
Original Article 
 
Intravascular catheter-related infections in an Indian tertiary care hospital 
 
Ramanathan Parameswaran1, Jatan B. Sherchan2, Muralidhar Varma D1, Chiranjay 
Mukhopadhyay3, Sudha Vidyasagar1 
 
1Department of Medicine, Kasturba Medical College, Manipal University, Manipal, Karnataka, India 
2Department of Microbiology, Kathmandu University School of Medical Sciences, Dhulikhel, Kavre, Nepal 
3Department of Microbiology, Kasturba Medical College, Manipal University, Manipal, Karnataka, India 
 
Abstract 
Introduction: This study had two objectives: 1) to determine the clinical and microbiological profiles of patients developing intravascular 
catheter-related local (localized catheter colonization and exit site) and systemic infections and their predisposing factors; 2) to study the 
antibiotic sensitivity patterns of the organisms isolated. 
Methodology: This case-control study was conducted over 19 months involving 232 patients at a tertiary care hospital. Non-tunneled central 
venous catheters and midline catheters were the two types studied. Catheter tips were processed using Maki’s roll plate and endoluminal 
flush techniques. Blood cultures were drawn under strict aseptic precautions and processed by the BacT ALERT system. A “case” was any 
patient with proven localized catheter colonization, exit site infection or blood-stream infection and a “control” was any patient from whom 
the intravascular catheter yielded no organism in semi-quantitative cultures. 
Results and Conclusions: The incidence of catheter-related blood-stream infections (CRBSI) in our institute was 8.75 per 1,000 catheter days. 
The commonest organisms causing local infections were coagulase-negative Staphylococci, and those causing CRBSI were Staphylococcus 
aureus. Multidrug-resistant organisms accounted for 30.2% of the infections. Risk factors for development of catheter-related infections 
included an immune compromised state, duration of the catheter in situ, femoral venous cannulation, and triple lumen catheters. Choice of 
venous cannulation to minimize the risk of catheter-related infection in ascending order for risk of infection is the subclavian vein, jugular 
vein, basilic vein and then the femoral vein. There was no role for empirical antibiotic therapy to prevent intravascular catheter-related local 
or systemic infections.  
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Introduction 

Intravascular catheters are indispensable in 
modern-day medical practice, particularly in 
intensive care units. Although such catheters provide 
necessary vascular access, their use puts patients at 
risk for local and systemic infectious complications, 
including local site infection, catheter-related blood-
stream infections (CRBSI), septic thrombophlebitis, 
endocarditis, and other metastatic infections (e.g., 
lung abscess, brain abscess, osteomyelitis, and 
endophthalmitis) [1]. 

The aims of this study were 1) to determine the 
clinical and microbiological profiles of patients 
developing intravascular catheter-related local 
(localized catheter colonization and exit site) 
infections and systemic infections and their 
predisposing factors; and 2) to study the antibiotic 
sensitivity pattern of the organisms isolated. Having 

these data available will help in understanding the 
burden of and deriving preventive measures for such 
infections, as well as provide insight for the correct 
use of antibiotics according to their sensitivity 
patterns in health-care settings. 

 
Methodology 
Sample collection and processing 

a) Catheter tip: The skin was cleaned with 70% 
alcohol prior to catheter removal. The catheter was 
held at the proximal end and carefully removed from 
the patient with a sterile instrument, taking care to 
avoid contact with the skin.  The distal end was held 
over a sterile tube, and the tip was cut with sterile 
scissors. The terminal two to three inches were 
collected in the tube and transported to the lab as 
soon as possible [2]. 
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b) Catheter tip processing:  Extraluminal Maki’s 
roll over plate method and endoluminal catheter flush 
culture were used for processing [3,4]. 

Extraluminal Maki’s roll over plate method was 
performed as follows: using sterile forceps, the 
catheter tip was removed from the transport tube and 
laid on a blood agar plate. The tip was rolled back 
and forth across the entire surface of a blood agar 
plate using sterile forceps and exerting slight 
downward pressure. 

