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Abstract

Study design Systematic review and network meta-analysis.

Objectives Intermittent catheterization (IC) is considered the standard treatment for neuro-urological patients who are unable
to empty their bladders. The present study aimed to conduct a systematic evaluation and network meta-analysis of all
available types of intermittent catheters, and determine which one is best suited for clinical use.

Methods We searched MEDLINE, EMBASE and Cochrane Central Register of Controlled Trials (CENTRAL) databases to
identify relevant studies. Only randomized clinical trials (RCTs) were included. Five types of catheters were identified based
on the included studies. A Bayesian network meta-analysis was then performed. The surface under the cumulative ranking
(SUCRA) curve was used to determine the best catheter for each outcome.

Results A total of 25 RCTs, involving 1233 participants, were included. The pooled odds ratios of symptomatic UTI were
lower for two ready-to-use single-use catheters (gel-lubricated non-coated catheter, OR: 0.30, 95% CI 0.095-0.86; pre-
activated hydrophilic-coated catheter, OR: 0.41, 95% CI 0.19-0.83) as compared to single-use non-coated catheter. In terms
of patient satisfaction, the SUCRA results showed that the pre-activated hydrophilic-coated catheter may the preferred option
(SUCRA = 82.8%). However, there were no significant differences in all outcome measures between traditional single-use
non-coated catheters and clean non-coated catheters.

Conclusion Ready-to-use single-use catheters are associated with lower rates of UTI compared to traditional catheters.
Patients may be most satisfied with the pre-activated one. For traditional single-use non-coated catheters and clean non-
coated catheters, there is still no convincing evidence as to which is better. Thus, more well-designed trials are needed.

Introduction

Intermittent catheterization (IC) is a procedure that involves
using a urinary catheter to empty the bladder, which
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typically is done several times a day. IC is considered as a
standard treatment for adults and children with incomplete
bladder emptying due to neurological disorders [1]. How-
ever, with long-term IC usage, some life-threatening com-
plications may occur. The most frequent complication is
urinary tract infection (UTI) [2], which can result in bac-
teremia/sepsis. Urethral trauma, usually evaluated by hae-
maturia, has also been reported and shown to affect the risk
of UTI [3].

Since the first introduction of IC, the material, coating
and design of the catheter have undergone continuous
improvements to reduce the incidence of UTI, attenuate
urinary tract injury and enhance patient satisfaction. IC was
originally performed using sterile technique [4] (single-use
catheter with sterile gloves and sterile containers). Lapides
et al. [5] later proposed a clean reusable catheter, which is
more cost-effective without increasing infection rates.
Reused IC refers to the reuse of a catheter after washing
with soap, boiling and/or soaking in disinfectants and air
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drying, instead of discarding it. Coated catheters are now
available for IC, which are only single-use and designed to
improve lubrication and reduce urethral injury. The most
widely used one is hydrophilic-coated catheter, with a layer
of hydrophilic polymers that absorb water and bind to the
catheter surface [6]. The friction of hydrophilic-coated
catheter is greatly lower than that of the traditional plastic
lubricated catheter [7].

IC can be done by caregivers or by the patients them-
selves after discharge from the rehabilitation facility. Sev-
eral new designs, with the concepts of “No touch” or
“Ready to use”, have been developed to facilitate the pro-
cedure, reducing the risk of infection during the procedure,
and improving patient comfort. For non-coated catheters,
there are some designs such as a closed, touchless, self-
contained catheter system that can be used in a sterile col-
lection bag [8], and the catheters are pre-lubricated without
a need to add gel manually [9]. For hydrophilic-coated
catheters, the first design required immersion in water for
30 s to activate it before use; the later design is packed in
water (pre-activated) and ready for use [10].

Although four meta-analyses [11-14] have suggested the
benefit of hydrophilic-coated catheters over non-hydrophilic
ones, the variety of catheters can make data synthesis
challenging. The confounding factors may include sterile or
clean technique, single-use or re-use, pre-lubricated, pre-
activated and other design features.

