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ABSTRACT
Objectives: To discuss the development of the LoTrach� system in light of current evidence around the prevention of ventilator-
associated pneumonia (VAP) and its practical application in the intensive care setting.
Background: VAP causes substantial morbidity and mortality in ventilated patients in the Intensive Care Unit (ICU), increases length
of stay in ICU and is extremely costly. Strategies are needed to reduce the risk of VAP.
Method: We examine the need for an endotracheal tube (ETT) specifically designed for the critically-ill patient, the development of
the LoTrach system from conception to production, and the role of the various components of the system in preventing VAP. Early issues
in implementing this revolutionary equipment into ICU are explored and three case studies highlight advantages of this system.
Conclusion: The LoTrach system has been designed to facilitate the provision of a number of evidence-based interventions that have
been shown to reduce VAP. Pulmonary aspiration is ubiquitous with conventional cuffs but prevented by the cuff of the LoTrach system
when held at a constant and safe pressure against the tracheal wall with a cuff pressure controller. Other aspects incorporated in the ETT
are aimed at clearing the secretions from the subglottic space, preventing tube occlusion and accidental extubation, and avoiding
damage to the airway. In this way the LoTrach system employs a multifactorial approach to the prevention of VAP and the cost savings
from LoTrach rather than a standard ETTwill be considerable because of an average 3 day reduction in ICU length of stay related to this.
It thus has the potential to be a very useful tool in the ICU setting in the prevention of VAP.
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BACKGROUND
Ventilator-associated pneumonia (VAP) is the leading

nosocomial cause of mortality in the intensive care unit

(ICU). It also has substantial cost implications, extend-

ing ICU length of stay by at least 6 days and costs by up

to £12 000 per patient episode (Safdar et al., 2005;

Anderson et al., 2007). Aspiration of oropharyngeal

secretions is an independent risk factor for VAP

(Metheny et al., 2006) and is recognized as being

amajor cause of the acquisition of nosocomial infection

in the ICU (d’Escrivan and Guery, 2005; Craven, 2006).

Indeed, there is clear evidence for a link between

microbial colonization of the oral cavity and coloniza-

tion of the lungs in critically ill patients who develop

VAP in the ICU setting (Brennan et al., 2004). In the

ICU, regurgitation and aspiration occurs in most

patients with conventional endotracheal tubes (ETTs)

in place (Metheny et al., 2006). Even patients intubated

with a correctly inflated ETTcuff are not fully protected

from aspiration. Secretions that accumulate above

conventional ETTcuffs trickle down the space between

folds present in the cuff material (Seegobin and van

Hasselt, 1986), particularly if relatively thick cuff

material is used (Young et al., 2006). Furthermore,

removal of these secretions is challenging, and even the

most diligent of critical care nurses cannot effectively

extend care of the oral cavity to reach the posterior

pharynx, larynx and subglottic space above the ETT

cuff with conventional suction equipment. Accord-

ingly, efforts to reduce the risk of aspiration and VAP

have been directed towards developing ETTs that

provide effective airway seals at lowmucosal pressures

and that allow secretion drainage from, and irrigation

of, the subglottic space just above the tube cuff.

To date, even the most recently developed ETT

designs have failed to fully prevent aspiration of

subglottic secretions, and some have not reached full
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commercial production. Perhaps the most studied of

these recent ETT designs is the Hi-Lo Evac� tube

(Mallinckrodt�; Nellcor Puritan Bennett, Boulder, CA,

USA). While it is without doubt that the design of this

ETT reduces VAP (Dezfulian et al., 2005; Lorente et al.,

2007), there aremajor disadvantages associatedwith its

use, including failure to completely eliminate aspira-

tion and problems with airway mucosal injury (Young

et al., 1997; Berra et al., 2004; Dragoumanis et al., 2007).

There is also the cuff of theMicrocuff� ETT (Kimberley

Clark, SanAntonio, TX,USA) that ismade of a very thin

material and so the folds within the cuff are of narrow

calibre. This reduces the rate of, but does not eliminate,

trans-cuff leakage of pooled subglottic secretions. An

alternative gilled cuff described by Reali-Forster et al.

(1996) has been shown to effectively stop aspiration in

a sheep model but has not yet been marketed.

The LoTrach� ETT (Figure 1) has recently become

available commercially and has been designed speci-

fically to reduce the risk of critically ill patients

acquiring VAP. It combines the following features:

• provides continuous effective airway seals at low

mucosal pressures (Young et al., 2006);

• allows secretion drainage from the subglottic

space;

• allows subglottic and upper airway cleansing by

saline irrigation;

• provides protection against unplanned extuba-

tion and protects the airway against trauma by

means of improved flexibility of the tube shaft

and tip (Young, 2007).

