
Statement for debate

Infection prevention and control interventions are cost-

eff ective and improve patient outcomes in critically ill 

patients in the ICU.

Introduction

In the last 50 years, the discipline of infection prevention 

and control (IPAC) has undergone numerous meta-

morphoses. Initially intended to address nosocomial 

infections at the time of a nationwide epidemic of 

hospital-based staphylococcal infections [1], the practice 

of IPAC has shifted from that of reaction to prevention. 

Th ere has been increasing emphasis on prevention of 

nosocomial infections through principles of hand 

hygiene, cleaning and sterilization, and antimicrobial 

prophylaxis. Nonetheless, infectious diseases continue to 

challenge the quality of care provided in ICUs. Prompted 

by accreditation and patient-centered care, hospitals are 

challenged to provide high-quality care with fi nite 

fi nancial resources. Any new IPAC initiative will thus be 

examined for its cost-eff ectiveness.

Th e broad impact of infection control on rates of 

hospital-associated infections goes back more than 

200  years. A 1795 treatise on puerperal fever by 

Alexander Gordon, who made seminal observations as an 

obste trician in the United Kingdom, suggested the illness 

was due to an infection, and recommended that 

healthcare workers (HCW) wash themselves and have 

their clothing fumigated after contact with these patients 

[2]. Th e eminent American physician Oliver Wendell 

Holmes also suggested that gowns worn by physicians 

during autopsies served as vectors for transmission of 

puerperal fever among women in labor in the 1800s [3].

Ignaz Semmelweiss, a Hungarian physician and 

contemporary of Holmes, consolidated these theories 

through his epidemiologic work at a Viennese hospital 

with the realization that frequent contact with cadavers 

among medical students was associated with trans-

mission of particles to women in labor, leading to puer-

peral fever and even sepsis. He is credited with 

introducing hand disinfection prior to vaginal exami-

nation, with a subsequent dramatic decrease in mortality 

[4]. Th is practice was reinforced in Florence Nightingale’s 

1859 treatise, in which she called for ‘every nurse … to be 

careful to wash her hands very frequently during the day’ 

[5].

While the principles of hand hygiene still apply from 

the time of Semmelweiss, IPAC’s scope has broadened 

from controlling infection with highly pathogenic 

organisms to preventing the spread of emerging drug-

resistant organisms and viruses. Th e escalating costs of 

modern patient isolation and personal protective 

equipment, however, especially among critically ill 

patients in the ICU, call into question the wisdom of 

spending so much in this area. Most importantly, are 

these expenses justifi ed in terms of positive patient 
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outcomes? To address this question, we present a 

discussion on the merits, concerns and costs surrounding 

enhanced precautions for critically ill patients, the latter 

of which was found to be lacking in a systematic review 

of the literature performed within the last 5 years [6].

Pro: IPAC interventions are cost-eff ective and 

improve patient outcomes in critically ill patients 

in the ICU

Nosocomial infections in the ICU have been associated 

with signifi cant mortality and increased resource con-

sump tion [7]. A recent study conducted prospectively 

across Austrian ICUs found that patients with noso-

comial infections had prolonged device exposure, includ-

ing endotracheal tubes, central venous catheters and 

urinary catheters, increased mortality rates, and longer 

length of stay in the ICU and the hospital [8].

To appreciate the impact of nosocomial infections in the 

ICU, one needs to look no further than the issue of 

methicillin-resistant Staphylococcus aureus (MRSA). 

During the 1990s, healthcare-associated MRSA infec tions 

increased dramatically [9] and MRSA was the 

predominant pathogen in most ICUs in the United States 

[10]. Moreover, these infections were associated with 

increased mortality and costs as compared with antibiotic-

susceptible strains of the same species [11,12]. Trans-

mission has been the major factor contributing to the 

increased prevalence of MRSA, with a 15-fold higher rate 

of transmission of MRSA among patients on standard 

precautions who were not yet recognized to be colonized 

[13,14].

Th e implementation of strict IPAC practices, including 

hand hygiene and active surveillance of colonized patients 

with subsequent barrier precautions, has been credited 

for the declining rates of MRSA catheter-related blood-

stream infections by 50% or more in medical, surgical, 

cardiac and pediatric ICUs since 2001 [15]. Th e benefi ts 

of specifi c IPAC interventions, however, are diffi  cult to 

tease out as many are bundled, especially those related to 

personal protective equipment and active surveillance. 

