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Diagnosing catheter-related bloodstream infection (CRBSI) still often involves tip culture. The conventional
method is the semiquantitative roll plate method. However, the use of a quantitative sonication technique could
have additional value, as it may detect endoluminal microorganisms more easily. Because endoluminal
infection tends to occur in long-term central venous catheters, we compared both techniques for patients with
long-term tunnelled catheters. For 313 consecutive Hickman catheter tips from 279 hematological patients,
colonization detection rates were compared by performing both techniques in a random order, using conven-
tional detection cutoffs. Additionally, for the subgroup of patients with clinical suspicion of CRBSI (n � 89),
the diagnostic values of both techniques were compared. The overall tip colonization rate was 25%. For each
technique, the detection rate tended to be better if that technique was performed first. The diagnostic
performance for the subgroup of patients with clinical suspicion of CRBSI was limited and not different for
both methods. Sensitivity and specificity were 45% and 84%, respectively, for sonication versus 35% and 90%,
respectively, for the roll plate technique. The fact that 35 of 40 patients with CRBSI received antimicrobial
therapy before catheter removal and tip culture, in an attempt to salvage the catheter, may partly explain this
poor performance. No differences were observed when catheters were stratified according to in situ time below
or above the median of 4 weeks. The sonication culture technique was not better than the roll plate method to
diagnose tip colonization or CRBSI in patients with long-term tunnelled catheters.

Central venous catheter (CVC)-related bloodstream infec-
tion (CRBSI) remains one of the leading causes of nosocomi-
ally acquired bacteremia, with significant contributions to mor-
bidity, costs, and to a lesser extent, also mortality (7, 8, 10, 17,
27). Although ideally the diagnosis of CRBSI is made before
catheter removal, a definite diagnosis still often involves a
culture from the catheter tip (16, 22). The reference standard
of tip culture is a semiquantitative technique described by
Maki et al. in 1977 (14), with a cutoff of 15 CFU to distinguish
microbial contamination of catheters from significant coloni-
zation. This technique is also called the roll plate method, as
the catheter tip is rolled back and forth on an agar plate for
culture. However, because catheter colonization and infection
can be the consequence of the introduction of intraluminal
microorganisms during manipulation of the catheter hubs or
the infusion of fluids or drugs, this technique may be less
appropriate for the detection of endoluminal tip colonization.

Other methods were developed subsequently, in an attempt
to deal with this and other limitations (1, 4, 5, 9, 11, 12, 24).
One promising method with the claimed ability to detect both
endoluminal and exoluminal microorganisms is the quantita-
tive sonication technique, first described by Constantinou et al.
(6) and validated later. In early years, most studies were per-

formed using cutoffs for catheter tip colonization of �1,000
CFU/catheter segment for quantitative techniques, although
lower breakpoints were also used (25). Nowadays, laboratory
criteria usually accept a breakpoint of �100 CFU/catheter
segment, which is also recommended in current Infectious
Diseases Society of America guidelines (16, 23). Recently,
Bouza and colleagues demonstrated a cutoff of �100 CFU to
be superior to one of �1,000 CFU/catheter segment (3).

The number of prospective studies that compare the semi-
quantitative and quantitative techniques, however, is limited
(3, 11, 13, 18, 23, 28). These studies report conflicting results
and are nonhomogenous with respect to the type of catheter
studied or the length of time that devices remained in place,
two important factors that determine the risk of CRBSI (8, 15).
Because endoluminal contamination is thought to be the most
frequent route of microbial colonization in patients with cath-
eters with a long dwell time, quantitative methods may be
especially appropriate for this patient category (15, 16, 19, 22).
However, no comparative prospective studies have been per-
formed with this subgroup, and no gold standard exists.

The present study describes the results of a prospective,
randomized study to compare the yields of both techniques to
detect catheter tip colonization in patients with long-term tun-
nelled catheters. Tip colonization is a relevant end point, as the
incidence of tip colonization was demonstrated to correlate
well with the incidence of CRBSI in a recent meta-analysis
(21). We also assessed whether performing tip culture, espe-
cially by sonication, for patients with clinical suspicion of
CRBSI could give additional diagnostic information to rule out
or establish CRBSI.
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MATERIALS AND METHODS

Patient population. The study was performed at Erasmus MC, a university
referral hospital in Rotterdam, The Netherlands. All consecutive tunnelled Hick-
man catheters were derived from adult patients with hematological disease,
mainly patients with acute myeloid leukemia or myelodysplastic syndrome, with
some of them treated with allogeneic stem cell transplantation and invariably
with prolonged neutropenia due to the antileukemic treatment. Catheters re-
moved for any reason (e.g., end of therapy or suspicion of CRBSI) in the period
from April 2005 until December 2007 were sent to the microbiology department
for tip culture. No antimicrobial-coated catheters were used, and connection to
the infusion system was established through the use of a needle-free closed
connector valve system (Bionector, Valley Forge, PA). All catheters had been
placed in the radiology room under full sterile barrier precautions and were
mainly used for the administration of intravenous medication and chemotherapy.
Data were collected on the use of antimicrobials before catheter removal, cath-
eter dwell time, and reason for removal.

