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Background: Urinary tract infection is one of the most common
nosocomial infections in hospitalized patients. It is predominantly
associated with indwelling urinary catheters.

Objective: To determine whether nitrofurazone-impregnated uri-
nary catheters reduce the incidence of catheter-associated bacteri-
uria and funguria (CABF).

Design: Randomized, double-blind, controlled trial.
Setting: Copenhagen Trauma Center, Copenhagen, Denmark.

Patients: 212 consecutive adult trauma patients admitted between
July 2003 and August 2005. Eligible patients needed a urinary
catheter on arrival and were excluded if they were HIV positive,
were pregnant, had a primary burn injury, or were receiving steroid
treatment or if informed consent was unattainable.

Interventions: Nitrofurazone-impregnated or standard silicone
catheter throughout the duration of catheterization.

Measurements: Catheter-associated bacteriuria and funguria, de-
fined as at least 10% colony-forming units/mL, was assessed daily
until removal of the catheter, with a prespecified minimum of
24-hour follow-up for the primary analysis. The microbiologist was
blinded to study group assignment.

Results: 1190 urine cultures were obtained over 1001 catheter-
days. Catheter-associated bacteriuria and funguria occurred less
frequently in the nitrofurazone catheter group than in the silicone
catheter group (7 of 77 [9.1%] vs. 19 of 77 [24.7%]; incidence per
1000 catheter-days, 13.8 vs. 38.6; adjusted risk, 0.31 [95% Cl,
0.14 to 0.70]; P = 0.005). Onset of CABF was delayed in the
nitrofurazone group (P = 0.01), and nitrofurazone catheters led to
fewer instances of new or changed antimicrobial therapy (adjusted
risk, 0.27 [Cl, 0.10 to 0.69]; P = 0.006).

Limitations: The clinical significance of asymptomatic bacteriuria
and funguria is unclear. Data were missing in 27% of patients, and
the magnitude of effect of the nitrofurazone catheters varied by
assumptions about outcomes in patients who did not complete
24-hour follow-up.

Conclusions: Nitrofurazone-impregnated urinary catheters reduced
the incidence of CABF in adult trauma patients, reducing the need
to change or prescribe new antimicrobial therapy.
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rinary tract infection (UTI) is one of the most com-

mon nosocomial infections in hospitalized patients
and is most often associated with an indwelling catheter
(1). The leading risk factor for bacteriuria is the duration
of catheterization: With each day of catheterization, the
prevalence of bacteriuria increases 3% to 10% (2).

Trauma patients are prone to infectious complications
(3, 4), in part as a result of invasive devices in supportive
therapy. Urinary catheters are often needed in the trauma
care setting, and UTI accounts for 24% of nosocomial
infections (5). Urinary tract infection is the focus for sepsis
in 6% to 8% of injured patients (6), and sepsis is associated
with increased mortality (7). The best preventive measure
for catheter-associated UTI is to minimize the use of in-
dwelling catheters and to remove catheters as soon as pos-
sible. However, other approaches to reduce catheter-asso-
ciated UTT are required. One possibility is to incorporate
antibacterial agents, such as nitrofurazone, in the catheter
material. Doing so may prevent migration of bacteria, col-
onization of the catheter, and formation of biofilm. Like
nitrofurantoin, nitrofurazone is a nitrofuran and has been
used for more than 50 years without any sign of microbial
resistance (8, 9). In vitro studies have shown that nitrofura-
zone-impregnated catheters inhibited the growth of 75%

of common urinary bacterial isolates (10) and of several
multidrug-resistant isolates (11).

We designed a randomized, double-blind, controlled
clinical trial to test the hypothesis that nitrofurazone-
impregnated urinary catheters could reduce the incidence
of catheter-associated UTT in adult trauma patients com-
pared with standard silicone catheters.

METHODS
Design
We conducted a randomized, double-blind, controlled

trial comparing a nitrofurazone-impregnated urinary cath-
eter (Releen NF, Coloplast A/S, Humlebaek, Denmark)
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Context

Indwelling urinary catheters increase risk for bacteriuria
and clinically significant urinary tract infection.

Contribution

In this randomized trial, trauma patients who received a
catheter impregnated with nitrofurazone were less likely
to have bacteriuria and funguria than were those who
received a standard silicone catheter. They were also less
likely to need a change in antibiotic or addition of new
antibiotics.

Caution

Data on outcomes were missing for many patients.

