Diagnosis of Catheter-Related Bloodstream Infection:
Conservative Techniques
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Intravascular catheters have been an im-
portant technological advance for modern
medicine. However, the use of intravas-
cular catheters is associated with infection,
which is a potentially life-threatening
complication. Catheter-related blood-
stream infection (CR-BSI) is the most se-
rious infection associated with catheter
use, and it is responsible for significant
medical costs. It is estimated that
~250,000 episodes of CR-BSI occur an-
nually in hospitals in the United States,
with an estimated attributable mortality
of 12%-25%. In addition, it is well rec-
ognized that CR-BSI increases the du-
ration of hospital stay and medical costs
per patient. One-half of all nosocomial
bloodstream infections in US hospitals
occur in patients receiving critical care,
and CR-BSI accounts for one-third of
these infections [1-3].

There are 4 potential sources of catheter
colonization and catheter-related infec-
tions: the skin insertion site, the catheter
hub, hematogenous seeding of the cath-
eter tip from a distant site of infection,
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and infusate contamination [4—6]. For de-
cades, it has been accepted that skin col-
onization and the progression of micro-
organisms on the external surface of the
catheter are the most common origins
of catheter colonization and infection
[4, 7, 8].

However, the relevance of the endolu-
minal route in the pathogenesis of CR-BSI
was recognized during the mid-1980s by
Sitges-Serra and colleagues [5, 6, 9]. The
authors demonstrated that 70% of CR-
BSIs in patients with central venous cath-
eters for parenteral nutrition were caused
by hub contamination [6]. Salzman et al.
[10] reported than 54% of CR-BSI epi-
sodes in neonates were preceded by or co-
incided with contamination of the hub.
The endoluminal route is the dominant
mechanism for colonization of long-term
catheters, whereas recently inserted cath-
eters are most commonly colonized by an
extraluminal route [11]. Hub contami-
nation is more often associated with bac-
teremia than with skin colonization [5, 6,
9-12].

Clinical findings are unreliable for es-
tablishing a diagnosis of CR-BSI, because
no characteristic clinical features of CR-
BSI exist to distinguish this infection from
infections arising from other body sites.
Conventional methods of diagnosing CR-
BSI generally require that the catheter be
removed and cultured with quantitative
or semiquantitative methods. However,

>80% of catheters withdrawn because of
clinical suspicion of CR-BSI are removed
unnecessarily, because the culture results
are negative [1] In addition, the removal
of a central venous catheter may be un-
desirable because of limited vascular ac-
cess, and there could be serious compli-
cations and risks associated with re-
insertion. Consequently, a number of di-
agnostic techniques that do not require
catheter removal have been developed to
diagnose CR-BSI. Conservative methods
to assess catheter-tip colonization or CR-
BSI are an important advance and in-
clude paired quantitative blood cultures,
differential time to positivity, superficial
cultures of skin surrounding the portal
of entry and catheter hubs, and Gram
staining and the acridine orange leuko-
cyte cytospin test [13-21].

The study by Bouza et al. [22] in this
issue of Clinical Infectious Diseases pro-
spectively compares 3 techniques (paired
quantitative blood cultures, differential
time to positivity, and superficial cultures)
for the diagnosis of CR-BSI without cath-
eter withdrawal in adult patients without
neutropenia who had short-term central
venous catheters and were admitted to in-
tensive care units. The authors studied 204
episodes of suspected CR-BSI, and 28 of
the episodes were confirmed to be CR-
BSI. The reference standard for the eval-
uation of the 3 conservative methods for
diagnosis of CR-BSI was paired quanti-
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tative blood cultures with positive results
(colony count ratio of >5:1) and/or con-
ventional cultures of peripheral blood and
semiquantitative catheter-tip culture pos-
itive for the same microorganism (=15
colony-forming units).

Wing et al. [23] were the first investi-
gators to use paired quantitative blood
cultures to diagnose CR-BSI. Other au-
thors demonstrated that a 5- to 10-times-
greater colony count in blood obtained
through the intravascular catheter than in
blood obtained through a peripheral vein
is considered to be indicative of CR-BSI
[13-16]. Multiple studies have since dem-
onstrated the accuracy of the quantitative
methods, and paired quantitative blood
culture methods are now regarded as the
reference standard for the diagnosis of CR-
BSI if catheter removal is undesirable [13—
16, 24]. In a recent meta-analysis, Safdar
et al. [24] evaluated 8 methods for the
diagnosis of CR-BSI and concluded that,
among the techniques studied, paired
quantitative blood culture was the most
accurate test (sensitivity, 0.87 [95% CI,
0.83-0.91]; specificity, 0.98 [95% CI,
0.97-0.99]). The data from Bouza et al.
[22] are consistent with this meta-anal-
ysis. They reported that paired quanti-
tative blood cultures with a quotient of
=5 represented the best specificity
(97.7%) in the diagnosis of CR-BSI and
had a sensitivity of 71.4% sensitivity, a
positive predictive value of 83.3%, a neg-
ative predictive value of 95.6%, and an
accuracy of 94.1%.

