2014 May;174(5):751-61. doi: 10.1001/jamainternmed.2014.359.

23.Munro, C.L., Grap, M.J., Jones, D.J., McClish, D.K., Sessler, .CN., Chlorhexidine, toothbrushing, and preventing
ventilator-associated pneumonia in critically ill adults, Am J Crit Care. 2009 Sep;18(5):428-37; quiz 438. doi:
10.4037/ajcc2009792.

24.Muscedere, J., Rewa, O., McKechnie K., Jiang, X., Laporta, D., Heyland, D.K., 2011, Subglottic secretion
drainage for the prevention of ventilator-associated pneumonia: a systematic review and meta-analysis, Crit Care
Med. 2011 Aug;39(8):1985-91. doi: 10.1097/CCM.0b013e318218a4d9.

end@clear

er airways, fewer vent days™