Another comparison, single-use versus re-use catheters, is
still controversial. Two cost-effectiveness studies [11, 15]
demonstrated the economic advantage of re-use catheters,
and the results suggest that re-use catheters may be more
acceptable for long-term use to individuals in developing
countries. A Cochran systematic review [13] in 2014 con-
cluded that single-use catheters have no clear advantages
over re-use catheters, and this potential endorsement of re-
use catheters may have a strong impact on healthcare pro-
viders’ decision-making. However, this Cochran review was
withdrawn [16], since an independent appraisal [17] had
found significant problems with data extraction and analysis.

Therefore, we undertook a network meta-analysis of all
available types of catheters to identify the one that is most
suitable for IC. This kind of analysis can reduce the con-
founding effects in pair-wise meta-analysis due to the
variety of catheters, as well as integrate both direct and
indirect comparisons.

Methods
Search strategy

This systematic review is reported based on the Preferred
Reporting Items for Systematic reviews and Meta-analyses
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Statement (PRISMA) [18]. The PRISMA checklist is shown
in supplementary information. MEDLINE, EMBASE and
the Cochrane Central Register of Controlled Trials databases
were searched to identify relevant articles published up to
June 2020. The following search terms were used: IC, ure-
thral catheterization, self-catheterization, clinical trials as
the topic and random. The detailed search strategy is pre-
sented in Supplementary Table S1. Relevant references from
the 2014 Cochrane review were also identified. Screening of
titles and abstracts, as well as full-text reading if necessary,
were done by two authors independently. Disagreements
were resolved by a third reviewer. The study protocol was
registered at PROSPERO (No. CRD42018114852).

Selection criteria

The inclusion criteria were as follows: (i) randomized
controlled trials or randomized cross-over trials; (ii) parti-
cipants who used some form of IC; (iii) comparison of
different types of intermittent catheters; and (iv) outcomes
were symptomatic UTI, asymptomatic bacteriuria, haema-
turia and/or patient satisfaction. Observational studies, edi-
torials, commentaries and review articles were excluded.
Based on the experimental groups in the included studies,
we defined five types of catheters of interest for analysis, as
follows: (i) single-use non-coated catheter (SNC)—a single-
use uncoated catheter. After removing it from sterile
packaging, the user needs to add some lubricant before
insertion; (ii) gel-lubricated single-use non-coated catheter
(GSNC)—a single-use uncoated catheter with pre-packaged
lubricant, which is ready to use; (iii) single-use hydrophilic-
coated catheter (SHC)—a single-use catheter with a
hydrophilic polymer coating. The user needs to add sterile
water for about 30s to active the hydrophilic polymer
coating; (iv) clean reused non-coated catheter (CNC)—a
reusable uncoated catheter, which is usually washed with
soapy water and air-dried after each use, but the user needs
to add some lubricant before use each time; and (v) pre-
activated single-use hydrophilic-coated catheter (PSHC)—a
single-use catheter with a hydrophilic polymer coating
which has been activated, and is ready-to-use. Only studies
with at least two of the above-mentioned catheter types
were included.

Data extraction

Data extraction was performed by two authors independently.
Disagreements were resolved by a third reviewer when
necessary. The following information was extracted from
each qualified article: author list, publication year, study
population, study design, study location, subject age range,
sample size, study duration, catheter types, the number of
participants who dropped out, and clinical outcomes.
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Outcome assessment