For endoluminal catheter flush culture, the 
catheter lumen was flushed into a sterile vial with 1 
ml of sterile normal saline with the help of sterile 
syringe, of which 0.01 ml was streaked onto the 
culture media using a 4 mm inoculating loop. The 
same volume of sample was also streaked onto blood 
agar and MacConkey agar, and incubated at 37ºC in 
CO2 (performed only for quantification). Colony 
morphology reading, Gram staining, biochemical 
identification, and subculture of the organism isolated 
from the Maki’s roll plate were performed by routine 
laboratory techniques. Growth upon triple sugar iron 
agar and mannitol motility test agar, and methyl 
red/Voges Proskauer, indole/H2S detection, citrate 
utilization and urease tests were completed for 
identification of Gram-negative bacteria. Catalase 
and coagulase tests were performed to identify Gram-
positive cocci. Antibiotic sensitivity patterns were 
identified using the Kirby-Bauer disk diffusion 
method as recommended by the Clinical Laboratory 
Standards Institute (CLSI) [5]. Screening for 
methicillin-resistant Staphylococcus aureus (MRSA) 
was performed using an oxacillin (1 µg) disk on 
Mueller Hinton agar. Screening  for extended 
spectrum beta-lactamases (ESBL) was by double disc 
approximation or double disk synergy using 
amoxicillin-clavulanic acid (20/10 µg) and 
ceftriaxone (30 µg) at a distance of 30 mm between 
the centers of the two disks. American type culture 
collections (ATCC) were used as control strains. 
Multidrug resistance was defined as resistance to at 
least three of the four following groups: (1) 
imipenem or meropenem; (2) cefepime or 
ceftazidime; (3) piperacillin, piperacillin–tazobactam 
or ticarcillin–clavulanic acid; and (4) ciprofloxacin or 
levofloxacin [6]. 

c) Interpretation [2]: Agar plates were examined 
at 24 hours, 48 hours and 72 hours. Significant 
growth was defined as ≥ 15 colony forming units 
(CFU) by Maki’s roll plate method or ≥ 100 CFU/ml 
by the catheter flush method. 

d) Blood sampling: Blood (10 ml) was collected 
within 48 hours of catheter collection under aseptic 
precautions in a BacT bottle and analyzed using the 
BacT ALERT system (bioMérieux, Hazelwood, 
Missouri, USA). 

e) Statistical analyses: Statistical analyses were 
performed using SPSS 16.0 for Windows (IBM 
Corporation, New York, USA). Chi-square was used 
for univariate analysis and multiple logistic 
regression was used for determining the predisposing 
risk factors. Statistical significance was determined at 
a 5% level of significance. 

 
Results 

Among the study subjects, 108 were cases and 
the remaining 124 were controls. Cases were divided 
into two groups: 25 had CRBSI and 83 had local 
catheter infections (including local catheter 
colonization and exit site infection). 

 
Clinical profile of the study population 

The clinical profile and catheter characteristics of 
the study population are depicted in Tables 1 and 2 
respectively. In summary, the mean age in years 
among controls was 43.53 and that among patients 
with local catheter infections and CRBSI were 42.1 
and 42.84 respectively. The commonest premorbidity 
among the controls and patients with CRBSI was 
renal failure (35.5% and 40% respectively) while that 
among the patients with local catheter infections was 
diabetes (34.9%). Local signs of inflammation such 
as erythema, warmth, induration, tenderness, and 
purulence at the exit site were seen among all patients 
with CRBSI and among the majority of patients with 
local catheter infections (96.4%). 

 
Indication for venous cannulation 

The commonest indication for central venous 
cannulation was for IV fluids and antibiotic 
administration in the controls, local catheter 
infections and CRBSI (57% vs. 77% vs. 64% 
respectively). Hemodialysis was the indication in 
44% of controls and 29% and 40% in patients with 
local catheter infections and CRBSI respectively. 
Chemotherapy as an indication was observed in 3% 
of central venous catheters among controls and 4% of 
patients with local catheter infection. 

 
Microbiological profiles of the cases 

Distribution of pathogens: In our study 64% of 
the pathogens causing CRBSI were Gram positive 
and 36% were Gram negative. Furthermore, 61.3% of  



Parameswaran et al. – Intravascular catheter-related infections                 J Infect Dev Ctries 2011; 5(6):452-458. 
 

