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Summary

Device utilization in critically ill patients is responsible for a high risk of compli-
cations such as catheter-related bloodstream infections (CRBSI), ventilator-associat-
ed pneumonia (VAP) and urinary tract infections (UTI). In this article we will review
the current status of data regarding the prevention of VAP and UTI. The results of
the more recent (5 years) randomized controlled trials are reviewed and discussed.
General recommendations include staff education and use of a surveillance program
with a restrictive antibiotic policy. Adequate time must be allowed for hand washing
and barrier precautions must always be used during device manipulation.

Specific measures for VAP prevention are: 1) use of multi-use, closed-system
suction catheters; 2) no routine change of the breathing circuit; 3) lubrication of
the cuff of the endotracheal tube (ET) with a water-soluble gel; 4) maintenance of
patient in semi-recumbent position to improve chest physiotherapy in intubated
patients.

Specific measures for UTI prevention include: 1) use of a catheter-valve instead
of a standard drainage system; 2) use of a silver-alloy, hydro gel-coated latex uri-
nary catheter instead of uncoated catheters.

Biofilm represents a new variable: the capacity of bacteria to organize a biofilm
on a device surface can explain the difficulty in preventing and eradicating an infec-
tion in a critically ill patient.

More clinical trials are needed to verify the efficacy of prevention measures of
ICU infections.

Key words: Critically ill patients, nosocomial infection, Intensive Care Unit,
biofilm, device, catheters, pneumonia.

VENTILATOR-ASSOCIATED PNEUMONIA
(VAP) PREVENTION

Ventilator-associated pneumonia (VAP) refers to
nosocomial pneumonia which has developed more
than 48 hours after tracheal intubation and mechan-
ical ventilation. VAP is associated with an approxi-
mately 4-day increase in length of Intensive Care
Unit (ICU) stay and an attributed mortality of
approximately 20-30% 1.

Fixed VAP risk factors include underlying cardio-
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respiratory disease, neurological injury and trauma.
Medifiable VAP risk factors include some aspects of
general ICU management and ventilator and airway
management (Table 1) 1.

There is a great deal of controversy about meth-
ods for preventing this infection. Prevention of VAP
relies on basic infection control practices and on
many specific strategies for interfering with coloniza-
tion routes (for example the selective decontamina-
tion of the digestive tract).
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TaBLE 1 - Risk factors for VAP (from 1).

Related to:
Population Age
Cardio-respiratory disease
COPD
Adult respiratory distress syndrome (ARDS)
Coma
Neurosurgery
Head trauma, polytrauma

Burns
Organ Failure (OSF)

Ventilator and Mechanical Ventilation

airway Intracuff pressure <20 cm H,O
management Reintubation
24-hour circuit changes
Tracheostomy
Failed subglottal aspiration
General ICU  Enteric nutrition
management  Supine positioning

Aspiration

HZ2-receptor antagonists
Paralytic agents
Antibiotics

Transport out of the ICU

General recommendations

Infection control for VAP should be based on
staff education and infection surveillance programs.
It seems to be useful to educate healthcare workers
regarding risks of bacterial pneumonia and the pro-
cedures that patients need. In one recent trial, an
educational program conducted on 16 intensive care
nurses improved their practice of tracheal suction-
ing, thus minimizing the risk of infection transmis-
sion; as a result they showed significant improve-
ments in both knowledge and practice of the
maneuver 2,

A surveillance program for bacterial pneumonia
in ICU patients at high risk for nosocomial pneumo-
nia to determine trends and identify potential prob-
lems, including data regarding the causative microor-
ganisms and their antimicrobial susceptibility pat-
terns, is also useful. Data should be presented as
rates (e.g. number of infected patients or infections
per 100 ICU days or per 1,000 ventilator-days) to
facilitate intra-hospital comparisons 34.