The outcomes were symptomatic UTI, asymptomatic bac-
teriuria, urinary injury measured by haematuria, and patient
satisfaction. The definitions of these outcomes were as
follows: (i) symptomatic UTI—a positive urine culture of >
10° cfu/mL with at least 1 symptom compatible with UTI,
including fever, cloudy/malodorous urine, suprapubic/flank
pain, worsening incontinence, malaise and/or pain asso-
ciated with catheterization [19, 20]. Since some trials had
discrepant definitions of symptomatic UTI, we also con-
sidered the definitions used in the trials, in a sensitivity
analysis; (ii) asymptomatic bacteriuria—the presence of at
least 1 bacterial species (210° cfu/mL) in a single catheter
urine specimen without any symptoms compatible with
UTI; (iii) haematuria—the presence of red blood cells in the
urine, urethral bleeding, or gross and microscopic haema-
turia; and (iv) patient satisfaction—the subjective general
opinion or preferences. All trials reporting satisfaction
included a binary item of overall satisfaction, and the non-
binary items were disregarded.

Data quality assessment

Two authors independently evaluated the quality of the
studies using the Cochrane Risk of Bias tool covering
selection bias, performance bias, detection bias, attrition
bias, reporting bias and other potential sources of bias. The
studies were classified into three grades: “high”, “unclear”
and “low” risk of bias.

Statistical analysis

A network meta-analysis was performed to compare all five
types of IC catheters using a Bayesian approach [21], pro-
ducing four networks with one outcome each. All analyses
were performed in R 3.4.4 [22] using the ‘GeMtc’ package.
The intervention efficacy or clinical impact are presented as
odds ratios (ORs) and 95% confidence intervals (CIs). The
ranking probabilities and the surface under the cumulative
ranking curves (SUCRA) [23] are utilized to evaluate the
relative ranking of different types of catheters for each
outcome. Study heterogeneity was evaluated using the
Higgins—Thompson I* method [24]. To evaluate incon-
sistency among the included trials in the networks, the Z test
[25] and node splitting model [26] were used to quantify the
degree of difference between direct and indirect compar-
isons. The level of statistical significance was set at P < 0.05.

As the definitions of symptomatic UTI varied between
various studies, we conducted a sensitivity analysis asses-
sing only studies with clear, detailed definitions and those
which only met the standard provided by the Infectious

Diseases Society of America (IDSA) 2009 consensus
statement [19] and the American Academy of Pediatrics
(AAP) guidelines for UTI [20].

Results

The literature search identified 2914 records, and 40 studies
were selected for a full review after excluding duplicate
publications and screening title and abstract. After full-text
screening, 25 studies [9, 10, 27-49] were included. The
PRISMA flow diagram is shown in Fig. 1.

Characteristics of the included studies

Table 1 lists the main characteristics of the studies. Fourteen
were randomized controlled trials, and 11 were randomized
cross-over trials. Among the 1233 participants, most were
diagnosed with neurogenic bladder, while a few had other
causes of urinary retention, such as prostatic hyperplasia. Six
trials [30, 33, 44, 46, 48, 49] focused on children, and one
[47] included individuals with myelomeningocele and
involved a small number of children. In two [30, 33] of these
seven trials, the children did self-IC, while in the remaining
five [44, 46-49] they did it either themselves or IC was done
by a trained caregiver. The remaining 18 trials included only
adult subjects. In these 18 trials, IC was performed by the
patients themselves [9, 10, 28, 32, 35, 39, 40, 42, 43, 45], by
caregivers [29, 31, 34, 37, 38], or by both [27, 36, 41].
Males made up 75.9% of the total study sample. There were
16 trials [9, 27, 29-33, 36, 3841, 45, 47—-49] assessing the

2914 records identified through
database searching

31 records identified from
2014 Cochrane review

Identification

2642 records after
duplicates removed

2642 records screened for title 2604 records excluded because not
and abstract relevant to the question

Screening

|

15 full-text articles excluded with reasons:

40 full-text articles Non-randomized (n=2)
assessed for eligibility Other interventions (n=7)

Unrelated outcomes (n=6)

Eligibility

25 articles included in the
quantitative synthesis (meta-
analysis)

Inclusion

Fig. 1 PRISMA flow diagram. Flow diagram summarizing the
phased study selection process.

