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1. Introduction
Central venous catheters (CVCs) are an essential part 
of care for critically ill patients, especially for those in 
intensive care units (ICUs). Patients in ICUs are more 
vulnerable to nosocomial infections compared to those 
in other wards of the hospital. As a routine intensive 
care practice, vascular access carries some potential 
risks, especially for bloodstream infections (1). Nearly 
60% of nosocomial bacteremia has been reported to 
originate from vascular procedures (2). Besides their 
help for therapy, the use of CVCs can be associated with 
life-threatening infections (3). Central line-associated 
blood stream infections (CLABSIs) are associated with 
substantial morbidity and mortality (4). A recent survey 
from the United States reported more than 250,000 
vascular catheter associated bacteremias and fungemias 
detected annually with a mortality rate of 12%–25% in 
critically ill patients (5,6). The reported mortality rates in 
developing countries have wide ranges as high as 62.5% 
and as low as 20% (1,7).

The main aim of the present study was to investigate the 
characteristics and the risk factors for mortality in patients 
with CLABSIs in ICUs and provide the relevant data.

2. Materials and methods
This study was conducted in Samsun Education and 
Training Hospital, a 620-bed hospital with 84 ICU beds. 
It is a tertiary reference hospital with a total of 62 beds for 
tertiary level care and the rest for primary level care. Of the 
62 beds, 22 beds are allocated to the medical ICU, 22 beds 
are for the surgical ICU, 5 beds are for the cardiovascular 
surgery ICU, and 13 beds are for the burn care center. 
Tertiary level ICUs are units capable of providing complex, 
multisystem life support for an indefinite period and 
providing mechanical ventilation, extracorporeal renal 
support services, and invasive cardiovascular monitoring 
for an indefinite period. Primary level ICUs provide basic 
multisystem life support usually for shorter periods. 
However, our primary level ICU is not equipped to provide 
mechanical ventilation. 
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The electronic medical records database and file records 
obtained through active surveillance of the infection 
control committee were evaluated to identify patients 
with CLABSIs hospitalized from January 2008 through 
July 2013. CLABSIs were defined in patients who had 
clinical signs of infection, as culture growth of the same 
bacteria from the blood taken from peripheral veins and 
catheter tip or blood taken from the catheter in patients 
who did not have a source of infection other than catheter 
origin. CLABSIs were recorded according to Center for 
Disease Control definitions (8). Patients who had another 
focus of infection were excluded the study. The Acute 
Physiology and Chronic Health Evaluation (APACHE) II 
scoring system was used to evaluate the disease severity 
during the hospitalization in the ICU (9). Patient age, sex, 
hospitalization period, underlying diseases, operations, 
total parenteral nutrition, blood products used, the 
hospitalization and the central venous catheter days 
infection arose, localization of catheter, mortality status, 
albumin level, microorganisms, and culture sensitivities 
were recorded. 

The bacteriological isolation and antibiotic 
susceptibility tests were evaluated using the Phoenix 100 
BD automated system (Becton Dickinson Diagnostic 
Systems) according to Clinical and Laboratory Standards 
Institute criteria (CLSI) (10). Blood cultures taken from 
catheter and peripheral veins were evaluated using a 
BACTEC 9050 (Becton Dickinson, ABD) automated 
device. Typing of Candida species was performed by 
germ-tube test.

Multidrug resistance (MDR) was defined as 
isolates resistant to at least three drugs in the following 
classes: β-lactams, carbapenems, aminoglycosides, and 
fluoroquinolones. Extensive drug resistance (XDR) was 
defined as nonsusceptibility to at least one agent in all but 
two or fewer antimicrobial categories (i.e. bacterial isolates 
remain susceptible to only one or two categories). Pandrug 
resistance (PDR) was defined as nonsusceptibility to all 
agents in all antimicrobial categories (i.e. no agents tested 
as susceptible for that organism) (11).
2.1. Data analysis
Rates of invasive device use were calculated as total 
days invasive device used divided by the total days of 
hospitalization. The rates of device-related infections 
were calculated by dividing the number of device-related 
infections by the total number of days that the device was 
used in the study population as described by the National 
Healthcare Safety Network (NHSN) (12).
2.2. Statistical analysis
The data were analyzed using SPSS 17.0 and given as 
numerical (%) and median (min–max). Logistic regression 
analysis was used to predict risk and the chi-square test was 
used in comparison of categorical variables. The Mann-

Whitney U test was used to compare both groups with 
data that do not represent normal distribution. A P-value 
of less than 0.05 was considered statistically significant.

