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ABSTRACT

Purpose: We compared the safety and patient acceptance of a conventional Nélaton and a
prelubricated nonhydrophilic catheter in 18 spinal cord injured patients on intermittent cathe-
terization.

Materials and Methods: In a prospective crossover study each catheter was used for 7 weeks
and the initial course was randomized. Urinalysis and urine culture were performed at 2, 4 and
7 weeks. Urethral trauma was evaluated by urethral cell count on the surface of each catheter
used on the last day of each study period. Patient satisfaction was assessed at the end of the study
by a questionnaire using multiple visual analog scales.

Results: Urinary tract infection was identified in 12 and 4 patients on a Nélaton and a
prelubricated nonhydrophilic catheter (p 5 0.03), while asymptomatic bacteruria was identified
in 18 and 8 (p 5 0.0244), respectively. The mean urethral cell count plus or minus standard
deviation on the catheter surface was 6.7 6 2.8 3 104 and 15.1 6 8.9 3 104 for the prelubricated
nonhydrophilic and the Nélaton catheter, respectively (p 5 0.01). The prelubricated nonhydro-
philic catheter resulted in a better mean satisfaction score than the Nélaton catheter (2.33 6 1.06
versus 4.72 6 2.13, p 5 0.022). Urethral bleeding was reported in 2 patients during the study
period while using the Nélaton catheter.

Conclusions: The prelubricated nonhydrophilic catheter is a safe, effective and comfortable
option in spinal cord injured patients on intermittent self-catheterization.
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Management of the lower urinary tract is crucially impor-
tant in spinal cord injured patients to prevent damage to the
upper tract and, thus, preserve renal function. The introduc-
tion of intermittent catheterization has contributed to de-
creased morbidity and mortality in these patients.1, 2 How-
ever, intermittent catheterization is not without
complications. At each catheter insertion there is a risk of
bacteriuria, genitourinary infection, urethral trauma, bleed-
ing and false passage.3–6 Stone formation, urethral stricture,
urethral diverticula and posterior bladder neck ledge irrita-
tion are also related to intermittent catheterization.6–8 Pre-
lubricated hydrophilic catheters induce significantly less ure-
thral inflammation and trauma9 but patients may have
problems with catheter withdrawal, difficult manipulation,
and the availability and use of sterile water to lubricate the
catheter.10 Recently a prelubricated nonhydrophilic catheter
has been proposed for intermittent catheterization. We com-
pared patient acceptance and safety related to the use of the
conventional Nélaton catheter and the prelubricated nonhy-
drophilic catheter in spinal cord injured patients on intermit-
tent catheterization.

MATERIALS AND METHODS

Two female and 16 male hospitalized spinal cord injured
patients with a mean age plus or minus standard deviation of
38.2 6 16.4 years and mean disease duration of 37.4 6 13.6
days were enrolled in our study. Table 1 lists clinical features
and American Spinal Injury Association impairment.11 All

patients were informed about the scientific nature of the
study and provided written consent.

The Istantcath prelubricated nonhydrophilic catheter
(Hollister, Libertyville, Illinois) is a 10Fr silicone coated cath-
eter prelubricated with gliceril polymethacrylate and pro-
pylene glycol gel. The prelubricated nonhydrophilic catheter
has a split introducer to guide it into the urethra, which
allows a no touch technique and has especially designed
drainage eyes to decrease urethral trauma (fig. 1). Sterile,
single use, 10Fr polyvinyl chloride, silicon coated Orlycatnel
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TABLE 1. Patient demographics

Pt.
No. — Sex —Age Lesion Level

Disease
Duration

(days)

American Spinal
Injury Association

Impairment

1—M—30 T5 25 A
2—F—69 Cauda 37 D
3—F—35 T11 46 C
4—M—50 T8 34 D
5—M—22 T10 22 C
6—M—65 T12 18 A
7—M—13 C5 33 C
8—M—24 L1 25 C
9—M—36 T4 60 A

10—M—39 T12 48 A
11—M—28 T12 30 C
12—M—19 Cauda 70 D
13—M—39 C7 51 A
14—M—50 T12 29 A
15—M—55 T10 40 D
16—M—24 C7 40 A
17—M—30 T8 39 A
18—M—60 L1 27 C
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Nélaton catheters (Orly General Supply s.a.s, Milan, Italy)
were lubricated by the patient using a gel.

