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Relationship of catheter-associated urinary tract infection to
mortality and length of stay in critically ill patients: A systematic
review and meta-analysis of observational studies

Clarence Chant, PharmD, FCSHP, FCCP; Orla M. Smith, RN, MN; John C. Marshall, MD, FRCSC;
Jan O. Friedrich, MD, DPhil, FRCPC

Catheter-associated urinary
tract infection (CAUTI) is one
of the most common nosoco-
mial infections in intensive

care units (ICUs) (1). Nosocomial CAUTI
is associated with large antimicrobial use
resulting in the urinary tract being a res-
ervoir of antimicrobial-resistant patho-
gens that may cause other more serious
infections (2). Recent practice guidelines

(3) emphasized the challenges associated
with the management of CAUTI in the
ICU: the need for urinary catheters, the
lack of reliable diagnostic tests to differ-
entiate between colonization and infec-
tion, the paucity of controlled studies to
guide treatment, the low rates of progres-
sion from CAUTI to bacteremia or funge-
mia, and the general perception that
CAUTI is of low risk to patients (4, 5).

Despite this perception of minimal risk,
CAUTI is frequently treated with antimi-
crobials even in asymptomatic patients
(6, 7). This potentially inappropriate use
of antimicrobials may contribute to the
problematic issue of rising antimicrobial
resistance and healthcare costs. The dis-
cordance between the perceived low risk
of CAUTI and frequent prescription of an-
timicrobials may reflect conflicting pub-
lished reports. Older studies have found
CAUTI to be associated with an increased
risk of mortality, whereas recent studies
that control for potential confounders
have not (8–10).

Recent systematic reviews have evalu-
ated the association between two other
causes of ICU-related infections, ventila-
tor-associated pneumonia (11, 12) and
catheter-related bloodstream infections
(13), and mortality. However, no system-

Objective: To determine whether catheter-associated urinary
tract infections are associated with increased morbidity and
mortality in critically ill patients.

Data Sources: MEDLINE, HealthStar, EMBASE, and CINAHL da-
tabases from inception to June 2010 and bibliographies of in-
cluded studies without language restriction.

Study Selection: Studies reporting mortality or morbidity in
adult intensive care unit patients with and without catheter-
associated urinary tract infections.

Data Extraction: Two authors independently selected studies
and extracted data on study methodology, quality, and patient
outcomes using a standardized form. Meta-analyses were per-
formed using random-effects models.

Data Synthesis: Of 720 citations, 11 studies enrolling 2,745 pa-
tients with and 60,719 patients without catheter-associated urinary
tract infections met inclusion criteria. Catheter-associated urinary
tract infection was associated with a significant increase in mortality
(odds ratio [OR], 1.99; 95% confidence interval [CI], 1.72–2.31; p <
.00001; I2 � 54%; eight studies; 62,063 patients) and length of stay
in the intensive care unit (weighted mean difference of � 12 days;
95% CI, 9–15; p < .00001; I2 � 96%; seven studies; 13,011 patients)
and hospital (mean difference � 21 days; 95% CI, 11–32; p < .0001;
I2 � 98%; five studies; 10,183 patients). Restricting the analysis only

to the two studies that adjusted for other outcome predictors, cath-
eter-associated urinary tract infections were not associated with an
increase in mortality (OR, 0.97; 95% CI, 0.82–1.16; p � .77; I2 � 0%;
two studies; 5,626 patients). Although both studies individually dem-
onstrated significantly increased intensive care unit length of stay
after adjustment, pooled data showed that catheter-associated uri-
nary tract infections were associated with a significant increase in
intensive care unit length of stay using only a fixed effects model
(mean difference � 2.6 days; 95% CI, 2.3–3.0; p < .00001) and not
a random effects model (mean difference � 8 days; 95% CI, �13 to
�28 days; p � .46) due to the high degree of heterogeneity for this
outcome between the two studies (I2 � 99.6%) which results in a
larger CI.

Conclusions: Catheter-associated urinary tract infection is as-
sociated with significantly increased mortality and length of stay
in unmatched studies. Increased mortality and possibly increased
length of stay appear to be consequences of confounding by
unmeasured variables. These findings highlight the importance of
evaluating risks and benefits of commonly used treatments such
as antibiotics to manage catheter-associated urinary tract infec-
tion. (Crit Care Med 2011; 39:1167–1173)
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atic review has been conducted for
CAUTI, although CAUTI may become the
most common infection in ICU patients
with the widespread implementation of
patient safety prevention bundles de-
signed to reduce the rates of these other
infections (14, 15). Indeed, the US Medi-
care program has stopped hospital pay-
ments for treating CAUTI, deeming it a
preventable infection (16). The aim of
this study is to evaluate the attributable
mortality and morbidity of CAUTI in crit-
ically ill patients through a systematic
review and meta-analysis of available ob-
servational studies.