Implication

By reducing the incidence of bacteriuria and funguria,
nitrofurazone-impregnated urinary catheters appear to
reduce the need to change or prescribe new antimicrobial
therapy in patients who require indwelling catheters.

—The Editors

with a standard silicone urinary catheter (Simpla All Sili-
cone, Coloplast A/S) in trauma patients.

Setting and Participants

During a 24-month period (July 2003 to August
2005), we included all consecutive adult (age =18 years)
trauma patients who needed a urinary catheter and were
admitted directly from the accident scene to the Trauma
Center in Copenhagen, Denmark. Exclusion criteria were
HIV infection; preinjury treatment with corticosteroids;
pregnancy; primary burn injury; and unattainable signed
informed consent.

The Trauma Center in Copenhagen is a level 1 trauma
center at a tertiary university hospital. After the trauma
resuscitation phase, patients were transferred to an inten-
sive care unit or a surgical ward. On arrival, prophylactic
antibiotics were given according to the site and type of
injury. Antibiotics were not given for minor injuries. For
closed injuries, intravenous cefuroxime, 1.5 g 3 times daily,
was given for up to 3 days; for open injuries, intravenous
ceftriaxone, 2 g twice a day for up to 3 days, combined
with metronidazole, 500 mg 3 times daily, was given. This
regimen was continued regardless of which ward or inten-
sive care unit the patient was admitted to.

The local ethics committee and the Danish Data Pro-
tection Agency approved the study, and written informed
consent was obtained from the patients or next of kin. The
study was performed in accordance with the 1975 Decla-
ration of Helsinki, as revised in 1983.

Randomization and Interventions

The randomization list was computer-generated, with
a block size of 8 (Medstat, version 2.1; ASTRA Group A/S,
Albertslund, Denmark), by a biostatistician who was inde-
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pendent of the investigators. The trauma team leader en-
rolled patients; at enrollment, allocation to treatment
groups was concealed. Two nurses from a team of nurses
specially trained in the allocation and catheterization pro-
cedure performed the allocation by sequentially opening
consecutively numbered, sealed randomization envelopes
that contained the name of the assigned catheter. Cathe-
terizing nurses were not formally blinded to catheter type,
but both study catheters were new in the hospital. Thus,
nurses caring for the patients did not know which of the
new catheters was the nitrofurazone catheter. Patients were
effectively blinded to their catheter assignment because 1)
the catheter package was opened outside the patients’ field
of vision; 2) the patients could not see the catheter at the
time of insertion because their necks were immobilized
(12); and 3) although the catheters differed only in color,
patients were not informed of the name or type of the
catheter used.

All catheterizations were performed according to stan-
dard hospital guidelines. The patient’s genitals were
washed with water and soap (Cutan Skin Care System,
DEB, Belper, United Kingdom), sterile gloves and aseptic
insertion technique were used, sterile antiseptic gel (Instil-
lagel [lidocaine 2%, chlorhexidine 0.25%], Farco-Pharma,
Kéln, Germany) was inserted into the urethra, and isotonic
sodium chloride was used to fill the balloon. Finally, the
catheter was connected to a urine bag with an antireflux
valve (UnoMeter, Unomedical A/S, Birkeroed, Denmark)
forming the closed drainage system. Adhesive tape was used
to assess whether the system had remained unbroken. The
size of the catheter used was determined by clinical evalua-
tion; catheters were available in sizes 12 to 16 French.
Catheters were removed at the treating physician’s discretion
as soon as permitted by the patient’s condition.

Outcomes and Follow-up

The primary outcome variable was the incidence of
catheter-associated bacteriuria and funguria (CABF), de-
fined a priori as bacteriuria or funguria with art least 10’
colony-forming units (CFU)/mL for at least 1 isolate, re-
gardless of whether the patients experienced symptoms.
The primary outcome variable was chosen as a surrogate
end point for catheter-associated UTI. In addition, a post
hoc analysis was done with CABF defined as at least 10°
CFU/mL.

A urine sample for culture was taken immediately after
catheter insertion and then daily until the catheter was
removed. Aseptic 5-mL urine samples were taken by sy-
ringe aspiration from the sampling port without violating
the closed drainage system. Samples were immediately re-
frigerated at 4 °C and were subsequently transferred to the
laboratory as quickly as possible. On arrival in the labora-
tory, 1 uL and 10 uL of urine were cultivated on 5% horse
blood agar plates and on McCoy agar plates (Statens Se-
rum Institut, Copenhagen, Denmark) for the culture
quantitative analysis. The procedure is standard at the lab-
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Figure 1. Study flow diagram.