Hand hygiene has become a well-recognized means of 

lowering the rates of hospital-associated infections in 

ICU and non-ICU settings, despite highest compliance 

rates of only 55 to 65% [16-18]. Furthermore, two 

prospective studies in medical ICUs found that the use of 

gowns with gloves was associated with a lower risk of 

nosocomial cross-transmission of vancomycin-resistant 

Enterococcus (VRE) [19,20]. A large multicenter trial in 

108 ICUs in Michigan saw a signifi cant and durable 

decrease in the mean rate of catheter-related bloodstream 

infections with maximum sterile barrier precautions during 

insertion of central venous catheters and removal of 

unnecessary catheters [21]. Jain and colleagues also reported 

a signifi cant decline in rates of healthcare-associated 

MRSA infections in the largest prospective observational 

trial to date, with the implementation of an MRSA 

bundle in ICU and non-ICU settings across the United 

States [22].

In an eff ort to determine which intervention has the 

most signifi cant impact on nosocomial infections, a 

retro spective study reviewed four major IPAC interven-

tions in ICU and non-ICU settings for controlling MRSA: 

maximally sterile central venous catheter placement, 

alcohol hand rub, a hospital-wide hand hygiene cam-

paign, and routine surveillance for MRSA in all ICU 

patients with implementation of barrier precautions if 

the patient was found to be positive [23]. Only a routine 

screen with subsequent contact isolation was associated 

with a signifi cant decrease in hospital-associated MRSA 

bacteremia in the ICU setting. Active surveillance for 

MRSA colonization among ICU patients with subsequent 

implementation of barrier precautions has also been 

shown in the non-ICU setting [23-25] and in the neonatal 

ICU setting [13] to signifi cantly decrease the rates of 

transmission and incidence of nosocomial MRSA bacter-

emias, despite only 55% compliance with contact 

precautions for ICU patients known to be colonized with 

MRSA [25].

Against the extra costs and extra length of stay 

attributed to nosocomial infections among critically ill 

patients, IPAC interventions have been shown to be cost-

eff ective for bloodstream infections [7,26]. Kirkland and 

Weinstein estimated that the cost for a patient in contact 

isolation within the ICU, with highly-compliant dispos-

able gown and latex glove use, was US$1,627 per patient 

(1999 valuation) [27]. Broadening handwashing compli-

ance to patients and relatives has been calculated to save 

more than CDN$600,000 per year in a community 

hospital setting [28].

Numerous studies have shown that active surveillance 

(heterogeneously defi ned in studies as universal versus 

targeted screening of high-risk patients) with subsequent 

hand hygiene and use of gowns, gloves and/or masks is 

associated not only with decreased rates of nosocomial 

infections – especially due to MRSA and VRE – but with 

signifi cant cost savings. Following two MRSA outbreaks 

in separate neonatal ICUs, Karchmer and colleagues 

evaluated the costs of one institution’s preventive 

measures – namely, weekly active surveillance cultures 

and isolation of MRSA-colonized patients – with the 

potential costs of not intervening promptly or eff ectively 

at the other institution [29]. Th e overall cost of 

surveillance cultures was US$27,590 (2002 valuation). 

Th e cost of isolation, which included gloves, paper gown, 

simple isolation mask and the 1 minute of personnel time 

to put on and remove the items, was estimated at 

US$0.94 per patient per visit, for a total of US$21,027 to 

42,047 for the duration of the outbreak. Th e attributable 
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excess costs of MRSA bacteremia infections in the other 

neonatal ICU was estimated at 19-fold to 27-fold higher, 

suggesting that the prevention of 2.8 to 4.0 MRSA 

bacteremias would have justifi ed the costs of the 

preventive measures. A cost–benefi t analysis in a medical 

ICU also showed that active identifi cation of patients 

with infection or colonization by MRSA via selective 

screening and isolation was more cost-eff ective than 

treating patients with MRSA infections, with mean 

excess total costs attributable to nosocomial MRSA 

infection at $9,275 per patient compared with a total cost 

of contact screening and isolation of up to $700 per 

patient [30].

Similarly, the cost-eff ectiveness of active surveillance 

for all high-risk patients in one hospital was compared 

with estimated attributable costs due to VRE bacteremias 

in another hospital with 75 cases of VRE infections over a 

24-month period [31]. Th e total cost of active surveillance 

cultures was US$91,108, and the cost of contact 

isolation  – including gown, gloves and labor – was 

US$1.18 per patient per visit. Despite the excess 

attributable cost of VRE bacteremia being estimated from 

a case–control study of VRE, the cost of culture and 

isolation was found to be one-third the cost attributable 

to VRE bacteremia in an endemic setting. A similar study 

in a VRE-endemic oncology unit found that enhanced 

precautions, which included surveillance cultures, hand-

washing, and contact isolation with gown and glove use, 

resulted in fewer VRE bloodstream infections and 

colonized patients, with a net saving of US$189,318 over 

1 year [32]. Th e authors concluded that controlling VRE 

transmission was cost-eff ective, particularly in a setting 

where the incidence of VRE bloodstream infections is at 

least six to nine patients per year.

