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Background. Suspicion of catheter-related bloodstream infection (CR-BSI) leads frequently to unnecessary
catheter withdrawals, and many catheter-tip cultures yield negative results. The objective of this study was to
compare the yield of 3 microbiological procedures to assess CR-BSI without catheter withdrawal.

Methods. The study was prospectively performed in a group of patients without neutropenia or blood disorders
who were admitted to the intensive care unit during a 37-month period with sepsis suspected on clinical grounds
and who had central venous catheters inserted for >48 h. The microbiological procedures compared were semi-
quantitative cultures from hub and skin (superficial), differential quantitative blood cultures, and differential time
to positivity between cultures of blood obtained from catheter hubs and peripheral blood.

Results.  Of the 204 episodes of suspected CR-BSI included in the study, 28 were confirmed to be CR-BSI. We
obtained the following results for sensitivity, specificity, positive and negative predictive values, and accuracy:
superficial cultures, 78.6%, 92.0%, 61.1%, 96.4%, and 90.2%, respectively; differential quantitative blood cultures,
71.4%, 97.7%, 83.3%, 95.6%, and 94.1%, respectively; and differential time to positivity, 96.4%, 90.3%, 61.4%,
99.4%, and 91.2%, respectively.

Conclusions. CR-BSI can be assessed without catheter withdrawal in patients without neutropenia or blood
disorders who have catheters inserted for a short time and are hospitalized in the intensive care unit. Convenience,
use of resources, and expertise should determine the technique of choice in different medical contexts. Because
of ease of performance, low cost, and wide availability, we recommend combining semiquantitative superficial
cultures and peripheral vein blood cultures to screen for CR-BSI, leaving differential quantitative blood cultures
as a confirmatory and more specific technique.

Catheter-related bloodstream infections (CR-BSIs) are the catheter to be withdrawn; therefore, diagnosis of

the leading cause of nosocomially acquired sepsis and
contribute significantly to in-hospital morbidity and
mortality [1-6]. Confirmation of CR-BSI requires iden-
tification of microorganisms recovered from blood and
catheter tips. Regrettably, only 15%-25% of the central
venous catheter tips that reach the microbiology lab-
oratory turn out to be culture-positive, thereby con-
firming CR-BSI. Furthermore, not all CR-BSIs require
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CR-BSI by conservative methods (without catheter
withdrawal) is highly convenient [7-9].

Conservative procedures to assess catheter-tip colo-
nization or CR-BSI include superficial cultures (semi-
quantitative cultures of skin surrounding the portal of
entry and catheter hubs), differential quantitative blood
cultures (comparing colony counts for peripheral blood
samples with colony counts for blood samples from
catheter hubs), and, more recently, differential time to
positivity (comparing time to positivity between cul-
tures of blood samples obtained simultaneously from
peripheral veins and from catheter hubs) [1, 7-12]. The
yield of some of these procedures has been prospectively
compared only for patients with blood disorders who
have long-term catheter use [13]. Our study is the first
to prospectively compare 3 different conservative pro-
cedures for the diagnosis of suspected CR-BSI in pa-
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tients without blood disorders or neutropenia who have short-
term catheter use and are admitted to general intensive care
units.

PATIENTS AND METHODS

Patients. Our study was carried out between September 2002
and September 2005 in a cohort of adult patients without blood
disorders and without neutropenia who had short-term cath-
eter use and who were admitted to the intensive care unit at
our institution (Hospital General Universitario “Gregorio Ma-
rafi6n,” Madrid, Spain). Patients with clinical suspicion of sep-
sis and central venous catheters inserted for >48 h were in-
cluded in the study. The study was approved by our ethics
committee.

A full study included a 3-cm sample of skin swabbing around
the insertion site and an alginate swab sample of each of the
catheter hubs for semiquantitative culture. The study also in-
cluded samples from the hub for quantitative blood culture
and for determination of differential time to positivity and a
sample from a peripheral vein for both quantitative and con-
ventional blood culture. Immediately after sampling, the central
venous catheter was withdrawn, and the tip was sent to the
microbiology laboratory for conventional culture.

We compared the yield of the 3 types of culture in predicting
CR-BSI. Catheters connected to a subcutaneous reservoir,
Swan-Ganz catheters, and all arterial catheters were excluded
from the study. No antibiotic-coated catheters were used in our
intensive care unit during the study period.

