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The build-up of biofilm is harmful and can lead to infection 

and increased duration of ventilation and ICU length of stay. 

Using an ETT cleaner addresses retained secretions and 

colonization in a positive way. 

Effective cleaning of the ETT results in improved outcomes 

when used in both PRN and protocol fashion. 

“Cleaner Airways, Fewer Ventilator Days” 
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Current standard of care closed suction does not keep the 

ETT patent or free of bacterial and fungal colonization. 

Alternatives to standard of care? Alternatives to standard of care? 



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.  



Current Standard of Care Closed Suction........................ 
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Current Standard of Care Closed Suction........................ 
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Quantifying the Opportunity: 
 

• ≈100,000 ICU Beds in the US1 

• 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)5 

• Day 3 on the ventilator in the ICU 32B ($3,968 x 7.99M)6 

• Process Improvement opportunity: 

 Quality or outcome improvement (reduce time on 
ventilator) 

 Cost reduction (decrease length of stay) 
. 

 



Current Standard of Care Closed Suction........................ 

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 1006-10137  
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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 
. 

 



Current Standard of Care Closed Suction........................ 

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 Investigations8 

 

8 

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. 



Current Standard of Care Closed Suction........................ 
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“In summary, standard 

methods for ETT cleaning 

are insufficient to prevent 

ETT narrowing, leading to 

an increase in patient 

work of breathing.” 



Current Standard of Care Closed Suction........................ 
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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. the resistance offered by the ventilator circuit and 

endotracheal tube (known as the "imposed work 

of breathing").   



Current Standard of Care Closed Suction........................ 

Kevin T Martin., RESISTANCE AND COMPLIANCE, RC Educational Consulting 

Services, Inc., 1985, Revised 2008, 9-1010 
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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 factor of 2 X 2 X 2 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. 

 



Current Standard of Care Closed Suction........................ 
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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 lumen 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. 



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. 



14 

 

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-

201811  

 

 

The Build-up of Biofilm is Harmful ………………….. 

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 
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Received 10 January 1989/Accepted 7 June 1989 

JOURNAL OF CLINICAL MICROBIOLOGY, Sept. 1989, p. 

2014-2018 Vol. 27, No. 9 

 

Biofilm formation in tracheal tubes, its bacterial content, and its 

interaction with ventilator gas flow were investigated. At least 50 

mg (dry weight) of biofilm was found in 30 of 40 tracheal tubes 

used in intensive care patients for 2 h to 10 days. Electron 

microscopy showed bacteria in this layer, and quantitative 

studies showed that bacterial counts could reach up to 106/cm 

of tube length. Bacteria were cultured from the patient side of 

18' of 78 heat and moisture exchanger-microbiological filter 

units removed from ventilator circuits. Particles were shown to 

detach from tracheal tube luminal biofilm and were projected up 

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. 

“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.” 
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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 

 

The Build-up of Biofilm 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 

function1” 
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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 916–92313 

 

 

The Build-up of Biofilm is Harmful ………………….. 

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 916–923 

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 

pneumonia. 

 

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 

pneumonia, duration of intubation, comorbidities, and microbiology. Pneumonia was defined 

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 

biostatistician; p < 0.05 defined significance. 

 

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 IV biofilms were associated with pneumonia (p < 0.02). There was no relationship to 

duration of intubation, patient age or hospital stay and biofilm stage. 

 

CONCLUSIONS:  

 

“Advanced biofilm stage 

(stage IV) is associated 

with pneumonia. Duration 

of intubation does not 

predict biofilm stage.” 
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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/cc1135714 

 

 

The Build-up of Biofilm is Harmful ………………….. 

Implications of endotracheal tube biofilm in ventilator-

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

 

Eighty-seven percent of the patients were colonized based on ETA 

cultures. Biofilm was found in 95% of the ETTs. In 56% of the 

cases, the same microorganism grew in ETA and biofilm. In both 

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 

ETA in 100% of the cases. Despite appropriate antibiotic treatment, 

bacteria involved in VAP were found in biofilm (50%). In this 

situation, microbial persistence and impaired response to treatment 

(treatment failure and relapse) were more frequent (100% vs 29%, 

P=0.021; 57% vs 14%, P=0.133). 

Conclusions: 

 

“Airway bacterial colonization and biofilm 

formation on ETTs are early and frequent 

events in ventilated patients. There is 

microbiological continuity between airway 

colonization, biofilm formation and VAP 

development. Biofilm stands as a 

pathogenic mechanism for microbial 

persistence, and impaired response to 

treatment in VAP. 

 

In summary, our study supports the idea of 

a dynamic relationship between airway 

colonization, biofilm, and VAP development. 

The idea of bacterial survival on ETT biofilm 

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.”* 
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Danin, P.E., et. al., 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 415 

 

The Build-up of Biofilm is Harmful ………………….. 

