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ABSTRACT

Central venous catheterization is a common pradticthe management of critically ill patients arsd i
associated with various complications, such as @tream Infections (BSI), which are major determtsa

of increased morbidity, mortality and healthcarpaenses. Few studies have addressed factors thtttpre
mortality in patients with this complication. Thieneof this study was to investigate factors asdediavith
mortality in patients with Central Venous Cathde¥C)-related BSI in an intensive care unit of gidey
care hospital in the Federal District, Brazil. Thias a retrospective and observational study, irchwall
CVC-related BSI that occurred between January 208 December 2010 were reviewed. We obtained
demographic, clinical, biochemical and microbiotadi data from medical records and investigated its
association with mortality during ICU stay. Thereres 4,504 ICU admissions during the study periati Gt
were complicated by CVC-related BSI (4.09 per 16a8theter-days), most due to gram-negative organisms
(45.6%). Overall mortality was 59.7%. Death riskswagnificantly associated with mechanical veritlat
(OR 27.8, 95% CI 3.28-250, p<0.001), the mean numbiavasive devices other than the CVC (1.44 \&Y2

in controls Vs cases, p<0.001) and increased skawets of urea (mean value of 44.2 mg b survivors vs.
73.9 mg dC* in non-survivors, p = 0.001). Mortality was nosasiated with other clinical or biochemical
features, neither with microbiological variableithaugh lethality was high among patients with graositive
infections (77% Vs 58.33% for fungi and 54.83% goam-negative). CVC-related BSI was associated with
high absolute mortality, which was predicted by h@tcal ventilation and a higher number of invasive
devices other than the CVC. Knowledge of local dextpredictive of mortality is critical for planmn
strategies to reduce death risk associated witctiplication.
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1. INTRODUCTION Garnacho-Monteroet al., 2008). One of the main
complications is Central Venous Catheter (CVC)-
Central venous catheterization is a common practicerelated Bloodstream Infection (BSI) (O'Grady al.,
with unquestionable benefits in the management of2011), which is a major determinant of increased
critically ill patients (Mcgee and Gould, 2003). morbidity, mortality, hospitalization length andédigh
However, it is also associated with potentially care expenses in the Intensive Care Unit (ICU)
serious complications (McGee and Gould, 2003; (Pittetet al., 1994; Garrouste-Orgeasal., 2006).
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In the United States, 80,000 new cases of CVC-
related BSI are estimated to occur in ICUs eachr yea
(Mermelet al., 2009). In South America, there are fewer
studies addressing this issue. In an Argentiniaye&r
study involving 6 hospitals, it was reported that@
related BSI complicated 2.92% of all ICU admissions

increased hospitalization length by 11.9 days and

resulted in a 24.6% excess mortality (Rosenthal .,
2003). A Brazilian study carried out over a perioid
11 months in 7 public ICUs in the Federal District
found a 6.4% frequency of overall BSI and a 1.5%
frequency of CVC-related BSI. This complication
increased 3.5 times the duration of hospitalization
(Mesiano and Merchan-Haman, 2007).

There are a number of interventions to attempt
reducing the incidence of CVC-related BSI, mostly
involving CVC insertion and care, such as barrier
precautions, hand hygiene, skin antisepsis andfutare
CVC insertion site choice (O’'Gradgt al., 2002).
Nevertheless, rationale and effective interventidos
reduce CVC-related BSI rates and its associatedatitgr
remain a major focus of research (Vincenhial., 2009)
and identifying the factors that predict the oceooe of
these infections and its associated mortality might
contribute to improvement of these interventiortse &im
of this study was to investigate factors associatgtti
mortality in patients with central venous cathe@®rC-
related BSI in an intensive care unit of a tertiagre
hospital in the Federal District, Brazil.

2. MATERIALSAND METHODS

2.1. Study Design

This study was carried out in a 40-bed medical-
surgical ICU of a tertiary care hospital in Brasili
(Federal District, Brazil). All occurrences of CVC-

length of ICU stay and time period between admisaiad
CVC-related BSI diagnosis. Biochemical (serum urea,
creatinine, glucose and lactate levels), CVC-rdlate
(insertion site) and microbiological (microbiologic
isolate causing the infection: gram-positive, gna@gative

or fungi) data were collected from medical records.

The study was approved by the local ethics
committee, which required no written informed cartse
because it was an observational and retrospectivdy s
based on routinely obtained information in the ICU.