3. Results
This study included a total of 166 episodes of CLABSIs from 
158 patients on 38,562 catheter and 94,512 hospitalization 
days in 17,553 patients that were hospitalized in ICUs 
between January 2008 and July 2013. Of the patients, 86 
(54%) were male [mean age 67 ± 17 years (median: 72; 16–
92), median hospitalization period 43 days (range, 5–287), 
and median hospitalization period prior to CLABSI was 
25 days (range, 3–278)]. CLABSIs developed after the 10th 
catheter day in 65% (n = 108) of the patients. The median 
catheter day for infection was 14 days (range: 2–88), and 
the main region where the catheter was inserted was the 
femoral region in 13.4% (n = 20). Of the patients, 78% 
underwent endotracheal intubation and mechanical 
ventilation. Total parenteral nutrition and blood and 
blood products were given to 123 (78%) and 136 (86%) 
patients, respectively. According to the APACHE II score, 
disease severity during hospitalization was mean 25 ± 8 
(median: 26; 6–45).

Of the patients, 86 (54.4%) survived whereas 72 
(45.6%) died. Survivors and nonsurvivors were compared 
considering several parameters (Table). The female/male 
ratio was 32/54 and 40/32 for survivors and nonsurvivors, 
respectively, with a significant difference (P < 0.05). 
Albumin levels were significantly lower in nonsurvivors. 
The comparison of other parameters is shown in the 
Table. Forty-four patients had Acinetobacter baumanni 
infections and of them 15 (34%) died. Of the 35 patients 
with Candida infection, 24 died (68.5%) (P < 0.01). 
Approximately one-third of patients died before blood 
cultures were obtained. Antifungal therapy was initiated 
in 3.1 ± 1.9 days (median: 3; 1–10). The mortality rates 
were not significantly different between the patients. The 
catheter removal rate was significantly lower in patients 
who died (P < 0.001). No significant differences were 
found considering mortality in patients infected with 
Acinetobacter. However, the mortality was significantly 
higher in patients having Candida infection (P < 0.01). 
Logistic regression analysis showed that APACHE level II 
and Candida infection were the risk factors for mortality 
(Table). 
3.1. Incidence of infection
The CLABSI rate in ICUs was 2–8 per 1000 catheter days 
between 2008 and 2013. The mean was 5.6 (5–7.2) in the 
medical ICU, 5 (2.5–8.08) in the surgical ICU, 2.45 (0–5.56) 
in the primary level ICU, 0.23 (0–1.3) in the cardiovascular 
ICU, and 2.83 (0–7.04) in the burn care unit per 1000 
catheter days. CLABSI rate by years is shown in Figure 
1. The catheter utilization rate was 13% (8%–21%) in the 
burn care unit, 18% (6%–25%) in the primary level ICU, 
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58% (24%–0%) in the medical ICU, 64% (37%–76%) in the 
surgical ICU, and 73% (59%–92%) in the cardiovascular 
ICU.
3.2. Microorganisms and antibiotic resistance
Of all the isolates, 52% were gram negative, 27% gram 
positive, and 21% were Candida spp. Thirty percent of all 
Candida isolates were Candida albicans. Analysis by years 
revealed the most frequent microorganisms as follows: A. 
baumannii (n = 2, 28.5%) and Staphylococcus spp. (n = 2, 
28.5%) in 2008, A. baumannii (n = 4, 28.6%) and Candida 
spp. (n = 4, 28.6%) in 2009, A. baumannii (n = 12, 50%) in 
2010, Candida spp. (n = 15, 30%) in 2011, A. baumannii 
(n = 13, 23.2%) in 2012, and Klebsiella pneumoniae (n = 7, 
32%) in 2013 (Figure 2). Of all causative microorganisms, 
3.5% were polymicrobial.