Despite the small literature base, existing evidence 

supports IPAC interventions as cost-eff ective in decreas-

ing transmission of MRSA and VRE among critically ill 

patients.

Con: Infection prevention and control 

interventions are not cost-eff ective and do not 

improve patient outcomes in critically ill patients 

in the ICU

Despite published guidelines on hospital infection control 

practices in ICU and non-ICU settings, there remains 

skepticism on whether these measures are cost-eff ective 

or even detrimental to the quality of patient care.

A case–control study of patients in a medical ICU 

showed that HCW were highly compliant with gown and 

glove use, but were two times less likely to enter the 

rooms of patients in contact isolation and had 

signifi cantly less direct contact with these patients [27]. 

In a prospective cohort study among 139 medical in-

patients infected or colonized with VRE at two medical 

centers, attending physicians were about one-half as 

likely to examine patients under contact precautions 

compared with those not under precautions, and only 

examined one-third of patients in the isolation group 

during morning rounds [33]. A similar observational 

study among surgical ICU and non-ICU patients found a 

reduction in the time HCW spent with patients on contact 

precautions (5.3 versus 10.9 visits per hour for patients not 

isolated) not explained by severity of illness [34].

During the severe acute respiratory syndrome outbreak 

in Toronto, Canada, patients with the infection were 

frequently alone between brief contacts with staff , and 

some had worsening psychological symptoms during 

their stay, including panic attacks. Nearly one-half of 

hospital employees reported diffi  culty in communicating 

with patients through the enhanced infectious precau-

tions [35,36].

Th e emerging question of patient safety was raised in a 

study of patients isolated for MRSA colonization or 

infection [37]. In addition to dramatically reduced clinical 

documentation, these patients were twice as likely to 

experience preventable adverse events, including suppor-

tive care failures such as falls, pressure ulcers, and fl uid 

or electrolyte disorders, and reported higher rates of 

dissatisfaction with the quality of care received. A 

prospective, randomized and controlled study in two 

surgical ICUs sought to determine whether barrier 

precautions would lower the incidence of hospital-

associated pneumonia in 153 intubated patients. Among 

intubated patients in two surgical ICUs, patients 

randomized to contact isolation with disposable gowns, 

gloves and hand hygiene had similar rates of airway 

colonization but a higher incidence of nosocomial 

pneumonia than patients on standard precautions with 

hand hygiene and gloves over a 15-month period [38].

Taken together, these studies suggest that isolation of 

patients for infection control purposes may have a 

deleterious eff ect on the quality of medical care received 

and perceived by these patients.

Another argument against enhanced infection control 

measures is that they are often based on poor-quality 

evidence. Given the high prevalence of infl uenza-

associated respiratory illnesses in hospitals, recent 

studies have examined the practice of enhanced 

respiratory precautions. A randomized controlled trial 

comparing surgical masks with N95 masks among HCW 

during the infl uenza season showed similar rates of 

laboratory-confi rmed infl uenza [39]. A contemporary 

study among patients from an emergency department 

also found surgical masks to be equally as eff ective as 

N95 masks, with no infl uenza detected by PCR with 

either mask [40]. Moreover, many HCW fi nd N95 masks 

diffi  cult to tolerate [36]. Given that a recent literature 

review was unable to identify high-quality studies to 
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support the use of N95 over surgical masks in healthcare 

settings [41], the lack of defi nitive data would suggest 

that the use of the more expensive N95 masks may not be 

justifi ed in most healthcare settings.

Most of the evidence for controlling VRE transmission 

relates to colonization rather than bacteremia, and may 

not necessarily refl ect improved patient outcomes. High 

colonization pressure (that is, the proportion of other 

patients colonized with VRE within a medical ICU) is a 

major variable aff ecting the rate of acquisition of VRE 

[20,42]. However, there have been no studies linking 

colonization pressure to rates of VRE-associated disease. 

While gown and glove use for preventing nosocomial 

transmission of VRE is a Grade IA recommendation by 

the Society for Healthcare Epidemiology of America [14], 

there is no clear evidence suggesting that these infection 

control practices have led to a reduction in the incidence 

of disease. Among ICU patients who acquired and did 

not acquire VRE, rates of hand-washing and glove use 

were comparable [42], and gowns may [20] or may not 

[43] have a protective eff ect over glove use alone. 

Furthermore, unlike MRSA, preventing VRE transmis-

sion has been suggested to be cost-eff ective only in 

endemic settings, where at least six patients per year will 

develop bloodstream infections [32]. Even then, compli-

ance with barrier precautions may itself present as a 

barrier to reducing the rate of transmission of nosocomial 

infections. In a recent cluster-randomized controlled trial 

involving 5,434 admissions to 10 intervention ICUs and 

3,705 admissions to eight control ICUs, there was no 

reported diff erence in rates of transmission of MRSA or 

VRE through the use of barrier precautions, in which 

surveillance for MRSA and VRE detection was performed 

in both groups and contact precautions were initiated 

only in the intervention group [44]. Barrier precautions 

were not followed as often as required by protocol, and it 

was suggested that this lack of adherence led to the lack 

of impact on transmission rates. Interestingly, this fi nding 

has not been demonstrated in other trials but is arguably 

refl ective of real-world compliance issues around 

infection control strategies.

