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    Abstract

      Patients with acute respiratory failure are predisposed to acquire nosocomial infection primarily because they may need ventilatory support, usually invasive mechanical ventilation. The presence of an endotracheal tube impairs natural defences of the respiratory tract and favours airways colonisation and lung infection. Cross transmission of microorganisms may also occur via contaminated hands of healthcare workers that manipulate invasive devices. Thus, avoiding the endotracheal tube and increasing hand hygiene compliance are major measures to prevent ventilatorassociated pneumonia. The use of noninvasive ventilation has been shown to reduce the incidence of nosocomial infections and should be used whenever possible.

      Using hand rubbing with waterless alcoholbased products evidenced higher efficacy to reduce hand contamination as compared to conventional hand washing with soap. Due to its rapid activity and ease of access, hand rubbing constitutes a promising avenue for improving hand hygiene compliance and thus reducing cross infection.

    
	hand hygiene
	noninvasive ventilation
	nosocomial infections
	ventilatorassociated pneumonia


      Patients with acute respiratory failure (ARF) undergoing mechanical ventilation (MV) are exposed to two kinds of risk factors that predispose them to develop nosocomial infections: the presence of an endotracheal tube which interferes with a number of respiratory tract defence mechanisms and the exposure to cross transmission of microorganisms via the hands of healthcare personnel during manipulation of ventilatorassociated devices. Ventilatorassociated pneumonia (VAP) is the most common infectious complication that occurs in ARF patients. The pathogenesis of VAP usually requires that two important processes take place: bacterial colonisation of the aerodigestive tract and the aspiration of contaminated secretions into the lower airway. Therefore, the strategies aimed at preventing VAP usually focus on reducing the burden of bacterial colonisation in the aerodigestive tract, decreasing the incidence of aspiration, or both 1, 2. The Centers for Disease Control and Prevention National Nosocomial Infection Surveillance System (NNIS) reported in 1995–1902 the median rate of VAP per 1000 ventilatordays in NNIS hospitals ranged from 4.3 in respiratory intensive care units (ICUs) to 16.2 in trauma ICUs 3. Several studies have suggested that the occurrence of nosocomial pneumonia increased the risk of death in critically ill patients, especially when pneumonia episodes were due to highrisk pathogens, such as Acinetobacter or Pseudomonas spp. 4–7.

      As pointed out recently in the statement of the 4th International Consensus Conference in Critical Care on ICUacquired pneumonia, few interventions have shown a benefit in the prevention of VAP 8. The most promising interventions currently are the avoidance of indiscriminate antibiotic use, limiting stress ulcer prophylaxis to highrisk patients, placing patients in semirecumbent position, the use of noninvasive ventilation (NIV) whenever feasible and a high compliance to hand hygiene. This article will focus on the last two cited interventions since they seem to decrease not only VAP but nosocomial infections altogether.

    

      Noninvasive positive pressure ventilation

      Invasive medical devices used for the administration of conventional MV are important contributors to the pathogenesis and development of VAP. Especially, artificial airways interfere with a number of respiratory tract defence mechanisms. Endotracheal tubes facilitate bacterial colonisation of the tracheobronchial tree, as well as lower airway aspiration of contaminated secretions. This is due to the association of mucosal lesions, pooling of contaminated secretions above the endotracheal cuff, and elimination of the cough reflex. Regarding the duration of exposure to conventional MV, at least two other studies have shown that the longer the duration of conventional MV, the greater the risk of VAP 9, 10. More recently, in a study aimed at identifying risk factors for nosocomial pneumonia in different adult criticalcare populations, the strongest predictor for VAP in both surgical and medical/respiratory ICU groups of patients was found to be prolonged conventional MV more than one day, resulting in a 12fold increase in risk over nonventilated patients 11. Various multivariate analyses have identified ventilatory assistance as an independent risk factor for nosocomial infection 11–18. Independent risk factors identified in these studies concerned either the use of endotracheal intubation and MV or the duration of ventilatory support in patients undergoing endotracheal intubation. The main conclusion drawn from these studies is that the longer the duration of MV the greater the risk of nosocomial pneumonia. Besides, the magnitude of risk associated with the use of endotracheal intubation ranged from 5.0–7.0.

