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Rate and Time to Develop First Central Line-Associated Bloodstream Infections When Comparing
Open and Closed Infusion Containersin a Brazilian Hospital
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The objective of the study was to deter mine the effect of switching from an open (glass or semi-rigid plastic) infusion
container to a closed, fully collapsible plastic infusion container (Viaflex®) on rate and time to onset of central line-
associated bloodstream infections (CLABSI). An open-label, prospective cohort, active healthcare-associated infection
surveillance, sequential study was conducted in three intensive care units in Brazil. The CLABSI rate using open
infusion containers was compared to the rate using a closed infusion container. Probability of acquiring CLABSI
was assessed over time and compared between open and closed infusion container periods; three-day intervals were
examined. A total of 1125 adult |CU patients were enrolled. CLABSI rate was significantly higher during the open
compared with the closed infusion container period (6.5 versus 3.2 CLABSI/1000 CL days, RR=0.49, 95% C|=0.26—
0.95, p=0.031). During the closed infusion container period, the probability of acquiring a CLABSI remained
relatively constant along the time of central line use (0.8% Days 2-4 to 0.7% Days 11-13) but increased in the open
infusion container period (1.5% Days 2-4 to 2.3% Days 11-13). Combined across all time intervals, the chance of a
patient acquiring a CLABSI was significantly lower (55%) in the closed infusion container period (Cox proportional
hazard ratio 0.45, p= 0.019). CLABSIs can be reduced with the use of full barrier precautions, education, and
performance feedback. Our results show that switching from an open to a closed infusion container may further
reduce CLABSI rate as well as delay the onset of CLABSIs. Closed infusion containers significantly reduced
CLABSI rate and the probability of acquiring CLABSI.

Key-Words: Bacteremia, central line-associated blood stream infections, intensive care unit, healthcare-associated

infection, intravascular device.

The majority of primary bloodstream infections (BSl)
originate from central lines (CLs) and present a significant
risk for hospitalized patients, particularly for thosein intensive
care units (ICUs). Central line-associated blood stream
infections (CLABSI) extend hospitalization, and increase both
associated costs and mortality [1].

Intravenous (1V) fluid contamination may occur during
setup, admixture preparation, and administration [2,3].
Additional risksfor extrinsic contamination areincurred when
theinfusion systemisvented, asisthe case with openinfusion
containers.

Two typesof 1V infusion systems (open and closed) arein
useworldwide[4,5]. Openinfusion containersconsist of rigid
(glass, burette) or semi-rigid plastic containers that must
admit air (air filter or needle) in order to empty the solution
from the container. Closed infusion containers consist of
fully collapsible plastic bags that do not require or use any
external vent (air filter or needle) to empty the solution,
and the injection ports are self-sealing. Closed infusion
containers ensure a consistent, even infusion rate
throughout the administration process without the
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assistance of a mechanical device (e.g., infusion pump).
Product integrity must be maintained during extreme usage
conditions and there should be no leakage.

Closed systems are being incorporated into standard
practice to prevent CLABSI. Numerous countries have
reported CLABSI outbreaks resulting from contaminated
infusatein openinfusion systems[2,6-10]. Other studieshave
established extrinsic or in-use contamination as the most
significant contributing factor in the bacterial contamination
of infusion systems [11,12]. In a study conducted in
Argentina, switching from open (semi-rigid plastic) to
closed infusion containers resulted in a 64% reduction in
therateof CLABSI [5].

Theimpact of switching from an opento aclosedinfusion
container on CLABSI has not been previously investigated
in Brazil. In this study, we report the results of a prospective,
sequential study undertaken to determine the impact of
switching from an open (glassor semi-rigid plastic) to aclosed
infusion container on both the rate and time to onset of
CLABS inBraxzil.

Material and M ethods
Setting

Thisstudy was conducted inthree |ICUs at SantaMarcelina
Hospital, a teaching hospital in Sao Paulo, Brazil, with the
approval of the hospital Ethics Committee. The hospital has
an active infection control program, with two physicians
trained in infectious diseases and three infection control
nurses. The three ICUs operate at the highest level of
complexity in Brazil, providing trestment for medical, surgical,
and trauma patients.
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DataCollection

Patientswho had aCL in placefor >24 hourswere enrolled
from each of the study 1CUs. Patient gender, average
severity-of-illnessscoreon |CU entry [13], device utilization,
antibiotic exposure, and all activeinfectionsidentified while
inthe | CU were prospectively recorded on casereport forms
by a trained nurse. Blood cultures were obtained at the
discretion of the patients’ physicians. Standard |aboratory
methods were used to identify microorganisms recovered
from positive blood cultures[14].