In order to avoid person-to-person transmission
of bacteria, general recommendations regarding
hand washing and hand rubbing °, barrier precau-
tions and the suction of respiratory tract secretions
should be followed. Regarding this last aspect, the
use of a multi-use, closed-system, suction catheter
instead of the single-use, open system catheter for
prevention of pneumonia seems to reduce the inci-
dence rate of VAP without demonstrating any
adverse effects ©. In this prospective study 104 con-

secutive patients needing mechanical ventilation
were randomized to have a closed endotracheal suc-
tioning instead of a standard open suctioning. The
results showed that the open suctioning system was
accompanied by a 3.5-fold higher risk of VAP
(p=0.05; 95% confidence limits = 1-12.33). The
number of VAP was 9 in the open suctioning group
vs 4 in the closed suctioning group. No adverse
effects were observed. The authors concluded that a

closed suctioning system reduces the incidence of
VAP.

Management of respiratory devices

Sterilization and/or disinfection and changes
of circuit component: To avoid the transmission of
microorganisms, equipment and devices should be
sterilized, disinfected and maintained according to
the following procedures: a) sterilize or use high-level
disinfection for semi-critical equipment or devices,
for example, items that come into direct or indirect
contact with the lower respiratory tract; b) do not
routinely sterilize or disinfect the internal machinery
of mechanical ventilators and do not routinely
change the breathing circuit (including tubing and
exhalation valve).

Regarding routine changes of circuit components
Kollef et al. 7, in a randomized controlled trial on
300 patients, of which 147 were assigned to receive
no routine circuit ventilator changes and 153 were
assigned to receive circuit changes every 7 days,
failed to demonstrate differences between the two
groups in terms of incidence of VAP (relative risk =
0.85: 95% confidence limits = 0.55-1.17). The
authors report that non-routine ventilator circuit
changes can reduce medical care costs without
increasing the incidence of nosocomial pneumonia
in patients who require prolonged mechanical venti-
lation 7.

At the moment therc are no recommendations
regarding how often a humidifier of a ventilator in
use on a patient should be changed.

It is necessary to sterilize reusable breathing cir-
cuits and bubbling, or subject them to high-level dis-
infection between their uses on different patients.

Periodically drain and discard any condensation
that collects in the tubing of a mechanical ventilator,
taking precautions not to allow condensation to
drain towards the patient 8. Wash hands after per-
forming the procedure or handling the fluid.

It does not seem necessary to place a filter at the
distal end of the expiratory-phase tubing of the
breathing circuit to collect condensation.

Do not place bacterial filters between the humid-
ifier reservoir and the inspiratory-phase tubing of the
breathing circuit of a mechanical ventilator. Always
use sterile water to fill the humidifier ©.

Hygroscopic condenser/humidifier or a heat-
moisture exchanger: The use of a hygroscopic con-
denser-humidifier or a heat-moisture exchanger
rather than a heated humidifier is an unresolved
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issue. In 1997, Rathgeber et al ° demonstrated that
a heat and moisture exchanger (HME) with filters
prevents contamination of the anesthesia breathing
system during low flow anesthesia.

In the same year, another prospective, random-
ized, blinded trial on 116 patients in ICU, undergo-
ing mechanical ventilation for a minimum of 48
hours, showed that circuits with a bacterial-viral fil-
tering heat and moisture exchanger are less readily
colonized by bacteria but failed to demonstrate VAP
prevention 19,

Patients were randomized to three ventilation
groups using: a) a hot water humidifier circuit with a
2-day circuit change (n = 41); or b) a bacterial-viral
filtering HME in the circuit, with either a 2-day (n =
42); or c) a 4-day circuit change (n = 33). Sixty-
seven percent of hot water circuits became contami-
nated compared with 12% in the two HME groups
(p <0.0001). Median colony counts were lower in
the HME groups (p <0.0001). But the frequency of
VAP and the volume and fluidity of secretions were
similar for all groups 1.

