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Background and objectives: Little is known about the risks of catheter-related infections in patients undergoing intermittent
hemodialysis (IHD) as compared with continuous renal replacement therapy (CRRT) techniques. We compared the two
modalities among critically ill adults requiring acute renal replacement therapy (RRT).
Design, setting, participants, & measurements: We used the multicenter Cathedia study cohort of 736 critically ill adults
requiring RRT. Cox marginal structural models were used to compare time to catheter-tip colonization at removal (intent-totreat, primary endpoint) among patients who started IHD (n ⴝ 470) versus CRRT (n ⴝ 266). On-treatment analysis was also
conducted to take into account changes in prescription of RRT modality.
Results: Hazard rate of catheter-tip colonization did not increase within the first 10 days of catheter use. Predictors of
catheter-tip colonization were higher lactate levels and hypertension, while systemic antibiotics, antiseptics-impregnated
catheters, and mechanical ventilation were associated with decreased risk. The incidence of catheter-tip colonization per 1000
catheter-days was 42.7 in the IHD group and 27.7 in the CRRT group (P < 0.01). This association was no longer significant after
correction for channeling bias (weighted HR, 0.96; 95% CI: 0.77 to 1.20, P ⴝ 0.73). On-treatment analysis revealed an increased
risk of primary endpoint during CRRT exposure as compared with IHD exposure (weighted HR, 0.71; 95% CI: 0.56 to 0.92, P <
0.009).
Conclusions: Our results do not support the use of CRRT when IHD could be an alternative to reduce the risk of
catheter-related infection.
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he predominant cause of nosocomial bloodstream infection in intensive care units is catheter-related bloodstream infection (1). Critically ill patients requiring renal replacement therapy (RRT) are at greater risk for infection
(2), and the risk of nosocomial bloodstream infection sharply
increases after initiation of RRT (3). However, only a fraction
(around 16%) of the nosocomial bloodstream infection in such
patients is attributed to the vascular access (2). Data on incidence and risk factors for catheter-related infection are scarce in
this population, in comparison with chronic renal failure requiring RRT or central venous catheterization.
Intermittent hemodialysis (IHD) and continuous renal replacement therapies (CRRT) are the main RRT modalities used
in this acute setting. To date, no difference between CRRT and
IHD with respect to mortality and renal recovery has been

T

demonstrated (4). Consequently, RRT choice could, in part, be
influenced by differences in infectious risk of IHD versus CRRT.
CRRT modalities require prolonged systemic anticoagulation
and may limit the number of catheter manipulations required
before and after each IHD session and therefore influence the
risk of vascular access infection (5). On the other hand, compared with IHD, CRRT could increase the risk of hypothermia
[5% versus 17%, respectively, in the study by Vinsonneau et al.
(6)] and therefore the risk of infection.
We previously investigated the effect of the anatomic site on
the risk of dialysis catheter-tip colonization among critically ill
adults requiring vascular access for RRT (7). Using the same
data, the present study aimed to describe the epidemiology of
catheter-related infection and compare the catheter-tip colonization at removal in patients with RRT by IHD versus CRRT.
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We designed a retrospective cohort study of critically ill adults who
were expected to require renal support with RRT and were included in
the Cathedia study between May 2004 and May 2007. Only adults who
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were undergoing their first temporary noncuffed venous catheterization for RTT were included.
Cathedia was a multicenter, randomized controlled trial involving
nine university hospitals and three general hospitals. The study compared the risk of catheter infection (7) based on catheter insertion site
(jugular or femoral) and mode of RRT. Randomization of the catheter
insertion site was stratified by RRT mode. The study was approved by
the Institutional Review Board at the Côte de Nacre University Hospital. Informed written consent was obtained from all participants or
their proxies.

Mode of RRT
Neither institutional guidelines nor prespecified algorithms dictated
the mode of RRT that was used in the participating centers. Consequently, the choice between IHD and CRRT was left to the discretion of
each attending physician.