SPRINGER NATURE



590

D. Ye et al.

Table 1 Characteristics of studies included in the meta-analysis.

Author Year Design Country Diagnostic group Duration Age* Sample size Dropouts (%) Male% Catheters
King [27] 1992 RCT USA NB (SCI) 28 d 3012 46 12 (21%) 87 SNC, CNC
Quigley [28] 1993 RCT USA NB (9 stroke; 4d NA 20 10 33%) NA SNC, GSNC
11 SCI)
Duffy [29] 1995 RCT USA Varied 3m 72+11 80 2 (2%) 100 SNC, CNC
Sutherland [30] 1996 RCT USA NB 8w 12+4/12 30 3 (9%) 100 SHC, CNC
+6
Fingerhut [31] 1997 RCT USA NB (SCID) 3m 38+22 29 NA 55 GSNC, CNC
Pachler [32] 1999 RCoT Denmark  BPH 3w 71(50-87) 32 11 (26%) 100 SHC, CNC
Giannantoni [9] 2001 RCoT Italy NB (SCID) 7w 38+16 18 NA 89 SNC, GSNC
Schlager [33] 2001 RCoT USA NB 4 m Children 10 0 (0%) 40 SNC, CNC
(Myelomeningocele)
Pascoe [10] 2001 RCoT UK NB 1w Adults 25 2 (7%) NA SHC, PSHC
Vapnek [35] 2003 RCT USA NB 12 m 40+ 13 62 13 (17%) 100 SHC, CNC
Day [34] 2003 RCT Canada NB 9 m 21-71 11 8 (42%) 73 SNC, GSNC
Stensballe [37] 2005 RoCT Denmark NB (SCI) 3m 24(18-42) 40 9 (18%) 100 GSNC,
SHC, PSHC
Ridder [36] 2005 RCT  Europe NB (SCID) 12 m 38+15 123 66 (35%) 100 SNC, PSHC
Moore [38] 2006 RCT Canada NB (SCID) 12 m 42+ 15 36 0 (0%) 82 SNC, CNC
Cardenas [39] 2009 RCT USA NB (SCID) 12 m 42+10 45 11 (20%) 64 SNC, SHC
Sarica [40] 2010 RCoT Turkey NB (SCI) 6w 3712 10 11 (52%) 100 SNC,
GSNC, SHC
Cardenas [41] 2011 RCT  North NB (SCID) 6 m 37+14 114 110 (49%) 81 SNC, PSHC
America
Chick [44] 2012 RCoT Canada NB (spina bifida) 12 m 13(3-20) 20 31 (61%) 50 SHC, CNC
Denys [42] 2012 RCoT France NB 30d 46 97 9 (9%) 65 SHC, PSHC
(19-64)
Chartier-kastler 2013 RCoT Europe NB 6w 54 118 7 (6%) 87 SHC, PSHC
[43] (23-88)
Leek [45] 2013 RCoT Australia Varied 8w 60 22 3 (12%) 26 SNC, CNC
(27-80)
Kiddoo [46] 2015 RCoT Canada NB (spina bifida) 24 w 11+6 45 21 (32%) 47 CNC, PSHC
Lucas [47] 2016 RCT USA NB 12 m 1-42 47 3 (6%) 44 SNC, SHC
(myelomeningocele)
Defoor [48] 2017 RCT USA NB 12 m 13 2-17) 78 23 (23%) 49 SNC, SHC
Madero-Morales 2019 RCT  Mexico NB (spina bifida) 8w 13+10 75 8 (10%) 39 SNC, CNC

[49]

Age*, presented as mean + SD or mean (range).