454 

 

 

 

 

 

 

  

Clinical profile  Controls (%) 

n=124 

Local catheter infections (%) 

n=83 

CRBSI’s (%) 

n=25 

Gender 

Men 

Women 

 

78 (62.9) 

46 (37.1) 

 

55 (66.3) 

28 (33.7) 

 

18 (72) 

7   (28) 

Mean age (in years)  43.53 42.10 42.84 

Mean hospital stay (in days)  22.71 29.66 28.56 

Premorbidities  

Diabetes 

Renal failure  

AIDS 

Malignancies  

 

10 (8.1) 

44 (35.5) 

1   (0.8) 

8   (6.5) 

 

29 (34.9) 

23 (27.7) 

0   (0) 

3   (3.6) 

 

8   (32) 

10 (40) 

2   (8) 

0   (0) 

Local signs of inflammation 0   (0) 80 (96.4) 25 (100) 

Catheter profile Cases (%) 
n=108 

Controls (%) 
n=124 

Type of catheter 
Central venous catheters 
Midline catheters 

 
82 (75.9)  
26 (24.1) 

 
107 (86.3)  
17 (13.7) 

Number of lumens 
Single 
Double 
Triple 

 
25 (23.1)  
40 (37)  
43 (39.8) 

 
21 (16.9)  
73 (58.9)  
30 (24.2) 

Site of venous cannulation 
Basilic vein 
Femoral vein 
Jugular vein 
Subclavian vein 

 
25 (23.2)  
36 (33.3)  
24 (22.2)  
23 (21.3) 

 
17 (13.7)  
20 (16.1)  
51 (41.1)  
36 (29.1) 

Table 1. Clinical profile of study population 
 

Table 2. Catheter profile of the study population 
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the pathogens causing local catheter infections were 
due to Gram-negative organisms and 38.7% were due 
to Gram-positive organisms. The commonest 
pathogen causing CRBSI was S. aureus (40%) and 
that among patients with local catheter infections was 
coagulase negative Staphylococci. Candida caused 
16% of CRBSI and 10% of local catheter infections. 
The distribution of pathogens among the cases is 
shown in Figure 1. 

Drug resistance patterns: MRSA accounted for 
26.7% of patients with CRBSI and 16.7% of patients 
with local catheter infections. Additionally, 13.3% of 
the isolates among CRBSIs and 4.2% among patients 
with local catheter infections were extended spectrum 
beta-lactamase (ESBL) producing organisms. 
Multidrug resistant (MDR) strains were isolated from 
6.7% of patients with CRBSI and 37.5% of patients 
with local catheter infections. Overall, the antibiotic 
sensitivity profiles showed that 6.3% were ESBL 
producing organisms, 30.2% were multidrug resistant 
(MDR) and among the Staphylococci isolated, 31% 
were MRSA and 69% were methicillin sensitive 
(MSSA). 

Antibiotic sensitivity: In patients with local 
catheter infections, both the MRSA and methicillin 
resistant coagulase negative Staphylococci 
(MRCONS) isolated were 100% sensitive to 
vancomycin, teicoplanin and linezolid; the 
Pseudomonas aeruginosa isolates were sensitive to 
cefoperazone-sulbactum, piperacillin-tazobactum, 
ticarcillin-clavulanic acid (85.7% for each antibiotic) 
and meropenem (78.6%); the Escherichia coli were 
sensitive to cefuroxime and meropenem (88.9% for   

 

 
 
each antibiotic); and the Klebsiella pneumoniae were 
sensitive to amikacin (12.5%) and meropenem (50%) 
(The percentages within parenthesis express the 
number of strains sensitive to a particular antibiotic 
of the total organisms isolated). Among patients with 
CRBSI, all P. aeruginosa isolates were sensitive to 
ciprofloxacin, cefepime, cefoperazone-sulbactum, 
piperacillin-tazobactam, ticarcillin-clavulanic acid 
and meropenem, all E. coli were sensitive to 
meropenem, and all K. pneumoniae were sensitive to 
gentamicin, netilmicin, amikacin and meropenem. 
Only one strain of Acinetobacter baumannii isolated 
from a patient with CRBSI was resistant to all routine 
and reserved drugs. 