Information obtained about these patients included age, sex,
underlying disease, duration of hospitalization, duration of in-
tensive care unit stay, type of catheter, number of catheter
lumens, insertion site, and indwelling time. We also evaluated
patients for concomitant infections, therapy with antimicrobial
agents, and outcome.

Sample collection. Samples were collected systematically
from all patients. The skin samples were obtained by lifting the
dressing and rubbing the area around the insertion site (in a
3-cm radius) with a dry cotton swab. The inner hub samples
were obtained using alginate swabs that were introduced into
the hub and rubbed repeatedly against its inner surface (1 swab
per hub). Blood for quantitative culture was obtained from a
peripheral vein and through all different catheter hubs. Each
sample contained ~10 mL of blood and was inoculated in
Isolator tubes (Isolator 10; Wampole) for quantitative culturing
by the lysis-centrifugation method, as described elsewhere [14—
16]. We also simultaneously drew 10 mL of blood from each
hub and from a peripheral vein to ascertain differential time
to positivity using conventional blood cultures. All blood cul-
ture bottles were immediately taken to the microbiology lab-
oratory and placed in an automatic culture detector (Bactec
9240, Bactec Plus Aerobic/F; Becton Dickinson), which re-

corded culture positivity every 15 min according to changes in
fluorescence related to microbial growth. The catheter-tip sam-
ple was taken after scrubbing the skin surrounding the insertion
site with 2% chlorhexidine and cutting off the tip (distal 5-cm
segment) using sterile scissors.

Laboratory procedures. All swabs were semiquantitatively
processed immediately by streaking the entire surface of
Columbia agar plates supplemented with 5% sheep’s blood.
Catheter tips were processed using the semiquantitative culture
method of Maki and colleagues, as described elsewhere
(17, 18].

The plates were incubated aerobically for 72 h at 35°C, and
the number of colonies recovered was counted. Blood cultures
were processed according to routine methods. The microor-
ganisms recovered were fully identified by standard microbi-
ological methods [19].

Definitions.
eter hubs) were considered to be positive when the same mi-

Superficial cultures (cultures of skin and cath-

croorganism (=15 colony-forming units per plate) was isolated
from peripheral blood following criteria reported elsewhere [8].
Quantitative blood cultures were defined as positive when the
number of colony-forming units of bacteria or yeasts isolated
per milliliter of catheter-drawn blood was at least 5 times greater
than that of blood obtained from a peripheral vein [1]. Dif-
ferential time to positivity was defined as the difference in time
needed for blood samples drawn simultaneously through the
central venous catheter hub and from a peripheral vein to yield
positive culture results. As in previous studies, differential time
to positivity was considered to be positive if the blood drawn
through any of the central venous catheter hubs yielded positive
results at least 120 min earlier than the positivity of a blood
sample drawn simultaneously from a peripheral vein [1, 10].
Significant colonization of the catheter tip was defined as a
positive semiquantitative catheter culture by the roll-plate
method, whereby =15 colony-forming units were cultured
from the catheter tip [17].

We defined CR-BSI as the presence of bacteremia or fun-
gemia in a patient with clinical manifestations of infection and
no other apparent source of bloodstream infection (with the
exception of the catheter). A catheter-tip culture positive for
the same microorganism by the roll-plate technique was also
required [1]. Accordingly, the reference standard for the eval-
uation of the 3 conservative procedures to diagnose suspected
CR-BSI was a positive result of quantitative and/or conven-
tional culture of blood from a peripheral vein and a semi-
quantitative catheter-tip culture positive for the same
microorganism.

Data analysis. CR-BSI and non—CR-BSI groups were com-
pared using a 2-tailed Fisher’s exact test for proportions (qual-
itative variables) or a 2-tailed Student’s ¢ test for means (quan-
titative variables). We obtained the sensitivity, specificity,
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positive predictive value, negative predictive value, and accuracy
of the different diagnostic techniques, compared with the ref-
erence technique. All values were calculated with a 95% CI
following an exact binomial distribution. To compare sensitiv-
ities, specificities, and accuracies, we used the 2-tailed McNemar
test for paired samples. Predictive values were evaluated by 2-
tailed Fisher’s exact test [20]. A logistic regression model was
performed to independently evaluate the validity of the 3 meth-
ods. For the comparisons, P< .05 was considered to be statis-
tically significant. Data were analyzed using the SPSS software
package, version 11.5 (SPSS).