Catheter Care
As described previously (7), the insertion and handling of dialysis
catheters were performed according to the 2002 Centers for Disease
Control and Prevention (CDC) recommendations (8). However, disinfection of the catheter insertion site was done using alcoholic povidone
iodine (9) rather than chlorhexidine. Antimicrobial locks were not used
in the study.

Endpoints
Catheter-tip colonization. The Brun-Buisson simplified technique of
quantitative broth dilution culture was used to define catheter-tip
colonization (10). Briefly, after removal of the catheter, the distal 4- to
5-cm catheter segment was aseptically sectioned and sent to the clinical
microbiology laboratory in a sterile dry plastic tube. One milliliter
sterile water was dripped on the catheter, and the tube was vortex
mixed for 1 minute; 0.1 ml suspension was sampled with a calibrated
pipette and plated over the whole surface of a 90-mm diameter 5%
horse blood agar plate. Plates were incubated at 35°C to 37°C and
examined daily for 2 days. The colonies of each species were enumerated, the counts were corrected for the initial one-tenth dilution, and
quantitative results were reported as CFU/ml. Catheter-tip colonization was defined as cultures with at least 103 CFU/mm growth. The
microbiologists were unaware of the mode of RRT.
Catheter-related bloodstream infection. Catheter-related bloodstream infection was defined as catheter-tip colonization plus peripheral blood culture(s) yielding the same organisms with the same antimicrobial susceptibility as the catheter-tip within 48 hours of catheter
removal, with no other apparent source of infection (8). Growth from
two different peripheral blood cultures was required to define catheterrelated bloodstream infection when potential skin contaminants were
recovered.

Statistical Analysis
Data were expressed as mean ⫾ SD, or median interquartile range
(IQR) and percentage depending of the nature of the variable of interest. Differences between patients starting with IHD or CRRT were
compared using 2 or Fisher exact tests for categorical variables and
two-tailed, unpaired t test or Wilcoxon rank sum test for continuous
variables, as appropriate.
The assigned mode corresponded to initial choice for RRT, regardless
of the changes in prescription resulting in a change in mode of RRT
(generally from CRRT to IHD) during catheterization, in accordance
with the intent-to-treat principle. This strategy was complemented by

Clin J Am Soc Nephrol 5: 1489 –1496, 2010

an on-treatment analysis in which the mode of RRT was considered as
time-varying, to take into account time on each modality.
The statistical plan had three steps: (1) investigate risk factors for
time to catheter-tip colonization; (2) estimate the daily risk of colonization according to the duration of catheterization; and (3) compare the
risk of colonization according to the dialysis mode.
The RRT modality and other baseline factors associated with the time
to colonization were assessed by hazard ratios (HR) and their 95%
confidence intervals (CI), with values ⬎1 indicating an increase probability of catheter-tip colonization. Subsequently, a multivariate Cox
model was computed with a stepwise selection of variables with a P
value ⬍0.05 to remain in the model.
The daily risk of dialysis catheter-tip colonization was estimated by
the hazard rate function from right-censored data using kernel-based
methods (11).
Since the study was not randomized, the patients starting with CRRT
could not have the same risk of catheter infection as those who started
with IHD. Therefore, potential indication or “channeling” biases were
adjusted for by developing a propensity score for starting with one
versus another mode of RRT. A stepwise logistic regression analysis
was performed to select baseline variables, including first-order interactions, that were associated with the use of IHD. Variables were
entered into the model at a P value cut-off of 0.50. Consequently,
clinically relevant but NS factors were also included to derive a full
nonparsimonious model. Using these selected variables, a propensity
score was estimated by maximum likelihood logistic regression analysis. Calibration of the final logistic model was assessed using the
Hosmer-Lemeshow statistic.
We performed two different methods described in details by Robin et
al. (12) and Austin et al. (13) to correct for channeling bias. First, we
used the concept of marginal structural Cox models, also known as
inverse probability of weighted treatment. Second, we performed a
one-to-one greedy five-to-one digit technique to match one CRRT subject by one IHD subject, based on their propensity score. In this
matched sample, baseline characteristics were compared by the standardized difference, as recommended (14). The probability of endpoint
was modeled in a Cox model with robust covariance matrix estimation
to account for the matched design.
The proportionality assumption in all Cox models was tested and
met. HR ⬎1 indicated an increase probability of catheter-tip colonization in the IHD modality as compared with the CRRT modality. A P
value ⬍0.05 was considered significant, and all P values were twotailed without adjustment for multiple comparisons. Statistical analyses
were performed using SAS statistical software, version 9.1 (SAS Institute Inc, Cary, NC) and R statistical software, version 2.10.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline Characteristics and Epidemiology
Seven hundred thirty-six consecutive patients fulfilled inclusion criteria and were enrolled prospectively into the Cathedia
study (Figure 1). Among them, 266 (36.1%) patients started
with CRRT and 470 (63.9%) started with IHD. A switch from
CRRT to IHD occurred in 95 (12.9%) patients, while a switch
from IHD to CRRT occurred in 4 (0.5%) patients. Baseline
characteristics of the cohort are shown in Table 1, and most of
these variables were significantly different between groups.
Among included patients, catheter-tip culture at removal
was available for 392 (83.4%) in the IHD group and 245 (92.1%)
in the CRRT group. The overall cumulative incidence of catheter-tip colonization was 162/637 (25.4%) corresponding to an
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Propensity Analysis