RCT randomized controlled trial, RCoT randomized cross-over trial, NA not available, NB neurogenic bladder, SCI spinal cord injury, BPH benign
prostatic hyperplasia, SNC single-use non-coated catheter, GSNC gel-lubricated single-use catheter, SHC single-use hydrophilic-coated catheter,

CNC clean reused non-coated catheter, PSHC pre-activated single-use hydrophilic-coated catheter.

incidence of symptomatic UTI, and 10 [27, 28, 30, 32—
35, 38, 45, 49] assessing the incidence of asymptomatic
bacteriuria. For haematuria, 8 trials [9, 30, 32, 35-
37, 40, 41] were included; while for patient satisfaction, 9
trials [10, 32, 36, 37, 40, 4244, 46] were included. The
specific data of each comparison arm is shown in Supple-
mentary Table S2. Cochrane tool risk of bias details are
listed in Supplementary Fig. S1, which reveals a moderate
risk of bias across trials.

SPRINGER NATURE

Symptomatic UTI

Sixteen trials which reported the incidence of symptomatic
UTI, comparing SNC, GSNC, SHC, CNC and PSHC (916
total participants) were included. When SNC was used as
the reference, only GSNC (OR 0.30, 95% CI 0.10-0.86)
and PSHC (OR 0.41, 95% CI 0.19-0.83) were associated
with a statistically significant lower incidence of sympto-
matic UTI (Fig. 2A). According to the SUCRA values
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A 0Odds Ratio (95% Crl)
Compared with SNC
GSNC —_—O0— 0.30 (0.095, 0.86)
SHC —O0—r 0.54 (0.23, 1.2)
CNC —or— 0.89(0.50, 1.5)
PSHC —O0— 0.41 (0.19, 0.83)
[ 1
0.09 1 2
B 10
: m
0.8 - -=-SNC
z., / /
i1 GSNC
8 os
° SUCRA=73.8% -e-SHC
%) 05 SUCRA=57.2%
2 04 CNC
° SUCRA=22
E 03 1/7/ / “*-PSHC
3 o2
01 'SUCRA=10.3%
00 =
1 2 3 4 5
Rankings

Fig. 2 Analysis of symptomatic UTI and asymptomatic bacter-
iuria. A Forest plot of symptomatic UTI, with single-use non-coated
catheter as the comparator; B SUCRA plot of symptomatic UTL; C

(Fig. 2B), GSNC (SUCRA =86.7%) was the preferred
option to decrease the risk of symptomatic UTI, followed by
PSHC (SUCRA =73.8%), SHC (SUCRA =57.2%) and
CNC (SUCRA =22.1%). Assessment of heterogeneity
(Supplementary Fig. S2) revealed I =29.9% for the com-
parison of GSNC versus SNC and I*=63.1% for CNC
versus GSNC; while the remaining comparisons showed no
heterogeneity (> =0%). Overall, we found no significant
inconsistency (Z=3.99, p=0.41) in the analysis.

Sensitivity analysis of symptomatic UTI

The specific definition of symptomatic UTI described in each
trial is given in Supplementary Table S3. We conducted a
sensitivity analysis for symptomatic UTI assessing only
studies with clear, detailed definitions and those that only met
the standard of the IDSA 2009 consensus statement and AAP
guidelines. Four trials [30, 36, 41, 47] were excluded, and
PSHC was not included in this analysis due to the exclusion
of two trials [36, 41]. The results of SUCRA-based analysis
(Supplementary Fig. S3) showed a similar trend as in the
initial analysis. Notably, the probability of GSNC being the
preferred choice was 91.0% and that of SHC being the sec-
ond preferred choice was 67.6%. The estimated risk for the
comparison of GSNC versus SNC remained statistically
significant (OR 0.29, 95% CI 0.09-0.86).