A LoTrach tracheostomy tube,which incorporates all

the advantageous features of the ETT, is also available

for use in patients requiring long-term ventilatory

support or who are undergoing ventilatory weaning.

CURRENT ISSUES WITH
CONVENTIONAL ETTS
The use of high-volume, low-pressure (HVLP) cuffed

ETTs became widespread during the 1970s following

the recognition that the use of the preceding low-

volume, high-pressure cuffs for long-term ventilation

was associated with a high incidence of tracheal wall

injury. However, while HVLP cuffs reduced the

damage from high pressures exerted on the tracheal

mucosa, it soon became clear that even a correctly

inflated HVLP cuff did not guarantee prevention of

pulmonary aspiration of secretions (Pavlin et al., 1975).

In addition, concerns have been raised by Mol et al.

(2004) that cuff pressure monitoring is poorly per-

formed in many ICUs, with both underinflation and

overinflation being common. Seegobin and van

Hasselt (1986) observed directly by means of bron-

choscopy the leakage of coloured dye passed HVLP

cuffs in situ in the tracheas of anaesthetized patients.

These investigators showed that, even when the HVLP

cuffs were correctly positioned and inflated to the

recommended working pressures (30 cmH2O), dye

instilled into the subglottic space above the cuffs

would always leak down longitudinal channels

formed by folds in the cuff material to reach the

trachea below. This mechanism of leakage of subglottic

secretions into the trachea has subsequently been

confirmed in bench-top tests of a broad range of

conventional HVLP-cuffed ETTs (Young et al., 1997). A

recent study examined tracheal aspirates from a cohort

of 360 mechanically ventilated, tube-fed patients and

showed that, even when managed to the highest

standards of oropharyngeal care, 320 of the partici-

pants (89%) aspirated stomach contents passed their

ETTcuffs into the trachea at least once during their stay

in ICU (Metheny et al., 2006). Manufacturers’ attempts

to reduce this trans-cuff leakage by reducing the

thickness of cuff material, and thereby reducing the

calibre of the folds within the cuff wall, have failed to

eliminate the problem, at least in the bench-top model

(Young, 2007).

Most conventional HVLP-cuffed ETTs in use today

do not have drainage ports to allow subglottic

secretion drainage. Those ETTs that do have subglottic

ports have been shown unequivocally to reduce VAP

Figure 1 The LoTrach endotracheal tube.
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by at least 50% (Dezfulian et al., 2005; Lorente et al.,

2007). One must ask why then are these tubes so

infrequently used in most ICUs given that the Centers

for Disease Control and Prevention in the USA

recommends their use (Tablan et al., 2004)? The answer

is probably fourfold as follows:

1. Continuous suctioning using these ETTs has been

associated with posterior tracheal wall suction

injury (Berra et al., 2004).

2. The tubes have a large external diameter to

accommodate the suction port and are very stiff,

the relative inflexibility of the tubes increasing

the risk of upper airway damage both during

insertion and over the period of mechanical

ventilation. In fact, there is even a case report of

a fatal tracheo-innominate vein fistula develop-

ing when an ETT tip eroded through the anterior

tracheal wall over time (Siobal et al., 2001).

3. The incidence of late VAP was not improved in

the early studies. However, a more recent study

has shown a convincing reduction in early and

late VAP (Lorente et al., 2007).

4. The standard single posterior port is prone to

failure as suctioning often draws mucosa into the

subglottic port opening, thereby blocking the

flow of secretions. In addition, because continuous

subglottic drainage is contraindicated with these

tubes (Berra et al., 2004), the risk of pulmonary

aspiration can, at best, only partially be reduced

with intermittent drainage because of the leaky

nature of HVLP cuffs.

It is clear that a better design of ETT is required for

patients undergoing prolonged ventilation.

DESIGN AND DEVELOPMENT OF THE
LOTRACH ETT
The development of the LoTrach ETT began with the

repeated observation by nursing staff that enteral feed

was commonly retrieved from the tracheobronchial

tree despite diligent care of the ETT cuff pressure. The

mechanism of leakage was clear from the existing

literature and from the subsequent bench-top models

(Young et al., 1998; Young and Young, 2003). A simple

solution was to design a cuff without the HVLP cuff’s

defective folds but specially calibrated to ensure an

accurate and acceptable tracheal wall pressure. It was

hypothesized that if the cuff is automatically main-

tained at the correct inflation pressure, then aspiration

should be completely prevented while protecting the

tracheal wall at all times. This was the basis for the

development of the LoTrach system. In addition to

preventing pulmonary aspiration, the LoTrach system

has been designed to reduce a number of other risk

factors for VAP while minimizing the mechanical

forces on the airway and providing an effective airway

seal at a low mucosal pressure (Young et al., 2006;

Young, 2007). Advantages of this design of ETT for

patient care are summarized later and in Table 1.