The 29 variables associated with the use of CRRT at P ⬍ 0.5
(Table 1) and five first order interactions were used to compute
the propensity score. The final logistic model had a concordance index (c-index) of 0.84 and a nonsignificant HoshmerLemeshow test (P ⫽ 0.52), indicating a strong ability to differentiate between patients receiving or not receiving IHD and
good calibration, respectively. As expected, variables associated with the use of IHD in the overall cohort were wellbalanced after matching on the propensity score, as shown in
Table 1. The results of the risk comparison between modalities
with propensity-score adjustments are reported in Table 3 and
Figure 2B. In the propensity-matched subgroup (n ⫽ 316),
catheter-related bloodstream infection occurred in three patients in the IHD group and two patients in the CRRT group.

Figure 1. Patients disposition.

incidence of 38.9 per 1000 catheter-days (exact 95% CI: 27.6 to
53.2). The most frequently isolated organism was Staphyloccocus
epidermidis (71/162 [43.8%]). Details of the microbiologic findings of catheter-tip culture are shown in Table 2.
The risk of catheter-tip colonization at removal was significantly higher (Figure 2A) in the group starting with IHD (42.7
per 1000 catheter-days versus 27.7 in the group starting with
CRRT; HR, 1.6; 95% CI: 1.1 to 2.2, P ⬍ 0.01). Other baseline
characteristics associated with time to catheter-tip colonization
were receipt of antimicrobials at the time of insertion, the use of
antiseptics-impregnated catheters, mechanical ventilation, higher lactate levels, higher uremia levels, diabetes mellitus, and hypertension. In the Cox model, independent risk factors for RRT
catheter-tip colonization were receipt of antimicrobials at the
time of catheter insertion (HR, 0.54; 95% CI: 0.38 to 0.76, P ⬍
0.0004), the use of antiseptics-impregnated catheters (HR, 0.50;
95% CI: 0.34 to 0.71, P ⬍ 0.0003), mechanical ventilation (HR,
0.51; 95% CI: 0.35 to 0.74, P ⬍ 0.0003), higher lactate levels (HR,
1.07; 95% CI: 1.02 to 1.11, P ⬍ 0.002), and hypertension (HR, 1.6;
95% CI: 1.1 to 2.2, P ⬍ 0.006).
In the on-treatment analysis (Table 3), the risk of catheter-tip
colonization at removal was nonsignificantly higher during
exposure to IHD compared with CRRT (HR, 1.44; 95% CI: 0.94
to 2.20, P ⫽ 0.10).
The mean duration of catheterization was longer for colonized catheters (7.9 days versus 6.3 days for the remaining
catheters, P ⬍ 0.007). As shown in Figure 3, the overall instantaneous hazard of RRT catheter-tip colonization did not increase according to the range of catheter duration. When this
analysis was stratified by initial mode of RRT (Figure 3), the
instantaneous hazard of RRT catheter-tip colonization sharply
increase after 10 days among patients starting with CRRT and
was constant among patients starting with IHD.
The overall cumulative incidence of catheter-related bloodstream infection was 8 to 637 (1.3%) corresponding to an incidence of 1.9 per 1000 catheter-days (exact 95% CI: 0.2 to 7.1) and
did not significantly differed by mode of RRT (Table 2).