Assessed for eligibility
(n=1367)

Excluded (n = 1155)
Did not meet inclusion criteria
Referral from other hospital: 339

Urinary catheter not indicated: 707
Age <18y:76

Met exclusion criteria
Pregnancy: 4

Randomly assigned

(n=212) Primary burn injury: 4

HIV infection: 7
Preinjury corticosteroid use: 4

Failure to enroll
High workload: 14

A

Allocated to standard silicone
catheter (n = 106)

Received allocated intervention
(n =106)

Allocated to nitrofurazone-
impregnated catheter (n = 106)

Received allocated intervention
(n =106)

Excluded, met criteria (n = 3)
Pregnancy: 1
Age <18y:2

Excluded, met criteria (n = 2)
Pregnancy: 1
Informed consent unattainable: 1

A

Follow-up not possible (n = 19)
Catheter removed within 24 h: 8
Died within 24 h: 11

Discontinued intervention (n = 4)
Immediate catheter exchange to
temperature-sensing catheter on
arrival at ICU: 3
Adverse event: 1

A

Excluded from analysis (n = 29)

>103 CFU/mL at inclusion: 3

Excluded, no follow-up, discontinued: 26
Analyzed per protocol (n = 77 [72.6%])

Intention-to-treat analysis (n = 106)

Follow-up not possible (n = 21)
Catheter removed within 24 h: 14
Died within 24 h: 6
Referred to other hospital

within 24 h: 1

Discontinued intervention (n = 5)
Immediate catheter exchange to
temperature-sensing catheter on
arrival at ICU: 1
Adverse event: 4

Excluded from analysis (n = 29)

>103 CFU/mL at inclusion: 1

Excluded, no follow-up, discontinued: 28
Analyzed per protocol (n = 77 [72.6%])

Intention-to-treat analysis (n = 106)

CFU = colony-forming unit; ICU = intensive care unit.

oratory, and the technicians were blinded to the type of
catheter used. After incubation at 37 °C, the plates were
inspected for growth and the number of CFU was calcu-
lated. Bacteria and fungi were identified by the automatic
ATB Expression using the API identification system
(bioMérieux, Marcy l’Etoile, France). Antibiotic sensitivity
testing was performed by using Neo-sensitab (Rosco A/S,
Taastrup, Denmark). The microbiologist evaluating the
urine cultures was blinded to the type of catheter used.
Blinded data were entered into the electronic database at
the Department of Clinical Microbiology, and the treating
physician was informed of the culture results. Decisions

www.annals.org

regarding antimicrobial therapy were at the treating physi-
cian’s discretion.

All patients were assessed daily by the investigators to
ensure correct catheter assignment in enrolled patients, to
ascertain whether enrolled patients still had the study cath-
eter in place, and to determine whether the closed system
had remained unbroken. If the closed system had been
violated or the study catheter had been removed, results
from subsequent urine samples were not included in the
final analysis.

In addition, demographic characteristics, clinical vari-
ables, Injury Severity Score (ISS), and 30-day survival were
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Table 1. Characteristics of Catheterized Trauma Patients

Characteristic

Median age (interquartile range), y
Women, n (%)
Median Injury Severity Score (interquartile range)
Preinjury comorbid conditions, n (%)
Diabetes
Cardiac disease
Urologic disease
Urine cultures, n
Catheter-days
Total
Median (interquartile range)
Duration of catheterization, n (%)
0-1d
1-6 d
7-14 d
>14d
Systemic antimicrobial agents used in the first 3 days, n (%)
None
Cefuroxime, 1.5 g 3 times daily, intravenously

Ceftriaxone, 2 g twice daily, and metronidazole, 500 mg 3 times daily, intravenously

Silicone Catheter Group Nitrofurazone Catheter Group

(n = 103) (n = 104)
43.0 (30.0-56.0) 41.0 (28.0-54.5)
21 (20.4) 27 (26.0)

17.0 (9.0-29.0) 15.5 (9.0-26.5)

1(0.98) 1(0.96)
2(1.9) 1(0.96)
0 0
577 613
492 509
2.0(0.0-7.0) 3.0 (0-8.0)
26 (25.2) 27 (26.0)
49 (47.6) 49 (47.1)
20 (19.4) 21(20.2)
8(7.8) 7(6.7)
11 (10.7) 17 (16.4)
11(10.7) 13 (12.5)
81 (78.6) 74 (71.1)

recorded. The ISS is based on anatomical evaluation of the
injury severity and was calculated according to the method
of Baker and colleagues, with use of the 1998 update (13).
The scores range from 0 (no injury) to 75 (unsurvivable
injury), and a value greater than 15 indicates severe injury.
It correlates linearly with mortality, morbidity, and length
of hospital stay (13, 14).