MATERIALS AND METHODS

Data Sources. We searched MEDLINE,
HealthStar, EMBASE, and CINAHL electroni-
cally from inception to June 2010 using the
following key words: urinary catheterization,
urinary tract infections, indwelling catheters,
sepsis, bacterial infections, cross infections, iat-
rogenic infections, urosepsis, critical care, criti-
cal illness, intensive care unit, morbidity, and
mortality. Terms were “exploded” and combined
using Boolean operators where appropriate. The
search strategy (Appendix 1) was designed with
the assistance of a librarian. No language restric-
tions were applied.

Study Selection. Citations were retrieved
and independently reviewed by two investiga-
tors (C.C., O.M.S.). Full papers were retrieved
and evaluated for citations in which the title
or abstract suggested to either reviewer that
the study may report mortality or morbidity in
critically ill adult patients with and without
CAUTI. From this subset, studies that exam-
ined CAUTI in adult patients during their ICU
stay where most patients would be expected to
have urinary catheters in place and that re-
ported either mortality or length of stay (LOS)
in patients with and without CAUTI were in-
cluded. Disagreements regarding inclusion
were reconciled by consensus or by a third
investigator (J.O.F.).

Data Extraction. A standardized data ab-
straction form was designed before the literature
search. Two unblinded reviewers (C.C., J.O.F.)
independently abstracted the following data
from included studies: publication related (year
and country), ICU characteristics (type, num-
ber), study design (prospective/retrospective,
matching criteria if used), CAUTI data (defini-
tion, number of cases), and outcomes (mortality,
ICU, and hospital LOS). These characteristics
were used to assess study quality. Selected au-
thors were also contacted to clarify data when it
was unclear from the publication.

Data Analysis. Our primary outcome was
all-cause mortality in patients with CAUTI
compared with patients without CAUTI deter-
mined at hospital discharge; 90, 60, 30, or 28
days after study enrollment; or ICU discharge
(in descending order of preference). The main

secondary outcomes were ICU and hospital
LOS in patients with CAUTI compared with
patients without CAUTI. All analyses were per-
formed using Review Manager (RevMan ver-
sion 4.2.8; Cochrane Collaboration, Oxford,
UK). We used a random-effects model that
incorporated between-trial heterogeneity and
gives wider confidence intervals (CIs) when
heterogeneity is present (17). We assessed sta-
tistical heterogeneity among trials using I2,
defined as the percentage of total variability
across studies attributable to heterogeneity
rather than chance, and used published guide-
lines for low (I2 � 25–49%), moderate (I2 �
50–74%), and high (I2 � 75%) heterogeneity
(18). Odds ratios (ORs) were used to pool mor-
tality data and weighted mean differences
(MD) to pool LOS data. Medians and ranges
were converted to means and variances using
published guidelines where required (19). Dif-
ferences between pooled OR were evaluated
using z tests. We considered (two-sided) p �
.05 as significant and reported individual trial
and summary results with 95% CIs. To assess
for publication bias, we visually examined a
funnel plot comparing effect measure for the
primary outcome of mortality with study pre-
cision for evidence of asymmetry.

RESULTS

Study Selection. The initial search
strategy found 720 citations, of which
175 were retrieved for full review and
eight met inclusion criteria (9, 10, 20–
25) (Fig. 1). The majority of studies were
excluded as a result of non-CAUTI con-
tent (eg, vascular catheter-related infec-

tions) and for not reporting outcomes by
those with and without CAUTI. Review of
references of the selected studies resulted
in five additional studies by one research
group (26–30) of which three studies re-
ported data that were not duplicated (26–
28). One study (20) provided group-
specific LOS data but not group-specific
mortality rates, and one study (21) pro-
vided only mortality data using a control
group of noninfected patients (ie, no
CAUTI and no other diagnosed infection).
Both authors were unable to provide fur-
ther information when contacted. One
citation (31) provided LOS data for those
with and without CAUTI, however, in
only a subgroup of patients who either
survived the ICU stay or were discharged
with a urinary catheter still in place.
Given the potential bias on LOS data by
only reporting on a subgroup, this study
was only included in our sensitivity but
not our primary analysis.