Discussion
In this large cohort study, we found an overall incidence
density of colonization and bloodstream infection of 38.9 for
and 1.9 per 1000 catheter-days, respectively. Hypertension, mechanical ventilation, antibiotic use at the time of insertion,
antiseptic-impregnated catheters, and lactate levels were independently associated with catheter-tip colonization at removal.
Duration of catheterization did not influence the daily hazard
rate of catheter-tip colonization among patients starting with
IHD, which argues against systematic RRT catheter replacement after a predetermined amount of time to prevent catheterrelated infection in this group. In contrast, this risk increased
after 10 days among patients starting CRRT. In addition, although initial use IHD versus CRRT was associated with increased risk of catheter-tip colonization, this association was
highly confounded and was no longer significant after correction for channeling bias. Moreover, compared with IHD, CRRT
mode was associated with an increased risk of catheter-tip
colonization when baseline differences and time on each modalities were taken into account.
We found a higher incidence of colonization than for nonRRT catheters [e.g., 11.1 per 1000 catheter-days were reported in
Lucet et al. (15)], but paradoxically the incidence of clinically
important catheter-related bloodstream infection was proportionally low. Using the equation derived from 29 papers of
non-RRT catheters (16): BSI ⫽ 0.73 ⫹ 0.17 CTC (where BSI
denotes bloodstream infection and CTC denotes colonization
incidences), we would have expected 7.3 catheter-related
bloodstream infection per 1000 catheter-days, which lies outside our 95% CI. Consequently, acute RRT catheter-tip colonization may be less prone to lead to bloodstream infection than
non-RRT catheters. This hypothesis is supported by two small
single-center studies by Souweine et al. (17,18), which compared dialysis and non-RRT catheter-related infection rates.
Although not statistically significant, both studies (17,18) reported higher rates of colonization but lower rates of catheterrelated bloodstream infection in dialysis versus non-RRT catheters. Whether this observation is related to differences in
catheter use, population characteristics, or both is unclear. The
higher mortality in this population may compete with catheterrelated bloodstream infection.
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Sdi, standardized difference; NA, not applicable.

Patients, n (%)
Age (years; mean 关SD兴)
Male
Body mass index (mean 关SD兴)
SAPS II score (SD)
Number of organ failure (mean 关SD兴)
McCabe score (mean 关SD兴)
Ventilated (mean 关SD兴)
Coma Glasgow scale (mean 关SD兴)
Cardiac rhythm (mean 关SD兴)
Arterial pressure (mmHg; mean 关SD兴)
Days from admission to inclusion (mean 关SD兴)
Body temperature (°C; mean 关SD兴)
White blood cell count (cells/l; mean 关SD兴)
Platelets count (cells/ml; mean 关SD兴)
Prothrombin rate (%; mean 关SD兴)
pH (mean 关SD兴)
Kaliemia (mmol/L; mean 关SD兴)
Lactate levels (mean 关SD兴)
Bicarbonates (mean 关SD兴)
Urea (mmol/L; mean 关SD兴)
Serum creatinine (mol/L; mean 关SD兴)
Urine output (ml/d; mean 关SD兴)
Hematocrit (%; mean 关SD兴)
Hemoglobin (g/dl: mean 关SD兴)
Received systemic antibiotics (n 关%兴)
Vasopressive support
Immunosuppression
Diabetes
Hypertension
Catheter (n 关%兴)
Antiseptic-impregnated catheter
catheter site
Femoral (versus jugular)
Days of insertion
Mean (SD)
Median (IQR)
Conditional probability to receive IHD
Mean (SD)
Median (IQR)