RESULTS

During the study period, a total of 237 episodes of suspected
CR-BSI involving 138 patients occurred in the study popula-
tion. Of these, 33 episodes (13.9%) were excluded from the
study, because the sample set was not complete. Therefore, 204
episodes involving 125 patients were included in the study. After
analysis, 28 of the episodes were confirmed as CR-BSI (13.7%).
Of the remaining 176 episodes that were not confirmed as CR-
BSI, 27 (13.2%) were bloodstream infections that were not
catheter-related, 36 (17.6%) involved catheter-tip colonization
only (with no microorganisms isolated from the peripheral
blood samples), and the remainder were cases with negative
peripheral blood culture results and noncolonized catheters.
When clinical variables and other features of the CR-BSI and
non—CR-BSI groups were compared, we were unable to find
any significant differences in the populations (table 1). Of the

28 cases of CR-BSI included in the analysis, 27 were mon-
omicrobial infections, and 1 was a polymicrobial infection (ta-
ble 2). Of the 29 significant microorganisms, 16 (55.2%) were
gram-positive bacteria, whereas the others were gram-negative
bacteria (7; 24.1%) or yeasts (6; 20.7%). The 27 episodes of
bloodstream infection with no catheter origin (including 4 po-
lymicrobial infections) had the following etiological agents: 21
(63.6%) were gram-positive bacteria, 8 (24.2%) were gram-
negative bacteria, and 4 (12.1%) were yeasts.

Table 3 shows a comparison of the validity values from the
3 conservative techniques for the diagnosis of CR-BSI. Differ-
ential time to positivity proved to be the most sensitive tech-
nique (sensitivity, 96.4%; 95% CI, 81.7%-99.9%) and the tech-
nique with the greatest negative predictive value (negative
predictive value, 99.4%; 95% CI, 96.6%-99.9%). These differ-
ences were statistically significant when compared with differ-
ential quantitative blood cultures (sensitivity, 71.4%; negative
predictive value, 95.6%). However, the technique that was most
specific and had the highest positive predictive value was dif-
ferential quantitative blood cultures (specificity, 97.7% [95%
CI, 94.3%-99.4%]; positive predictive value, 83.3% [95% CI,
62.6%-95.3%]), especially when compared with differential
time to positivity. Overall, the most accurate technique was
differential quantitative blood cultures (accuracy, 94.1%; 95%
CL, 90.0%-96.9%), followed by differential time to positivity
(accuracy, 91.2%; 95% CI, 86.4%-94.7%) and semiquantitative
superficial cultures (accuracy, 90.2%; 95% CI, 85.3%-93.9%),
although there were no statistically significant differences be-

Table 1. Demographic and clinical data for patients with suspected catheter-related bloodstream infection (CR-BSI).

Patients with CR-BSI  Patients without CR-BSI All patients
Variable (n = 28) (n = 176) P (n = 204)
Age, mean years (95% Cl) 65.9 (61.1-70.7) 66.8 (64.9-68.7) 72 66.7 (64.9-68.4)
Male sex 17; 60.7 (40.6-78.5) 106; 60.2 (52.6-67.5) .99 123; 60.3 (63.2-67.1)
Solid-organ tumor, mean no. of patients (95% CI)® 17.9 (6.1-36.9) 8.0 (4.4-13.0) .15 9.3 (5.7-14.2)
Duration of catheter use, mean days (95% Cl) 16.6 (12.4-20.9) 16.0 (14.5-17.5) 77 16.1 (14.7-17.5)

Type of catheter
Central venous, nontunneled tip
Central venous, tunneled tip
Other

Catheter insertion site
Internal jugular vein

26; 92.9 (76.5-99.1)
0; 0 (0-12.3)
2; 7.1 (0.9-23.5)

12; 42.9 (24.5-62.9)

172; 97.7 (94.3-99.4)
0; 0 (0-2.1) .19
4; 2.3 (0.6-5.7)

198; 97.1 (93.7-98.9)
0; 0 (0-1.8)
6; 2.9 (1.1-6.3)

80; 456.5 (37.9-53.1) 92; 45.1 (38.1-52.2)