Description of Included Studies. The
characteristics of the studies included in
the meta-analysis are described in Table
1. Most studies were prospective (20, 21,
23, 25–28) and multicentered (9, 10, 21,
22, 25–28). Studies included both medi-
cal and surgical patients except for two
single-center studies that included only
trauma patients (20, 24). All but one of
the multicenter and one of the four sin-
gle-center trials specified that all consec-
utive patients admitted for at least 24

Figure 1. Flow chart of study selection. ICU, intensive care unit; CAUTI, catheter-associated urinary
tract infection.
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(26–28) or 48 (10, 22, 23, 25) hrs or who
had a urinary catheter present while in
the ICU (9) were included. Two single-
center (20, 24) and the smallest multi-
center study (21) did not specifically state
that all consecutive patients admitted to
the ICU meeting inclusion criteria were
included. Two of these three studies also re-
quired specific LOS inclusion criteria in ad-
dition to being admitted to ICU such as sur-
vival past 5 days in the ICU (24) or hospital

stay �7 days (21). All the studies used the
Centers for Disease Control and Prevention
definition for CAUTI (32) with modifications
except for one study that used a lower bacte-
rial count of 103/mL (9). All studies collected
data on all initial and subsequent episodes of
CAUTI for each patient.

Morbidity and Mortality. The 11 in-
cluded studies reported data on 2,745 pa-
tients with CAUTI and 60,719 patients
without CAUTI. Pooled data from eight

studies (n � 2491 with and n � 59,572
without CAUTI) that reported mortality
suggested that CAUTI was associated with
increased crude mortality (OR, 1.99; 95%
CI, 1.72–2.31; p � .00001; I2 � 54%)
(Fig. 2). A high degree of heterogeneity
was observed, although all studies re-
ported a higher numeric value for mor-
tality in the CAUTI group. Visual inspec-
tion of the funnel plot (Appendix 2) did
not suggest publication bias. Similar re-

Table 1. Characteristics of selected studies for meta-analysis

Study (Country)
Type/No.
of ICUs

Percent of
Patients/Percent

Patient-Days
With Catheters

Study Design
Including Patient
Enrollment Years Definition of CAUTI

Incidence of
CAUTI

Microbiology
of CAUTIa

Clec’h (9)
(France)

MS 12 100%/NR Retrospective
matched nested
case–control;
CAUTI only
1997–2005

�103 CFU/mL of 1 or 2
organisms

12.9/1000 catheter
days

GP (16%)
GN (60%)
F (24%)

Laupland (10)
(Canada)

MS, CV
4

NR Retrospective linked
databases; CAUTI
only 2000–2002

�105 CFU/mL of 1 or 2
organisms from day 3 of
ICU stay or later

9.6/1000 ICU days GP (22%)
GN (49%)
F (29%)

Bochicchio (20)
(USA)

T 1 98%/NR Prospective CAUTI
only 2000–2002

�105 CFU/mL of 1 or 2
organisms or �103 WBC/
mm3 in urinalysis along
with symptoms

18/1000 catheter
days

NR

Rosenthal (21)
(Argentina)

MS 3 NR Prospective DAI
length of stay �7
days 1998–2000

�105 CFU/mL of 1 or 2
organisms with symptoms

23/1000 catheter
days

NR

Laupland (22)
(Canada)

MS 3 NR Retrospective linked
databases; CAUTI
only 1999–2000

�105 CFU/mL of 1 or 2
organisms from Day 3 of
ICU stay or later

11.3/1000 ICU
days

GP (32%)
GN (36%)
F (32%)

Appelgren (23)
(Sweden)

MS 1 “Majority”/NR Prospective DAI
1989–1993

�105 CFU/mL of 1 or 2
organisms with symptoms
in 2 consecutive cultures
after 2 days in the ICU

7/1000 ICU days NR

Rosser (24) (USA) T 1 100%/NR Retrospective
urosepsis only
1994–1995

�105 CFU/mL of 1 or 2
organisms or
pyuria/bacteriuria/
leukocyte esterase positive
urinalysis with �2 SIRS
criteria after ICU stay of 4
days

15.8% (urosepsis) GP (22%)
GN (67%)
F (NR)c

van der Kooi
(25) (the
Netherlands)