Effective airway seal while applying low
mucosal pressure
This new ETT design has a low-volume, low-pressure

(LVLP) cuff which when inflated to the working

intracuff pressure of 80 cmH2O exerts a tracheal wall

pressure within the desirable range of 22–30 cmH2O

(Seegobin and van Hasselt, 1984). Furthermore, unlike

conventional HVLP-cuffed ETTs, there are no folds or

seams within the cuff wall, eliminating the risk of

channels forming that allow the passage of subglottic

secretions into the trachea. The effectiveness of the

LVLP cuff in preventing leakage was originally shown

in bench-top model tracheas (Young et al., 1998; Young

and Young, 2003). At equivalent tracheal wall pres-

sures of 30 cmH2O, in the steady state, a standard

HVLP-cuffed ETT held no fluid above its cuff, whereas

the LVLP cuff of the LoTrach ETT held a fluid column

as high as 30 cm above it. This exceeds the height of

any column of fluid that could form in the human

pharynx (Young, 2007). The effectiveness of the LVLP

cuff has subsequently been confirmed in vitro in

excised pig and human tracheas and in vivo in

anaesthetized and critically ill patients (Young et al.,

1999, 2000, 2006). The design of the LVLP cuff, together

with the concomitant use of a constant pressure cuff

inflation device to maintain optimal cuff pressure,

avoids too high a wall pressure, which causes tracheal

injury (Nordin, 1977), or too low awall pressure, which

risks aspiration and VAP (Rello et al., 1996). This

combination has been shown clinically to eliminate

trans-cuff leakage and pulmonary aspiration when the

LVLP cuff is correctly inflated in the trachea using

Table 1 Advantages of the LoTrach endotracheal tube (ETT) for patient

care in the intensive care unit

Effective airway seal while applying low mucosal pressures with the

low-volume, low-pressure cuff

Facility for subglottic secretion drainage from above the ETT cuff

Facility for retrograde upper airway irrigation for cleansing of

subglottic and oropharyngeal spaces

Integral bite block and securing flange to prevent accidental

extubation and ETT occlusion

Improved lubricity of the inner lumen for instrumentation and

potentially reduced adhesion of biological material to the ETT lumen

Increased tube flexibility to reduce airway trauma

Designed for use with constant pressure inflation device to

maintain optimal cuff pressure

The LoTrach� system
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a continuous cuff pressure controller (CPC) (Young

et al., 2006). The CPC (Figure 2) has an inflation line

leading from the machine to the cuff inflation valve on

the ETT. The machine calculates the pressure exerted

by the cuff on the tracheal wall and can be adjusted for

patients with high airway pressures and when execut-

ing lung recruitment manoeuvres.

Subglottic secretion drainage and irrigation
The LoTrach ETT has three subglottic drainage/

irrigation ports that open at different levels immedi-

ately above the cuff. These three suction channels join

to form one tube opening at the proximal end of the

ETT to allow intermittent suctioning of secretions with

a standard syringe. There is good evidence that

intermittent suctioning of secretions from the subglot-

tic space above an ETT cuff is effective at reducing the

incidence of VAP by 50% even when conventional

HVLP cuffs are used (Dezfulian et al., 2005). Contin-

uous suction techniques are no longer recommended

as sustained suction on the tracheal wall causes injury

(Berra et al., 2004). With the leak-resistant LVLP cuff of

the LoTrach ETT, intermittent subglottic drainage is

particularly effective because, unlike HVLP-cuffed

ETTs, there is full protection against aspiration of

accumulating secretions between episodes of suction-

ing (Evans and Young, 2005). The presence of three

drainage port openings at different sites around the

circumference of the tube provides maximal clearance

of subglottic secretions independent of the positioning

of the tube within the trachea. Furthermore, if one

drainage channel becomes occluded by being closely

apposed to the tracheal mucosa, there are always two

other drainage channels through which fluid flow can

occur. Theoretically, this should reduce failure of

subglottic drainage, which has been a problem in

about 50% of patients managed with the Hi-Lo Evac

tube (Dragoumanis et al., 2007).