(
Subclavian vein 16; 567.1 (37.2-75.5) 82; 46.6 (39.1-54.2) .63 98; 48.0 (41.0-55.1)
Femoral vein 0; 0 (0-12.3) 9: 5.1 (2.4-9.5) 9: 4.4 (2.0-8.2)
Other 0; 0 (0-12.3) 5; 2.8 (0.9-6.5) 5; 2.5 (0.8-5.6)
Lumens, mean no. (95% Cl) 2.9 (2.7-3.1) 2.9 (2.8-3.0) .99 2.9 (2.8-3.0)
Receipt of parenteral nutrition 13; 46.4 (27.5-66.1) 67; 38.1 (30.9-45.7) A1 80; 39.2 (32.5-46.3)
Polyurethane composition of catheter 28; 100 (87.7-100) 176; 100 (97.9-100) .99 204; 100 (98.2-100)

Differential time to positivity >120 min

27, 96.4 (81.7-99.9)

17, 9,7 (6.7-15.0) <.001 44, 21.6 (16.1-27.9)

NOTE. Data are no. of patients; percentage (95% Cl), unless otherwise indicated.

@ None of the patients received chemotherapy in the 2 weeks before the study.
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Table 2. Etiology of 28 cases of catheter-related bloodstream
infection.

No. (%) of isolates

Microorganism (n = 29)
Coagulase-negative staphylococci® 11 (37.9)
Enterobacteriaceae” 7 (24.1)
Yeast® 6 (20.7)
Staphylococcus aureus® 3(10.3)
Enterococcus faecium® 2 (6.9)

? Includes 9 Staphylococcus epidermidis isolates (7 were methicillin-resis-
tant strains) and 2 Staphylococcus species isolates (all were methicillin-resis-
tant strains).

® Includes 5 Serratia marcescensisolates, 1 Enterobacter aerogenesisolate,
and 1 Enterobacter cloacae isolate. There were no multidrug-resistant strains.

° Includes 3 Candida parapsilosis isolates, 2 Candida albicans isolates, and
1 Saccharomyces cerevisiae isolate (all yeasts were susceptible to ampho-
tericin B, fluconazole, itraconazole, and voriconazole, except for the S. cer
evisiae isolate, which was resistant to itraconazole).

9 All isolates were methicillin resistant.

® Both isolates were ampicillin resistant.

tween values. When the logistic regression model was adjusted
to evaluate the hypothesis of independence of the 3 methods,
all 3 showed statistical significance with respect to the reference
standard.

DISCUSSION

To our knowledge, this is the first prospective study comparing
3 techniques for the diagnosis of CR-BSI without catheter with-
drawal involving patients without blood disorders or neutro-
penia who had central venous catheters and were hospitalized
in the intensive care unit. No statistically significant differences
in accuracy were detected among the techniques. Convenience,
use of resources, and expertise should, therefore, determine the
technique of choice in different medical settings.

CR-BSIs are the main cause of nosocomially acquired sepsis

in all populations, but they are particularly prevalent among
patients admitted to the intensive care unit. Incidence density
ranges from 3.9 to 30 episodes of CR-BSI per 1000 days of
central venous catheter use, and mortality associated with CR-
BSI is estimated to be 9%-43% [21-25].

It is common practice in many intensive care units to remove
all central venous catheters from patients with sepsis, but on
many occasions, watchful waiting is a prudent approach, and
many cases can be empirically managed without immediate
catheter withdrawal [26, 27]. In addition, >50% of catheter tips
cultured in microbiology laboratories are found to be sterile
[5, 6, 12, 14, 28, 29]. Furthermore, some CR-BSIs in hemo-
dynamically stable patients can be handled in situ using anti-
biotic or antiseptic lock therapy. Frequently, bacteremia is
cleared, and the catheter is sterilized [30].

The classic reference method to confirm CR-BSI consists of
the concomitant isolation of the same microorganism from
blood samples and the catheter tip [31]. Unfortunately, this
requires catheter withdrawal and culture of the catheter tip,
which, as we have mentioned, is frequently premature and
unnecessary.

The most commonly reported techniques for assessing the
catheter tip without catheter removal (i.e., conservative tech-
niques) include the so-called superficial cultures, the differential
colony counts between peripheral blood and blood obtained
from the catheter hubs, and—more recently—differential time
to positivity. To date, these 3 procedures have not been pro-
spectively compared for adult patients hospitalized in the in-
tensive care unit.