2.2. Statistical Analysis

Continuous variables were reported as the appitepria
measures of central tendency and categorical Jasab
as percentages. CVC-related BSI rate was reporded a
incidence density (number of case per 1000 catheter
days). The patient status (survivor or non-suryiarthe
end of ICU stay was considered as the outcomehlaria
The association of the outcome variable with the
categorical variables analyzed was expressed @3dte
Ratio (OR) with 95% Confidence Intervals (95% CI).
The frequency of these variables in survivors aod-n
survivors groups was compared using simple logistic
regression. For continuous variables showing normal
distribution, mean values were compared using t&it
test. For those not showing normal distributiondiae
values were compared using Mann-Whitney and
Kruskal-Wallis tests. Statistical significance vezs at p-
value <0.05. Statistical analyses were done usimg t
17th version of the Statistical Package for thei&oc
Sciences (Chicago, IL, US) and R Statistics sofésar

3.RESULTS

3.1. Study Population

related BSI from January 2008 to December 2010 were

prospectively investigated. The diagnosis of CV{aiez
BSI was defined according to the local protocoljolth
follows the recommendations from the Centers for
Disease Control and Prevention, CDC (O'Grasthyal.,
2002; Mermekt al., 2009).

Patients aged over 18 years were included in the

study and only the first episode of CVC-related B&k
considered if there was more than one episode o
infection per patient during ICU stay. Exclusioritenia
were CVC insertion prior to ICU admission, pregnanc
and patients who were transferred to another ICU.

The following data were collected: age, gender,
admission APACHE II score, reason for ICU admission
comorbidities, need for mechanical ventilation aadal
replacement therapy, need for glucocorticoid owlins
therapy during ICU stay, need for other invasiveicks,
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A total of 4,504 patients were admitted to the ICU
during the study period and CVC-related BSI was
diagnosed in 68 patients (1.53%). The corresponding
incidence density of this infection was 4.09 peOdO0
catheter-days. All cases were included in the study

Patients with CVC-related BSI had a mean age of
72.20£17.0 years and 54.4% were male. Mean

APACHE Il score on admission was 16.4+5.6 and the

mean duration of ICU stay was 91.22+77.40 days. The
most common reason for ICU admission was medical
conditions associated with infection (50.0%) ané th
most frequent comorbidity was diabetes (27.9%), as
shown inTable 1.

The most commonly needed invasive procedure was
mechanical ventilation (82.1%) and 22.4% of patient
needed hemodialysis as renal replacement therapy.
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Table 1. Demographic and clinical features of patients V@¥C-related BSI

Total study period (2008-2010) N = 68

Demographic data

Age (mean + SD) 72.20+17.0
Male gender (%) 54.4
Clinical data

APACHE Il at admission (mean + SD) 16.415.6
Length of ICU stay in days (mean + SD) 91.22+77.40
ICU admission reason

Clinical without infection (%) 16.6
Clinical with infection (%) 50.0
Surgical without infection (%) 22.1
Surgical with infection (%) 11.8
Comor bidities

Diabetes mdllitus (%) 27.9
Oncologic disease (%) 10.3
Chronic renal disease (%) 10.3
Need for mechanical ventilation (%) 82.1
Need for dialysis (%) 22.4
Mean number of invasive devices other than the CVC 2.0
Time period between ICU admission and diagnosis of 38.2+28.8
CVC-related BSI (mean + SD)

Insulin therapy (%) 94.0
Glucocorticoid therapy (%) 31.3

CVC insertion site

Subclavian vein (%) 91.0
Internal jugular vein (%) 7.5
Femoral vein (%) 15
Outcome

Mortality (%) 59.7

SD: Standard Deviation; APACHE II: Acute Physiolagyd Chronic Health disease Classification Systei@WC: Central Venous
Catheter; BSI: Bloodstream Infection; ICU: IntensiveeCldnit

Table 2. Demographic and clinical features and death niskreg patients with CVC-related BSI