The triple subglottic drainage ports of the LoTrach

ETT, together with the reliable LVLP cuff seal, also

permit safe retrograde cleansing of the entire upper

airway with normal saline. The difficulty in accessing

the subglottic space with conventional ETTs contrib-

utes to colonization of the upper airway, increasing the

risk of VAP (Kollef, 2004). In addition, bathing of the

upper airway structures in refluxed gastric contents

exacerbates tracheal injury and delays healing (Lever-

ment and Pearson, 1977). It is becoming increasingly

recognized that any preventative strategies aimed at

reducing aerodigestive tract contamination and colo-

nization by pathogenic organisms are crucial in

preventing aspiration and VAP (Shaw, 2005). Because

the LVLP cuff eliminates leakage in the LoTrach ETT,

normal saline at room temperature can be injected

using a standard Luer syringe into the subglottic space

through the drainage ports. The saline washes up

through the laryngeal inlet and into the oral and/or

nasal cavities carrying secretions with it. The effluent

can then be easily removed by use of a conventional

suction catheter in the oral cavity and/or nares. Any

remaining fluid can be removed from above the cuff by

aspirating the subglottic port. Based on the experience

of both critical care units represented by the authors of

this study, it was noted, through a 4-month audit

(detailed later in this study), that typically 50–200 mL

of normal saline is required to fully remove secretions

and irrigations are normally performed twice daily or

more frequently as appropriate. Although a minimum

of once-daily subglottic irrigation is recommended,

this is not evidence based and it is believed that

nursing staff on every shift would prefer to ensure for

themselves that the subglottic space is clear. A study is

currently underway to provide evidence in this area. A

protocol for performing subglottic irrigation with the

LoTrach system is shown in Table 2.

Preventing unplanned extubation
The LoTrach ETT features an integral, flanged bite

block (Figure 3). The bite block inhibits tube occlusion

by preventing the patient from biting on the ETT. This

has been effectively demonstrated in two patients in

different ICUs in early 2008. Both patients were

inadequately sedated and unexpectedly woke and bit

on the bite-block section of the ETT. In each case, there

was no tube occlusion, and oxygenation was unaf-

fected. These incidences were observed by one of the

authors of this study. The flange provides a securing

system designed to reduce the incidence of accidental

extubation. The necessity for this is illustrated byFigure 2 The LoTrach cuff pressure controller.

The LoTrach� system
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a study carried out by de Lassence et al. (2002) who

showed that with ETTs secured conventionally, there is

a prevalence of accidental extubation of 8%, with

a relative risk of 5 for subsequently developing VAP.

The tube can be fixed with the flange positioned either

horizontally or vertically and the orientation can be

changed as required to minimize the risk of pressure

sores around the lips (Figure 4).

Non-stick inner lumen
The inner lumen of the LoTrach ETT is coated with

a non-stick lining to inhibit the adhesion of biological

material. This is designed to facilitate the passage of

suction catheters and bronchoscopes but may also

reduce the accumulation of secretions sticking to the

tube lumen and hence improve tube blockage rates.

This potential advantage has not been formally

evaluated. Jaber et al. (2004) showed that tube patency

in conventional ETTs is progressively reduced after

5 days of mechanical ventilation if utilizing heat

moisture exchangers (HME) as opposed to a heated,

humidified circuit. It is therefore recommended that

hot water humidification rather than HME be used

with the LoTrach ETT.

Figure 3 Integral adjustable flange with bite block.

Table 2 Recommended procedure for subglottic irrigation using the

LoTrach endotracheal tube

This is a two-person procedure and should be performed by either

a doctor or a registered nurse deemed competent. It is recommended

this procedure is carried out every 12 h or more frequently if

appropriate

Equipment

Normal saline at room temperature

50 mL Luer syringe

10 mL syringe

Suction unit with either Yankauer or soft suction catheter attached

Towel (to protect patient from spillage)

Procedure

First person

Attach a 50-mL syringe of normal saline to subglottic port

Slowly and gently instil the saline, watching monitoring

display throughout

Note that if injection pressure exceeds 30 cmH2O (occurs rarely),

the injected saline may leak passed the cuff

Second person

Use Yankauer or soft suction catheter to remove accumulating

fluid from mouth and/or nose

First person

Remove any remaining fluid from above the cuff by

aspirating subglottic port using 10-mL syringe and applying

suction for 10–15 s

Repeat whole procedure if secretions do not run clear

Normally, 50–200 mL of normal saline is required to completely

cleanse the upper airway

Special precaution: Self-terminating bradycardic episodes can

occur occasionally during this procedure because of vagal

stimulation especially if the injected saline is cold. Should this

be problematic, then stop irrigation and aspirate residual fluid from

above cuff with 10-mL syringe attached to the subglottic port

Figure 4 Fixation methods for LoTrach endotracheal tube using

tracheostomy tapes.
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Reducing airway trauma
ETTs used in the critical care setting should minimize

the mechanical forces that cause injury to the airway.