Definitions

United States Centersfor Disease Control (CDC) National
Nosocomial Infections Surveillance Systems (NNIS) program
definitions were used to define device-associated infections:
CLABSI was defined as either laboratory confirmed BSI
(LCBSI) or clinical primary nosocomial sepsis(CSEP) [15].

An open infusion container was defined as arigid (glass,
burette) or semi-rigid plastic container that must admit air to
empty (air filter or needle). A closed infusion container was
defined asafully collapsible, plastic bag that does not require
or use any external vent (air filter or needle) to empty the
solution, and has injection ports that are self-sealing.

Investigational Products

Baxter Viaflex® (Baxter Hospitalar Ltda, Brazil), afully
collapsible plastic bag, was used during the closed infusion
container period. Commercially available open infusion
containers (glassand semi-rigid plastic containers) were used
during the open infusion container period.

Study Design

Active surveillance for CLABSI and compliance with
infection control practices were conducted throughout the
study using CDC NNIS methodol ogies, definitions, and criteria
[13]. The openinfusion container period was followed by the
closed infusion container period. The open infusion container
period lasted 7 months (March 2004 to October 2004). This
was followed by a closed infusion container period of the
sameduration (November 2004 to April 2005).

Hand hygiene compliance prior to patient contact, aseptic
procedures [16], placement of gauze on CL insertion sites,
condition of gauze dressing (absence of blood, moisture, and
gross soilage; occlusive coverage of insertion site) [17,18],
and documentation for date of CL insertion were assessed
during the study. Healthcare workers (physicians, nurses, and
paramedical staff) were observed three times weekly across
al work shifts by a research nurse who recorded relevant
information on a standard form.

Data Analysis

Outcomes measured during the open and closed infusion
container periods included the incidence density rate of
CLABSI (number of cases per 1000 CL days) and time to
CLABSI. Chi-sguare analysesfor dichotomous variables and

t-test for continuousvariables were used to analyze baseline
differences between container periods. Relativerisk (RR)
ratios, 95% confidence intervals (Cls), and P-values were
determinedfor dl outcomes. Timetofirst CLABS| wasandyzed
using a log-rank test and is presented graphically using
Kaplan-Meier curves. Smplelifetableconditional probabilities
aso are presented graphically to help explain the changing
risk of infection over time (Figure 1).

Results

A total of 1,125 patients were enrolled in the study: 483
during the open infusion container period and 642 during the
closed infusion container period. Patients in both container
periodswere statistically similar with respect to demographics,
average severity of illnessscore, and underlying illness (except
for endocrinedisease, cardiac failure, cardiac surgery, chronic
obstructive pulmonary disease, abdominal surgery,
immunocompromise, and urinary catheter and mechanical
ventilator exposure) (Table 1).

Hand hygiene compliance exceeded 60% during both periods
(65.4% and 63.9% during the open and closed infusion container
periods, respectively, RR=0.98; and 95% Cl =0.94—-1.02).

Presence of gauze at the CL site was 99.5% and 100%
during the open and closed infusion container periods,
respectively (RR = 1.01; 95% Cl = 1.00—1.01). Compliance
with protocol-prescribed condition of gauze was 98.6% and
99.7% during the open and closed infusion container periods,
respectively (RR=1.01; 95% Cl = 1.01-1.02). Presence of the
date at the CL insertion site/administration set was 100% during
both the open and closed infusion container periods.

Both the incidence density rate and the percentage of
patientswith CLABSI were statistically significantly lower in
the closed compared to the open infusion container period
(Table 2). The distribution of microorganisms during both
container periodsis shown in Table 3.

In this study, we compared the open and closed infusion
container periods with respect to time to acquisition of first
CLABSI (Table 4). When examined a three-day intervals, the
conditional probability of acquiringaCLABSI during theclosed
infusion container period was observed to be relatively constant
(Table 4). During the open infusion container period, the
conditiond probability of acquiringaCLABS washigher ineach
three-day interval compared to the corresponding three-day
intervals in the closed infusion container period. The
conditional probability of acquiring a CLABSI in the open
infusion container period ranged from 1.5% at Days 2-4t0 2.3%
a Days11-13. Combined acrossdl timeintervals, the chance of
apatient acquiringaCLABSI wassignificantly lower (55%) in
the closed infusion container period (Cox proportional hazard
ratio 0.45, p=0.019). CumulativeresultsareshowninFigure 1.