However, paired quantitative blood cul-
tures are not routinely used in clinical
practice because of their cost and com-
plexity. Blot and colleagues [17, 18], by
using a continuous blood culture—-moni-
toring system, have described a new
method that is based on differential time
to positivity of qualitative blood cultures
drawn simultaneously from both a cath-
eter hub and a peripheral vein. The au-
thors found that cultures of catheter-
drawn blood that yielded positive results
=120 min earlier than cultures of pe-
ripheral blood were accurate in detecting

CR-BSI (specificity, 91%; sensitivity,
94%). Findings by other investigators
have shown lower sensitivities and spec-
ificities of differential time to positivity
than those found by Blot and colleagues
[17, 18]. Raad et al. [19] reported sen-
sitivity and specificity of 81% and 92%,
respectively, for short-term catheters and
93% and 75%, respectively, for long-term
catheters. Seifert et al. [20] found a sen-
sitivity of 82%, a specificity of 88%, a
positive predictive value of 75%, and a
negative predictive value of 92%. The re-
sults published in this issue by Bouza et
al. [22] (sensitivity, 96.4%; specificity,
90.3%; positive predictive value, 61.4%;
negative predictive value, 99.4%; and ac-
curacy, 91.2%) are comparable to those
reported by Blot and colleagues [17, 18].

Because many laboratories now use au-
tomated continuous blood culture-mon-
itoring systems, they will be able to use
these systems for the diagnosis of CR-BSI
by the differential time to positivity
method. This technique showed accept-
able sensitivity (0.85; 95% CI, 0.78-0.92)
and specificity (0.81; 95% CI, 0.75-0.87)
in the meta-analysis study of Safdar et al.
[24]. This method is easier to perform
and is less costly than the paired quan-
titative blood cultures method.

However, the major disadvantage of
culture of blood collected through a cen-
tral venous catheter for the diagnosis of
CR-BSI is a higher rate of contamination,
compared with that for culture of blood
obtained through a peripheral venipunc-
ture [25]. Clinical and cost implications
of false-positive results of cultures of blood
obtained through catheters have not yet
been well evaluated [26].

The evaluation of conservative studies
of skin insertion site and catheter hub cul-
tures for the diagnosis of CR-BSI is often
difficult because of methodological dif-
ferences among the studies and the
wide range of cutoff values for positivity.
Fan et al. [27] verified that, in catheter
sepsis, the positive predictive value of
skin culture combined with hub culture
was 44%, whereas the negative predictive

value was 93%. Cercenado et al. [8] stud-
ied skin and hub cultures and found their
sensitivity and specificity to be 96% and
71%, respectively. The most important
finding of these studies of skin and hub
cultures is that such cultures have a high
negative predictive value (93%—-99%).

Although the paired quantitative blood
cultures and the differential time to pos-
itivity methods have excellent sensitivity
and specificity, the contribution of the
study by Bouza et al. [22] is to demon-
strate that the surveillance skin and hub
cultures performed well for diagnosis of
CR-BSI (sensitivity, 78.6%; specificity,
92.0%; positive predictive value, 61.1%;
negative predictive value, 96.4%) in adult
patients with short-term catheters who
were admitted to intensive care units.
The authors did not find differences in
accuracy between the 3 techniques that
they evaluated.

A possible limitation of the study by
Bouza et al. [22] is that, as part of the
reference standard definition of CR-BSI,
the authors used catheter-tip culture per-
formed according to the roll-plate semi-
quantitative method [7], and microorgan-
isms that colonized the internal lumen of
the catheter could be not recovered. How-
ever, these authors have previously dem-
onstrated that quantitative techniques of
sonication or vortexing were not superior
to the semiquantitative method [28].

Bouza et al. [22] recommend a realistic
approach for routine diagnosis of CR-BSI
in clinical microbiology laboratories by
means of the combination of semiquan-
titative superficial cultures and conven-
tional peripheral blood cultures. These
methods are easy to perform and low in
cost. In addition, if Gram staining of swabs
of the skin insertion site and the inner
surface of the hub is performed, this could
provide a rapid and inexpensive conser-
vative method for the diagnosis of CR-
BSI. Negative results of Gram staining and
culture of both superficial swabs could
practically rule out the catheter as the
source of infection, thereby avoiding many
unnecessary catheter removals. Further
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studies of this method for the diagnosis

of CR-BS], including Gram staining and

semiquantitative cultures of hubs and skin

insertion sites, are needed. Nevertheless,

in cases in which CR-BSI is suspected, a

prudent attitude must be taken, because a

small percentage of CR-BSIs due to he-

matogenous seeding yield superficial cul-

tures with negative results.
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