Injury is common with the prolonged placement of

a fix curved, relatively rigid polyvinyl chloride tube.

These ETTs tend to exert pressure on the anterior wall

of the trachea by the tip of the tube and on the posterior

arytenoids where the midshaft of the ETT bows

forwards. The LoTrach ETT has been designed to be

more flexible than conventional ETTs and tends to

conform to the patient’s airway rather than forcing the

airway to conform to the tube. This is intended to

reduce these localized pressure points where the tube

lies against the airway mucosa.

COST IMPLICATIONS
The LoTrach ETT is significantly more expensive than

current tubes utilized in ICUs. However, as stated

earlier, the severe detriment to the patient of increased

mortality/morbidity should they acquire VAP cou-

pled with significantly increased hospital costs

because of extended number of ventilator days far

outweighs the cost of the equipment. When a clinician

needs to justify quality improvements to hospital

administrators, cost-effectiveness is often paramount.

Fortunately, the price of the LoTrach tube is equi-

valent to only 1–2 h of ICU stay. This is highly cost-

effective as the evidence for just one of the components

of the LoTrach care bundle, namely subglottic secre-

tion drainage, shows on meta-analysis that the length

of ICU stay is reduced by 3 days (Dezfulian et al.,

2005).

The CPC cannot be purchased and is issued on

a loan basis, thus avoiding a large initial outlay.

It is anticipated that once the use of the system

becomes widespread, then purchasing costs will be

reduced.

THE LOTRACH SYSTEM IN CLINICAL
PRACTICE
Indications for use of the LoTrach ETT
The LoTrach ETT is indicated in any adult patient

expected to require intubation for more than 24 h.

There are no specific contraindications to its use.

Placement of the LoTrach ETT
The LoTrach ETTcan be placed as a primary airway or

as a replacement for a conventional ETT when

intubation for more than 24 h is expected. If a replace-

ment of a conventional ETT is required, this is

normally performed over a bougie or a tube exchange

catheter.

Initial feedback
As described by Ruffell andAdamcova (2008, p. 49), an

audit was completed in 2007 in one of the units initially

working with LoTrach ‘not with the intention at

present of provingwhether it reduces VAP but initially

to analyse the suitability and ease of use of the varying

components’.

The audit was carried out over a period from 14

December 2006 to 4 April 2007. Thirteen patients with

the LoTrach systemwere audited. It is appreciated that

this cohort is extremely small but the unit was limited

in the number of ETTs made available through this

evaluation phase.

Intubation

The majority of intubations (9/13; 69�2%) were carried

out by senior house officers each of whom found the

procedure as easy as, or easier than, inserting

conventional HVLP ETTs. Intubations with LoTrach

were not considered to be a more specialized pro-

cedure than intubations with conventional ETTs. In

light of the challenges detailed in the next section, it is

interesting to note that only in one case was the ETT

initially inserted insufficiently far into the patient’s

airway.

ETT retention

Nurses generally preferred the flange of the ETT to be

fixed vertically as they found it easier to perform

mouth care and it appeared to be very secure. Such

retention was not always possible because of the

anatomical shape of the patient’s head/jaw.

Subglottic irrigation

This was always carried out by nursing staff and there

was no instance of a nurse being unsure of the

procedure after demonstration and initial attempt.

Their understanding of the rationale for this system in

preventing VAP was enhanced as they observed first-

hand the composition of the secretions they were

aspirating during such a procedure.

Extubation

On only one occasion was a patient extubated

electively. The other patients either had tracheostomies

performed or died. In the case of the elective

extubation, it was noted that there were minimal

secretions at the distal end of the ETT as the tube was

removed. The likely reason for this was that the

subglottic space was clear and so no secretions were

lying above the cuff prior to deflation.

The LoTrach� system
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Challenges during implementation into
clinical practice
Both the CPC and the LoTrach ETT have comprehen-

sive instructions for use but, as the system is unique

and intubation is often an emergency procedure in the

ICU setting, there is often little time to study such

manuals. Thus, one of the authors of this studyworked

for 6 months training nursing, medical and physio-

therapy staff in units around the UK who were

considering using, or had already acquired, the

LoTrach system. A guideline for subglottic irrigation

was produced (Table 2), and photographs of the

recommended fixation methods (Figure 4) were dis-

tributed with the ETTs. As the inflation line from the

CPC is attached to the ETT continuously, there is no

issue with a practitioner inserting fluid into the wrong

port. A short PowerPoint presentation discussing VAP

and the role of LoTrach has been made available as

a teaching package for the staff to access from their

work computers to emphasize the rationale and

benefits of using the system.