Microbiological procedures. Catheter tips were processed by using both Maki
et al.’s technique and sonication in a random order. Randomization occurred at
the microbiology laboratory. The semiquantitative method of Maki et al. was
performed by rolling the external surface of a catheter tip back and forth on the
surface of a Columbia agar plate supplemented with 5% sheep blood (BD,
Franklin Lakes, NJ) at least three times and then incubating the plate for 72 h at
5% CO2 and 35°C, after which the number of CFU were quantitated as described
in detail elsewhere (14). Sonication was performed by placing the catheter in 5
ml of 0.9% NaCl, sonicating it for 1 minute (Soniprep 150 instrument with a
23-kHz generator; MSE Ltd., London, United Kingdom), and vortexing it for
15 s. Fifty microliters of the sonication fluid was cultured on Columbia agar,
allowing for a detection limit of �100 CFU/catheter tip. Finally, the tip was
incubated in tryptic soy agar broth. If growth of 1 to 3 CFU was observed on the
agar plate on which the sonication fluid had been inoculated, the identification
of these colonies was confirmed by broth culture of the tip to exclude contam-
ination of the plate. Microorganisms recovered from the plates were identified
and counted by standard microbiological methods. Blood cultures were pro-
cessed according to routine procedures, using the Bactec system (BD, Franklin
Lakes, NJ).

Definitions. Catheter tip colonization was defined as a positive semiquantita-
tive tip culture of �15 CFU/ml for the roll plate method or �100 CFU/catheter
segment for the sonication technique, as described elsewhere (3, 14, 23, 24).

Definitions of CRBSI and catheter colonization from current guidelines were
followed (2, 16, 20). CRBSI was defined as one or more positive blood cultures
(at least two blood cultures for coagulase-negative staphylococci) obtained from
a peripheral vein for patients with clinical manifestations of infection and no
apparent other source of infection except for the catheter and a catheter tip
culture with the same phenotypic microorganisms or a differential time to pos-
itivity (DTTP) of �2 h for the peripheral versus the CVC blood culture.
Endoluminal CRBSI was defined as a positive hub culture and a DTTP of �2 h
or a positive hub culture with the presence of the same microorganism both in
peripheral blood and on the catheter tip in the absence of exit site infection and
in the absence of any other source of infection. Exoluminal CRBSI was defined
as clinical signs of an exit site or tunnel infection combined with a negative hub
culture, but with either a DTTP of �2 h or positive blood and catheter tip
cultures for the same phenotypic microorganism.

Data analysis. The presence of significant counts of microorganisms assessed
by any of the two techniques, using the cutoff values described above, was

considered the reference standard for detection. Proportions of detection of tip
colonization were calculated for both techniques, taking into account the ran-
domly assigned order.

For the subgroup of patients with clinical suspicion of CRBSI and/or exit site
infection with concomitant bacteremia, the sensitivity, specificity, and predictive
values with corresponding 95% confidence intervals (Wilson score interval
method with continuity correction) were calculated for both techniques sepa-
rately and combining the results of the two culture methods. In a further explor-
atory analysis, catheters were stratified according to dwell time (below or above
the median dwell time), and sensitivity, specificity, and predictive values were
calculated for both techniques. Statistical analyses were performed using SPSS,
version 13.0 (Chicago, IL), and VassarStats (New York, NY).

RESULTS

A total of 313 catheter tips from 279 patients were analyzed.
The mean dwell time was 55 days (range, 4 to 469 days).
Colonization was detected in 77 of 313 catheter tips (25%).
Data are presented in Fig. 1. Data were also analyzed with
catheters stratified according to the procedure order. For 159
tips, the roll plate method was performed first, whereas for the
other 154 catheter tips sonication was performed first. In the
sample in which the roll plate method was performed first, tip
culture was positive in 38 of 159 cases (24%) with the roll plate
method and in 23 of 159 cases (14%) with sonication. In the
sample of 154 catheters in which sonication was performed
first, the tip culture was positive in 30 cases (19%) detected by
sonication and in 28 cases (18%) detected by the roll plate
method.