Survivors N = 27 Non-survivors N = 41 OR (95% IC) gue
Mean age = SD 69.31£15.0 74.1+18.3 0.080
Male gender 13 (48.14%) 24 (58.3%) 1.52 (0.57-4.04) 0.277
Apache Il at admission (mean + SD) 15.7+49 16.0+ 0.700
ICU admission reason
Clinical without infection 4 (14.8%) 7 (17.1%) 0.62.22-3.2) 0.542
Clinical with infection 11 (40.7%) 23 (56.1%) 1.8669-4.9) 0.161
Surgical without infection 7 (25.9%) 8 (19.5%) 0(6922-2.2) 0.369
Surgical with infection 5 (18.5%) 3 (7.3%) 2.9 (8:63.2) 0.154
Comorbidities
Oncologic disease 1(3.7%) 6 (14.6%) 4.46 (0.5040. 0.148
Diabetes mellitus 7 (25.9%) 12 (29.3%) 1.18 (0.4-3.52) 0.494
Chronic renal disease 4 (14.8%) 3 (7.3%) 0.45 (2.29- 0.275
Need for mechanical ventilation 16 (59.3%) 40 (29).6 27.8 (3.28-250) <0,001
Need for dialysis 6 (22.2%) 9 (22%) 1.02 (0.31-3.3) 0.603
Glucocorticoid therapy 8 (29.6%) 13 (31.7%) 1.1(3833.2) 0.537
Insulin therapy 26 (96.3%) 38 (92.7%) 0.49 (0.09}4. 0.478
CVC insertion site
Subclavian vein 25 (92.6%) 37 (90.2%) 1.35 (0.28-7. 0.551
Internal jugular vein 1(3.7%) 4 (9.8%) 2.8 (0.3 0.334
Femoral vein 1(3,7%) AO - -
Mean number of invasive 1.44+1.0 2.37+0.8 <0.001
devices other than the CVC
Mean length of ICU stay in days + SD 87.616.8 9318.¥ 0.878

CVC: Central Venous Catheter; ICU: Intensive Cané;\$D: Standard Deviation; OR: Odds Ratio, 95%98% confidence interval
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Table 3. Biochemical features and death risk among patigitksCVC-related BSI

Survivors N = 27 Non-survivors N = 41 p-value
Urea, mg/dL (mean + SD) 44.2+42.1 73.9445.0 0.001
Creatinine, mg/dL (mean * SD) 1.2+1.3 1.4+15 0.411
Glucose, mg/dL (mean + SD) 123+34.6 148.2+70.2 B.12
Lactate, mmol/L (mean + SD) 1.2+0.97 2.1+2.7 0.093

SD: Standard Deviation

Table 4. Microbiological diagnosis and death risk amongguas with CVC-related BSI

N (%) Mortality N (%) Lethality (%) OR (95%IC) p-viaé
Gram-positive 13 (19.1) 10 (14.7) 77.00 2.6 (0.64) 0.147
Gram-negative 31 (45.6) 17 (25) 54.83 0.65 (0.23-1. 0.277
Fungi 24 (35.3) 14 (20.58) 58.33 0.88 (0.32-2.4) 500.

OR: Odds Ratio, 95% IC: 95% confidence interval

The mean number of invasive devices other than themean urea serum levels of 44.2 mg tin survivors
CVC was 2.0 and the mean time period between ICUys 73.9 mg d[* in non-survivors, p = 0.001). Other
admission and diagnosis of CVC-related BSI was biochemical variables were not associated with
38.2+28.8 days. The need for insulin (94%) and mortality, as shown ifTable 3. Mortality was higher
glucocorticoid (31.3%) therapy was frequent. Thesmo (25.0%) in patients with CVC-related BSI due to
common CV_C inseytion site was the spbplavian vein gram-negative organisms, although patients with
(Table 1). Biochemical data collected within a 5 day gram-positive infections showed the highest letyali
period of CVC-related BSI diagnosis showed mean 7795). However, no association was found between
serum levels of urea of 62.1+46.5 mg tireference  microbiological diagnosis and death risk in patient

range, RR 10-46), creatinine of 1.3+1.4 mg d(RR with CVC-related BSI Table 4).
0.6-1.1), glucose of 138.2+59.7 mg dland lactate of

1.7¢2.3 mmol/L (RR 0.4-2.0). Most cases of CVC-
related BSI were due to gram-negative organisms
(45.6%), followed by fungi (35.3%) and gram-posstiv
(19.1%) organisms. There were no cases of
polymicrobial CVC-related BSI.

4. DISCUSSION

Nosocomial BSls are primarily associated with
intravascular devices, such as CVCs and represent a
major determinant of morbidity and mortality among
3.2. Factors Associated with Mortality among critically ill patients (Lauplandet al., 2002; Vincent,

Patientswith CVC-Related BSI 2003; Garrouste-Orgeagt al., 2006; Vincentet al.,
2009). We studied 4,504 ICU admissions over a jgerio
of three years; 1.53% of them were complicated by
CVC-related BSI and the correspondent incidence

There was a significant association between deakh r (Ci:e\z/néityIWflsd4é()SS|) per 100? gatheter-d?a/s. Patients Wf
and the need for mechanical ventilation (OR 27@, | “relate in our study were old (mean age o