Statistical Analysis

We expected 20% of catheterized trauma patients to
develop CABF. On the basis of 80% power to detect a
65% reduction in the incidence of CABF in the nitrofura-
zone group, with a significance level of P less than 0.05
(2-sided), the required sample size was 200 patients. We
therefore planned to enroll 212 patients to compensate for
dropouts.

Data are presented as proportions or medians with
interquartile ranges. We compared results by using regres-
sion models (log-binomial, log-binomial [negative], log-
Poisson approximation to log-binomial), Fisher exact tests,
or Mann—Whitney U tests, as appropriate.

For the prespecified primary analysis (per protocol),
patients were excluded if 1 of the following criteria was
fulfilled: removal of catheter within 24 hours after inser-
tion, failure to obtain a follow-up urine sample after 24
hours, and bacteriuria or funguria (colonization = 10°
CFU/mL) at admission.

To examine the effects of loss to follow-up, we per-
formed an intention-to-treat analysis with a multiple im-
putation approach under the missing-at-random assump-
tion. We used logistic regression imputation (implemented
in PROC MI and MIANALYZE [SAS software, SAS In-
stitute, Cary, North Carolina]), with catheter type as an
explanatory factor variable and adjusted for sex, age, and an
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offset term for catheter-days in a log-Poisson approxima-
tion to log-binomial regression model.

Furthermore, sensitivity analyses that included all ran-
domly assigned patients were carried out with the assump-
tion of no CABF for missing values, as well as assumptions
for “best case” (no patients in the nitrofurazone group with
missing data had CABF; all patients in the silicone group
with missing data had CABF) and “worst case” (all patients
in the nitrofurazone group with missing data had CABF;
no patients in the silicone group with missing data had
CABF).

We assessed the effect of catheter type on the onset
time of CABF by Kaplan—Meier analysis that used the log-
rank test and a Cox proportional hazards model that in-
cluded sex and age as explanatory variables. For the Cox
proportional hazards model and the logistic regression
model, deviance residuals were plotted against each of the
3 covariates. From the plots, it appears that the data were
fitted adequately by the models.

All statistical analyses were performed by using SAS
software, version 9.1. A P value less than 0.05 (two-sided)
represented a statistically significant difference.

Role of the Funding Source

No funding agency had any role in the design or con-
duct of the study or in the collection, management, or
statistical analysis of the data. All authors handled and
interpreted the data. The nitrofurazone-impregnated cath-
eter was manufactured by Rochester Medical Corporation
(Stewartville, Minnesota). At the time of the study and
preparation of this manuscript, Coloplast A/S had distri-
bution rights for the catheter worldwide, with the excep-
tion of the United States, Canada, Korea, and Turkey.
Coloplast A/S donated all the catheters used in this study.
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Table 2. Clinical Variables in Patients 2 Days before and on the Day of Confirmed Catheter-Associated Bacteriuria and Funguria*

Variable

Temperature, °C
Heart rate, beats/min
Leukocyte count, X 70° cells/L

Silicone Catheter Group (n = 19)

Nitrofurazone Catheter Group (n = 7)

2 d before Day
of First Positive
Urine Culture

37.6 (37.0-38.0)
80.5 (79.0-90.0)
10.0 (9.2-14.0)

Day of
First Positive
Urine Culture

38.0 (37.7-38.2)
90.5 (85.0-97.0)
12.0 (10.0-15.0)

2 d before Day
of First Positive
Urine Culture

Day of
First Positive
Urine Culture

P Value for Difference in
Change between Groupst

37.0 (36.7-37.3) 37.5 (37.0-38.0) 0.42
99.0 (89.0-100.0) 99.0 (89.0-101.0) 0.07
12.5 (10.3-14.5) 11.0 (10.0-11.0) -+

* Continuous variables are presented as median (interquartile range). Overall, 10.1% of data were missing.
T Calculated as the differences between values on the first day of positive urine culture minus the values 2 days before the day of first positive urine culture. P values were

calculated by using the Mann—Whitney U test.

¥ Comparison not informative because leukocyte values were missing for all but 4 patients.