A total of 172 bacterial isolates were obtained. The 
most predominant bacterial isolate was A. baumannii (n 

= 45, 26%), followed by Candida spp. (n = 37, 21.4%), 
Staphylococcus spp. (n = 25, 14.5%), Enterococcus spp. 
(n = 21, 12.1%), K. pneumoniae (n = 23, 13.2%), and 
Pseudomonas aeruginosa (n = 5, 2.8%). Of the gram-
negative microorganisms 81% were MDR, 55% XDR, 
and 1.1% PDR. K. pneumoniae demonstrated 54.5% 
extended spectrum β lactamase (ESBL) and 4.2% 
carbapenem resistance. All A. baumannii isolates 
were multidrug resistant to Acinetobacter isolates. 
Thirty-nine had XDR (86.6%), whereas one isolate 
had PDR (2.2%). Carbapenem resistance was 91% in 
A. baumannii. Methicillin resistant S. aureus (MRSA) 
was as 66.7%, whereas the rate of methicillin resistant 
coagulase negative staphylococcus (MR-CNS) was 
100%. Vancomycin resistant Enterococcus spp. was as 
9.5%. Coagulase negative staphylococcus included S. 
epidermidis and S. haemolyticus.

Table. Patients’ characteristics and risk factors of survivors and nonsurvivors. 

Variables
Total Survivors Nonsurvivors

P
Logistic regression

n (%) n (%) n (%) Odds ratio 95% Cl P

Age (years) (mean ± SD) 67 ± 17 65 ± 17 68 ± 18 >0.05
Female 72 (46%) 32 (37%) 40 (57%) <0.05 0.51 0.26–1.01 0.05
Comorbidity 106 (64%) 54 (59%) 52 (70%) >0.05
Diabetes mellitus 53 (34%) 29 (34%) 24 (33%)

>0.05Neurological disease 29 (18%) 17 (20%) 12 (17%)
Malignancy 16 (10%) 6 (7%) 10 (14%)
Trauma 26 (16.5%) 16 (19%) 10 (14 %) >0.05
Surgery 42 (26%) 24 (28%) 17 (24%) >0.05
Albumin (g/dL) (mean ± SD) 2.4 ± 0.4 2.5 ± 0.5 2.3 ± 0.4 <0.01 0.53 0.24–1.15 0.11
APACHE II (mean ± SD) 26 ± 7.6 24 ± 7.7 28 ± 7 <0.001 1.1 1.02–1.13 0.004
Endotracheal intubation 129 (78%) 66 (72%) 63 (85%) <0.05 1.72 0.69–4.25 0.23
Etiology
Gram negative 91 (55%) 58 (63%) 33 (45%)

<0.01Gram positive 40 (24%) 23 (25%) 17 (23%)
Candida spp. 35 (21%) 11 (12%) 24 (32%) 3.4 1.51–7.53 0.003
MDR, gram negative 73 (81%) 44 (77%) 29 (88%) <0.05
Acinetobacter infected 44 (26.5%) 29 (32%) 15 (20%) >0.05
After the 10th catheter day 108 (65.1%) 60 (65.2%) 48 (64.9) >0.05

Median
(Min–Max)

Median
(Min–Max)

Median
(Min–Max) P

Length of stay prior infection 24 (3–278) 26 (3–175) 21 (5–278) >0.05
Length of stay 43 (5–287) 56 (5–287) 29 (7–287) <0.001
Catheter day 14 (2–88) 14 (3–88) 14 (2–64) >0.05

ICU: Intensive care unit, MDR: Multidrug resistant.
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4. Discussion
Although estimates for the incidence of CLABSI have 
varied, data from the United States indicated 80,000 
catheter-related bloodstream infections due to use of 
central venous catheters with 15 million CVC days in 
ICUs each year (13). The NHSN system report gives some 
data about the rate of CLABSI in medical/surgical ICUs in 
2012, which is pooled mean rates 1.2 (range 0–3) per 1000 
catheter days (14). Rosenthal et al. reported the results 
of 55 ICUs in 8 developing countries in which CLABSIs 
comprised 30% of all device-associated infections or 
12.5 cases (range 7.8–18.5 cases) per 1000 catheter days 
(15). Peng et al. from China reported that the mean rate 
of CLABSIs was 11.0 per 1000 central catheter days with 
a catheter utilization rate of 72.8% (16). We found the 
CLABSI rate in the medical ICU to be 5.6 (5–7.2) and 5 
(2.5–8.08) in the surgical ICU per 1000 central catheter 
days. This was considered somewhat higher compared 
to the rates of developed countries, but it was considered 
reasonable in developing countries. A brief explanation 

for these higher rates may be our deficiencies in maximum 
barrier precautions, inadequacy of nurses per patient 
in ICUs, increased rates of catheter use, and the longer 
periods of hospitalization. 