 
Predisposing risk factors  

A number of variables were compared between 
the cases and controls. Using logistic regression, the 
odds ratio was calculated for each of the below-
mentioned variables and this data is presented in 
Table 3. 

Immune status: 61.1% of the cases were immune 
compromised and the remainder (38.9%) were 
immune competent. Immune status is an important 
predisposing risk factor for development of catheter-
related infections with a statistically significant P 
value of 0.011. 

Duration of catheter in-situ: Duration of the 
catheter in situ is a predisposing risk factor (P = 0.04) 
for development of catheter-related infections. The 
mean duration of catheter in situ (in days) was higher 
among cases than controls (14.06 vs. 10.96). 
 

Variables Adjusted Odds Ratio (95% CI) ‘p’ value 

Immune status 
Immunocompetent  
Immunocompromised  

 
1 
2.3 (1.19, 4.45) 

 
 
0.011 

Duration of catheter in situ 
<12 days 
>12 days 

 
1 
2.21 (1.16, 4.20) 

 
 
0.04 

No. of catheter lumens 
Single 
Triple 

 
1 
35.90 (3.11, 414.26) 

 
 
0.004 

Site of placement 
Subclavian vein 
Femoral vein 

 
1 
20.48 (5.71, 73.37) 

 
 
0.001 

Table 3. Predisposing risk factors for development of catheter related infections 
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Number of catheter lumens: The incidence of 
developing catheter-related infections was highest 
with triple lumen catheters (39.8%) followed by 
double lumen and single lumen catheters (37% vs. 
23.1%) indicating that the risk of infection is higher 
with multi-lumen central venous catheters (P = 
0.004). 

Site of catheter placement: Femoral venous 
catheters accounted for 33.3% of infections followed 
by midline and jugular catheters (23.1% vs. 22.2%). 
The lowest risk was observed with subclavian venous 
catheters (21.3%). The site of venous cannulation is a 
risk factor for development of catheter related 
infections (P = 0.001). 

 
Discussion 

This study analyzed the incidence density, 
clinical and microbiological profiles, and risk factors 
for the development of catheter-related infections in a 
tertiary care hospital. Four similar studies have 
previously analyzed catheter-related infection in 
detail [7-10], but the numbers of catheters used in 
these (300, 499, 2,595 and 1,314 respectively) were 
higher than the number in the current study (n = 232). 
This study has three limitations. First, different 
catheter insertion sites were not randomly assigned. 
No randomized trials, however, have compared 
infection rates for central venous catheters (CVCs) 
placed in three different sites, and patients were 
randomly assigned to undergo central venous 
cannulation at the femoral or subclavian sites only in 
the study by Merrer et al. [11]. Secondly, not every 
vascular catheter inserted during the study period was 
sampled; and thirdly, patients with local catheter 
infections were not defined into exit site infections  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(or) localized catheter colonization as the numbers 
were too small for the latter subset. The CRBSI 
incidence density at our hospital is 8.75 per 1,000 
catheter days. This is comparable to that of the 
National Nosocomial Infections Surveillance (NNIS) 
System Report (2 to 11.3 per 1,000 catheter days) and 
a study by Pawar et al. (4.01 per 1,000 catheter days) 
[10].  

Several variables have been quoted as 
contributing to catheter-related infections. These 
include the number of catheter lumens, cannulation 
site, duration of catheterization, and immune status of 
the patient.  

Which cannulation site is associated with the 
highest risk of infection remains controversial. 
Several studies have analyzed the catheter tip 
colonization (CTC) incidence according to different 
CVC sites. Our study showed the highest incidence 
of local catheter infection at the femoral venous site 
(30.1). Merrer et al. [11] observed a higher incidence 
of infection-related complications at the femoral 
venous site in comparison with the subclavian venous 
site (19.8% vs. 4.5%). Goetz et al. [8] also reported 
an increased risk for infection with femoral catheters, 
and with those that were inserted as an emergency, as 
well as for post transplant patients. Probable reasons 
for an increased incidence of such complications at 
femoral venous sites are (1) femoral access is often 
used in emergency situations, during which adequate 
procedures cannot be always fully respected, and (2) 
the femoral site is usually chosen for patients with a 
contraindication to a cervicothoracic insertion. 
Because these patients are more seriously ill, they 
might be at a greater risk for infectious 
complications. Presence of a higher density of local 

Figure 1. Distribution of pathogens 
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skin flora in the groin area is also postulated to be a 
reason for more infections at the femoral site [12]. 