The submitted manuscript went through standard prepub-
lication review at Coloplast A/S, and no changes were

suggested.

REsuLTS
Study Sample

A total of 212 patients were randomly assigned and
allocated to either the standard silicone catheter group or
the nitrofurazone catheter group (Figure 1). Five patients
were enrolled despite not meeting eligibility criteria be-
cause they were misjudged at the assessment for eligibility
(2 patients did not know they were pregnant, 2 patients
were below the age limit, and 1 patient did not sign the
informed consent form). These patients were excluded
from the study as soon as the error was identified. In-
formed consent was obtained from next of kin for 45 of
212 patients. Trauma was caused by blunt injury in 89%
of the cases and penetration injury in 11%, primarily re-
sulting from traffic accidents (104 [49%]) and falls from a
height (67 [32%]). Demographic and other characteristics
were similar between the 2 groups (Table 1). The duration
of catheterization did not exceed 35 days in either group.

Outcome Associated with Intervention

A total of 1190 urine cultures were obtained, covering
1001 catheter-days (Table 1). Table 2 lists clinical vari-
ables for patients who met the CABF end point at 2 days
before the first positive culture and on the day of meeting
the criterion for CABF. This analysis was done to evaluate
whether CABF was affecting the clinical condition of the
patients. Leukocytosis and increased heart rate and temper-
ature were found at both time points, but the change in
clinical variables did not significantly differ between
groups. No urinary catheter-related bacteremia was seen
during the study.

In the per-protocol analysis, the occurrence of CABF
was significantly reduced in the nitrofurazone group com-
pared with the silicone group (7 of 77 cases of CABF
[9.1%] vs. 19 of 77 [24.7%]; adjusted relative risk, 0.31
[95% CI, 0.14 to 0.70]; 2 = 0.005), with no effect of age,
sex, or catheter-days (Table 3). The incidence of CABF per
1000 catheter-days was 13.8 in the nitrofurazone group
and 38.6 in the silicone group. In the post hoc analysis in
which CABF was defined as at least 10° CFU/mL, the
occurrence of CABF was still significantly reduced in the

Table 3. Occurrence of Catheter-Associated Bacteriuria and Funguria in Trauma Patients*

Type of Analysis Silicone Catheter Nitrofurazone Catheter Unadjusted Risk Adjusted Risk Adjusted
Group, n/n (%) Group, n/n (%) (95% CI) (95% CI) P Value
Per-protocol, complete case analysis 19/77 (24.7) 7/77 (9.1) 0.37 (0.16-0.83)1 0.31 (0.14-0.70)* 0.005
Post hoc per-protocol, CABF definition 15/77 (19.5) 5/77 (6.5) 0.33 (0.13-0.87)t 0.29 (0.11-0.78)* 0.014
set at >10° CFU/mL
Intention-to-treat, multiple imputations 20-40/1068 7-19/1068§ 0.55 (0.35-0.88)§ 0.30 (0.12-0.73)ll 0.008
Sensitivity analyses
Assuming no CABF 19/106 (17.9) 7/106 (6.6) 0.37 (0.16-0.84)1 0.32(0.14-0.71)% 0.005
Assuming best case 48/106 (45.3) 7/106 (6.6) 0.15 (0.07-0.31)t 0.13 (0.06-0.28)+ <0.001
Assuming worst case 19/106 (17.9) 36/106 (34.0) 1.89 (1.17-3.08)t 1.85 (1.06-3.24)% 0.03

* Occurrence of CABF was calculated according to the prespecified analysis (per protocol, with exclusion of patients who had removal of catheter within 24 h after insertion,
failure to obtain a follow-up urine sample after 24 h, or bacteriuria or funguria [>10° CFU/mL] at admission) or sensitivity analyses with missing values for all randomly
assigned patients handled in 3 different ways. CABF = catheter-associated bacteriuria and funguria; CFU = colony-forming unit.

T Log-binomial regression model.

¥ Log-Poisson approximation to log-binomial regression model with sex, age, and an offset term for catheter-days (number of catheter-days for each individual) as explanatory
variables.

§ Multiple imputation approach under the missing-at-random assumption.

|| Multiple imputation, log-Poisson approximation to log-binomial regression model with sex, age, and an offset term for catheter-days (number of catheter-days for each
individual) as explanatory variables.
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Figure 2. Onset of catheter-associated bacteriuria and
funguria (CABF) in trauma patients, by type of urinary
catheter.
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P = 0.01, log-rank test.

nitrofurazone group compared with the silicone group
(Table 3).