Discussion

Serioudly ill patients frequently require CL access for
administration of large volumes of 1V fluid, medications, and
blood products, or for hemodynamic monitoring. It is well
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Table 1. Patient demographics, underlying illness, length of stay, device utilization, and antibiotic usage during the two study

periods.
Openinfusion Closed infusion RR 95% ClI P-value
container (N=483) container (N=642)
% (n) % (n)
Sex(Made) 56.3%(272/483) 56.7% (364/642) 101 091-112 090
Sex (Femde) 43.7% (211/483) 43.3%(278/642) 099 0.87-113 -
Endocrine Disease 16.8%(81/483) 12.6%(81/642) 0.75 057-1.00 005
CardiacFailure 35.6%(172/483) 29.9%(192/642) 084 0.71-0.99 04
Angina Pectoris 3.3%(16/483) 1.9% (12/642) 056 027-1.18 012
Cardiac Surgery 1.9%(9/483) 0.5% (3/642) 025 0.07-0.92 002
COPD 1.0% (5/483) 0.0% (0/642) - - <001
Cancer 0.4% (2/483) 0.0% (0/642) - - 0.10
Rend Impairment 3.9%(19/483) 3.0%(19/642) 0.75 040-141 037
Hepatic Failure 0.0% (0/483) 0.0%(0/642)
Abdominal Surgery 0.8% (4/483) 0.0% (0/642) - - 002
Thoracic Surgery 0.0% (0/483) 0.0%(0/642) - - -
Trauma 0.0%(0/483) 0.2%(1/642) - - 0.39
Previous Infection 6.8% (33/483) 6.4% (41/642) 093 0.60-1.46 0.77
Stroke 0.0% (0/483) 0.0% (0/642) - - -
I mmunocompromise 0.0% (0/483) 1.2%(8/642) - - 001
Urinary catheter 76.2% (368/483) 67.0% (430/642) 088 0.82-0.95 <0.01
Mechanical ventilator 56.3% (272/483) 47.4% (304/642) 084 0.75-0.94 <0.01
Mean+SD Mean+SD
ICU stay (days) 9.9+12.10 7.9+857 - - <001
Age (yrs) 54.6+18.72 56.0+16.75 - - 020
Severity-of-illness score 37+0.92 37+0.86 - - 032
CL utilization per patient (days) 89+1556 6.3+9.48 - - <0.01
Defined daily Defined daily
dose(DDD) dose(DDD)
Antibiotic use per 1000 days 2287 2408 105 1.01-1.10 001
SD, Standard deviation; COPD, chronic obstructive pulmonary disease.
Table 2. Incidence of CLABSI during the two study periods.
Openinfusion Closed infusion RR 95% CI p-value
container (n=483) container (N=642)

CL daysno. 4,297 4041 - - -

CLABS! no. 2 13 - - -

CLABS! per 1000 days 65 32 049 0.26-0.95 003

Percentage of patients 58 20 035 0.18-0.67 <0.01

with CLABSI

no., number; CL, central line; CLABSI, central line-associated bloodstream infection.

known that the use of CLs poses a significant increasein the
risk of CLABSI [4,19-23].

In various studies, increases in length of stay, cost, and
attributable mortality have all been reported as consequences of
CLABSI [1,24-27]. In Argentinga, Rosenthal et a. found that
CLABS resultedinan extra12 daysof hospitalization and 4,888
US dollars in costs [1]. Likewise, Higuera et d. reported that
CLABSI inMexicoresultedinan extrasix daysof hospitalization
and 11,560 USdollarsin costs[25].

CLABSIs are apparently related to increased attributable
mortdity: Collignon[28] reported that CLABSI sresultedinexcess
mortality of 12% inAustralia, while Pittet et d. [29,30] found an
attributable mortality of 25% in astudy conducted in the United
Sates. Similarly, CLABSIsareresponsblefor excessmortality in
both South and Central America. In astudy of medical/surgical
ICUsinArgentina, Rosenthal et a. found an attributablemortality
rateof 25%(31], andinarecent sudy of ICUsin Mexico, Higuera
et a. [25] found an attributable mortality rate of 20%.
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Figure 1. Cumulative Probability of CLABSI displayed by dayson CL.
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Table 3. Microbial profile of CLABSI during the two study periods.