A total of 89 catheters were removed because of clinical
suspicion of CRBSI and/or exit site infection with concomitant
bacteremia. The mean dwell time for this subgroup was 56 days
(range, 4 to 447 days). CRBSI in agreement with the afore-
mentioned definitions was eventually diagnosed in 40 of these
89 catheter episodes (36 patients). Of these episodes, seven
were in agreement with the definition of an exit site CRBSI,
and in another six episodes, an endoluminal CRBSI was diag-
nosed. For the remaining 27 CRBSI, the distinction could not
be made, which means that in these cases the hub cultures were
negative and no signs of exit site infection were present but a
DTTP of �2 h was recorded, or the result of a positive pe-
ripheral blood culture was concordant with the catheter tip
culture. In 35 of the 40 episodes of CRBSI, antibiotic therapy
with activity against the isolated microorganism had been ad-
ministered in an attempt to salvage the catheter before the
catheter tip was eventually cultured.

For this subgroup of 89 catheters with clinical suspicion of

FIG. 1. Detection of catheter tip colonization in 313 tunneled catheters. Data are presented as overall numbers together with results stratified
according to procedure order. Cutoffs used for detection of colonization were �15 CFU for the roll plate method and �100 CFU/catheter tip for
sonication.
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catheter-related infection, the diagnostic yields and predictive
values were calculated for both techniques separately and in
combination (Table 1). The sensitivity was disappointingly low
for both catheter tip culture methods. In contrast, for both
techniques the specificity and positive predictive values were
better.

Finally, we stratified these 89 catheters according to dwell
time, creating groups with the median value (28 days) as a
cutoff, to compare results for long-term and very-long-term
catheters. Sensitivity, specificity, and predictive values for these
subgroups were not different from those for the complete set of
89 catheters (data not shown).

DISCUSSION

In this study, we demonstrated that the use of the quantita-
tive sonication technique to detect catheter tip colonization in
patients with long-term tunnelled CVCs had no surplus value
compared with the semiquantitative roll plate method. In ad-
dition, the diagnostic value of a catheter tip culture for patients
with a tunnelled catheter under clinical suspicion of having a
CRBSI seems limited, regardless of the method used. For both
techniques, the diagnostic yield was lower if a culture tech-
nique was performed after the other one than if it was per-
formed first. This is partly in accordance with the observation
made by Sherertz and colleagues (23), who observed the same
for sonication.

The fact that 35 of the 40 patients with CRBSI received
antimicrobial treatment prior to catheter tip culture is a likely
explanation for the observed low sensitivity of tip culture. An-
tibiotic therapy in an attempt to salvage the catheter will al-
most inevitably be given to patients with suspected CRBSI
from a tunneled catheter. It is conceivable that this will lower
the bacterial culture yield, both from the outer surface and
from the endoluminal surface. Because these antimicrobial
agents are administered through the CVC, endoluminal mi-
croorganisms are exposed to much higher antibiotic concen-
trations than are exoluminal bacteria. Antimicrobial pretreat-
ment may therefore influence the sensitivity of the sonication
method in particular. The negative impact of antimicrobial
pretreatment on the diagnostic yield of catheter tip culture was
recently demonstrated for short-term catheters (26).

Other explanations for why the sonication method did not
perform better than the roll plate method are possible. In this
study, all catheters were equipped with a disinfectable needle-
free closed connector system. If used properly, this may de-
crease the risk of endoluminal CRBSI (29). Finally, the soni-

cation technique may not be able to remove microorganisms
from the endoluminal biofilm sufficiently.

The practice of pretreatment with antibiotics does raise the
question of whether using lower cutoff values for colonization
detection might be beneficial. In a separate analysis applied to
patients with clinical suspicion of CRBSI, data obtained with
Maki et al.’s method were recalculated using modified cutoffs
for colonization, considering any growth of microorganisms on
catheter tips concordant with the yield of blood cultures as a
positive result. This did indeed improve the sensitivity of Maki
et al.’s method from 35 to 58%, at only a limited cost of
specificity (86 instead of 90%). Future studies should be per-
formed to investigate this observation more specifically before
stating that lower cutoffs may be preferred for patients receiv-
ing antimicrobial therapy before tip culture. For sonication, we
did not evaluate the sensitivity of cutoffs below 100 CFU/
catheter because this would have implied the inoculation of the
total of 5 ml of sonication fluid on at least 10 agar plates, which
we decided not to do because it would be very labor-intensive
and therefore unacceptable in routine patient care.