In a study conducted on 243 consecutive critical-
ly ill adult patients who required mechanical ventila-
tion for 48 hours or more, the VAP rate of the
group with HME was 11.4% and that for the group
with a heated humidifying system was 15.8% (the
difference was not statistically significant). Theretfore,
the results regarding bacterial colonization of respira-
tory devices were different: approximately 68% of
the patients in the HME group had no pathogen iso-
lated compared with 50% of the patients in the
heated humidifying system group: this difference was
statistically significant (P<0.01). The authors con-
clude that even though the study did not find HME
to be significantly advantageous in VAP prevention,
other advantages such as reduced nurse workload,
reduced financial cost, and better safety make HME
a more favorable device for humidification in the
adult ICU 11,

However, a prospective randomized trial on 280
consecutive intubated trauma patients in a 20-bed
trauma ICU randomized to either an in-line HME fil-
ter or a humidifier in the breathing circuit showed
that the HME nosocomial VAP rate was 6% com-
pared to 16% for the humidifier group (p<0.05).
The lower rate was associated with a significant
reduction in total ICU stay. Disposable ventilator cir-
cuit costs in the HME group were reduced com-
pared to the humidifier group in whom circuit
changes occurred at 7-day intervals 2.

More randomized studies are required to define
quidelines about the use of HME in respect to the
heated humidifiers. Also, their effectiveness in the
prevention of VAP requires further study.

In regard to the effectiveness of HME during
patient ventilation, there are few data available
about when to change the hygroscopic condenser-
humidifier or heat-moisture exchanger. In a prospec-
tive, controlled, randomized study on 220 consecu-

tive, critically ill, surgical patients requiring mechani-
cal ventilation for >48 h, it was demonstrated that
changing the hydrophobic or hygroscopic HME after
3 days does not diminish efficiency, increase bacteri-
al resistance or alter bacterial colonization. The fre-
quency rate of nosocomial pneumonia was also
unchanged (20:1000 ventilation days vs 16.6:1000
respectively). In light of these results the use of
HMEs for >24 h up to 72 h, appears to be safe and
cost effective 1°.

Orotracheal tube: VAP prevention can be
obtained by lubricating the cuff with a water-soluble
gel, which might prevent aspiration by plugging the
channels on the cuff wall. In a prospective study on
50 intubated patients, cuff lubrication with a water-
soluble gel reduces pulmonary aspiration in anes-
thetized patients: lubricated cuffs were compared
with unlubricated cuffs using dye leakage from the
subglottal space to the tracheobronchial tree. Dye
was detected clinically by dye coloration of secre-
tions during tracheal suctioning. Dye leakage in
anesthetized patients was 11% in the lubrication
group and 83% in the non-lubrication group (P
<0.0001) 4. But the effectiveness of this method to
prevent VAP requires clinical demonstration.

Another strategy for the prevention of VAP
involves continuous subglottal suctioning. Its etfec-
tiveness was shown in 1995 on 153 patients who
had been divided into Z groups: 76 patients were
randomly allocated to receive continuous aspiration
of subglottal secretions, and 77 control patients
were allocated to receive the usual care. The inci-
dence of VAP was 19.9 episodes/1000 ventilator
days in the patients receiving continuous aspiration
of subglottal secretions and 39.6 episodes/1000
ventilator days in the control patients (relative risk,
1.98:'95% Cl, 1.03 1o 3.82) *°.

Recently Shorr and O'Malley, in a cost/etficacy
analysis of VAP, compared the costs of continuous
subglottal aspiration and standard orotracheal intuba-
tion in a hypothetical cohort of 100 patients requir-
ing orotracheal intubation, and found that continu-
ous subglottal suctioning may result in savings °.

On the basis of these results the aspiration of
subglottal secretions appears to be effective and effi-
cient in the prevention of VAP and VAP-related
costs. A large, prospective, multicenter study to con-
firm this hypothesis is desirable.

The lesson learned from this study may be that
before deflating the cuff of an endotracheal tube in
preparation for tube removal, it is necessary to
ensure that secretions are cleared from above the
tube cuff.