Microorganism Open infusion container

Closed infusion container

Culturedocumented BS| 2 13
Gram-positive bacteria. n (%) 15(53.6%) 10(76.9%)
Saphylococcus aureus 4 9
Coagulase-negative staphylococci 9 1
Enterococci species 2 0
Gram-negative bacteria. n (%) 11(39.3%) 3(23.1%)
Acinetobacter species 4 2
Alcaligenes species 1 0
Enterobacter species 3 0
Klebsiellaspecies. 3 1
Yeasts n (%) 2(7.1%) 0
Candida species 2 0
BSI, bloodstream infectio
Table4. Analysisof timetofirst CLABSI infection by CL day intervals.
CL Dayslnterval 0-1 2-4 5-7 8-10 11-13 Total
Open infusion contai ner
Number of CLABSI duringinterval 0 5 6 3 3 27
Number censored during interval 127 40 S°] 2 3
Number at risk (entering interval) * 483 36 31 206 151
Conditional probability during interval 0 001488 002294 001667 002273
Closed infusion container
Number of CLABSI during interval 0 3 3 1 1 12
Number censored during interval 224 49 120 e Vi)
Number at risk (entering interval) * 41 417 65 242 162
Conditional probability during interval 0 000764 000984 000494  0.00709
Differencein conditional probability opened vs. closed 0 000724 001311 001173 0.01564

CL, central line; CLABSI, central line-associated bloodstream infection.
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CLABSIscan be prevented [32,33]. Simple interventions
such as use of maximal barrier precautions [34] and use of
chlorhexidine rather than iodophors for cutaneous antisepsis
[35] have resulted in decreased incidence of CLABSI in
randomized trials[34]. Performance monitoring and feedback
werealso effectivein reducing ratesof CLABSI [17,18].

Inastudy conducted inamedical |CU of Brazil by Lobo et
al., therate of CLABSI was 20.0 per 1000 CL days. A multi-
faceted program including an educational strategy targeted
to specific problems observed during careful evaluation of
CL care practices, decreased the presence of Saphylococcus
aureusand nearly halved the CLABSI rateto 11.0 per 1000 CL
days. During the year that followed implementation of the
educational intervention, the CLABSI rate remained similar at
12.0 per 1000 CL days[36].

Use of closed infusion systems has also reduced the risk
of extrinsic contamination during IV administration in the
hospital setting. Intrinsic contamination of parenteral fluids
(microorganismsintroduced during or prior to manufacturing)
is amost nonexistent in the United States. Contamination of
the infusate or catheter hubs has been associated with most
epidemicsof infusion-related CLABSIs. However, in severd
countries, hospitals continue to use open (glass, burette, or
semi-rigid plastic), externally vented (with or without air filters)
infusion containers, thereby increasing the risk of extrinsic
contamination, especially by Gram-negative bacilli, which can
multiply rapidly incommercid |V admixtures[3,6,37-39]. Closed
infusion containers have been developed to reduce this risk.
However, as published in other studies, open systems are till
widely used in a number of hospitals in different countries
[4,19-21,31,40].

In this study, open infusion containers were associated
with ahigher rate of CLABSI which wasreduced significantly
when switching to aclosed infusion containers. The magnitude
of the difference in CLABSI rate between the open versus
closed infusion container increased over time. Looking at the
CLABSI rate per 1000 CL days, only the closed infusion
container period achieved levels reported in the NNIS.

Prior investigation published in 2004 did not include
analysisof timeto CLABSI [5]. In our study, we demonstrated
that if the patient receives infusate via an open infusion
container, therisk of acquiring CLABSI increases over time.
When using a closed infusion container, the probability of
acquiring a CLABSI remains relatively constant, and if the
patient acquiresaCLABSI, it would occur significantly latter;
suggesting that closed infusion containers reduce risk of
CLABSI acquisition over time. Subsequently, the use of a
closed infusion containers could especially benefit those
patients with more severe illness who may require CLs for
longer periods of time. The delayed onset of CLABSI may
also benefit patients with CLs early during the course of
treatment when their underlying illness might be most severe.

Therewerelimitationsin this study. Participants were not
concurrently randomized to the two infusion containers (open
and closed). It waslogistically not practical to blind the studly.

However, thismay have mitigated the sel ection biasthat might
occur in an open label, randomized study. Also, the study
design did not allow for determination of epidemiologic
mechanismsrespons blefor the striking differencesin outcome
(e.g., reduced contamination of infusate).

Conclusion

In this study we have shown that switching from an open
to a closed infusion container (fully collapsible plastic bag
with no requirement for/use of external venting [air filter or
needle], and self-sealing injection ports), as adopted in
developed countries in North America and Western Europe,
significantly diminishestherate and risk of CLABSI.
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