We found that, of all isolates, 52% were gram negative 
and the most predominant bacterial isolate was A. 
baumannii followed by Candida spp. This was a different 
causative microbiological profile from the others observed 
in the past in which gram-positive microorganisms 
displayed dominance. Likewise, some institutions have 
observed an increase in catheter-associated infection 
caused by gram-negative bacilli (17). The past decade 
has witnessed an increasing occurrence of CLABSI 
caused by multiple resistant gram-negative rods, most 
notably A. baumannii (18). On the other hand, a recent 
multicenter Brazilian study showed that more than 50% 
of the all nosocomial blood stream infections were due to 
gram-negative bacilli. This study also disclosed a pattern 
of blood stream infections (BSIs) in Brazilian hospitals 
considerably different from the American experience with 
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a very high proportion of aerobic gram-negative bacteria 
(19). Similarly, Apostolopoulou et al. reported the 4 most 
frequently isolated pathogens, A. baumannii (47%), K. 
pneumoniae (19.8%), P. aeruginosa (12.6%), and Candida 
spp. (7.5%), from Greece (20). Candevir et al. from 
Turkey reported a CLABSI rate of 9.14 per 1000 central 
catheter days and the most common infecting organism 
was A. baumanni (21). CLABSIs caused by A. baumannii 
often occur in critically ill, immunosuppressed, highly 
antimicrobial agent-experienced patients (4).

Resistance to antimicrobials as a worldwide concern 
has a constant trend to increase. Microbiological resistance 
profiles revealed MRSA as 66.7%, K. pneumoniae as 54.5% 
ESBL, and A. baumannii isolates represented MDR 100%. 
XDR of 86.6%, along with carbapenem resistance that 
was 91% in A. baumannii, displayed very high resistance 
rates in our study compared to NHSN results (22). NHSN 
published 2009–2010 data about CLABSI resistance that 
was tremendously increasing (MRSA as 54.6%, ESBL 
in K. pneumoniae as 28.8%, resistance to carbapenems 
in A. baumannii as 62.6% and MDR as 67.6%). This 
report suggested that the problem of highly resistant 
gram-negative bacteria causing healthcare-associated 
infections is not limited to just a small subset of hospitals. 
In addition, it reinforced the need for prevention efforts 
designed to prevent the further emergence and spread of 
these pathogens (22). Deliberato et al. reported very high 
rates of resistance to carbapenems by nonfermentative 
gram-negative bacteria, higher mortality rates, and a shift 
to nonalbicans species of Candida (19). Our alarming 
results along with NHSN data represent the urgent need 
to take preventive measures for further transmission 
(22). Therefore, it is essential to use the antibiotics in 
appropriate indications and improve the immune state of 
patients for contribution to the prevention of multidrug-
resistant pathogens and fungi-related BSIs.

Several factors influence mortality rates like causative 
microorganism, patient’s general status, and severity of 
the disease. Olaechea indicated the variables affecting 
mortality in patients in ICUs. In addition to other 
variables, the authors reported in that study that fungi 
have higher mortality risk compared to bacteria (7). Until 
recently, Candida infections emerged mainly in patients 
with malignant diseases and in those who underwent 
organ transplantation. However, opportunistic fungal 
infections have dramatically increased in patients in ICUs 
(23) and invasive candidiasis is now an important and 
serious infective complication for patients managed in the 
ICU (24). Lundberg et al. found candidemia and APACHE 
II scores as an independent predictor of mortality in 
their study (25). The prognosis of critically ill patients 
with invasive candidiasis or candidemia is dreadful, with 
mortality rates frequently exceeding 40% (26). Besides 