In 1990, we reported on a prospective study in which su-
perficial cultures were semiquantitatively obtained immediately
before catheter withdrawal. For 139 central venous catheter tips,
superficial cultures had a positive predictive value of 66.2% and

Table 3. Comparison of the validity values (95% CI) of 3 techniques for the detection of

catheter-related bloodstream infection.

Semiquantitative

Differential quantitative  Differential time

Measure superficial cultures®? blood cultures®® to positivity™®

Sensitivity 78.6 (69.0-91.7) 71.4 (51.3-86.8) 96.4 (81.7-99.9)
Specificity 92.0 (87.0-95.6) 97.7 (94.3-99.4) 90.3 (85.0-94.3)
Positive predictive value 61.1 (43.5-76.9) 83.3 (62.6-95.3) 61.4 (45.5-75.6)
Negative predictive value 96.4 (92.4-98.7) 95.6 (91.4-98.1) 99.4 (96.6-99.9)
Accuracy 90.2 (85.3-93.9) 94.1 (90.0-96.9) 91.2 (86.4-94.7)

NOTE. P<.05 was considered to be statistically significant.

@ Pvalues for the comparison of validity values between semiquantitative superficial cultures and differential
guantitative blood cultures were: sensitivity, .75; specificity, .01; positive predictive value, .09; negative pre-

dictive value, .79; and accuracy, .15.

® Pvalues for the comparison of validity values between semiquantitative superficial cultures and differential
time to positivity were: sensitivity, .13; specificity, .61; positive predictive value, .99; negative predictive value,

.12; and accuracy, .83.

¢ Pvalues for the comparison of validity values between differential quantitative blood cultures and differential
time to positivity were: sensitivity, .04; specificity, <.001; positive predictive value, .10; negative predictive

value, .04; and accuracy, .29.
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a negative predictive value of 96.7% in the diagnosis of catheter
colonization. In patients with bloodstream infection, the hub
is frequently the source of CR-BSI, and negative hub and skin
culture results almost rule out catheter colonization and CR-
BSI [8, 12, 32-35]. In the present study, sterile semiquantitative
cultures of the hubs and skin had a negative predictive value
of 96.4% for the catheter origin of a bloodstream episode.

The differential in quantitative bacteremia between blood
samples obtained through the catheter hubs and peripheral
blood samples is currently accepted as a confirmatory criterion
for CR-BSI [14, 16, 36-42]. However, the technique is tedious,
requires handling of blood samples by laboratory personnel,
involves frequent contamination, and is expensive [43].

In 1998, Blot et al. [10]—and, several months later, Rogers
and Oppenheim [44]—reported that the information provided
by automated continuous monitoring blood culture systems
could help in the diagnosis of catheter-related sepsis. Time to
positivity and length of lag period were strongly related to the
concentration of bacteria inoculated.

In 1999, Blot et al. [45] reported that a cutoff differential
time to positivity of =120 min had 91% specificity and 94%
sensitivity for the diagnosis of CR-BSI in a prospective study
performed in the intensive care unit of a cancer center. The
number of patients involved in the study was very limited (98
episodes were studied, and 17 patients were found to have CR-
BSI), and most cases occurred in patients with long-term
catheters.

Rijnders et al. [46] performed a study in a medical-surgical
intensive care unit involving 100 consecutive adult patients
whose catheters were to be removed because of suspected CR-
BSI. Only 3 patients had CR-BSI, and 9 patients did not have
CR-BSI. Rijnders et al. [46] did not find differences in median
differential time to positivity between patients with CR-BSI and
patients without CR-BSI, and they rejected the differential time
to positivity as being of no use for the diagnosis of CR-BSI.

Studies comparing the yield of differential time to positivity
with more conventional techniques have mainly been per-
formed in cohorts of patients with blood disorders who have
long-term catheters [13, 47]. Raad et al. [13] described 191
bloodstream infections with positive simultaneous central ve-
nous catheter tip and peripheral blood culture results. One
hundred and eight patients had CR-BSI, and 83 did not have
CR-BSI. A differential time to positivity of =120 min was as-
sociated with 81% sensitivity and 92% specificity for patients
with short-term catheters and 93% sensitivity and 75% spec-
ificity for patients with long-term catheters, but the accuracy
of the test was considerably reduced for patients receiving an-
timicrobial agents.