Some studies show a higher incidence of 
infection with jugular catheters [7,13,14]. The exact 
reason for this observation was not clear but Richet et 
al. [7] explained that it could be related to the 
presence of hair in this area, contamination with 
oropharyngeal secretions, the insertion technique, or 
the fact that jugular-site dressings are often loose. A 
few studies compared only jugular versus subclavian 
access, finding a higher incidence in the former [15-
17]. Sadoyama et al. [16] asserted that jugular 
catheters are also associated with longer ICU stays, 
hospitalization, and a higher mortality. 

Multi-lumen lines have been associated with a 
higher incidence of CRBSI [18-20]. In the present 
study, the incidence of catheter-related infection was 
highest with triple lumen catheters (39.8%, OR = 
35.9, p = 0.002). Pemberton et al. [18] observed an 
incidence of 19% among triple lumen and only 3% 
among single lumen subclavian catheters used for 
total parenteral nutrition. McCarthy et al. [20] also 
had similar observations in a study in which they 
compared triple lumen with single lumen catheters 
(12.8% vs. 0%) for administering parenteral nutrition. 
Higher rates of infection in triple lumen catheters 
were attributed to frequent handling of such catheters 
by health-care providers and the possibility of 
contamination during such procedures. 

The duration of catheterization was a significant 
factor that determined the development of catheter-
related infections. Although previous studies have 
confirmed that central venous catheterization longer 
than five to seven days was associated with a higher 
risk of catheter-related infection [7,14,21,22], the 
mean duration of catheterization in our study was 
12.32 days and no attempts were made to replace 
catheters as the CDC guidelines of 1996 [23] and 
2002 [1] recommend against routinely replacing 
CVCs to prevent catheter-related infections. The risk 
of infection for catheters placed for more than 12 
days was 2.21 times that of those in situ for less than 
12 days (P = 0.016). Moro et al. [17] showed age, 
transparent dressing, jugular insertion, male gender, 
duration of catheterization, and hub colonization 
were independent risk factors for skin colonization.  

The commonest isolates among the patients with 
local catheter infections were Gram negative 
(61.3%), while Gram-positive organisms (64%) 
caused the majority of the CRBSI. Overall, in the 
entire study, S. aureus was the commonest pathogen 
isolated, accounting for 19%, followed by coagulase 

negative Staphylococcus species (CONS) (18.1%), P. 
aeruginosa (17.1%), A. baumannii (14.3%), E. coli 
(10.5%) and K. pneumoniae (9.5%). In the 
prospective analysis from the SCOPE database of 
24,179 nosocomial BSIs occurring in 49 hospitals in 
the United States between 1995 and 2002, 
Wisplinghoff et al. [24] showed that the commonest 
isolates were CONS (31%) and S. aureus (20%). 
Subba Rao et al. [25] also showed that the 
commonest isolates in ICU patients were CONS 
(32.4%), Pseudomonas and Enterobacter species. 
CONS and S. aureus commonly originate from the 
skin surface and track along the external surface of 
the catheter. In comparison, the hands of health-care 
workers often introduce Gram-negative organisms 
during the manipulation of catheters or intravenous 
tubing [26].  

In this study, Candida species was isolated from 
11.4% of the study population and specifically 
accounted for 16% of blood-stream infections. Pawar 
et al. [10] showed that 11.4% of CRBSI was caused 
by Candida species in cardiothoracic surgical ICUs 
and Subba Rao et al. [25] demonstrated that 20% of 
catheter-related infections occurred in pediatric ICUs. 
Evidence suggests that the actual burden of 
nosocomial candidemia in Indian hospitals is under-
recognized [27]. 