Baseline evaluation included history, physical examina-
tion, serum chemistry studies, urinalysis, urine culture, and
imaging of the urinary tract by ultrasound, excretory urog-
raphy and cystourethrography. Urodynamic assessment fol-
lowed International Continence Society standards.12 Urinary
tract infection was treated and patients were free of infection
at the beginning of the study.

All patients were transferred from the intensive care unit
with a catheter indwelling. They underwent progressive con-
version to intermittent self-catheterization and were trained
to perform this technique independently. The initial applica-
tion of a prelubricated nonhydrophilic or Nélaton catheter
was randomly determined and at the end of 7 weeks patients
crossed over to the alternate catheter (fig. 2). Intermittent
catheterization was performed every 5 hours. The study was
double-blind since patients realized that there were 2 differ-
ent catheters but they did not identify them. One of us (G. S.)
organized the randomization and another of us (A. G.) who
evaluated the results was blinded to the details of random-
ization. At the end of each study period patients underwent
ultrasound of the urinary tract and cystourethrography as
indicated. The incidence of urethral complications was re-
corded.

Urinalysis and urine culture were performed 2, 4 and 7
weeks after the commencement of each study period. Symp-
tomatic urinary tract infection was defined as cloudy and
odorous urine, onset of urinary incontinence, increased spas-

ticity, autonomic dysreflexia, increased sweating and mal-
aise or a sense of unease associated with pyuria and signifi-
cant bacteriuria.13 Asymptomatic bacteruria was defined as
uropathogenic colonization of the urinary tract without
symptoms of infection.13

On the last day of each study period urethral wall trauma
was evaluated by counting the cells on the catheter surfac-
es.14, 15 After each catheterization the catheters were divided
into 5 cm. sections and dipped in 30 ml. phosphate buffered
saline (PBS) for 15 minutes in 50 ml. Falcon tubes. During
this time the tubes were shaken gently every 5 minutes to
facilitate cell release from the catheter sections. Freshly pre-
pared paraformaldehyde (7 ml., 10% dissolved in PBS) and 3
ml. PBS were then added to each tube for a final concentra-
tion of 2% paraformaldehyde. The cell suspensions were in-
cubated at room temperature for 15 minutes. The catheter
sections were removed and the cell suspension was centri-
fuged at 3,000 3 gravity for 10 minutes. The pellet was
resuspended in 3 ml. 2% paraformaldehyde in PBS and
gently pipetted up and down 30 times to avoid the formation
of cell clumps. Aliquots (15 ml.) of fixed cells from each cath-
eter were counted in a hemocytometric chamber at least 3
times to reach 2 3 103 cells per sample. The counts obtained
were divided by the times required to attain 2 3 103 cells.
The resulting cell numbers were then multiplied by the total
volume of 3 ml. in which cells were resuspended to determine
the total number of cells. Each type of catheter from each
patient were analyzed at least 3 times. At the end of each
study period patients were given a questionnaire regarding
specific characteristics about catheter use. A visual analog
scale was used to evaluate patient satisfaction.16 Descriptive
values are expressed as the mean plus or minus standard
deviation for urinary infection and asymptomatic bacteruria,
urethral cell number and visual analog scale scores. Compar-
isons of data were assessed by the Student t test for inde-
pendent measures and comparisons of rates were done by the

FIG. 1. Catheters and catheterization techniques. A, prelubri-
cated nonhydrophilic catheter. B, Nélaton catheter. C, split intro-
ducer of prelubricated nonhydrophilic catheter. D, catheterization
with Nélaton catheter. E, no touch technique with prelubricated
nonhydrophilic catheter.

FIG. 2. Outline of study. SCI, spinal cord injury. PNCat, prelubri-
cated nonhydrophilic catheter. VAS, visual analog scale.
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chi-square test with differences considered significant at p
,0.05.