In a meta-analysis that evaluated the diagnosis of vascular
CR-BSI, Safdar et al. [48] concluded that paired quantitative
blood cultures were the most accurate test for the diagnosis of

CR-BSI. However, most other methods that were studied
showed acceptable sensitivity and specificity (>75% for both)
and negative predictive value (>99%). The positive predictive
value of all tests increased greatly with high pretest clinical
probability.

In our series, the higher sensitivity and negative predictive
value of differential time to positivity, compared with quanti-
tative blood cultures (96.4% and 99.4% vs. 71.4% and 95.6%,
respectively), were statistically significant when analyzed indi-
vidually (P = .04). However, differential quantitative blood
cultures with a quotient of >5 represented the best specificity
in the diagnosis of CR-BSI (97.7%).

Our results suggest that the negative predictive value for each
of the 3 tests that we compared is very high and that they each
allow us to rule out catheter colonization and CR-BSI. Differ-
ential time to positivity is less specific than differential quan-
titative blood cultures and, in our opinion, has the risk of
promoting indiscriminate use of catheter hubs to obtain blood
samples for culture, with the consequent risk of reporting false-
positive results for bacteremia and CR-BSIL. The need to alert
the microbiology department and to incubate blood cultures
immediately at reception is another drawback of this technique.
The ease of performance, low cost, and wide availability of the
techniques lead us to recommend combining semiquantitative
superficial cultures and peripheral blood cultures to screen for
CR-BSI, leaving differential quantitative blood cultures as a
confirmatory and more specific technique.

Acknowledgments

We thank Thomas O’Boyle and Lawrence Baron, for their help in the
preparation of the manuscript, and Cristina Fernandez (Unit of Clinic
Epidemiology, Hospital Clinico San Carlos, Madrid, Spain), for statistical
assistance.

Financial support. Red Espafiola de Investigacién en Patologia Infec-
ciosa (grant REIPI-ISCIII-C03/14), Fondo de Investigaciones Sanitarias
(grant FIS/P1021049), and Agencia Espafola de Cooperacién Internacional
(scholarship to N.A.).

Potential conflicts of interest. All authors: no conflicts.

References

1. Mermel LA, Farr BM, Sherertz R, et al. Guidelines for the management
of intravascular catheter—related infections. Clin Infect Dis 2001;32:
1249-72.

2. Safdar N, Maki DG. The pathogenesis of catheter-related bloodstream
infection with noncuffed short-term central venous catheters. Intensive
Care Med 2004;30:62—7.

3. Rijnders BJ, Van Wijngaerden E, Peetermans WE. Catheter-tip colo-
nization as a surrogate end point in clinical studies on catheter-related
bloodstream infection: how strong is the evidence? Clin Infect Dis
2002;35:1053-8.

4. Bouza E. Intravascular catheter-related infections: a growing problem,
the search for better solutions [editorial]. Clin Microbiol Infect 2002;8:
255.

5. Bouza E, Burillo A, Munoz P. Catheter-related infections: diagnosis
and intravascular treatment. Clin Microbiol Infect 2002;8:265-74.

6. Bouza E, San Juan R, Munoz P, Pascau J, Voss A, Desco M. A European
perspective on intravascular catheter-related infections: report on the

824 + CID 2007:44 (15 March) * Bouza et al.



10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

microbiology workload, aetiology and antimicrobial susceptibility (ES-
GNI-005 Study). Clin Microbiol Infect 2004; 10:838—42.

. Capdevila JA. Catheter-related infection: an update on diagnosis, treat-

ment, and prevention. Int J Infect Dis 1998;2:230-6.

. Cercenado E, Ena J, Rodriguez-Creixems M, Romero I, Bouza E. A

conservative procedure for the diagnosis of catheter-related infections.
Arch Intern Med 1990; 150:1417-20.

. Fortun J, Perez-Molina JA, Asensio A, et al. Semiquantitative culture

of subcutaneous segment for conservative diagnosis of intravascular
catheter-related infection. JPEN J Parenter Enteral Nutr 2000; 24:210—4.
Blot F, Schmidt E, Nitenberg G, et al. Earlier positivity of central-
venous versus peripheral-blood cultures is highly predictive of catheter-
related sepsis. J Clin Microbiol 1998;36:105-9.

Leén M, Garcia M, Herranz MA, et al. Rentabilidad diagnéstica de la
tinciéon de gram de piel pericatéter y conexiéon en la prediccion de
bacteriemia relacionada con el catéter intravascular. Enferm Infecc Mi-
crobiol Clin 1998;16:214-8.