our higher rate of 68.5% of mortality in patients with 
candidiasis, Falagas et al. reported a systematic review of 
matched cohort studies in which the attributable mortality 
rates ranged from a nonsignificant 5% to a dramatic 71%, 
with six out of seven studies finding significantly higher 
mortality among case patients (27). Likewise, the results 
of the Extended Prevalence of Infection in the ICU Study 
(EPIC II), a multicenter study, revealed that of the 14,414 
patients 99 patients had Candida BSIs with a prevalence 
of 6.9 per 1000 patients. Patients with Candida BSIs, 
compared with patients with gram-positive and gram-
negative BSIs, had the greatest crude intensive care unit 
mortality rates (42.6%, 25.3%, and 29.1%, respectively) 
(28). We noted that, of the patients, 86 (54.4%) survived 
whereas 72 (45.6%) died. Of 35 the patients with Candida 
infection, 24 died (68.5%) (P < 0.01), which indicated that 
patients having Candida infection have a significantly 
higher mortality rate. APACHE II level and Candida 
infections were found to be risk factors for mortality 
(mean 25 ± 8). APACHE II, which is inevitably a higher 
score in our study, deteriorated patient-factor survival.

In searching for clues for the higher mortality rates in 
Candida infections and changing epidemiology of invasive 
mycoses, some authors suggested that the prolonged stay 
in the ICU was a factor (23), while others implicated 
that the CVC removal (29) or the underlying disease 
acuity, prevention, and prophylaxis in high-risk patients 
was an issue (23). Singh reported a brief and adequate 
explanation as to how the frequency of opportunistic 
fungal infections has increased. The increasing number 
of susceptible hosts, the introduction of newer modalities 
for hematopoietic stem cell transplantation, the evolution 
of organ transplantation practices, the use of novel 
immunosuppressive agents, and the current antimicrobial 
prophylactic strategies were reported to likely contribute 
to the changing epidemiology of invasive mycoses (30).

Thus, prevention and prophylaxis in high-risk patients 
may reduce the occurrence of invasive candidiasis (IC). 
However, studies addressing this issue do not directly 
indicate the problem of treatment delays when fungal 
BSIs occur (31). At this point, authors seemed not to have 
a strategy whether a targeted prophylaxis would be more 
useful than one of preemptive or early empirical therapy 
of infections documented before they produce clinical 
signs and symptoms or positive cultures (32). Although 
the latter strategy may be more appealing, Pfaller et al. 
reported that it was hindered by the lack of truly robust 
surrogate markers or nonculture-based methods for early 
detection of IC. Such methods are actively being developed 
but as yet are not widely available (23).

In conclusion, replacement by gram-negative 
microorganisms and fungal infections seems to continue 
and this shift may have a major role in mortality rates. 
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We found that, the most powerful predictors of mortality 
were APACHE II scores and BSI with Candida species. 
As the changing microbial spectrum considered, Candida 

infections must increasingly be kept in mind not only 
for invasiveness but also as a leading causative agent for 
mortality.

References

1. Rosenthal VD. Central line-associated bloodstream infections in 
limited-resource countries: a review of the literature. Clin Infect 
Dis 2009; 49: 1899-1907.

2. Crnich CJ, Maki DG. The role of intravascular devices in sepsis. 
Curr Infect Dis Rep 2001; 3: 496-506.

3. Bouza E, Alvarado N, Alcala L, Perez MJ, Rincon C, Munoz 
PA. Randomized and prospective study of 3 procedures for the 
diagnosis of catheter-related bloodstream infection without 
catheter withdrawal. Clin Infect Dis 2007; 44: 820-826.

4. Beekmann SE, Henderson DK. Infections caused by percutaneous 
intravascular devices. In: Mandeli GL, Bennett JE, Dolin R, 
editors. Principles and Practice of Infectious Diseases. 7th ed. 
Philadelphia, PA, USA: Elsevier Press 2010, pp. 3697-3715.

5. Rello J, Ochagavia A, Sabanes E, Roque M, Mariscal D, Reynaga 
E, Valles J. Evaluation of outcome of intravenous catheter-related 
infections in critically ill patients. Am J Respir Crit Care Med 
2000; 162: 1027-1030.

6. Dimick JB, Pelz RK, Consunji R, Swoboda SM, Hendrix CW, 
Lipsett PA. Increased resource use associated with catheter-
related bloodstream infection in the surgical intensive care unit. 
Arch Surg 2001: 136: 229-234.