MS, T 23 86%/82% Prospective DAI
1997–2000

�105 CFU/mL of 1 or 2
organisms with symptoms
in 2 consecutive cultures
after 2 days in the ICU

9/1000 catheter
days

NR

Alvarez-Lerma
(26) (Spain)

MS, C,
and T
74

NR/79–85% Prospective DAI
2003–2005

�105 CFU/mL of 1 or 2
organisms with symptoms
after 24 hrs in the ICU

6.0/1000 catheter
days

GP (13%)
GN (45%)
F (34%)

Alvarez-Lerma
(27) (Spain)

MS, C,
and T
85

NR/78% Prospective DAI
2002

�105 CFU/mL of 1 or 2
organisms with symptoms
after 24 hrs in the ICU

4.8/1000 catheter
days

GP (20%)
GN (55%)
F (20%)

Alvarez-Lerma
(28) (Spain)

MS, C,
and T
67

NR/75%b Prospective DAI
1997–2001

�105 CFU/mL of 1 or 2
organisms with symptoms
after 24 hrs in the ICU

6.2/1000 catheter
days

GP (32%)
GN (36%)
F (32%)

ICU, intensive care unit; CAUTI, catheter-associated urinary tract infection; MS, medical surgical; CV, cardiovascular; T, trauma; C, coronary; NR, not
reported; DAI, device-associated infection (CAUTI, ventilator-associated pneumonia, catheter-related bloodstream infection); CFU, colony-forming units;
WBC, white blood cell count; SIRS, sepsis inflammatory response syndrome; GP, Gram-positive; GN, Gram-negative; F, fungus.

aMay not add up to 100% as not all organisms causing CAUTI were reported and some CAUTI were polymicrobial; baverage for 2000 and 2001 only (29,
30); cboth urine and blood cultures positive.
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sults were obtained when we restricted
the analysis to studies reporting ICU
mortality (OR, 1.94; 95% CI, 1.61–2.34;
p � .00001; I2 � 70%; seven studies, n �
2460 with and n � 59,049 without
CAUTI) or hospital mortality (OR, 1.65;
95% CI, 1.40–1.94; p � .00001; I2 � 0%;
four studies, n � 711 with and n � 8645
without CAUTI). Using a control group of
patients with no infection (ie, no CAUTI
as well as no other diagnosed infections),
CAUTI was associated with an even
higher increase in mortality (OR, 2.62;

95% CI, 2.20–3.12; p � .00001; I2 � 0%;
three studies, n � 716 with CAUTI and
n � 20,204 with no infection).

Only one study reported mortality
outcomes by type of microorganism caus-
ing CAUTI. This study specifically com-
pared unadjusted ICU mortality rates in
patients with CAUTI caused by Entero-
coccus species vs. all other pathogens and
found no significant differences (28.7%
vs. 24.2%, p � .32) (28).

With regard to morbidity outcomes,
CAUTI was associated with an increased

ICU (MD of � 12 days; 95% CI, 9–15; p �
.00001; I2 � 96%; seven studies, n �
1135 with and n � 11,876 without
CAUTI) and hospital (MD of � 21 days;
95% CI, 11–32; p � .0001; I2 � 98%; five
studies, n � 932 with and n � 9251
without CAUTI) LOS (Fig. 3). Again, a
high degree of heterogeneity was ob-
served, although all studies reported a
higher value for both measures of LOS in
the CAUTI group. Sensitivity analysis in-
cluding the results of the potentially bi-
ased study (31) did not change the results

Figure 2. Attributable mortality associated with catheter-associated urinary tract infection (CAUTI). Effect of CAUTI on longest follow up mortality (A),
intensive care unit (ICU) mortality (B), and hospital mortality (C). The pooled odds ratio with 95% confidence interval (CI) was calculated using a
random-effects model. Weight refers to the contribution of each study to the overall pooled estimate.
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for ICU LOS (MD of � 12 days; 95% CI,
9–15; p � .00001; I2 � 95%; eight stud-
ies, n � 1296 with and n � 12,054 with-
out CAUTI).