Asymptomatic bacteriuria
For asymptomatic bacteriuria, the network analysis com-

prised nine trials comparing SNC, GSNC, SHC and CNC
(378 total participants). Base on the SUCRA results

C Odds Ratio (95% Crl)
Compared with SNC
GSNC —O— 0.096 (0.0040, 1.2)
SHC —O+— 0.64(0.19,2.3)
CNC —Oor— 0.78(0.37,1.7)
[ 1
0.004 1 3

D 1

09 +----—- /
‘? o8 SUCRA=52.0% -=SNC
3 07
% 06 GSNC
& SUCRA=37.¢
Fl -e-SHC
B o4
g o3 CNC
3
© o2

SUCRA=16.5%
01 &
0
1 2 3 4
Rankings

forest plot of asymptomatic bacteriuria, with single-use non-coated
catheter as the comparator; D SUCRA plot of asymptomatic
bacteriuria.

(Fig. 2D), GSNC (SUCRA =93.7%) was the preferred
choice to prevent asymptomatic bacteriuria, and SHC was
likely (SUCRA = 52.0%) to be the second choice. No sig-
nificant differences were observed for GSNC, SHC and
CNC (OR 0.096, 95% CI 0.004-1.2; OR 0.64, 95% CI
0.19-2.3; and OR 0.78, 95% CI 0.37-1.7, respectively),
when compared to SNC (Fig. 2C). In addition, there was no
evidence of significant heterogeneity and no inconsistency
between the studies (Supplementary Fig. S4).

Haematuria

Eight trials comparing SNC, GSNC, SHC, CNC and PSHC
(643 total participants) with regards to haematuria or ure-
thral bleeding were included. Although no significant dif-
ference in haematuria incidence was observed for the four
catheters, the SUCRA results indicated that the hydrophilic-
coated catheter may be the preferred option to decrease the
risk of haematuria (OR: 0.19, 95% CI 0.01-1.5; SUCRA
87.7%; Fig. 3A, B). No significant inconsistency (Z = 1.57,
p =0.67) was observed between the studies. Assessment of
heterogeneity gave I = 72.0% for the comparison of PSHC
with SNC and P =57.3% for PSHC versus GSNC; the
remaining comparisons were not significant (Supplementary
Fig. S95).

Patient satisfaction
Nine trials that reported patient satisfaction were included in
the analysis (849 total participants). In  six

[10, 32, 37, 40, 42, 43] of these trials, the satisfaction was
reported by the patients themselves; while in the other three

SPRINGER NATURE
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Fig. 3 Analysis of haematuria and patient satisfaction. A Forest
plot of haematuria, with single-use non-coated catheter as the com-
parator; B SUCRA plot of haematuria; C forest plot of patient

[36, 44, 46], part of the evaluation was done by the patient
and part by the care provider. SUCRA analysis indicated
that in terms of overall patient satisfaction the catheters
were ranked as follows: PSHC, CNC, SHC, GSNC and
SNC (Fig. 3D). None of the catheters exhibited significant
advantages compared with SNC (Fig. 3C). Assessment of
heterogeneity (Supplementary Fig. S6) demonstrated no
significant heterogeneity for the comparison of SHC versus
SNC and GSNC; the remaining comparisons showed a
slight but significant heterogeneity. There was no significant
inconsistency (Z=3.46, p=0.33) observed between the
studies.

Discussion

The types of catheters used in IC vary across the globe,
including single-use or re-use, coated or uncoated, pre-
lubricated, pre-activated and others. Previous pair-wise
meta-analyses [12—14] have suggested the advantage of
using hydrophilic-coated catheters for IC. However, these
studies often clustered two different catheters (SNC and
CNC) in the category of uncoated catheters when uncoated
was compared to hydrophilic-coated catheters, and clustered
two different hydrophilic-coated catheters (PSHC and SHC)
in the same category. In the 2014 Cochrane review [13],
when comparing single-use and re-use catheters, the
hydrophilic-coated catheters, gel-lubricated catheters and
traditional single-use catheters were classified in the same
group (single-use), leading to possibly misleading conclu-
sions. Therefore, the present study attempted to evaluate all
available types of catheters as separate entities by per-
forming a network meta-analysis. More importantly, the
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satisfaction, with single-use non-coated catheter as the comparator; D
SUCRA plot of patient satisfaction.

sample size (1233 total participants) of this meta-analysis
and the number of included studies were greater than those
of the previous meta-analyses [11-14]. It is hoped that the
results will guide patients and healthcare providers when
making treatment decisions.