Tracheostomy

Percutaneous dilatational tracheostomy tech-
niques performed with the Ciaglia Introducer Set are
effective, safe and superior to conventional surgical
tracheostomy. In a randomized study on 60 ICU
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patients, infections complicating tracheostomy per-
formed with the Ciaglia method vs. surgical tra-
cheostomy were evaluated: sixty patients selected for
elective tracheostomy were randomized for either
Ciaglia (30 patients) or surgical tracheostomy (30
patients). Minor infections (cellulites in a few millime-
ters around the stoma without purulent secretion)
were encountered in 3 cases in the Ciaglia group as
opposed to 11 cases in the surgical tracheostomy
group (P<0.01). Major infection (cellulites in several
millimetres around the stoma with purulent secre-
tions) was encountered in none versus 8 cases,
respectively (P<0.01) 7. Ciaglia methods in this
small study appear to prevent major and minor local
infections but the role of tracheostomy in prevention
of VAP requires further research.

Patient position and physiotherapy

The semi-recumbent body position reduces fre-
quency and risk of nosocomial pneumonia in intu-
bated patients. This result was demonstrated in 86
intubated and mechanically-ventilated patients of one
medical and one respiratory ICU at a tertiary-care
university hospital. The frequency of clinically sus-
pected nosocomial pneumonia was lower in the
semi-recumbent group than in the supine group
(three of 39 [8%] vs. 16 of 47 [34%]; 95% CI for
difference 10.0-42.0, p=0.003). This was also true
for microbiologically confirmed pneumonia (semi-
recumbent: 2 of 39 [5%)] vs. supine 11 of 47 [23%];
Cl: 4.2-31.8, p=0.018) 18,

Furthermore, to demonstrate that chest physio-
therapy designed to enhance sputum clearance
could decrease the occurrence of VAP, a prospec-
tive controlled trial was performed in a tertiary
teaching hospital ICU. Sixty adult patients intubated
and mechanically ventilated for at least 48 h were
divided into two groups: chest physiotherapy (inter-
vention group) or sham physiotherapy (control
group). VAP occurred in 39% (14/36) of the control
group and in 8% (2/24) of the intervention group
(OR = 0.14, 95% CI 0.03 to 0.56, P=0.02) °. In
this small trial, chest physiotherapy in ventilated
patients was independently associated with a reduc-
tion in VAP. This suggested benefit of physiothera-
py in prevention of VAP requires confirmation with
a larger randomized controlled trial.

Bronchoscope management

Recently a large outbreak (a total of 48 respira-
tory tract and bloodstream infections in 39 out of
414 patients undergoing diagnostic bronchoscope,
9.4%) of P. aeruginosa pulmonary infections related
to bronchoscope was observed 2°. In 32 infections
(66.7%), P. aeruginosa was confirmed as the
causative organism. The rate of recovery of P.
aeruginosa from bronchoalveolar-lavage specimens
obtained with use of endoscopy-suite bronchoscopes
increased from 10.4% at baseline to 31.0% during

the outbreak (relative risk, 2.97; 95% CI, 2.28 to
3.90). This large outbreak was apparently caused by
a loose biopsy-port cap in the bronchoscopes. The
authors concluded that instrument safety and surveil-
lance methods for bronchoscopes must be
improved 20,

Suggested prevention measures and their effect
on VAP are summarized in Table 2.

URINARY TRACT INFECTIONS (UTI)
PREVENTION

The urinary tract is responsible for approximate-
ly 31% of critically ill patient infections with the
presence of a urinary catheter being the major pre-
disposing factor. It is calculated that the incidence of
catheter-associated bacteriuria parallels the number
of days of catheterization and that the risk of devel-
oping bacteriuria increases by 5% each day 2.

General recommendation

Urinary catheters should be inserted only when
necessary and left in place only for as long as neces-
sary. For selected patients, other methods of urinary
drainage such as condom catheter drainage, supra-
pubic catheterization, and intermittent urethral
catheterization can be useful alternatives to
indwelling urethral catheterization.

Hand washing should be done immediately
before and after any manipulation of the catheter
site or apparatus and catheters should be inserted
using aseptic technique and sterile equipment ®.

Closed drainage system

Indwelling catheters should not be changed at
arbitrary, fixed intervals.

A sterile, continuously closed drainage system
should be maintained.