7. Olaechea PM, Palomar M, Álvarez-Lerma F, Otal JJ, Insausti J, 
M. López-Pueyo J and the ENVIN-HELICS Group. Morbidity 
and mortality associated with primary and catheter-related 
bloodstream infections in critically ill patients. Rev Esp 
Quimioter 2013; 26: 21-29.

8. Horan T, Andrus M, Dudeck MA. CDC/NHSN surveillance 
definition of health-care associated infection and criteria for 
specific types of infections in the acute care setting. Am J Infect 
Control 2008; 36: 309-332.

9. Knaus WA, Draper EA, Wagner DP. APACHE II: a severity of 
disease classification system. Crit Care Med 1985; 13: 818-829.

10. Clinical and Laboratory Standards Institute. Performance 
standards for antimicrobial susceptibility testing; 19th 
informational supplement. CLSI. 2009; M100-S19. Wayne, PA, 
USA.

11. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas 
ME, Giske CG, Harbarth S, Hindler JF, Kahlmeter G, Olsson-
Liljequist B et al. Multidrug-resistant, extensively drug-resistant 
and pandrug-resistant bacteria: an international expert proposal 
for interim standard definitions for acquired resistance. Clin 
Microbiol Infect 2012; 18: 268-281.

12. Edwards JR, Peterson KD, Andrus ML, Tolson JS, Goulding 
JS, Dudeck MA, Mincey RB, Pollock DA, Horan TC; National 
Healthcare Safety Network Facilities. National Healthcare Safety 
Network (NHSN) Report, data summary for 2006, issued June 
2007. Am J Infect Control 2007; 35: 290-301.

13. O’Grady NP, Alexander M, Burns LA, Dellinger EP, Garland J, 
Heard SO, Lipsett PA, Masur H, Mermel LA, Pearson ML et al. 
Healthcare Infection Control Practices Advisory Committee 
(HICPAC) (Appendix 1). Summary of recommendations: 
Guidelines for the Prevention of Intravascular Catheter-related 
Infections. Clin Infect Dis 2011; 52: 1087-1099. 

14. Dudeck MA, Weiner LM, Allen-Bridson K, Malpiedi PJ, 
Peterson KD, Pollock DA, Sievert DM, Edwards JR. National 
Healthcare Safety Network (NHSN) report, data summary for 
2012, Device-associated module. Am J Infect Control 2013; 41: 
1148-1166.

15. Rosenthall VD, Maki DG, Salomao R, Moreno CA, Mehta Y, 
Higuera F, Cuellar LE, Arikan OA, Abouqal R, Leblebicioglu 
H. International Nosocomial Infection Control Consortium 
Device associated nosocomial infections in 55 intensive care 
units of 8 developing countries. Ann Intern Med 2006; 145: 
582-591.

16. Peng S, Lu Y. Clinical epidemiology of central venous catheter-
related bloodstream infections in an intensive care unit in 
China. Journal of Critical Care. 2013; 28: 277-283.

17. Castagnola E, Garaventa A, Viscoli C, Carrega G, Nantron 
M, Molinari C, Moroni C, Giacchino R. Changing pattern of 
pathogens causing Broviac catheter-related bacteraemias in 
children with cancer. J Hosp Infect 1995; 29: 129-133.

18. Marchaim D, Zaidenstein R, Lazarovitch T, Karpuch Y, Ziv 
T, Weinberger M. Epidemiology of bacteremia episodes in a 
single center: increase in Gram-negative isolates, antibiotics 
resistance, and patient age. Eur J Clin Microbiol Infect Dis 
2008; 27: 1045-1051.

19. Deliberato RO, Marra AR, Corrêa TD, Martino MD, Correa 
L, Dos Santos OF, Edmond MB. Catheter related bloodstream 
infection (CR-BSI) in ICU patients: making the decision to 
remove or not to remove the central venous catheter PLoS 
ONE 2012; 7: 32687.

20. Apostolopoulou E, Raftopoulos V, Filntisis G, Kithreotis P, 
Stefanidis E, Galanis P, Veldekis D. Surveillance of device-
associated infection rates and mortality in 3 Greek intensive 
care units. Am J Crit Care 2013; 22: 12-20.