RESULTS

A total of 13 patients had upper motor neuron lesions with
detrusor hyperreflexia, including 9 with detrusor-sphincter
dyssynergia, and 5 had lower neural lesions with detrusor
areflexia. No patient had any impairment of renal function or
upper and lower urinary tract abnormalities. A total of 54
urinalyses and urine cultures were performed during each
study period (table 2). A symptomatic urinary tract infection
was evident in 12 (22.2%) and 4 (7.4%) patients on the Né-
laton and prelubricated nonhydrophilic catheters, respec-
tively (p 5 0.03). We identified 18 (33.3%) and 8 (14.8%)
episodes of asymptomatic bacteruria in patients on the Né-
laton and prelubricated nonhydrophilic catheter regimens,
respectively (p 5 0.0244). Escherichia coli, Staphylococcus
aureus and Pseudomonas aeruginosa were the most common
bacteria.

For urethral trauma evaluation urethral cell counts per-
formed on 90 Nélaton and 90 prelubricated nonhydrophilic
catheter surfaces showed a mean of 15.1 6 8.9 3 104 and
6.7 6 2.8 3 104 cells, respectively (p 5 0.01). Catheterization
performed by patients or by hospital personnel in 3 had no
observable effect. No urethral complications were observed in
patients on prelubricated nonhydrophilic catheterization but
2 (11%) using the Nélaton catheter reported urethral bleed-
ing.

The mean visual analog scale score was significantly better
with the prelubricated nonhydrophilic than with the Nélaton
catheter (table 3). One patient with an incomplete C5 lesion
and 2 with complete C7 lesions who required assistance to
perform intermittent catheterization with the Nélaton cath-
eter became independent with the prelubricated nonhydro-
philic catheter.

DISCUSSION

Since its introduction by Guttmann and Frankel,17 inter-
mittent catheterization has dramatically changed the man-
agement of neurogenic bladder and enhanced the long-term
survival of spinal cord injured patients. Despite advances in
medical treatment, such as the availability of more antibiot-
ics and better catheter materials, individuals with spinal
cord injury who perform intermittent catheterization con-
tinue to have problems with urinary tract infection and trau-
matic complications.13 Urinary infections are the most com-
mon complication, developing in 31% to 83% of patients on
intermittent catheterization.18 Perrouin-Verbe et al observed
a lower rate of urinary tract infection (28%) and asymptom-
atic bacteruria (60%) for 2 years after the acute phase of
spinal cord injury.7 They also reported epididymitis and ure-
thral stricture rates of 10% and 5.3%, respectively, which
increased with the numbers of years on clean intermittent
catheterization. Wyndaele and Maes reported chronic or re-
current urinary tract infection in 42% of patients on inter-
mittent catheterization at a mean followup of 7 years.6 The
incidence of nosocomial urinary tract infections in spinal cord
injured patients is not well known but it is probably the most
common medical complication during initial rehabilitation
after spinal cord injury.13 Although intermittent catheteriza-
tion decreases the incidence of urinary tract infection, about
two-thirds of patients thus maintained have 1 or more epi-

sodes of bacteruria.3 Many types of catheters have been used
to prevent lower urinary tract complications related to repeat
catheter introduction with mixed results.9

We compared patient acceptance and safety related to the
use of a conventional and a prelubricated nonhydrophilic
catheter. Our results show a significant decrease in the inci-
dence of symptomatic urinary tract infections and asymp-
tomatic bacteruria in patients using the prelubricated non-
hydrophilic catheter. These findings may be related to the
functional properties of the catheter. It does not require
additional water or gel and has a split introducer that en-
ables no touch catheterization. The split helps to spread the
gel evenly on the catheter as it is inserted. By pinching
and/or squeezing the princer mechanism on the split intro-
ducer a patient has good control when guiding the catheter
into the urethra. Furthermore, the catheter has especially
designed drainage eyes to decrease urethral trauma to a
minimum. The number of catheterizations are reduced and
the simple technique helps to maintain sterility. Although
the prelubricated nonhydrophilic catheter is more expensive
than the Nélaton and similar, readily available catheters, in
our experience its use has considerably decreased the costs
associated with antibiotic therapy.