Currently, two main challenges remain in the

clinical implementation of the LoTrach system. First,

there is a tendency for new users to fail to insert the

ETT sufficiently far into the trachea during their

initial attempts at intubation. This error results from

a failure to appreciate that the LoTrach ETT is

designed to prevent trauma by conforming to the

patient’s airway to a much greater degree than

a conventional ETT. As a result of this, the LoTrach

ETT takes a 2–3 cm longer path through a patient’s

oropharynx compared with a much less malleable

conventional ETT, which forces the patient’s airway

to conform to its relatively fixed curvature. Conse-

quently, for the tip of a LoTrach ETT to be positioned

at an equivalent level in a patient’s trachea, it needs to

be inserted so that the ETT insertion depth measured

at the incisors reads 2–3 cm more than that of

a conventional ETT. Accordingly, it has been noted

that when the LoTrach ETT is introduced to new

users, for the first few attempts at intubation, it is

inserted insufficiently far in over 80% of cases. This

manifests itself as an apparent cuff leak as the cuff

inflates partially in the laryngeal inlet.

Second, there has been initial reluctance by some

nursing staff to perform subglottic irrigation. This has

resulted from lack of confidence that irrigation fluid

would not track passed the cuff into the lower airways.

In the majority of cases, once nursing staff have carried

out their first irrigation and observed the safe and

successful extraction of, often offensive, fluid from the

subglottic space, this initial reluctance has rapidly

dissipated. It is anticipated that as the use of the

LoTrach system becomes more widespread, these

issues will be resolved.

Case studies
The following case studies provide examples from our

recent clinical practice where the use of the LoTrach

system was advantageous to patient care.

Case 1

A 60-year-old male was admitted to the ICU

following an elective maxillofacial procedure to

close an oroantral fistula (an abnormal tract formed

between the oral cavity and the maxillary sinus).

Immediately following the procedure, he bled

heavily into his oral cavity and developed laryngeal

oedema. He required reintubation, which proved to

be very difficult (Grade IV laryngoscopy), and

a standard HVLP-cuffed ETT was initially inserted

using a bougie. In the ICU, he continued to

haemorrhage and there was evidence of aspiration

on his chest X-ray film. The upper airway became

filled with purulent material from the antral fistula.

The HVLP-cuffed ETT was exchanged for a size 8�0
LoTrach ETT with relative ease over a bougie that

had been reintroduced into the trachea through the

previous ETT. The LVLP cuff was inflated to 80

cmH2O (wall pressure of 30 cmH2O), and pressure

was maintained using the LoTrach CPC. Daily

subglottic irrigation was performed, and copious

purulent secretions and blood were successfully and

safely evacuated from the subglottic space above the

ETT cuff. The volume of upper airway secretions was

substantially reduced by day 13 from admission. The

patient underwent a surgical tracheostomy on day

20, was awoken and was successfully decannulated

on day 36 from admission.

Case 2

A 32-year-old female was admitted to the ICU having

developed septic shock originating from septic arthri-

tis of the knee. She had a LoTrach ETT in situ for

16 days until a tracheostomy was performed. She was

intermittently ventilated in the prone position during

the course of her critical illness. The flexibility of the

LoTrach ETT, coupled with the security of the flanged

bite block in preventing accidental extubation, ensured

that the process of proning and returning supine were

smooth and safe procedures. The ability to perform

subglottic irrigation throughout the period of proning

ensured minimal leakage of nasal/oral contents onto

the pad below the patient’s face. The patient made

a full recovery.

The LoTrach� system
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Case 3

A 72-year-old man required an emergency laparot-

omy for bowel perforation. A LoTrach ETT was

inserted immediately prior to the operation. The ETT

was in situ for 8 days. It was noted that there was

minimal lung consolidation, and twice-daily sub-

glottic irrigation removed debris from above the cuff

on each occasion. The patient initially did not absorb

his nasogastric feed, and at one stage, fluid re-

sembling feed was noted in aspirates from the

subglottic space during irrigation. There was no

feed suctioned from his lungs, indicating that the

fluid had not migrated down passed his ETT cuff.

The ETT was tied vertically with two tracheostomy

tapes (one positioned above and the other below the

ear) and remained firmly in place during turning

procedures.