95% 3.28-250.00, p<0.001) and the mean number of/2-20 years) and there was a slight male
invasive devices other than the CVC (1.44 Vs 2r8the  Preponderance (54.4%). We found a high overall
SUIVivors vs. non-survivors group, p<0.000). Thees a mortality in patients with this complication (59.7%
trend towards association between mortality and the There is a large variation in the incidence and
presence of oncologic disease (OR 4.46), although n mortality rates of CVC-related BSI in the ICU sedfi
statistically significant (IC 95% 0.50-40.0, p =108). worldwide. These reasons for these discrepancesatr
There was no association between death risk and théompletely defined, but are believed to reflecleast in
other demographic and clinical variables analyzedpart the diversity of local clinical practices, tifist

In the study period, there were 4kaths
among patients with CVC-related BSI,
corresponding to a mortality of 59.7%.

such as admission APACHE |l score, diabetes,patient characteristics and the different desigris o
chronic renal disease, the need for hemodialysés an epidemiological studies from which these data are
the mean length of ICUT@ble 2). derived (Tacconellet al., 2009; O’'Gradyet al., 2011).

Interestingly, serum levels of urea, but not those Data from the SCOPE (Surveillance and Control of
creatinine, were significantly associated with deask Pathogens of Epidemiologic Importance) study,
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comprising 49 hospitals in the United States, iatid ICU setting (Wisplinghoffet al., 2004), it may be
an incidence of 60 cases of nosocomial BSI perQD,0 explained by local factors and also by the incrdeasge
hospital admissions, 50.5% of which occurred in the of our study population and the severity of thdinical

ICU and a crude mortality of all BSI of 27% status, which have been found to be associated with
(Wisplinghoff et al., 2004). In France, the National increased risk for gram-negative infections (Watersd
Nosocomial Infection Survey estimated an incidence Wunderink, 2001; Kohlenberg al., 2008; Vincentt al.,
rate of CVC-related BSI of 1.23 per 1000 catheters-2009). Mortality was higher among patients with GVC
days (Tacconelliet al., 2009) and another European related BSI due gram-negative bacteria (25%), in
study reported a 43.9% mortality of BSI in the ICU agreement with data from the Extended Prevalence of
(Pratikaki et al., 2009). In South America, an Infection in Intensive Care (EPIC II) study, which
Argentinian study found a 2.92% incidence of CVC- comprised 75 countries and found that mortality was
related BSI in the ICU, with a crude mortality i2.8% higher among ICU patients with infections due tangr
(Rosenthal et al., 2003). A Brazilian study also negative organisms (Vincer#t al., 2009). Lethality,
conducted in the ICU setting reported a 1.5% freque  however, was higher among patients with infectidne

of CVC-related BSI with a 40% overall mortality to gram-positive organisms (77%) in our study.
(Mesiano and Merchan-Haman, 2007). We found an This study has some limitations, including the
incidence of CVC-related BSI similar to the latstudy, relatively small absolute number of CVC-related BSI
although mortality in our study population was occurrences and the high absolute mortality irepéiwith
considerably higher. This finding might be attritoie to  this complication, which may have precluded us from
some of the patient's features, which are predicty  finding differences between survivors and non-sans.
increased overall mortality, such as advancediigess ~ Moreover, our study did not include a control groafp
severity on ICU admission as indicated by a high patients submltt_ed to CVC insertion but W|thqut GvC
APACHE Il score (mean of 16.4), serious underlying rélated BSland it was limited to only one ICU ki
diseases (malignancy, diabetes and chronic repahsi)

and the common need for other invasive procedures 5. CONCLUSION
(Garnacho-Monteraet al., 2008; Stoecklest al., 2008;
Sonet al., 2010). We found a high mortality in patients with CVC-

In addition, in this study death risk was assodate related BSI, which was associated with need for
with the need for mechanical ventilation and with a mechanical ventilation, with a higher mean numbér o
higher mean number of invasive devices other than t invasive devices other than the CVC and with a drigh
CVC. It was also associated with urea but not orieg serum level of urea. This suggests that in addition
serum levels and this may reflect the advancedéger rigorous infection control measures to reduce tiselence
study population. No significant differences weoeirid of this complication in the ICU setting, it is immpent to
for other variables analyzed. In other studies,esdv  develop strategies to improve patient outcome WEE@-
factors have been described as predictive of nityrial related BSI infection occurs and these strategiesild
patients with CVC-related BSI, such as adult focus specially on severely ill patients.
respiratory distress syndrome, shock, multiorgan )
failure, mechanical ventilation, chronic hepatic 2-1. Competing Interests
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