21. Candevir A, Kurtaran B, Kibar F, Karakoç E, Aksu HSZ, 
Taşova Y. Invasive device-associated nosocomial infections of 
a teaching hospital in Turkey; four years’ experience. Turk J 
Med Sci 2011; 41: 137-147. 

http://dx.doi.org/10.1086/648439
http://dx.doi.org/10.1086/648439
http://dx.doi.org/10.1086/648439
http://dx.doi.org/10.1007/s11908-001-0086-4
http://dx.doi.org/10.1007/s11908-001-0086-4
http://dx.doi.org/10.1086/511865
http://dx.doi.org/10.1086/511865
http://dx.doi.org/10.1086/511865
http://dx.doi.org/10.1086/511865
http://dx.doi.org/10.1016/B978-0-443-06839-3.00302-7
http://dx.doi.org/10.1016/B978-0-443-06839-3.00302-7
http://dx.doi.org/10.1016/B978-0-443-06839-3.00302-7
http://dx.doi.org/10.1016/B978-0-443-06839-3.00302-7
http://dx.doi.org/10.1164/ajrccm.162.3.9911093
http://dx.doi.org/10.1164/ajrccm.162.3.9911093
http://dx.doi.org/10.1164/ajrccm.162.3.9911093
http://dx.doi.org/10.1164/ajrccm.162.3.9911093
http://dx.doi.org/10.1016/j.ajic.2008.03.002
http://dx.doi.org/10.1016/j.ajic.2008.03.002
http://dx.doi.org/10.1016/j.ajic.2008.03.002
http://dx.doi.org/10.1016/j.ajic.2008.03.002
http://dx.doi.org/10.1097/00003246-198510000-00009
http://dx.doi.org/10.1097/00003246-198510000-00009
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://dx.doi.org/10.1016/j.ajic.2007.04.001
http://dx.doi.org/10.1016/j.ajic.2007.04.001
http://dx.doi.org/10.1016/j.ajic.2007.04.001
http://dx.doi.org/10.1016/j.ajic.2007.04.001
http://dx.doi.org/10.1016/j.ajic.2007.04.001
http://dx.doi.org/10.1016/j.ajic.2013.09.002
http://dx.doi.org/10.1016/j.ajic.2013.09.002
http://dx.doi.org/10.1016/j.ajic.2013.09.002
http://dx.doi.org/10.1016/j.ajic.2013.09.002
http://dx.doi.org/10.1016/j.ajic.2013.09.002
http://dx.doi.org/10.7326/0003-4819-145-8-200610170-00007
http://dx.doi.org/10.7326/0003-4819-145-8-200610170-00007
http://dx.doi.org/10.7326/0003-4819-145-8-200610170-00007
http://dx.doi.org/10.7326/0003-4819-145-8-200610170-00007
http://dx.doi.org/10.7326/0003-4819-145-8-200610170-00007
http://dx.doi.org/10.7326/0003-4819-145-8-200610170-00007
http://dx.doi.org/10.1016/j.jcrc.2012.09.007
http://dx.doi.org/10.1016/j.jcrc.2012.09.007
http://dx.doi.org/10.1016/j.jcrc.2012.09.007
http://dx.doi.org/10.1016/0195-6701(95)90194-9
http://dx.doi.org/10.1016/0195-6701(95)90194-9
http://dx.doi.org/10.1016/0195-6701(95)90194-9
http://dx.doi.org/10.1016/0195-6701(95)90194-9
http://dx.doi.org/10.1007/s10096-008-0545-z
http://dx.doi.org/10.1007/s10096-008-0545-z
http://dx.doi.org/10.1007/s10096-008-0545-z
http://dx.doi.org/10.1007/s10096-008-0545-z
http://dx.doi.org/10.1007/s10096-008-0545-z
http://dx.doi.org/10.4037/ajcc2013324
http://dx.doi.org/10.4037/ajcc2013324
http://dx.doi.org/10.4037/ajcc2013324
http://dx.doi.org/10.4037/ajcc2013324
journals.tubitak.gov.tr/medical/issues/sag-11-41-1/sag-41-1-19-1001-575.pdf
journals.tubitak.gov.tr/medical/issues/sag-11-41-1/sag-41-1-19-1001-575.pdf
journals.tubitak.gov.tr/medical/issues/sag-11-41-1/sag-41-1-19-1001-575.pdf
journals.tubitak.gov.tr/medical/issues/sag-11-41-1/sag-41-1-19-1001-575.pdf