CONCLUSIONS
Given that each case of VAP is associated with a direct

cost of up to £12 000, it is recognized that even

marginally beneficial preventative interventions in

the fight against VAP are likely to yield significant

net savings (Shorr andWunderink, 2003). The LoTrach

ETT has been designed to have substantial advantages

over conventional HVLP-cuffed tubes in the preven-

tion of VAP. It employs a five-pronged approach to

prevention of VAP. This comprises reduced cuff

leakage, cuff pressure maintenance (using the LoTrach

CPC), convenient drainage and irrigation of subglottic

secretions, prevention of tube movement and acciden-

tal extubation and potential inhibition of biofilm

formation in the tube lumen. The LoTrach ETT has

the potential to be a very useful tool in the fight against

VAP in the ICU setting (Ruffell and Adamcova, 2008).

WHAT IS KNOWN ABOUT THIS TOPIC

• VAP is a leading cause of mortality in the ICU.

• VAP has significant cost implications.

• The main cause of VAP is the aspiration of secretions passed the cuff of the ETT.

WHAT THIS PAPER ADDS

• A LVLP cuff inflated to achieve a tracheal wall pressure of 22–30 cmH2O prevents all aspirations passed the cuff without causing

tracheal mucosal damage.

• The LoTrach ETT is the only ETT in which irrigation of the subglottic space and upper airway is possible. This aids reduction in

colonization of the upper airways.

• The LoTrach system facilitates the application of evidence-based VAP preventative measures, thus enabling ICU staff to implement

best practice.

REFERENCES
Anderson D, Kirkland K, Kaye K, Thacker P II, Kanafani Z,

Auten G, Sexton D. (2007). Under resourced hospital

infection control and prevention programs: penny wise,

pound foolish? Infection Control and Hospital Epidemiology;

28: 767–773.

Berra L, De Marchi L, Panigada M, Yu ZX, Baccarelli A, Kolobow

T. (2004). Evaluation of continuous aspiration of subglottic

secretion in an in vivo study. Critical Care Medicine; 32:

2071–2078.

Brennan MT, Bahrani-Mougeot F, Fox PC, Kennedy TP, Hopkins

S, Boucher RC, Lockhart PB. (2004). The role of oral microbial

colonization in ventilator-associated pneumonia. Oral Sur-

gery, Oral Medicine, Oral Pathology, Oral Radiology, and

Endodontics; 98: 665–672.

Craven DE. (2006). Preventing ventilator-associated pneumonia

in adults: sowing seeds of change. Chest; 130: 251–260.

d’Escrivan T, Guery B. (2005). Prevention and treatment of

aspiration pneumonia in ICUs. Treatments in Respiratory

Medicine; 4: 317–324.

de Lassence A, Alberti C, Azoulay E, Le Miere E, Cheval C,

Vincent F, Cohen Y, Garrouste-Orgeas M, Adrie C, Troche G,

Timsit JF; OUTCOMEREA Study Group. (2002). Impact of

unplanned extubation and reintubation after weaning on

nosocomial pneumonia risk in the ICU: a prospective

multicenter study. Anesthesiology; 97: 148–156.

Dezfulian C, Shojania K, Collard HR, Kim HM, Matthay MA,

Saint S. (2005). Subglottic secretion drainage for preventing

ventilator-associated pneumonia: a meta-analysis. American

Journal of Medicine; 118: 11–18.

Dragoumanis CK, Vretzakis GI, Papaioannou VE, Didilis VN,

Vogiatzaki TD, Pneumatikos IA. (2007). Investigating the

failure to aspirate subglottic secretions with the Evac

endotracheal tube. Anesthesia and Analgesia; 105: 1083–1085.

Evans LA, Young PJ. (2005). The Efficacy of Subglottic Secretion

Drainage. Poster Presentation. Buenos Aries: World Congress

of Intensive Care.

Jaber S, Pigeot J, Fodil R, Maggiore S, Harf A, Isabey D, Brochard

L, Louis B. (2004). Long-term effects of different humidi-

fication systems on endotracheal tube patency: evaluation

by the acoustic reflection method. Anesthesiology; 100:

782–788.

Kollef MH. (2004). Prevention of hospital-associated pneumonia

and ventilator-associated pneumonia. Critical Care Medicine;

32: 1396–1405.

Leverment JN, Pearson FG. (1977). Tracheal damage associated

with cuffed tracheostomy tubes. Aspiration of gastric content

ª 2008 The Authors. Journal Compilationª 2008 British Association of Critical Care Nurses 267

The LoTrach� system



as a cause of local damage in tracheotomised dogs.

Anaesthesia; 32: 603–613.

Lorente L, Blot S, Rello J. (2007). Evidence on measures for the

prevention of ventilator-associated pneumonia. The European

Respiratory Journal; 30: 1193–1207.