 
Conclusion 

Central venous catheters are increasingly used in 
the inpatient and outpatient setting to provide long-
term venous access. However, infection of CVCs 
remains a major problem. Early diagnosis and 
treatment are vital to reduce the morbidity and 
mortality involved. This study demonstrates the risk 
factors and the pathogens isolated from patients 
defined to have such infections in an Indian tertiary 
hospital. Despite advances in management, this 
common clinical problem could still benefit from 
future breakthroughs. 

 
 
Acknowledgements 

This study was funded by the Indian Council of Medical 
Research through their research grant No. 3/2/2008PG-thesis-
MPD-8. 
 
References 
1. O’Grady NP, Alexander M, Dellinger EP, Gerberding JL, 

Heard SO, Maki DG, Masur H, McCormick RD, Mermel 
LA, Pearson ML, Raad II, Randolph A, Weinstein RA 
(2002) Guidelines for the prevention of intravascular 
catheter-related infections. MMWR Recomm Rep 51: 1-29. 



Parameswaran et al. – Intravascular catheter-related infections                 J Infect Dev Ctries 2011; 5(6):452-458. 
 

458 

2. Eisenberg HD (2004) Culture of intravascular devices. 
Clinical Microbiology Procedures Handbook, 2nd edition.  
Washington DC: ASM Press 13.12.1-6.  

3. Safdar N, Fine JP, Maki DG (2005) Meta-analysis: methods 
for diagnosing intravascular device-related bloodstream 
infection. Ann Intern Med 142: 451-466.  

4. Maki DG, Weise CE, Sarafin HW (1977) A semi 
quantitative culture method for identifying intravenous 
catheter-related infections. N Engl J Med 296: 1305-1309. 

5. Clinical and Laboratory Standards Institute. Microbiology: 
Antimicrobial susceptibility testing. 
Available:http://www.clsi.org/source/orders/categories.cfm?
section=Antimicrobial_Susceptibility_Testing&CAT=AST. 
Accessed 13 October 2009. 

6. Ohmagari N, Hanna H, Graviss L, Hackett B, Perego C, 
Gonzalez V, Dvorak T, Hogan H, Hachem R, Rolston K, 
Raad I (2005) Risk factors for infections with multidrug-
resistant Pseudomonas aeruginosa in patients with cancer. 
Cancer 104: 205-212. 

7. Richet H, Hubert B, Nitemberg G, Andremont A, Buu-Hoi 
A, Ourbak P, Galicier C, Veron M, Boisivon A, Bouvier 
AM (1990) Prospective multicenter study of vascular-
catheter-related complications and risk factors for positive 
central-catheter cultures in intensive care unit patients. J 
Clin Microbiol 28: 2520-2525. 

8. Goetz AM, Wagener MM, Miller JM, Muder RR (1998) 
Risk of infection due to central venous catheters: effect of 
site of placement and catheter type. Infect Control Hosp 
Epidemiol 19: 842-845 

9. Lorente L, Henry C, Martín MM, Jiménez A, Mora ML 
(2005) Central venous catheter-related infection in a 
prospective and observational study of 2,595 catheters. Crit 
Care 9: R631-635.  

10. Mandakini Pawar, Yatin Mehta, Pawan Kapoor, Sharma J, 
Gupta A, Trehan N (2004) Central venous catheter-related 
blood stream infections: incidence, risk factors, outcome, 
and associated pathogens. J Cardiothorac Vasc Anesth 18: 
304-308.  

11. Merrer J, De Jonghe B, Golliot F, Lefrant JY, Raffy B, 
Barre E, Rigaud JP, Casciani D, Misset B, Bosquet C, Outin 
H, Brun-Buisson C, Nitenberg G (2001) Complications of 
femoral and subclavian venous catheterization in critically 
ill patients. JAMA 286: 700-707.  

12. Bozzetti F, Terno G, Camerini E, Baticci F, Scarpa D, Pupa 
A (1982) Pathogenesis and predictability of central venous 
catheter sepsis. Surgery 91: 383-389.  