IHD (n ⫽ 470)

Overall

Table 1. Baseline characteristics according to the mode of renal replacement therapy before and after propensity score matching
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Table 2. Microbiological findings

Catheter-tip colonization
n (%)
Incidence per 1000 catheter-days
Microorganism characteristics (n)
Gram positive
Staphylococcus epidermidis
Staphylococcus aureus
Enterococcus spp.
Other
Gram negative
Escherichia coli
Proteus spp.
Pseudomonas aeruginosa
Enterobacter spp.
Other
Fungi
Polymicrobial
CRBSI
n (%)
CRBSI per 1000 catheter-days
Microorganism characteristics (n)
Staphylococcus epidermidis
Staphylococcus aureus

Overall (n ⫽ 637)

IHD (n ⫽ 392)

CRRT (n ⫽ 245)

Pa

162 (25.4)
38.9

114 (29.1)
42.7

48 (19.6)
27.7

⬍0.009b
⬍0.02c

92
71
10
6
5
45
11
5
13
8
8
16
9

73
57
6
6
4
29
8
3
7
5
6
5
7

8 (1.3)
1.9

6 (1.5)
2.6

4
4

3
3

19
14
4
0
1
16
3
2
6
3
2
11
2

⬍0.005
⬍0.02
0.49
0.19
⬎0.99
0.41
⬎0.99
0.64
0.21
0.70
⬎0.99
⬍0.0008
⬎0.99

2 (0.8)
1.2

⬎0.99b
0.43c

1
1

⬎0.99
⬎0.99

CRBSI, catheter-related bloodstream infection.
a
Comparing IHD versus CRRT in case of catheter-tip colonization, otherwise specified.
b
Comparing IHD versus CRRT by Fisher exact test.
c
Comparing IHD versus CRRT by Poisson regression.

In agreement with previous reports (17,19), the most frequently cultured microorganism was Staphylococcus epidermidis.
Predominance of fungi may be, in part explained by greater
broad-spectrum, predominantly antibacterial, antibiotic use in
CRRT patients than IHD, as suggested by greater antimicrobial
use noted in the Table 1. Of note, differences in the microbial
findings could not be explained by anatomic site differences,
since the mode of RRT served as a blocking variable in the
jugular versus femoral randomization process (Table 1). Also,
Gram positive bacteria were responsible for all catheter-related
bloodstream infection, as previously reported (17).
Hypertension was identified as an independent risk factor
for colonization, as previously reported for catheter-related
bloodstream infection in chronic dialysis (20) and for surgical
site infection (21). Potential reasons for this finding are as
follows: (1) hypertension could be associated with comorbidities, such as diabetes mellitus or atherosclerosis, which also
increased the risk of infection (22); (2) previous exposure to
antihypertensive drugs may contribute to increase infectious
risk, as suggested for community-acquired pneumonia (23);
and (3) hypertension itself could be associated with rarefaction
of skin capillarities (24), lower peripheral blood supply, and
thus accelerate extraluminal colonization. The causative nature
of the associations between systemic antibiotics (25) or antiseptic-impregnated catheter (26) and the risk of catheter infection

remains speculative, since those factors were not randomized
and may interfere with the catheter microbiological culture
used as the primary endpoint. Mechanical ventilation, a surrogate for respiratory failure, was negatively associated with the
risk of colonization. This association lacks of any physiologic
rationale and should therefore be interpreted with caution.
Higher lactate levels were also identified as an independent
risk factor for catheter-related infectious risk. Acidosis may
impair immune function by depressant effects on polymorphonuclear and lymphocyte function (27). Acidosis also has important inflammatory effects (27,28).
Systematic catheter replacement as a mean of limiting infectious risk has been a subject of controversy, including in the
field of RRT catheters (29). Based on our results and the results
of others (19,30), we recommend against this practice for critical
patients admitted in intensive care units who still require acute
vascular access for IHD. However, the CRRT group demonstrated an increased risk after 10 days. Therefore, physicians
should be aware of the increased risk of catheter-related infection in this subgroup of patients receiving CRRT as initial mode
who survived 10 days with the first catheter used for CRRT in
place. Nevertheless, cumulative exposure increased the risk of
catheter-related infection and confirms that RRT catheter, like
any other intravascular device, should be removed as soon as
possible when no longer indicated (8).