Recently, a prospective, randomized study on
long-term catheterization to investigate whether
infection increases with the use of a catheter-valve,
compared with the standard drainage system, was
performed. In the long-term group the valve was
cheaper and caused less morbidity. Since it is con-
structed to allow one-way flow, it was not associated
with an increase in the incidence of UTI 42,

A recent, prospective study on 553 ICU patients
in a French hospital, catheterized for more than 48
h, was conducted to verify risk factors for UTIL. The
new urinary drainage system comprising a precon-
nected coated latex, a drip chamber, an anti-reflux
valve, povidone-iodine-releasing cartridge at the
drain port of the urine collection bag, was not effica-
cious in reducing UTI (46% of patients in the new
urinary drainage system did not have bacteriuria
compared with 55% with standard urinary drainage
system who had bacteriuria, p=NS) 2°.

The closed drainage system is widely accepted
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TaBLE 2 - Proposed device management for prevention of VAP.

Effect on prevention of VAP Ref.

Educate healthcare workers regarding the invasive procedures Positive 2
Perform a meillance_p}ogram for bacterial pneumonia in ICU ___Pr:}si.t-iue 3.4
Stress hand washing and barrier precautions in healthcare practitioners Positive 5
Use multi-use, closed-system suction catheters AN " Positive 6
Sterilize or use high-level disinfection, r:lﬁ ]'-]_Gt routinely sterilize or disinfect the Positive 7'_,8
internal machinery, do not change the breathing circuit routinely, do not place bacterial
tilters between the humidifier reservoir and the inspiratory-phase tubing of the breathing
circuit of a mechanical ventilator
Use HME rather thE:I:l hea-téd ﬂumidiﬁers Uncertain b g _9,1E},—
1% o
Change the hydrophobic or hygroscopic HME after 3 days R Positive 13
Lubricate the cuff of the endotracheal tube mtﬁa water-soluble gel to prevent aspiration  Positive 14
Use continuous subglottal suctiﬁn.ing Positive 15, 16_
Use Ciaglia method instead of surgical tracheostomy _.-UILI-CE!I'EEIiﬂ 17
Maintain the semi-recumbent body position in intubated patieﬁts Positive 18
Chest physiotherapy Positive 19
Improve bmnchﬂscol;y safety and surveillance methods Positive ; _20 g

for prevention of UTI. The insertion of a one-way
valve does not add more effectiveness to a closed
system.

Medicated urinary catheter

Recently, a 12-month, randomized, crossover
trial compared rates of nosocomial catheter-associat-
ed UTI in patients with silver-coated and uncoated
catheters to assess the efficiency of a silver-alloy,
hydro gel-coated latex urinary catheter for the pre-
vention of nosocomial catheter-associated UTls.
There were 343 infections in 27,878 patients (1.23
infections per 100 patients) during 114,368 patient-
days (3.00 infections per 1000 patient-days). The
relative risk of infection per 1000 patient-days was
0.79 (95% CI, 0.63-0.99; P =0.04) for study wards
randomized to silver-coated catheters compared with
those randomized to uncoated catheters. The con-
clusion was that the use of the more expensive sil-
ver-coated catheter appeared to offer cost savings by
preventing excess hospital costs due to nosocomial
UTI associated with catheter use 24,

A prospective, randomized, clinical trial was con-
ducted at five academic medical centers on patients
undergoing radical prostatectomy. The objective was
to examine the efficiency of bladder catheters
impregnated with minocycline and rifampin in reduc-
ing catheter-associated bacteriuria. The results

demonstrated that patients who received the antimi-
crobial-impregnated catheters had significantly lower
rates of Gram-positive bacteriuria than the control
group (7.1% versus 38.2%; P <0.001), with similar
rates of Gram-negative bacteriuria (46.4% versus
47.1%) and candiduria (3.6% versus 2.9%). So,
bladder catheters impregnated with minocycline and
rifampin significantly reduced the rate of Gram-posi-
tive catheter-associated bacteriuria up to 2 weeks
after catheter insertion 2°.

In conclusion, the effect of some proposed man-
agement methods of urinary catheter on UTI pre-
vention is summarized in Table 3.