13. Mermel LA, McCormick RD, Springman SR, Maki DG 
(1991) The pathogenesis and epidemiology of catheter-
related infection with pulmonary artery Swan-Ganz 
catheters: a prospective study utilizing molecular subtyping. 
Am J Med 91(suppl): 197S-205S. 

14. Heard SO, Wagle M, Vijayakumar E, McLean S, 
Brueggemann A, Napolitano LM, Edwards LP, O'Connell 
FM, Puyana JC, Doern GV (1998) Influence of triple-lumen 
central venous catheters coated with chlorhexidine and 
silver sulfadiazine on the incidence of catheter-related 
bacteremia. Arch Intern Med 158: 81-87.  

15. Pinilla JC, Ross DC, Martin T, Crump H (1983) Study of the 
incidence of intravascular catheter infection and associated 
septicaemia in critically ill patients. Crit Care Med 11: 21-
25. 

16. Sadoyama G and Gontijo Filho PP (2003) Comparison 
between the jugular and subclavian vein as insertion site for 
central venous catheters: microbiological aspects and risk 
factors for colonization and infection. Braz J Infect Dis 7: 
142-148.  

17. Brun-Buisson C, Abrouk F, Legrand P, Huet Y, Larabi S, 
Rapin M (1987) Diagnosis of central venous catheter-related 
sepsis. Critical level of quantitative tip cultures. Arch Intern 
Med 147: 873-877.  

18. Pemberton LB, Lyman B, Lander V, Covinsky J (1989) 
Sepsis from triple- vs single-lumen catheters during total 
parenteral nutrition in surgical or critically ill patients. Arch 
Surg 121: 591-594. 

19. Hilton E, Haslet T, Borenstein MT, Tucci V, Isenberg HD, 
Singer C (1988) Central catheter infections: Single- vs 
triple-lumen catheters, influence of guide wires on infection 
rates when used for replacement of catheters. Am J Med 84: 
667-672. 

20. McCarthy MC, Shives JK, Robison RJ, Broadie TA (1987) 
Prospective evaluation of single- and triple-lumen catheters 
in total parenteral nutrition. J Parenter Enteral Nutr 11: 259-
262.  

21. Moro ML, Vigano EF, Cozzi Lepri A (1994) Risk factors 
for central venous catheter-related infections in surgical and 
intensive care units. The Central Venous Catheter Related 
Infections Study Group. Infect Control Hosp Epidemiol 15: 
253-264. 

22. Gil RT, Kruse JA, Thill-Baharozian MC, Carlosn RW 
(1989) Triple- vs single-lumen central venous catheters. A 
prospective study in a critically ill population. Arch Intern 
Med 149: 1139-1143.  

23. Pearson ML (1996) Guideline for prevention of 
intravascular device related infections. Part I. Intravascular 
device-related infections: an overview. The Hospital 
Infection Control Practices Advisory Committee. Am J 
Infect Control 24: 262-277. 

24. Wisplinghoff, H, Bischoff, T, Tallent SM, Seifert H, Wenzel 
RP, Edmond MB (2004) Nosocomial bloodstream infections 
in US hospitals: Analysis of 24,179 cases from a prospective 
nationwide surveillance study. Clin Infect Dis 39: 309-317.  

25. Subba Rao, Joseph MP, Lavi R, Macaden R (2005) 
Infections related to vascular catheters in a pediatric 
intensive care unit. Indian Pediatrics 42: 667-672. 

26. Robert Gaynes (2009) Definitions and epidemiology of 
nosocomial intravascular catheter-related (primary) 
bloodstream infections. UpToDate. 
Available: http://www.uptodate.com. Accessed 3 January 
2009. 

27. Sahni V, Agarwal SK, Singh NP, Anuradha S, Sikdar S, 
Wadhwa A, Kaur R (2005) Candidemia--an under-
recognized nosocomial infection in Indian hospitals. J Assoc 
Physicians India. 53:607-11. 

 
Corresponding author 
Dr. Ramanathan Parameswaran  
Department of Medicine 
Kasturba Medical College, Manipal University 
Manipal, Karnataka, INDIA 
Email: drram_82@yahoo.com 
 
Conflict of interests: No conflict of interests is declared. 

 

http://www.uptodate.com/