Bouza E, Munoz P, Burillo A, et al. The challenge of anticipating
catheter tip colonization in major heart surgery patients in the intensive
care unit: are surface cultures useful? Crit Care Med 2005; 33:1953—-60.
Raad I, Hanna HA, Alakech B, Chatzinikolaou I, Johnson MM, Tarrand
J. Differential time to positivity: a useful method for diagnosing cath-
eter-related bloodstream infections. Ann Intern Med 2004; 140:18-25.
Mosca R, Curtas S, Forbes B, Meguid MM. The benefits of Isolator
cultures in the management of suspected catheter sepsis. Surgery
1987;102:718-23.

. Bille J, Edson RS, Roberts GD. Clinical evaluation of the lysis-centri-

fugation blood culture system for the detection of fungemia and com-
parison with a conventional biphasic broth blood culture system. J
Clin Microbiol 1984;19:126-8.

Whimbey E, Wong B, Kiehn TE, Armstrong D. Clinical correlations
of serial quantitative blood cultures determined by lysis-centrifugation
in patients with persistent septicemia. ] Clin Microbiol 1984; 19:766-71.
Maki DG, Weise CE, Sarafin HW. A semiquantitative culture method
for identifying intravenous-catheter-related infection. N Engl ] Med
1977;296:1305-9.

Bouza E, Alvarado N, Alcala L, et al. A prospective, randomized, and
comparative study of 3 different methods for the diagnosis of intra-
vascular catheter colonization. Clin Infect Dis 2005;40:1096—-100.
Mohr-O’Hara C, Weinstein MP, Michael-Miller J. Manual and auto-
mated systems for detection and identification of microorganisms. In:
Murray PR, Baron EJ, Jorgensen JH, Pfaller MA, Yolken RH, eds.
Manual of clinical microbiology. 8th ed. Washington, DC: American
Society for Microbiology, 2003:185-207.

Yates E. Tests of significance for 2XX2 contingency tables (with discus-
sion). J R Stat Soc 1984;147:426-63.

Deshpande KS, Hatem C, Ulrich HL, et al. The incidence of infectious
complications of central venous catheters at the subclavian, internal
jugular, and femoral sites in an intensive care unit population. Crit
Care Med 2005;33:13-20; discussion 234-5.

Pallavicini F, Pennisi MA, Izzi I, et al. Nosocomial infection rates in
an Italian intensive care unit using the national nosocomial infection
surveillance system. Infect Control Hosp Epidemiol 2001;22:132-3.
Lizan-Garcia M, Peyro R, Cortina M, Crespo MD, Tobias A. Noso-
comial infection surveillance in a surgical intensive care unit in Spain,
1996-2000: a time-trend analysis. Infect Control Hosp Epidemiol
2006; 27:54-9.

Jerassy Z, Yinnon AM, Mazouz-Cohen §, et al. Prospective hospital-
wide studies of 505 patients with nosocomial bacteraemia in 1997 and
2002. ] Hosp Infect 2006; 62:230-6.

Soufir L, Timsit JE, Mahe C, Carlet J, Regnier B, Chevret S. Attributable
morbidity and mortality of catheter-related septicemia in critically ill
patients: a matched, risk-adjusted, cohort study. Infect Control Hosp
Epidemiol 1999;20:396—401.

Benezra D, Kiehn TE, Gold JW, Brown AE, Turnbull AD, Armstrong
D. Prospective study of infections in indwelling central venous catheters
using quantitative blood cultures. Am ] Med 1988; 85:495-8.

27.

28.

30.

31.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

Rijnders BJ], Peetermans WE, Verwaest C, Wilmer A, Van Wijngaerden
E. Watchful waiting versus immediate catheter removal in ICU patients
with suspected catheter-related infection: a randomized trial. Intensive
Care Med 2004;30:1073-80.

Bouza E, Munoz P, Lopez-Rodriguez J, et al. A needleless closed system
device (CLAVE) protects from intravascular catheter tip and hub col-
onization: a prospective randomized study. ] Hosp Infect 2003;54:
279-87.

. Paragioudaki M, Stamouli V, Kolonitsiou F, Anastassiou ED, Dimitra-

copoulos G, Spiliopoulou 1. Intravenous catheter infections associated
with bacteraemia: a 2-year study in a university hospital. Clin Microbiol
Infect 2004;10:431-5.