Figure 2 shows the onset time of CABF by type of
indwelling urinary catheter during 30 days of catheteriza-
tion. The onset of CABF was significantly delayed in the
nitrofurazone group (P = 0.01, log-rank test). Along with
the simple log-rank test, we applied a Cox proportional
hazards model that included the baseline variables of sex
and age as explanatory variables. We found a hazard ratio
of 3.17 (P = 0.01) for test of treatment effect, with no
effect of age or sex.

A stadistically significant correlation was found be-
tween ISS and the duration of catheterization (r = 0.44;
P < 0.001, Spearman rank-correlation). Patients with se-
vere injury (ISS > 15) were catheterized significantly
longer than patients with mild injury (6.5 days [interquar-
tile range, 3.0 to 9.5 days] vs. 3.0 days [interquartile range,
1.0 to 5.0 days]; 2 < 0.001, Mann—Whitney U test).

Intention-to-Treat Analysis

We investigated the potential effect of loss to fol-
low-up by using an intention-to-treat analysis with a mul-
tiple imputation approach under the missing-at-random
assumption. The estimated adjusted risk was 0.30 (CI,
0.12 to 0.73; P = 0.008). The sensitivity analyses included
all 212 randomly assigned patients, although follow-up
urine cultures were unavailable for 29 patients in each

group (Table 3).

Microbiological Characteristics

Table 4 shows the distribution of urine isolates from
patients with CABF. Apart from the reduction in the num-
ber of isolates, the distribution was similar in the 2 groups,
including the proportion of cultures positive for multiple
or single organisms.

Nitrofurantoin resistance was found in 3 isolates in the
nitrofurazone group (1 with Pseudomonas aeruginosa and 2
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with Candida species) compared with 7 in the silicone
group (1 with Enterobacter species, 5 with Candida species,
and 1 with Enterobacter species and Candida species).

Among the positive isolates, all urine cultures were
processed within 24 hours of sampling (61% within 2
hours, 36% within 12 hours, and 3% within 12 to 24
hours).

Secondary Outcomes

Table 5 shows the secondary outcomes. Length of stay
in the intensive care unit or hospital did not significantly
differ between the 2 groups, nor did 30-day mortalicy. All
patients except 1 had the study catheter removed as a con-
sequence of CABF. Furthermore, CABF led to new or
changed antimicrobial therapy in 5 of 7 patients (71.4%)
in the nitrofurazone group and in 18 of 19 patients
(94.7%) in the silicone group. No other patients were
treated for presumed UTI during the study; thus, the pro-
portion of patients treated for UTT was 5 of 104 (4.8%) in
the nitrofurazone group and 18 of 103 (17.5%) in the

silicone group.

Table 4. Organisms Isolated from Urine in Trauma Patients
with Catheter-Associated Bacteriuria and Funguria*

Organism Silicone Nitrofurazone
Catheter Catheter
Group Group
(n=77) (n=77)
Single organism
Enterococcus species
=10° CFU/mL 2
=10* CFU/mL 0 1
=10° CFU/mL 6 2
Escherichia coli
=10° CFU/mL 2 0
Candida species
=10° CFU/mL 3 2
Coagulase-negative staphylococci
=10* CFU/mL 1 0
=10° CFU/mL 1 0
Corynebacterium species
=10* CFU/mL 0 1
Pseudomonas aeruginosa
=10° CFU/mL 0 1
Single organism total 15 7
Polymicrobial
Enterobacter species =10 CFU/mL 1 0
Candida species =10° CFU/mL
Enterococcus species =10% CFU/mL 1 0
Candida species =10° CFU/mL
Corynebacterium species =10* CFU/mL 1 0
Candida species =10* CFU/mL
Enterobacter species =10° CFU/mL 1 0
Escherichia coli =10° CFU/mL
Polymicrobial total 4 0
Single organism and polymicrobial total 19 7

* Data are the number of patients. The presented organism concentration is from
the first urine sample for a given patient that meets the prespecified catheter-
associated bacteriuria and funguria criterion of =10° CFU/mL. Four patients had
asymptomatic bacteriuria at placement of the catheter (Escherichia coli concentra-
tion >10> CFU/mL) and were excluded from the per-protocol analysis. CFU =
colony-forming unit.
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Table 5. Secondary Outcomes