      The increased risk of pneumonia attributable to endotracheal intubation has prompted pulmonologists and intensivists to seek alternative ways of delivering positivepressure ventilation, i.e. through a face mask, to patients suffering from ARF due to various causes. Several randomised control trials have examined the potential benefit of NIV either as firstline therapy in critically ill patients with ARF from various causes (mostly acute hypercapnic respiratory failure) as compared with conventional therapy or to facilitate weaning from MV 19. The primary endpoints of these trials were mortality rate, intubation rate, duration of mechanical ventilatory support, and length of stay (LOS). In addition of these endpoints, infectious complications such as sepsis, pneumonia and sinusitis, were recorded in most of these trials. Table 1⇓ summarises the ICUacquired infectious complication rates reported in the randomised controlled trials evaluating the efficacy of NIV.
View this table:	View inline
	View popup



1 Infectious complication rates reported in randomised controlled trials on noninvasively ventilated (NIV) patients




      To date, four cohort or casecontrol studies have specifically examined the impact of NIV on nosocomial infection rates (table 2⇓). In a prospective cohort study of 360 patients receiving various modalities of MV, Guérin et al. 27 found that the incidence density of pneumonia was 8.5 per 1000 days of endotracheal intubation and 1.6 per 1000 days of NIV. Yet, these results did not take into account the NIV group patients who failed NIV and eventually required endotracheal intubation. When failures of NIV were included in the NIV group for analysis, incidence rates of nosocomial pneumonia were similar between NIV and conventional MV patients. The different severity of patients and etiologies of ARF as well as the high percentage of NIV failures could explain the lack of benefit with NIV on infection rates.
View this table:	View inline
	View popup



2 Nosocomial infection rates reported in cohort and casecontrol studies on noninvasively ventilated (NIV) patients




      More interesting, another prospective cohort study conducted by Nourdine et al. 28 showed a markedly lower incidence density of nosocomial infections in 129 patients treated with NIV as compared to 607 patients receiving conventional MV (4.4‰ versus 13.2‰ days of MV, p<0.05). Furthermore, the overall density of nosocomial infection was reduced twofold in patients treated with NIV (14.2‰ versus 30.3‰ days of MV, p<0.01). After adjustment for the admission category, severity and sex, the use of NIV remained associated with a twicelower risk of infection, while endotracheal intubation was associated with a fourfold higher risk of pneumonia as compared to NIV. As expected, nosocomial infections were associated with a higher utilisation of invasive devices (endotracheal tube, urinary catheter and intravascular catheter) and a longer ICU stay, whereas the use of NIV was associated with lesser utilisation of invasive devices.

      A prospective observational survey was recently performed over 3 weeks among 42 French ICUs to assess the incidence of use and effectiveness of NIV in everyday clinical practice 29. Ventilatory assistance was required in 689 patients with ARF, 581 with conventional MV and 108 (16%) with NIV. The incidence of nosocomial pneumonia was lower in patients treated with NIV. Success of NIV was associated with a lower risk of pneumonia (odds ratio (OR) 0.06; 95% confidence interval (CI) 0.01–0.45) and of death (OR 0.16; 95% CI 0.05–0.54). Conversely, failure of NIV was not a risk factor for nosocomial pneumonia, but was associated with longer length of stay and MV.

      Recently, a casecontrol study was performed to compare outcomes for similar patients admitted for acute exacerbations of chronic obstructive pulmonary disease or severe cardiogenic pulmonary oedema that were treated with NIV or received endotracheal intubation and conventional MV 30. The main objective was to determine whether the use of NIV was associated with a decreased risk of nosocomial infections in everyday clinical practice in patients for whom the benefit of NIV had been clearly demonstrated in randomised clinical trials. A careful matching process was used to avoid selecting more seriously ill patients in the conventional MV group. Rates of nosocomial infections and nosocomial pneumonia were significantly lower in patients who received NIV than those treated with MV. Similarly, the daily risk of acquiring an infection, mean duration of ventilation, mean LOS and crude mortality (4% versus 26%, p=0.002) were all lower in the NIV group.