To our knowledge, this is the first prospective, randomized
study in which the conventional roll plate method was com-
pared with sonication for patients with long-term tunnelled
CVCs. In earlier studies, both techniques were compared with
other, nonhomogenous patient populations with short-term
devices (3, 11, 13, 18, 23, 28). In a recent study of 1,000
short-term CVCs, Bouza et al. demonstrated sonication (1 min
at 55,000 Hz and 125 W) to be less sensitive than the roll plate
method. For the roll plate method, a breakpoint of �15 CFU
was used in this study, and for sonication, cutoffs of both �100
and �1,000 CFU/catheter segment were studied, of which
�100 CFU/catheter segment demonstrated superiority for de-
tection of tip colonization. However, for the subgroup of long-
term catheters (defined as �6 days), the sensitivities of both
methods were comparable (3). Unequivocally, the hypothesis
that sonication could have additional diagnostic value due to
its ability to detect endoluminal microorganisms is attractive. It
has been suggested that the endoluminal route of catheter
infection becomes dominant over the exit site as the source of
infection in patients with long-term devices (15, 16, 19, 22).
This may explain why sonication gave slightly better, although
not significant, results than those by the roll plate method for
the “long-term” subgroup of the study by Bouza et al. Taking
into account that in this study long-term use was defined as �6
days suggests that these results could be even more pro-
nounced if truly long-term catheters are studied, as in this
study. However, we were unable to confirm this hypothesis. In
a sample of 313 CVCs and arterial catheters from a mixed
patient population, Raad and colleagues found fairly better
diagnostic parameters for sonication (at 55,000 Hz and 125 W)
than for the roll plate method. For the roll plate method, cutoff
levels of �15 CFU to �1,000 CFU were studied, and for
sonication, breakpoints of �102 to �104 CFU were evaluated.
However, considering the results obtained by using the same
breakpoints as those in our study, levels of sensitivity, specific-
ity, and positive and negative predictive values for CRBSI were
reported to be 78%, 88%, 35%, and 98%, respectively, by using
the roll plate method, compared with 93%, 94%, 72%, and
99%, respectively, for sonication. No details are given on sta-
tistical significance, and for the given values only one of both

TABLE 1. Diagnostic parameters for both tip culture techniques
applied to catheters removed for suspected CRBSI or exit

site infection with bacteremia (n � 89)a

Method Sensitivity Specificity
Positive

predictive
value

Negative
predictive

value

Sonication 45 (30–61) 84 (70–92) 69 (48–85) 65 (52–76)
Roll plate 35 (21–52) 90 (77–96) 74 (49–90) 63 (50–74)
Combined data 48 (32–64) 84 (70–92) 70 (50–86) 63 (50–74)

a Data are percentages (95% confidence intervals). Cutoffs for detection of tip
colonization were �15 CFU for the roll plate method and �100 CFU/catheter
segment for sonication.
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procedures was performed on a single catheter tip (18). Also,
Sherertz et al. reported better sensitivity with sonication than
with the roll plate method (53% versus 33%; P � 0.05), using
cutoffs of �15 CFU for the roll plate method and �100 CFU/
catheter segment for sonication, for intensive care unit patients
(23). Other researchers did not find differences in diagnostic
performance between both techniques (11, 13, 18, 28).

According to current guidelines, routinely culturing the
catheter tip is not recommended to avoid overtreatment of
clinically insignificant tip colonization in patients without sus-
picion of CRBSI. Therefore, we determined sensitivity, speci-
ficity, and predictive values for both techniques for the subset
of catheter episodes in which there was clinical suspicion of
CRBSI. Establishing the diagnosis of CRBSI in these patients
is preferably done by means of noninvasive diagnostic tests
while the catheter is left in place. However, a reliable diagnos-
tic test that can confirm or reject CRBSI in cases when the
catheter is eventually removed would be helpful. The positive
predictive value observed in this study could help to establish
the diagnosis of CRBSI, but the low sensitivity does not allow
the use of tip culture to reject the diagnosis of CRBSI.

In conclusion, for patients with long-term tunnelled CVCs,
the diagnostic yields of the roll plate and sonication methods
were comparable, although the sensitivities of both methods
were low. This might be due to attempts to salvage the catheter
by administering antibiotics in cases of suspected CRBSI to
most of these patients in the days before catheter removal and
tip culture. With this respect, our observation that lowering
conventional tip colonization cutoffs can improve diagnostic
accuracy could be valuable.
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