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 equivalent to 1 – 

1.5 cc of material in 

tubes ranged 7 – 9 

mm. 



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…………………………  

“The clearing device could be part 

of routine ETT suctioning that has 

the potential of reducing 1) BF 

occlusion and 2) nidus of infection 

without the use of antibiotics.” 
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Using an ETT Cleaner Addresses…………………………  

WVU, IVIS Imaging. Freshly suctioned ETT, pre and post endOclear® use  

Florescence Key: Blue = Low, Green/Yellow = Medium, Red = High bacteria counts 

Figure 1 

 

Bioluminescence from 

pseudomonas bacteria 

within in an ET Tube 

after suctioning 

Figure 2 

 

Near absence of 

bioluminescence after 

one cleaning with the 

endOclear® device 

Figure 3 

 

Amount of mucous and 

secretions removed 

from the ET Tube in 

Figure 1 

ASM 201216 
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Berra L, et. al,  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.0b013e31822e9fe317 

 

Using an ETT Cleaner Addresses…………………………  

• Bacterial colonization:  

• Control group – 83% 

• Study group – 8% 

 

• Biofilm by SEM > 30um 

thickness: 

• Present in all control group 

• Minimal in study group 

 

“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.” 
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Using an ETT Cleaner Addresses…………………………  

“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” 



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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Effective cleaning of the ETT results ………………... 

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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Mietto, et., al, 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.0299520 

Effective cleaning of the ETT results ………………... 

Removal of Endotracheal Tube Debris Obstruction by a Clearing Secretion 

Device. 
Cristina Mietto1 MD, Kevin Foley2 RRT, Lindsay Salerno2 RRT, Jenna Oleksak2 RRT, Riccardo 

Pinciroli1 MD, Jeremy Goverman3 MD, Lorenzo Berra1 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 

immediate medical attention. The endOclear® catheter (EndOclear LLC, Petoskey, MI) is 

a novel device designed to clean the ETT from mucus debris and restore the luminal 

patency. We present a series of three subsequent cases of life-threatening partial ETT-

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

 

After the failure of conventional methods, standard tracheal suctioning and bronchoscopy, 

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 

well the ETT-clearing maneuver. 

 

“These observations showed 

that such device is (I) safe, 

(II) easy to use during an 

emergent-airway situation, 

and (III) efficient to rapidly 

remove secretions in the 

setting of ETT obstruction by 

the respiratory therapist 

personnel.” 



27 

Effective cleaning of the ETT results ………………... 

CHEST 201321 
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Effective cleaning of the ETT results ………………... 

Closed Systems; Suction: 

HMEs, etc., implemented 2000 Keystone ICU initiatives: VAP 

Bundle, implemented 2004 

Mini-BAL procedure 

implemented  2007 

CASS tubes available hospital-

wide  2008 

CHG oral care 

 implemented  2009 

Wake Up & Breath Protocol: 

SAT & SBT Coordination 

implemented 2010 

endOclear procedure 

implemented Feb, 2012 

CHEST 201321 
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Effective cleaning of the ETT results ………………... 

endOclear procedure 

implemented Feb, 2012 

CHEST 201321 
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Effective cleaning of the ETT results ………………... 

7/31/2011 7/31/2012 7/31/2013

Actual Actual Actual

Pre endOclear
Ventilator Days per Case 4.3 3.4 3.2

ICU Days per Case 5.2 4.6 3.7

Hospital ALOS per Case 9.7 9.0 8.0

Direct Cost per Case 18,802$          17,680$    15,590$      

Annual Savings (Direct Costs) 578,952$  1,383,580$ 

Number of Cases 583 516 662

McLaren Northern Michigan

Post endOclear

Twelve Months Ending

CHEST 201321 



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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Alternatives to standard of care? 

• Research and experience teaches that endotracheal tube biofilms, 

secretion build-up and narrowing occur in as many as 95% (Gil-

Perotin14) to 100% (Danin15) of endotracheal tubes and is 

unpredictable in its progression (Wilson13). 

 

• Biofilms, bacteria and fungus in the ETT repeatedly colonize the 

lung (Inglis11) and are associated with pneumonia (Wilson13). 

 

• 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? 



Best Practices 33 

Alternatives to standard of care? 

Keystone ICU 

Wake Up & Breathe 

ABCDE Protocol 

Oral Care/CHG 

CASS tubes 

ETT Cleaning 

Complex patients, numerous variables! 
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Alternatives to standard of care? 

Novel devices for cleaning endotracheal 

tubes: 

 

• Mucus Shaver™ (not shown) 

 

• endOclear® 

 

• Biovo – Airwaymedix 

 

• Rescue Cath® 
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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 
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