Outcome Silicone Nitrofurazone Unadjusted Adjusted Adjusted
Catheter Catheter Risk Risk P Value
Group Group (95% CI) (95% CI)
(n = 103) (n = 104)
Median length of stay in intensive care unit (interquartile range), d 1.0 (0-3.0) 1.0 (0-4.0) 0.95 (0.54-1.65)* 1.12 (0.56-2.23)t 0.74
Median hospital length of stay (interquartile range), d 8.5 (2.0-14.0) 7.0 (3.0-13.0) 1.09 (0.68-1.75)* 1.07 (0.63-1.81)t 0.81
30-day mortality, n (%) 18 (17.5) 16 (15.4) 0.89 (0.48-1.65)+ 1.14 (0.64-2.04)§  0.65
New or changed antimicrobial therapy, n (%) 18 (17.5) 5(4.8) 0.28 (0.11-0.72)* 0.27 (0.10-0.69)§ 0.006

* Log-binomial (negative) regression model.

T Log-binomial (negative) regression model with sex, age, and an offset term for catheter-days (number of catheter-days for each individual) as explanatory variables.

# Log-binomial regression model.
§ Log-binomial regression model with sex and age as explanatory variables.

Adverse Events

None of the 34 deaths were related to the use of in-
dwelling catheters. Seven adverse events (6 in the nitrofura-
zone group and 1 in the silicone group; 2 = 0.1, Fisher
exact test) were categorized as being related to the use of an
indwelling catheter but not to the type of catheter or ma-
terial. In 5 cases (4 in the nitrofurazone group and 1 in the
silicone group), the balloon was inflated with a misplaced
catheter, which led to bleeding and a need to insert a new
catheter. There was 1 case of a false passage (nitrofurazone
group), with subsequent insertion of a suprapubic catheter,
and 1 case of difficult catheter removal due to ridging of
the balloon (nitrofurazone group). None of these patients
had additional morbidity or increased duration of hospital-
ization.

DiscussioN

This double-blind, randomized, controlled clinical trial
demonstrated a significant reduction of CABF in patients
who had nitrofurazone catheters compared with those who
had standard silicone catheters. The reduction was appar-
ent after only a few days and lasted throughout the first 30
days of catheterization.

Two published studies investigated the effect of nitro-
furazone catheters. One compared the nitrofurazone cath-
eter with a latex catheter in various postoperative patients,
with 50 patients in each group (15), and indicated a pro-
tective effect of the nitrofurazone catheter. The other com-
pared the nitrofurazone catheter with a silicone catheter in
a mixed group of 177 medical and surgical patients. A pro-
tective effect of the nitrofurazone catheter was apparent
only in a subgroup analysis (16). In the latter study, the sex
distribution and duration of catheterization were skewed.
Both studies leave uncertainty about key methodologic is-
sues, such as randomization, blinding, control, and post
hoc analysis. A randomized, double-blind study reported
only in abstract form included 344 patients and compared
the nitrofurazone catheter with a silicone catheter. The
nitrofurazone catheter significantly reduced the incidence
of bacterial catheter-associated UTI but not the incidence
of catheter-associated UTI overall. The authors concluded
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that the nitrofurazone catheter can provide substantial pro-
tection against catheter-associated UTI, at least for the
short term (17). It is difficult to compare these results with
ours without details of patient eligibility and evaluability or
antimicrobial therapy. In a recent systematic review of the
efficacy of antimicrobial urinary catheters, Johnson and
colleagues (18) identified the need for well-designed and
adequately powered randomized trials reporting intention-
to-treat analyses. They underlined the importance of well-
characterized study samples and settings as well as trans-
parent reporting of patient flow.

To our knowledge, our study is the first to incorporate
these requirements into the design. The sample consisted
of otherwise-healthy, consecutively catheterized trauma pa-
tients who received standardized catheter care and proto-
col-based antibiotic therapy. We studied 2 comparable sil-
icone catheters that differed only by nitrofurazone
impregnation. Furthermore, microbial surveillance was
based on systematically collected urine samples, and the
outcome was assessed according to predefined criteria. Al-
though 58 of 212 enrolled patients were not included in
the per-protocol analysis, the number of missing values was
similar in the 2 groups, and all exclusions were prespecified
in the study protocol. For 39 of 58 exclusions, urine sam-
ples were unavailable 24 hours after catheter insertion, ei-
ther because the patients died or a catheter was no longer
needed. The preventive effect of the nitrofurazone catheter
was confirmed by the intention-to-treat analysis as well as
by sensitivity analyses for missing values. In the worst-case
analysis, the nitrofurazone catheters increased the risk for
CABF, showing that the magnitude of the preventive effect
of nitrofurazone catheters varies by the assumptions made
about the outcome in patients who did not complete 24-
hour follow-up. However, neither the best-case nor the
worst-case analysis is likely. Patients who died within 24
hours were unlikely to all have been CABF positive had
they lived undl the 24-hour sample was taken, and the
patients who did not need catheterization beyond 24 hours
had sustained only minor injury. We therefore suggest that
the effect of the nitrofurazone catheter lies somewhere be-
tween the 2 extremes, most likely closer to the per-protocol
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and intention-to-treat analyses. Slightly more women were
in the nitrofurazone catheter group. However, this did not
bias the result because neither the log-binomial nor the
Cox proportional hazards model showed any effect of sex.
Furthermore, female sex is generally considered to be a risk
factor for UTIL.