A NEW VARIABLE: BIOFILM

Biofilm is a new variable. In 1986 Sottile et al
studied the surfaces of polyvinyl chloride endotra-
cheal tubes removed from 25 ICU patients to deter-
mine if bacterial adhesion to those tubes was suffi-
cient to provide a possible source for repeated cont-
amination of the tracheobronchial tract. Of the sur-
faces studied, 16% were partially covered and 84%
were completely covered by an amorphous bacteria-
containing matrix. Some biofilm-enclosed bacterial
aggregates projected from the matrix into the lumen

of the tube 26,
In the same period, using scanning electron
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TasLE 3 - Proposed device management for prevention of UTI.

Technique

Wash hands and use aseptic technique and sterile equipment

Use a catheter-valve instead of a standard drainage system

Use a catheter-valve with a povidone-iodine releasing cartridge

Positive 2.8
Uncertain 22
Negative 20

Use a silver-alloy, hydro gel-coated latex urinary catheter instead of uncoated catheters

Use catheters impregnated with minocycline and rifampin instead of standard

bladder catheter

Positive 24

Positive for Gram-positive 25
infection but uncertain for
Candida and Gram-negative
infection

microscopy and culture following scraping and dis-
persion of biofilm by sonication, the right heart flow-
directed catheters were also found to be covered by
a biofilm, with bacteria visible on 75% of them, an
average of 2.6 days after insertion #7.

Biofilm is an assemblage of microbial cells that is
irreversibly associated with a surface and enclosed in
a matrix of primarily polysaccharide material #°.
Biofilm-associated microorganisms differ from their
planktonic (freely suspended) counterparts with
respect to the genes that are transcribed. There are
several modifications of cell properties: hydrophob-
icity, presence of fimbriae and flagellae and produc-
tion of extracellular polymeric substances that influ-
ence the rate and extent of attachment of microbial
cells <5,

The bacteria and fungi that most frequently pro-
duce biofilm commonly associated with ICU infec-
tions are: Staphvlococcus aureus, Pseudomonas
aeruginosa, coagulase-negative staphylococci,
Enterococcus spp, Klebsiella pneumoniae, and
Candida albicans 28. Biofilm may form on a wide
variety of surfaces: living pathological tissues 2,
indwelling medical devices, industrial water system
piping or natural water systems 4%,

The relationship between endotracheal tube (ET)
biofilm and pulmonary pathogens in VAP was
demonstrated in an investigation where the same
microorganisms were found on tracheal and ET
samples by phenotype, confirmed as identical by
genotyping, and characterized for antibiotic suscepti-
bility in both the free-floating and biofilm forms.
Seventy per cent of patients with VAP had identical
pathogens isolated from both ET biofilm and tra-
cheal secretions. Susceptibility data for these pairs
show that the ET acts as a reservoir for infecting
microorganisms, which exhibit significantly greater
antibiotic resistance than their tracheal counter-
parts =,

Bacteria in biofilm are less exposed and more
resistant to the action of antimicrobial drugs 3!.

The factors associated with bacterial biofilms
were studied for their role in phenotypic resistance

to antibiotics 3!. These factors included bacterial
slime extracted from biofilm, reduced growth rates
of biofilm-embedded bacteria and high bacterial
inocula. Antibiotic activity against suspended bacte-
ria in the presence of these factors, either alone or
combined, was compared with activity against adher-
ent biofilms. All minimal inhibitory concentrations
(MICs), determined by standard susceptibility tests,
were below the sensitivity breakpoints for
Staphylococcus epidermidis. The addition of bacte-
rial slime to suspended bacteria reduced the bacteri-
cidal activity of glycopeptides but had less or no
effect on the activity of the other antibiotics tested ..