652

ATİLLA et al. / Turk J Med Sci

22. Sievert DM, Ricks P,  Edwards JR,  Schneider A, Patel J, 
Srinivasan A, Kallen A, Limbago B, Fridkin S, for the 
National  Healthcare  Safety  Network  (NHSN) Team and 
Participating NHSN Facilities. Antimicrobial-resistant 
pathogens associated with healthcare-associated infections: 
summary of data reported to the national healthcare safety 
network at the centers for disease control and prevention, 
2009-2010. Infect Control Hosp Epidemiol 2013; 34: 1-14.

23. Pfaller MA, Diekema DJ. Epidemiology of invasive candidiasis: 
a persistent public health problem. Clin Microbiol Rev 2007; 
20: 133-163.

24. Garnacho-Montero J, Díaz-Martín A, García-Cabrera E, Ruiz 
Pérez de Pipaón M, Hernández-Caballero C, A. Lepe-Jiménez J. 
Impact on hospital mortality of catheter removal and adequate 
antifungal therapy in Candida spp. bloodstream infections. J 
Antimicrob Chemother 2013; 68: 206-213.

25. Lundberg JS, Perl TM, Wiblin T, Costigan MD, Dawson 
J, Nettleman MD, Wenzel RP. Septic shock: an analysis of 
outcomes for patients with onset on hospital wards versus 
intensive care units. Crit Care Med 1998; 26: 1020-1024.

26. Blot S, Dimopoulos G, Rello J, Vogelaers D. Is Candida really a 
threat in the ICU? Curr Opin Crit Care 2008; 14: 600-604.

27. Falagas ME, Apostolou KE, Pappas VD. Attributable mortality 
of candidemia: a systematic review of matched cohort and 
case-control studies. Eur J Clin Microbiol Infect Dis 2006; 25: 
419-425.

28. Kett DH, Azoulay E, Echeverria PM, Vincent JL. Extended 
Prevalence of Infection in ICU Study (EPIC II) Group of 
Investigators. Candida bloodstream infections in intensive 
care units: analysis of the extended prevalence of infection in 
intensive care unit study. Crit Care Med 2011; 39: 665-670.

29. Raad I, Hanna H, Maki D. Intravascular catheter-related 
infections: advances in diagnosis, prevention, and management. 
Lancet Infect Dis 2007; 7: 645-657.

30. Singh N. Trends in the epidemiology of opportunistic fungal 
infections: predisposing factors and the impact of antimicrobial 
use practices. Clin Infect Dis 2001; 15; 33: 1692-1696.

31. Morrell M. Fraser VJ, Kollef MH. Delaying empiric treatment 
of Candida bloodstream infection until positive blood culture 
results are obtained: a potential risk factor for mortality. 
Antimicrob. Agents Chemother 2005; 49: 3640-3645.

32. Ostrosky-Zeichner L. Prophylaxis and treatment of invasive 
candidiasis in the intensive care setting. Eur J Cli Microbiol 
Infect Dis 2004; 23: 739-744.

http://dx.doi.org/10.1128/CMR.00029-06
http://dx.doi.org/10.1128/CMR.00029-06
http://dx.doi.org/10.1128/CMR.00029-06
http://dx.doi.org/10.1097/00003246-199806000-00019
http://dx.doi.org/10.1097/00003246-199806000-00019
http://dx.doi.org/10.1097/00003246-199806000-00019
http://dx.doi.org/10.1097/00003246-199806000-00019
http://dx.doi.org/10.1007/s10096-006-0159-2
http://dx.doi.org/10.1007/s10096-006-0159-2
http://dx.doi.org/10.1007/s10096-006-0159-2
http://dx.doi.org/10.1007/s10096-006-0159-2
http://dx.doi.org/10.1016/S1473-3099(07)70235-9
http://dx.doi.org/10.1016/S1473-3099(07)70235-9
http://dx.doi.org/10.1016/S1473-3099(07)70235-9
http://dx.doi.org/10.1007/s10096-004-1215-4
http://dx.doi.org/10.1007/s10096-004-1215-4
http://dx.doi.org/10.1007/s10096-004-1215-4