Bestul MB, Vandenbussche HL. Antibiotic lock technique: review of
the literature. Pharmacotherapy 2005;25:211-27.

O’Grady NP, Alexander M, Dellinger EP, et al. Guidelines for the pre-
vention of intravascular catheter-related infections. Am J Infect Control
2002;30:476-89.

. Atela I, Coll P, Rello J, et al. Serial surveillance cultures of skin and

catheter hub specimens from critically ill patients with central venous
catheters: molecular epidemiology of infection and implications for
clinical management and research. J Clin Microbiol 1997;35:1784-90.
Linares ], Sitges-Serra A, Garau J, Perez JL, Martin R. Pathogenesis of
catheter sepsis: a prospective study with quantitative and semiquan-
titative cultures of catheter hub and segments. J Clin Microbiol 1985;21:
357-60.

Fan ST, Teoh-Chan CH, Lau KE Chu KW, Kwan AK, Wong KK.
Predictive value of surveillance skin and hub cultures in central venous
catheters sepsis. ] Hosp Infect 1988;12:191-8.

Sitges-Serra A, Puig P, Lifares J, et al. Hub colonization as the initial
step in an outbreak of catheter-related sepsis due to coagulase negative
staphylococci during parenteral nutrition. JPEN J Parenter Enteral Nutr
1984; 8:668-72.

Flynn PM, Shenep JL, Barrett FE. Differential quantitation with a com-
mercial blood culture tube for diagnosis of catheter-related infection.
J Clin Microbiol 1988;26:1045—6.

Fan ST, Teoh-Chan CH, Lau KF. Evaluation of central venous catheter
sepsis by differential quantitative blood culture. Eur J Clin Microbiol
Infect Dis 1989; 8:142—4.

Linares J, Sitges-Serra A. Quantitative blood cultures for catheter-as-
sociated infections. ] Clin Microbiol 1990; 28:1487-8.

Yagupsky P, Nolte FS. Quantitative aspects of septicemia. Clin Micro-
biol Rev 1990; 3:269-79.

Ascher DP, Shoupe BA, Robb M, Maybee DA, Fischer GW. Comparison
of standard and quantitative blood cultures in the evaluation of chil-
dren with suspected central venous line sepsis. Diagn Microbiol Infect
Dis 1992;15:499-503.

Capdevila JA, Planes AM, Palomar M, et al. Value of differential quan-
titative blood cultures in the diagnosis of catheter-related sepsis. Eur
J Clin Microbiol Infect Dis 1992;11:403-7.

Quilici N, Audibert G, Conroy MG, et al. Differential quantitative blood
cultures in the diagnosis of catheter-related sepsis in intensive care
units. Clin Infect Dis 1997;25:1066-70.

Paya CV, Guerra L, Marsh HM, Farnell MB, Washington ] 2nd, Thomp-
son RL. Limited usefulness of quantitative culture of blood drawn
through the device for diagnosis of intravascular-device-related bac-
teremia. ] Clin Microbiol 1989;27:1431-3.

Rogers MS, Oppenheim BA. The use of continuous monitoring blood
culture systems in the diagnosis of catheter related sepsis. J Clin Pathol
1998;51:635-7.

Blot F, Nitenberg G, Chachaty E, et al. Diagnosis of catheter-related
bacteraemia: a prospective comparison of the time to positivity of hub-
blood versus peripheral-blood cultures. Lancet 1999; 354:1071-7.
Rijnders BJ, Verwaest C, Peetermans WE, et al. Difference in time to
positivity of hub-blood versus nonhub-blood cultures is not useful for
the diagnosis of catheter-related bloodstream infection in critically ill
patients. Crit Care Med 2001;29:1399—403.

Seifert H, Cornely O, Seggewiss K, et al. Bloodstream infection in

Conservative Diagnosis of CR-BSI « CID 2007:44 (15 March) * 825



neutropenic cancer patients related to short-term nontunnelled cath- 48. Safdar N, Fine JP, Maki DG. Meta-analysis: methods for diagnosing
eters determined by quantitative blood cultures, differential time to intravascular device-related bloodstream infection. Ann Intern Med
positivity, and molecular epidemiological typing with pulsed-field gel 2005; 142:451-66.

electrophoresis. ] Clin Microbiol 2003;41:118-23.

826 ¢ CID 2007:44 (15 March) ¢ Bouza et al.