Therefore, new therapeutic strategies are needed
to reduce the impact of biofilm infections in ICUs.
The first strategy that has produced some results is
the administration of gentamicin by aerosol in intu-
bated patients with VAP. Adair et al. compared the
efficacy of gentamicin, nebulized via the ET, with
that of parenteral cefotaxime or parenteral cefurox-
ime in preventing the formation of ET biofilm in 36
patients at risk for VAP. They concluded that nebu-
lized gentamicin attained high concentrations in the
ET lumen and was more effective in preventing the
formation of biofilm than either parenterally-adminis-
tered cephalosporin and therefore may be effective
in preventing this complication of mechanical venti-
lation °2,

The capacity of bacteria to organize a biofilm on
a device surface and the related resistance to antimi-
crobial drugs can explain the ditficulty in eradicating
an infection in the ICU even when antibiotic therapy
seems to be adequate.

CONCLUSIONS

There are a large number of clinical trials in the
literature but with many uncertain results and often
reports of no difference in the benefits offered by
each intervention. There is a need for more studies
on greater numbers of patients to establish signifi-
cant differences among procedures and products.
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Since manufacturers often argue that their device is
superior to an alternative, and promote clinical trials,
results can be impartial. Studies on prevention of
device-related infections are difficult to carry out and
expensive but they are needed to verify the efficacy
of prevention measures for device-related infections

in the ICU.

REFERENCES

| Cook D. Ventilator associated pneumonia: perspectives
on the burden of illness. Intensive Care Med 2000; 26 (Suppl
1): S31-7.

2 Day T, Wainwright SP, Wilson-Barnett J. An evaluation
of a teaching intervention to improve the practice of endotra-
cheal suctioning in intensive care units. J Clin Nurs 2001; 10:
682-96.

3 Haley RW, Culver DH, White JW, et al. The efficacy of
. fection surveillance and control programs in preventing
nosocomial infections in US hospitals. Am J Epidemiol 1985;
121: 182-205.

4 Josephson A, Karanfil L, Alonso H, Watson A, Blight J.
Risk-specific nosocomial infection rates. Am J Med 1991,
91(suppl 3B): 1315-137S.

5 Pearson ML Guideline for prevention of intravascular
device-related infections. Part I. Intravascular device-related
fections: an overview. The Hospital Intection Control
Practices Advisory Committee. Am J Infect Control 1996; 24
262-77.

6 Combes P, Fauvage B, Oleyer C. Nosocomial pneumo-
nia in mechanically ventilated patients, a prospective ran-
domised evaluation of the Stericath closed suctioning system.
Intensive Care Med 2000; 26: 878-82.

7 Kollef MH, Shapiro SD, Fraser VJ, et al. Mechanical
ventilation with or without 7-day circuit changes. A ran-
domised controlled trial. Ann Intern Med 1995: 123: 168-74.

5 Favero MS. Principles of sterilization and disinfection.
Anesth Clin N Am 1989; 7: 941-9.

9 Rathgeber J, Kietzmann D, Mergeryan H, Hub R,
Zuchner K. Kettler D. Prevention of patient bacterial contami-
nation of anaesthesia-circle-systems: a clinical study of the
contamination risk and performance of different heat and
moisture exchangers with electret filter (HMEF). Eur J
Anaesthesiol 1997; 14: 368-73.

10 Boots RJ, Howe S, George N, Harris FM. Faoagali J.
Clinical utility of hygroscopic heat and moisture exchangers in
intensive care patients. Crit Care Med 1997; 25: 1707-1.

11 Memish ZA. Oni GA, Djazmati W, Cunningham G,
Mah MW. A randomised clinical trial to compare the effects of
a heat and moisture exchanger with a heated humidifying sys-
tem on the occurrence rate of ventilator-associated pneumo-
nia. Am J Infect Control 2001; 29: 301-5.

12 Kirton OC, DeHaven B, Morgan J, Morejon O, Civetta
J. A prospective, randomised comparison of an in-line heat
moisture exchange filter and heated wire humidifiers: rates of
ventilator-associated early-onset (community-acquired) or late-
onset (hospital-acquired) pneumonia and incidence of endotra-
cheal tube occlusion. Chest 1997; 112: 1055-9.

13 Davis K Jr, Evans SL, Campbell RS, et al. Prolonged
use of heat and moisture exchangers does not affect device
efficiency or frequency rate of nosocomial pneumonia. Crit

Care Med 2000; 28: 1412-8.