A possible limitation of our study lies in the chosen
primary outcome measure. We used the new appearance of
bacteriuria or funguria with a concentration of at least 10°
CFU/mL, with no requirement for reported symptoms as a
surrogate end point for catheter-associated UTI, because
trauma patients often have altered mental status; thus, pa-
tient-reported symptoms are not always available or reli-
able. Asymptomatic bacteriuria or funguria is a reasonable
surrogate end point since it is part of the main causal path-
way between catheter use and infection. It has previously
been used (19-28) and is an objective measure indepen-
dent of the trauma patient’s ability to report symptoms.

We also evaluated whether length of stay, mortality, or
a change in clinical variables could suggest a clinical impact
of CABF. We found no statistically significant differences
in length of stay or in mortality between groups. Clinical
variables showed signs of a systemic inflammatory response
both before and at the time of CABF. In a comparison of
the changes in clinical variables before and after positivity
for CABF, temperature, heart rate, and leukocyte count
increased only moderately. These changes tended to be
more pronounced in the silicone group for the latter 2
variables, but the clinical importance is probably limited.

In our study, CABF led to removal of the study cath-
eter and new or changed antimicrobial therapy in most
patients. In our hospital, trauma patients are under micro-
bial surveillance, with urine cultures routinely performed
twice a week and when clinically indicated. The primary
outcome of CABF was therefore clinically relevant because
it is normal hospital practice in cases of confirmed bacte-
riuria (=10° CFU/mL) to remove the catheter and con-
sider giving antibiotics.

The level of bacteriuria that should be used as the
threshold definition for catheter-associated UTI has been
debated in the literature; however, studies show that once
bacteria have been isolated from urine at a concentration of
at least 10> CFU/mL, the concentration increases to at
least 10° CFU/mL within 24 to 48 hours (19, 22, 24, 29).
The effect of the nitrofurazone catheter in a post hoc anal-
ysis that set the threshold for CABF at 10° CFU/mL was
the same as the result obtained in the analysis that used the
prespecified CABF definition. A 2006 systematic review
found no studies comparing different antimicrobial cathe-
ters (18), so possible differences in efficacy between nitro-
furazone-impregnated and other catheters, such as silver
alloy—coated catheters, are unknown. The cost of nitro-
furazone-impregnated and silver alloy—coated catheters is
similar and 2 to 4 times that of a standard silicone indwell-
ing catheter.

One concern about using antibacterials in catheter ma-
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terials is related to antibiotic-resistant bacteria, which are
the obvious disadvantage of systemic antibiotic prophylaxis
(30, 31). In this study, the pattern of bacterial pathogens
associated with CABF did not differ between the groups,
although this could be anticipated from in vitro evidence
(10). The occurrence of Candida or Pseudomonas species,
which are intrinsically resistant to nitrofurazone, did not
significantly increase (9, 11). The observed incidence and
pattern of pathogens associated with CABF were similar to
those in comparable groups—the same high proportion
received antibiotic therapy (28, 32-34). In addition, nitro-
furazone is not absorbed to the surrounding tissue or sys-
temically (35). Thus, the risk for bacterial resistance with
use of nitrofurazone catheters seems minimal.

In conclusion, we found that the incidence of CABF was
lower in adult trauma patients when nitrofurazone-impreg-
nated urinary catheters were used and that this reduced
incidence was associated with a decreased need to change
or prescribe new antimicrobial therapy. Use of nitrofura-
zone-impregnated catheters should therefore be considered
in trauma patients. Whether a beneficial effect is also
present in other patients needing indwelling urinary cath-
eters is not known. This should be assessed in a random-
ized clinical trial.
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