      Critically ill patients treated with NIV are less likely to acquire pneumonia and other nosocomial infections than similar patients treated with conventional MV. This benefit has been shown in several randomised controlled trials and has been confirmed out of the context of a randomised trial, in actual clinical practice, in prospective cohort studies and one casecontrol study to date. Moreover, conducting further randomised controlled trials to especially assess the effect of NIV on occurrence of nosocomial infections might be ethically questionable regarding the weight of evidence supporting the benefit of NIV in patients with hypercapnic respiratory failure 31, 32. The impact of NIV not only on pneumonia but also on other sites of ICUacquired infections appears to be linked to an avoidance or at least a shortened exposure to wellknown risk factors for nosocomial infection, such as duration of invasive procedures and length of ICU stay. Furthermore, the benefit of NIV on infectious complications will depend on the success rate of the technique in the population studied. The careful selection of patients eligible for NIV (i.e. with no contraindications to NIV such as respiratory arrest, hypotensive shock, impaired cough or swallowing mechanism, coma or agitation) is therefore important to achieve a beneficial effect on nosocomial infections. Education programs for optimal delivery of NIV (choice of proper site for initiation, choice of ventilator, interface and initial settings) should also be a priority because its use may not be successful in all hands.

    

      Crossinfection via hands of personnel

      Pathogens causing nosocomial pneumonia and other nosocomial infections, such as Gramnegative bacilli and Staphylococcus aureus, are ubiquitous in healthcare settings, especially in intensive or critical care areas 33. Transmission of these microorganisms to patients frequently occurs via the hands of healthcare personnel that become contaminated or transiently colonised with the microorganisms 34. Procedures such as tracheal suctioning and manipulation of ventilator circuit or endotracheal tubes increase the opportunity for crosscontamination. Using aseptic technique and sterile or disinfected equipment when appropriate and eliminating pathogens from the hands of personnel can reduce the risk of crosscontamination 8. Hand hygiene is widely recognised as an important but underused measure to prevent nosocomial infections 34. Even if hand hygiene seems the simplest method of prevention, all studies that have examined handwashing practices for 20 yrs report great difficulties in obtaining a good compliance to this measure. New guidelines that promote the use of hand rubbing with a waterless alcoholbased product have been recently published and may increase personnel compliance and decreased incidence of handtransmitted infections 35.

      Several experimental assays approaching real conditions of use have examined the relative efficacy of hand hygiene techniques to remove microorganisms from hands. All showed a poor bactericidal activity of hand washing with nonmedicated soap as compared with hand hygiene with antiseptic agents 35. To date, only five clinical studies have evaluated the efficacy of hand hygiene procedures in routine practice 36–40. In a prospective, randomised clinical trial, Zaragoza et al. 40 compared the efficacy of an alcoholic solution with hand washing with nonmedicated soap during regular work in clinical wards and ICUs of a large public university hospital in Barcelona. Healthcare workers were randomly assigned to hand washing or hand rubbing with the alcoholic solution by using a crossover design. The average reduction in the number of colonyforming units from samples before hand washing to samples after hand washing was 50% for hand washing and 88% for hand rubbing. When both methods were compared, the average number of colonyforming units recovered after the procedure showed a statistically significant difference in favour of the alcoholic solution (p<0.001). Pittet et al. 39 performed an uncontrolled observational study to examine the process of bacterial contamination of healthcare workers' hands during routine patient care in a large teaching hospital. Trained external observers conducted structured observations of 417 episodes of care. Respiratory care was a care activity independently associated with higher contamination levels. Simple hand washing with nonmedicated soap before patient care, without hand antisepsis, was also associated with significantly higher colony counts. Larson et al. 37 performed a randomised clinical trial to compare skin condition and skin microbiology among 50 ICU personnel using one of two randomly assigned hand hygiene regimens: hand washing with an antiseptic soap or hand rubbing with an alcoholbased gel. Each hand hygiene regimen was assigned for four consecutive weeks. Hand cultures (n=193) were obtained four times: at baseline, during the first day of week 1, and as late as possible on the subject's last workday of weeks 2 and 4. For the handwashing group, there were no significant differences between baseline mean log counts and mean log counts from day 1, week 2, or week 4. For the handrubbing group, counts were significantly lower than baseline at day 1 and week 2, but not week 4. In a crossover clinical trial, Lucet et al. 38 did not find a significant difference in bacterial counts between antiseptic hand washing and hand rubbing. Another randomised controlled trial compared the efficacy of hand rubbing with an alcoholbased solution versus conventional hand washing with antiseptic soap in reducing hand contamination during routine ICU patient care 36. During daily nursing sessions of 2–3 h, 23 healthcare workers were randomly assigned to either hand rubbing with alcoholbased solution or hand washing with antiseptic soap when hand hygiene was indicated before and after patient care. With hand rubbing the median percentage reduction in bacterial contamination was significantly higher than with hand washing (83% versus 58%, p=0.012), with a median difference in the percentage reduction of 26% (95% CI 8–44%).