14 Blunt MC. Young PJ, Patil A, Haddock A. Gel lubrica-
sion of the tracheal tube cuff reduces pulmonary aspiration.
Anesthesiology 2001; 95: 377-81.

15 Valles J, Artigas A, Rello J, et al. Continuous aspira-
tion of subglottic secretions in preventing ventilator-associated
pneumonia. Ann Intern Med 1995: 122(3); 179-86.

16 Shorr AF, O'Malley PG. Continuous subglottic suction-
ing for the prevention of ventilator-associated pneumonia:
potential economic implications. Chest 2001; 119: 228-35.

17 Holdgaard HO, Pedersen d, Jensen RH, et al.
Percutaneous dilatational tracheostomy versus conventional
surgical tracheostomy. A clinical randomised study. Acta
Anaesthesiol Scand 1998; 42: 545-50.

18 Dyakulovic MB, Torres A, Bauer TT, Nicolas JM,
Nogue S, Ferrer M. Supine body position as a risk factor for
nosocomial pneumonia in mechanically ventilated patients: a
randomised trial. Lancet 1999; 354: 1851-8.

19 Ntoumenopoulos G, Presneill JJ, McElholum M, Cade
JE. Chest physiotherapy for the prevention of ventilator-asso-
ciated pneumonia. Intensive Care Med 2002: 28(7): 850-6.
Epub 2002 May 24.

20 Syinjvasan A, Wolfenden LL, Song X, et al. An out-
break of Pseudomonas aeruginosa infections associated with
flexible bronchoscopes. N Engl J Med 2003; 348: 221-7.

21 Garibaldi RA. Hospital acquired UTL In: Wenzel RP ed.
Prevention and Control: Nosocomial Infections. 2nd ed.
Baltimore, Williams & Wilkins 1993.:600-10.

22 Wilson C, Sandhu SS, Kaisary AV. A prospective ran-
domised study comparing a catheter-valve with a standard
drainage system. Br J Urol 1997; 80: 915-7.

23 Leone M, Albanése J, Garnier F, et al. Risk factors of
nosocomial catheter-associated urinary tract infection in a
polyvalent intensive care unit. Intensive Care Med 2003; 29:
929-32.

24 Karchmer TR, Giannetta ET, Muto CA, Strain BA, Farr
BM. A randomised crossover study of silver-coated urinary
catheters in hospitalized patients. Arch Intern Med 2000;
160: 3294-8.

25 Darouiche RO, Smith JA Jr, Hanna H, et al. Efficacy
of antimicrobial-impregnated bladder catheters in reducing
catheter-associated bacteriuria: a prospective, randomised,
multicenter clinical trial. Urology 1999; 54: 976-81.

26 Sottile FD, Marrie TJ, Prough DS, et al. Nosocomial
pulmonary infection: possible etiologic significance of bacterial
adhesion to endotracheal tubes. Crit Care Med 1986; 4: 265-
70.

27 Passerini L, Phang PT, Jackson FL, Lam K, Costerton
JW. King EG. Biofilms on right heart flow-directed catheters.
Chest 1987; 3: 440-6.

28 Donlan RM. Biofilms: Microbial life on surfaces. Emerg
Infect Dis 2002; 9: 881-90.

29 Prince AS. Biofilms, antimicrobial resistance, and air-
way infection. N Engl J Med 2002: 14; 1110-1.

30 Adair CG, Gorman SP, Feron BM, et al. Implications
of endotracheal tube biofilm for ventilator-associated pneumo-
nia. Intensive Care Med 1999; 10: 1072-6

31 Konig C, Schwank S, Blaser J. Factors compromising
antibiotic activity against biofilms of Staphylococcus epider-
midis. Eur J Clin Microbiol Infect Dis 2001; 20: 20-6.

32 Adair CG, Gorman SP, Byers LM, et al. Eradication of

endotracheal tube biofilm by nebulised gentamicin. Intensive
Care Med 2002; 4: 426-31.