Repeat catheterization causes mechanical damage to the
urethral wall and local trauma induces urethritis, cystitis
and other complications.6, 13 Recent studies have shown that
decreased friction between the catheter and urethral epithe-
lium decreases such complications during long-term fol-
lowup.14, 15 Vaidyanathan et al studied the degree of urethral
inflammation in patients on intermittent self-catheterization
by urethral cytology.14 They observed that the urethral in-
flammatory response to repeat catheterization with a hydro-
philic catheter was significantly less than when using a plas-
tic lubricated catheter.14 Biering-Sørensen et al counted the
number of cells on the surface of 2 low friction catheters and
did not note significant differences in urethral trauma.15

They also noted absent inflammation cells. It has been re-
ported that patients who use hydrophilic catheters do as well
as those using conventional catheters9 but to our knowledge
there are no controlled studies comparing hydrophilic and
prelubricated nonhydrophilic catheters. Our cell count data
on catheter surfaces showed a significant decrease in the
number of cells on the prelubricated nonhydrophilic catheter,
which indicates a 2-fold mean decrease in urethral trauma.
None of our patients reported any urethral complications
during the study, whereas 2 using the Nélaton catheter no-
ticed urethral bleeding. All patients are being closely moni-
tored to assess whether these promising laboratory results
translate into a significant clinical correlation.

The results of patient acceptance show that prelubricated
nonhydrophilic catheterization is easier than Nélaton cathe-
terization. Particularly patients reported advantages in cath-
eter insertion, extraction and comfort. Because prelubricated
nonhydrophilic catheterization requires less preparation
than other techniques, it is especially useful for patients with
decreased manual dexterity. In our series 3 patients who
required assistance with Nélaton catheterization became in-
dependent and had better scores on most questions. Any
increase in autonomy is an important benefit for spinal cord
injured patients. Bladder management in patients with lim-
ited manual dexterity often involves a surgical decrease in
outlet resistance and acceptance of incontinence but it has

TABLE 2. Bacteriology and urethral cell count results in 54 patients

Nélaton Catheter Prelubricated Nonhydrophilic
Catheter p Value

No. urinary tract infection (%) 12 (22.2) 4 (7.4) 0.03
No. asymptomatic bacteruria (%) 18 (33.3) 8 (14.8) 0.0244
Mean urethral cell count 6 SD (3 104) 15.1 6 8.9 6.3 6 2.8 0.01
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been reported that sphincter ablative procedures do not pro-
vide the desired result and usually impair continence.3 These
procedures are especially unsuitable for female patients with
incontinence and condom catheter drainage is not a perfect
solution in male patients. Some patients with high spinal
lesions and limited manual dexterity may benefit from a
more simple intermittent catheterization technique and,
thus, avoid major surgical procedures.3

CONCLUSIONS

The prelubricated nonhydrophilic catheter reduces trauma
to the urethral surface, results in a significant decrease in
urinary tract infections and enables easy and comfortable
catheterization. It represents an attractive alternative to
conventional catheters for the urological rehabilitation of
spinal cord injured patients.

Robert L. Stephen provided suggestions and editing, and
Augusto Pace and Ingrid Malinarich provided technical as-
sistance.
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TABLE 3. Visual analog scale scores

Questions Nélaton Catheter
Mean 6 SD

Prelubricated Nonhydrophilic
Catheter Mean 6 SD p Value

Learning 1.1 6 2.7 1.1 6 2.7 0.16
Inserting 6.7 6 3.4 3.6 6 3.7 0.00007
Extracting 5.0 6 3.4 3.0 6 3.0 0.004
Comfort 5.8 6 3.9 2.5 6 3.1 0.00002
Handling ease 5.0 6 3.4 1.4 6 2.3 0.000004

Totals 4.7 6 2.1 2.3 6 1.1 0.022
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