1494

Clinical Journal of the American Society of Nephrology

Clin J Am Soc Nephrol 5: 1489 –1496, 2010

Figure 3. Daily hazard rate of catheter-tip colonization at removal in the overall cohort and stratified by initial renal replacement mode.

Figure 2. Kaplan-Meier curves of time to catheter-tip colonization at removal in the overall cohort (A) and after propensitymatching (B) by initial renal replacement mode.

To our knowledge, our study is the first to compare the
frequency of catheter-tip colonization in IHD and CRRT. One
randomized study had compared catheter infection (6) with
similar risks between modes. If their intent-to-treat data are
combined with our intent-to-treat propensity-matched subgroup, the cumulative incidences of catheter-related bloodstream infection are 5 in 342 (1.4%) for IHD and 5 in 333 (1.5%)

for CRRT (relative risk: 1.03, 95% CI: 0.30 to 3.52, P ⫽ 0.99) in
accordance with the inverse probability weighted catheter-tip
colonization HR in our study. We found discrepancies between
intent-to-treat and on-treatment weighted analyses. Intent-totreat approach can attenuate the effect of an intervention when
the percentage of crossover increases between groups.
We are aware of limitations in our work. Only tips of RRT
catheters were cultured on removal. Catheter lumens can be
cultured using endoluminal brush either in situ or after removal
in the laboratory or by culturing sections of the catheter (31).
Consequently, the rate of endoluminal colonization could have
been underestimated. Regarding the estimations of catheterrelated bloodstream infection rates, we cannot exclude that the
timing of blood cultures, performed when clinically indicated,
failed to diagnose asymptomatic catheter-related bloodstream
infection. Because catheter-related bloodstream infection was a
rare observed event, we were not able to investigate risk factors

Table 3. Comparisons of catheter-tip colonization risk according to renal replacement therapy modalities (CRRT
versus IHD)
Intent-to-Treata

Unadjusted
Marginal structural models
Propensity-score matched
a

On-Treatmentb

HRc

95% CI

P

HRc

95% CI

P

1.57
0.96
0.85

(1.11 to 2.21)
(0.77 to 1.20)
(0.53 to 1.34)

⬍0.01
0.73
0.49

1.44
0.71
0.84

(0.94 to 2.20)
(0.56 to 0.92)
(0.47 to 1.50)

0.10
⬍0.009
0.56

Groups were defined by initial modality of renal replacement therapy, regardless of change in modality prescription.
Groups were varying according to change in modality prescription.
c
HR ⬎ 1 indicates an increase risk in the IHD modality as compared CRRT to modality.
b
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for this outcome. The estimations of daily hazard rate for colonization are uncertain after 15 days of catheterization, because
of the small number of subjects at risk. Consequently, our
results are compatible with an increased risk beyond that time.
Also, patients were bedbound and critically ill. Therefore, our
results should not be extrapolated to different settings, such as
chronic renal failure. All comparisons between IHD and CRRT
should be interpreted carefully, in the absence of initial randomization. Also, on-treatment analyses were only adjusted for
baseline characteristics, did not account for modifications of
risk factors that may have occurred over time, and should
therefore be considered as hypothesis generating.
In conclusion, we described a high incidence of catheter-tip
colonization at removal supporting current efforts to limit that
risk in this population, but a relatively low incidence of catheter-related bloodstream infection. The risk of catheter-related
infection remained unchanged with time, except after 10 days
among patients starting with CRRT. The initial mode of RRT
did not influence the incidence of catheter-colonization at removal. However, exposure to CRRT compared with exposure
to IHD may increase the risk of catheter-tip colonization. Therefore, our results do not support the use of CRRT when IHD
could be an alternative to reduce the risk of catheter-related
infection.
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