Two studies provided outcomes after
adjusting for predictors of mortality us-
ing either a matched case–control design
(9) or multivariable logistic regression
(10). Neither study found a significant
association between CAUTI and mortality
after adjustment. Combining data from
these two studies gives a pooled adjusted
OR for hospital mortality of 0.97 (95% CI,
0.82–1.16; p � .77; I2 � 0%; two studies,
n � 563 with and n � 5063 without
CAUTI). Even after adjustment, the same
two studies reported significantly in-
creased LOS in the ICU: median increase
of 13 days (p � .0001) (9) and mean
increase of 2.4 days (p � .001) (10). Pool-
ing the data from these two trials results
in a nonsignificant increase in LOS as a
result of the large amount of heterogene-
ity (MD of � 8 days; 95% CI, of �13 to �
28; p � .46; I2 � 99.6%; two studies, n �
378 with and n � 1949 without CAUTI).
Using a fixed effects model, which does
not include between-study heterogeneity
and thus results in narrower CIs, results
in a smaller but statistically significant

increase in ICU LOS (MD � 2.6 days; 95%
CI, 2.3–3.0; p � .00001).

DISCUSSION

We found that CAUTI in ICU patients
is associated with increased mortality and
LOS in unadjusted analysis. However, af-
ter adjustment for other prognostic fac-
tors, CAUTI is no longer associated with
increased mortality but may be associated
with increased ICU LOS. In contrast, a
systematic review of observational studies
of catheter-related bloodstream infection
suggests that catheter-related blood-
stream infection is associated with in-
creased mortality even after matching for
severity of illness (13), whereas two sys-
tematic reviews of observational studies
of ventilator-associated pneumonia pro-
vided more equivocal results regarding
whether ventilator-associated pneumonia
was associated with increased mortality
(11, 12). It is unclear whether there is a
causal association between increased ICU
LOS and CAUTI, and if there is, whether
CAUTI results in increased LOS or
whether patients with longer ICU stays
have an increased risk of developing
CAUTI. Three studies reported when
CAUTI occurred and these times were rel-

atively long after catheter insertion (8–11
days [9, 25]) or after ICU admission (16
days [23]), which supports the latter re-
lationship.

All studies in this systematic review
used the presence of bacteriuria as the
primary criterion for diagnosing CAUTI
because it is difficult to reliably identify
or attribute traditional urinary tract in-
fection symptoms (hesitancy, frequency)
in catheterized critically ill patients with
an impaired level of consciousness (4).
Therefore, one potential explanation for
the lack of association between adjusted
mortality and CAUTI is that bacteriuria
may simply reflect colonization of the
catheter and not true infection. Measures
that identify, or predict, which patients
with bacteriuria have, or will develop, de-
finitive or systemic infections, which can
be serious in vulnerable ICU patients,
are lacking (5). The inability to differ-
entiate colonization from infection is
important and is reflected in our na-
tional survey of ICU physicians that
demonstrates a high frequency of antimi-
crobial prescription for CAUTI even in the
absence of symptoms (6).

Given the apparent lack of association
between CAUTI and mortality, and the

Figure 3. Attributable length of stay associated with catheter-associated urinary tract infection (CAUTI). Effect of CAUTI on intensive care unit (ICU) (A)
and hospital (B) length of stay. The weighted mean difference was calculated using a random-effects model. Weight refers to the contribution of each study
to the overall pooled estimate. We converted medians to means (19) where required (9, 10, 22, 23, 25) and estimated SDs from the range (23) or interquartile
range (IQR) (9, 10, 22, 25) using published guidelines (19). Sensitivity analysis including Taalat et al (31), which reported ICU length of stay (LOS) on 161
patients with CAUTI (29.7 � 20.6 days) and 178 patients without CAUTI (17.3 � 14.6 days), did not alter the overall results (mean difference of � 12 days;
95% CI, 9–15; p � .00001; I2 � 95%; eight studies, n � 1296 with and n � 12,054 without CAUTI).
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contribution of antimicrobial use to the
development of resistance, efforts should
be undertaken to investigate which, if
any, patients benefit from antimicrobial
therapy. To the best of our knowledge,
there is only one single-center underpow-
ered randomized controlled trial evaluat-
ing the use of antimicrobials for asymp-
tomatic bacteriuria in the ICU. In this
study of 60 patients, treatments with an-
timicrobials and catheter change did not
improve mortality or LOS when com-
pared with no intervention (33). There-
fore, to achieve similar successes as seen
with ventilator-associated pneumonia
and catheter-related bloodstream infec-
tion patient safety prevention bundles,
more rigorous evidence than is currently
available about the effects of treatment of
CAUTI on outcomes is needed.