      With regard to this body of data coming from either experimental or clinical studies, hand rubbing with an alcoholbased product appears to be the best method to achieve hand disinfection.

      Studies evaluating the impact of hand hygiene on nosocomial infection rates examine generally all sites of infection together. In some studies, the results are detailed according to the site of infection, but, usually, they are not powered enough to evidence significant difference by site of infection. Most of the studies presented below took advantage of the discovery of poor hand hygiene practices to evaluate interventions aimed at increasing hand hygiene compliance and monitored in parallel nosocomial infection rates. Such studies are very difficult to perform because the duration of followup has to be long to see both increase of compliance and decrease of infections.

      With a sequential intervention study in an ICU, Conly et al. 41 demonstrated that poor handwashing practices were associated with a high nosocomial infection rate, whereas good handwashing practices were associated with a low nosocomial infection rate. An educational program designed to improve handwashing procedures significantly reduced endemic nosocomial infection rates. Before the educational program, the nosocomial infection rate (number of infections per 100 patient discharges) was >30% with handwashing compliance of 14% and 28% before and after patient contact, respectively. After the institution of the first educational program, the infection rate decreased dramatically to 12% meanwhile handwashing compliance rates reached 73% and 81% before and after contact. The infection rates were maintained at a low level during the following 3 yrs. The fourth year, nosocomial infection rates increased to 33% with poor handwashing practices (26% and 23% before and after contact, respectively). A second educational program was implemented, and nosocomial rates dropped again to 9% with average handwashing compliance of 60%.

      Hand washing and infection rates were studied in two ICUs of a community teaching hospital 42. Hand washing rates were monitored secretly throughout the study. After six months of observation, educational interventions were started to increase hand washing. Hand washing increased gradually, but overall compliance rates before (22%) and after (30%) interventions were not significantly different (p=0.07) whereas infection rates per 100 admissions remained stable (22% and 23%).

      For eight months, Doebbeling et al. 43 conducted a prospective multiplecrossover trial involving 1894 adult patients in three ICUs. In a given month, the ICU used a handwashing system involving either chlorhexidine, or alcohol with the optional use of a nonmedicated soap; in alternate months the other system was used. Rates of nosocomial infection and handwashing compliance were monitored prospectively. When chlorhexidine was used, there were 152 nosocomial infections, as compared with 202 when the combination of alcohol and soap was used (adjusted incidencedensity ratio 0.73; 95% CI 0.59–0.90). The largest reduction with chlorhexidine was in gastrointestinal infections. However, because only a minimal amount of the alcohol rinse was used during periods when the combination regimen was also in use and because compliance with handwashing instructions was higher when chlorhexidine was available (48% versus 30%, p=0.002), determining which factor (i.e. the handhygiene regimen or differences in adherence) accounted for the lower infection rates was difficult.

      More recently, Pittet et al. 44 attempted to promote hand hygiene by implementing a hospitalwide program, with special emphasis on bedside, alcoholbased hand disinfection and measuring nosocomial infections in parallel. The overall compliance with hand hygiene during routine patient care in a teaching hospital in Geneva was monitored before and during implementation of a handhygiene promoting campaign. Seven hospitalwide prevalence surveys were done twice yearly from December 1994, to December 1997. Secondary outcome measures were nosocomial infection rates, attack rates of methicillinresistant Staphlococcus aureus (MRSA), and consumption of hand rub disinfectant. Compliance with hand hygiene improved progressively from 48% in 1994, to 66% in 1997 (p<0.001). During the same period, overall nosocomial infection decreased (prevalence of 17% in 1994 to 10% in 1998; p=0.04), and MRSA transmission rates decreased (2.16 to 0.93 episodes per 10,000 patientdays; p<0.001).

      There is a good level of evidence showing that hand hygiene with antiseptic products is effective to significantly reduce hand contamination during patient care activities. Surely, the best technique is hand rubbing with an alcoholbased solution. This measure should decrease the risk of cross transmission of microorganisms and thus decrease the risk of acquiring an infection, especially in intensive care unit patients.
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	nosocomial infections
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