Metheny NA, Clouse RE, Chang YH, Stewart BJ, Oliver DA,

Kollef MH. (2006). Tracheobronchial aspiration of gastric

contents in critically ill tube-fed patients: frequency, out-

comes, and risk factors. Critical Care Medicine; 34: 1007–1015.

MolD,DeVilliersG,ClaasenA, JoubertG. (2004).Use andcareof an

endotracheal/tracheostomy tube cuff: are intensive care staff

adequately informed? South African Journal of Surgery; 42: 14–16.

Nordin U. (1977). The trachea and cuff-induced tracheal injury.

An experimental study on causative factors and prevention.

Acta Oto-laryngologica Supplementum; 345: 1–71.

Pavlin EG, vanNimwegan D, Hornbein TF. (1975). Failure of

a high-compliance low-pressure cuff to prevent aspiration.

Anesthesiology; 42: 216–219.

Reali-Forster C, Kolobow T, Giacomini M, Hayashi T, Horiba K,

Ferrans VJ. (1996). New ultrathin-walled endotracheal tube

with a novel laryngeal seal design. Long term evaluation in

sheep. Anesthesiology; 84: 162–172.

Rello J, Sonora R, Jubert P, Artigas A, Rue M, Valles J. (1996).

Pneumonia in intubated patients: role of respiratory airway

care. American Journal of Respiratory and Critical Care Medicine;

154: 111–115.

Ruffell A, Adamcova L. (2008). Ventilator-associated pneumonia:

prevention is better than cure.Nursing in Critical Care; 13: 44–53.

Safdar N, Dezfulian C, Collard HR, Saint S. (2005). Clinical and

economic consequences of ventilator-associated pneumonia:

a systematic review. Critical Care Medicine; 33: 2184–2193.

Seegobin RD, van Hasselt GL. (1984). Endotracheal cuff pressure

and tracheal blood flow: endoscopic effects of four large

volume cuffs. British Medical Journal; 288: 965–968.

Seegobin RD, van Hasselt GL. (1986). Aspiration beyond endotra-

cheal cuffs. Canadian Anaesthetists’ Society Journal; 33: 273–279.

Shaw MJ. (2005). Ventilator-associated pneumonia. Current

Opinion in Pulmonary Medicine; 11: 236–241.

Shorr AF, Wunderink RG. (2003). Dollars and sense in the ICU:

the costs of ventilator-associated pneumonia. Critical Care

Medicine; 31: 1582–1583.

Siobal M, Kallet RH, Kraemer R, Jonson E, Lemons D, Young D,

Campbell AR, Schecter W, Tang J. (2001). Tracheal-innomi-

nate artery fistula caused by the ETT tip: case report and

investigation of a fatal complication of prolonged intubation.

Respiratory Care; 46: 1012–1018.

Tablan O, Anderson L, Besser R, Bridges C, Hajjer R. (2004).

Guidelines for preventing healthcare-associated pneumonia:

recommendations of CDC and Healthcare Control Practices

Advisory Committee, 2003. MMWR Recommendations and

Research; 53: 1–36.

Young P. (2007). The LoTrach�. A tracheal tube for Critical Care.

The Journal of the Intensive Care Society; 8: 72–75.

Young PJ, Basson C, Hamilton D, Ridley SA. (1999). Prevention

of tracheal aspiration using the pressure-limited tracheal tube

cuff. Anaesthesia; 54: 559–563.

Young PJ, Burchett K, Harvey I, Blunt MC. (2000). The

prevention of pulmonary aspiration with control of tracheal

wall pressure using a silicone cuff. Anaesthesia and Intensive

Care; 28: 660–665.

Young PJ, Pakeerathan S, Blunt MC, Subramanya S. (2006). A

low-volume, low-pressure tracheal tube cuff reduces pulmo-

nary aspiration. Critical Care Medicine; 34: 632–639.

Young PJ, Ridley SA, Downward G. (1998). Evaluation of a new

design of tracheal tube cuff to prevent leakage of fluid to the

lungs. British Journal of Anaesthesia; 80: 796–799.

Young PJ, Rollinson M, Downward G, Henderson S. (1997).

Leakage of fluid past the tracheal tube cuff in a benchtop

model. British Journal of Anaesthesia; 78: 557–562.

Young PJ, Young WH. (2003). Inflation of a pressure-limited cuff

inside a model trachea. Medical Engineering & Physics; 25:

465–473.

268 ª 2008 The Authors. Journal Compilationª 2008 British Association of Critical Care Nurses

The LoTrach� system