The strengths of our study include the
use of rigorous systematic review and
meta-analytic methods, including a re-
producible and comprehensive literature
search strategy without language restric-
tion, clearly defined inclusion criteria,
duplicate citation review, duplicate data
abstraction, and a predefined statistical
analysis plan. These are all elements out-
lined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) statement on the reporting of
meta-analyses (34). Furthermore, the in-
cluded observational studies were of rel-
atively high methodologic quality. In
particular, most were prospective multi-
centered studies from a variety of inter-
national ICUs, which increases the gen-
eralizability of the findings. Furthermore,
all but the smallest multicenter study and
one of the three single-center studies
specified that data from all consecutively
admitted ICU patients who met inclusion
criteria were included.

Our study also has limitations. These
include the large unexplained heteroge-
neity and the small number of studies
that matched and/or adjusted for con-
founders. Given the differences in prac-
tice in the diverse study sites, patient
populations, the definition and microbi-
ological etiology of CAUTI, some hetero-
geneity would be expected. Unfortu-
nately, we could not clearly identify any
study characteristics that accounted for
the heterogeneity in this relatively small
group of studies. In addition, ICU LOS is
affected by numerous factors, and the
studies included in our meta-analysis do
not report the time to CAUTI and do not
allow for a more rigorous analysis of ICU
LOS after CAUTI or whether the CAUTI

episodes were treated with antimicrobi-
als. Finally, although there was heteroge-
neity, it was primarily in the magnitude
rather than the direction of each effect
because essentially all of the studies in-
dividually demonstrated statistically sig-
nificant increases in each unadjusted out-
come.

CONCLUSIONS

Our systematic review and meta-
analysis of observational studies identi-
fied that CAUTI is associated with in-
creased crude mortality rates and LOS.
Restricting the analysis to studies that
adjusted for other factors associated with
outcome, CAUTI was no longer associated
with increased mortality but was possibly
still related to a small increase in ICU
LOS. These findings support further in-
vestigations into the optimal manage-
ment of CAUTI to minimize potentially
inappropriate antimicrobial use.
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Appendix 1. Detailed MEDLINE search strategya

No. Searches

1 exp urinary catheterization/
2 exp catheters, indwelling/
3 exp urinary tract infections/
4 exp catheterization/and (exp urinary tract/or exp urogenital system/or urin$.mp.) [mp �

title, original title, abstract, name of substance word, subject heading word]
5 or/1–4
6 exp bacterial infections/or bacteremia.mp.
7 exp cross infection/
8 exp iatrogenic disease/or (iatrogen$ or noscomial$).mp. [mp � title, original title,

abstract, name of substance word, subject heading word]
9 exp sepsis/

10 urosepsis.mp.
11 exp critical care/or (critical adj1 care).mp. [mp � title, original title, abstract, name of

substance word, subject heading word]
12 exp critical illness/or (critical adj2 Ill$).mp. [mp � title, original title, abstract, name of

substance word, subject heading word]
13 intensive care.mp. or exp Intensive Care/
14 icu.mp.
15 or/6–10
16 or/11–14
17 16 and 15 and 5
18 incidence.mp. or exp Incidence/
19 morbidity.mp. or exp Morbidity/
20 mortality.mp. or exp Mortality/
21 retrospective study.mp. or exp Retrospective Studies/
22 population surveillance.mp. or exp Population Surveillance/
23 mo.fs.
24 ae.fs.
25 sn.fs.
26 ep.fs.
27 exp Epidemiology/
28 17 and (or/18–27)
29 limit 28 to (“adolescent (13 to 18 yrs)” or “young adult (19 to 24 yrs)” or “adult (19 to

44 yrs)” or “young adult and adult (19–24 and 19–44)” or “middle age (45 to 64 yrs)”
or “middle aged (45 plus years)” or “all aged (65 and over)” or “aged (80 and over)”)

30 limit 28 to “all child (0 to 18 yrs)”
31 28 not 30
32 29 or 31

aSimilar search strategy was used for EMBASE, HealthStar, and CINAHL databases.

1173Crit Care Med 2011 Vol. 39, No. 5

http://www.cdc.gov/nhsn/pdfs/pscManual/7pscCAUTIcurrent.pdf
http://www.cdc.gov/nhsn/pdfs/pscManual/7pscCAUTIcurrent.pdf
http://www.cdc.gov/nhsn/pdfs/pscManual/7pscCAUTIcurrent.pdf