Resolution: In the ICU, patient isolation and barrier 

protection are more benefi cial than detrimental

Infection control practices have made a remarkable 

impact on rates of cross-transmission among critically ill 

patients. Compliance with hand hygiene and contact 

precautions has been shown to be signifi cantly higher in 

isolation rooms, suggesting that knowledge of enhanced 

precautions may motivate HCW to further decrease 

transmission to other patients [19,20,27,43,45]. Isolation 

with barrier precautions has decreased the spread of 

MRSA infection when coupled with active surveillance 

cultures to detect colonized patients serving as a 

reservoir for spread [24]. Th e costs of implementing 

enhanced precautions have also been shown to be 

eff ective in decreasing MRSA infection, although less 

clearly so regarding VRE bacteremia (but certainly for 

VRE colonization), and arguably excessive for infl uenza 

(given the data for surgical masks being non-inferior to 

the more expensive N95 masks).

Such IPAC interventions have been promoted as not 

only benefi cial to the isolated patient but also to other 

patients and HCW in the ICU. However, the net eff ect of 

IPAC measures on patient care – with less time spent in 

patient rooms, less time examining patients, more 

incomplete records of vital signs and progress notes, and, 

most disturbingly, increased likelihood of preventable 

adverse events – remains unclear.

With the emergence of multidrug-resistant Gram-

negative organisms and novel viruses, the inevitable 

question being put to IPAC practitioners is whether 

colonized patients should be identifi ed by screening and 

isolated to minimize transmission to other patients. 

Given the lack of high-quality evidence, current practice 

is highly variable – some institutions implement selective 

surveillance and isolation of patients in the ICU and non-

ICU settings, and other institutions isolate only patients 

identifi ed with infections secondary to these pathogens.

One argument for enhanced precautions follows the 

precautionary Hippocratic principle of primum non 

nocere (fi rst, do no harm), which has been central to 

IPAC since Semmelweiss’s time. Th is fundamental princi-

ple, however, has been extrapolated to justify enhanced 

IPAC measures against drug-resistant organisms (as they 

are also considered preventable infections) [31,46]. Hand 

hygiene clearly does not harm patients and is almost 

certainly benefi cial. However, barrier precautions to 

contain and protect HCW and other patients from 

infection with drug-resistant or virulent organisms may 

arguably cause harm to those patients under isolation.

Until there is evidence that isolating patients with 

multidrug-resistant organisms is of benefi t to the patient 

and HCW, and that such interventions are cost-eff ective 

in reducing the spread of disease (rather than 

colonization) among critically ill patients, it is diffi  cult to 

justify enhanced surveillance and precaution strategies to 

the primary healthcare team without further proof [47]. 

Th ere is no question that controlling an outbreak is costly 

to the institution; however, it is not enough to use MRSA 

control as a prototypic approach for all emerging infec-

tions. IPAC measures should take into consideration the 

setting, epidemiology, virulence factors, mode of trans-

mission and degree of transmissibility of various pathogens: 

treatment options and strategies for prevention and 

control at the patient and administrative levels may be 

completely diff erent among pathogenic organisms and 

depending on the availability of local resources.
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Given the recent focus on healthcare fi nancing, IPAC 

measures are being increasingly scrutinized in terms of 

costs to the hospital. Barrier precautions may require 

new money but resources may also be found by re-

prioritizing the hospital’s budget, with the focus on 

preventing hospital-associated infections. Regardless, it 

is important to critically appraise and promote evidence-

based practices that are not only benefi cial to patients 

but are also justifi ed in terms of costs saved to the 

institution. While some IPAC interventions have been 

shown to decrease rates of transmission of nosocomial 

pathogens, there are few studies beyond MRSA and VRE 

that examine the economic impact of routinely imple-

menting such measures, including droplet isolation for 

critically ill patients with a cough or airborne precautions 

where the index of suspicion for tuberculosis is low, or 

screening for and isolation of asymptomatic patients with 

extended-spectrum β-lactamases. Given that IPAC 

interventions are poorly followed and may not result in 

reduced transmission rates, further research is important 

in these areas to determine whether these measures 

should remain the standard of care. Where the evidence 

is lacking, especially in the case of novel pathogens, close 

collaboration, research and innovation among critical 

care, infection control, infectious diseases, clinical 

microbiology and nursing staff  are essential for the 

success of preventing and controlling infections for 

critically ill patients.
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