Some findings are important based on pooled analyses
and SUCRA results. First, GSNC and PSHC were asso-
ciated with a significantly decreased risk of symptomatic
UTI compared to SNC. The SUCRA results indicated the
GSNC is the preferable option for UTI prevention. The
results from asymptomatic bacteriuria gave a similar rank
order, but did not reach statistical significance, probably
because all patients on IC are at risk of asymptomatic
bacteriuria. Asymptomatic bacteriuria has less clinical sig-
nificance than UTI and requires no treatment. It was note-
worthy that when subdividing the hydrophilic-coated
catheters into PSHC and SHC, only PSHC shows a statis-
tically significant reduction in UTI rate. These data can be
explained by the fact that both GSNC and PSHC are ready-
to-use and no-touch techniques, whereas the users need to
add sterile water to the traditional hydrophilic-coated
catheter (SHC) for about 30s to active the hydrophilic
coating, or manually add some lubricants and disinfectants
to SNC before use. These operations may confer some risks.
Goessaert et al. [50] reported that even in the hospital set-
ting, nurses and nursing students might make more ster-
ilization errors and spent more time performing the
traditional method (sterile with a catheterization-set), than
with the no-touch method. Moreover, as a non-hospital
procedure, IC is widely performed by patients themselves in
real-life circumstances. Many patients with spinal cord
injury have decreased manual dexterity or are juveniles. The
ready-to-use and no-touch technique that requires less
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preparation and has less chance of making sterilization
errors may be especially useful for those patients.
Previous studies have mentioned that the definitions of
symptomatic UTI are not consistent across trials. Two
previous meta-analyses [13, 14] used the definition taken
from an outdated consensus statement [51], while the IDSA
2009 consensus statement [19] had already provided the
latest definition of UTI. Considering the variation in the
definitions, we conducted a sensitivity analysis focusing on
trials with clear, detailed definitions, and those that
approximately met the IDSA standard. The core definition
of symptomatic UTI was significant bacteriuria plus the
presence of symptoms or signs. The main differences
between the two definitions are as follows: the National
Institute on Disability and Rehabilitation Research
(NIDRR) defined the significant bacteriuria of UTI as >10?
cfu/ml; while the IDSA standard defined the significant
bacteriuria of UTI as 210° cfu/ml. One trial [41] has applied
the former definition, which may have led to a risk of
overestimating the incidence of UTI. This study was
excluded in the sensitivity analysis. The incidence of
symptomatic UTT in this trial (82%) was higher than that in
the remaining trials. Another three trials [30, 36, 47] were
excluded due to the lack of a clear and precise description of
the inclusion criteria and the definition of symptomatic UTI,
especially the diagnostic standard of bacterial colonies in
urine samples. Given the exclusion of the De Ridder [36]
and Cardenas [41] studies, the PSHC arm was excluded
from the sensitivity analysis. The sensitivity analysis
revealed a similar rank order as the initial analysis, and the
gel-lubricated catheter was still significantly superior to
other catheters in terms of avoiding symptomatic UTIL.
Regarding haematuria, the SUCRA results demonstrated
the superiority of SHC compared to GSNC and other
uncoated catheters. This may be attributed to the fact that
hydrophilic catheters have a smooth and slippery surface with
lower friction force and higher osmolality [7]. However,
Stensballe et al. [37] measured the withdrawal friction and the
incidence of haematuria for the hydrophilic catheter and the
gel-lubricated catheter and reported that there is no direct
relationship between friction force and haematuria, which
may partially explain our insignificant results. Haematuria is
an acute form of urethral trauma, and trauma to the urethral
mucosa can lead to long-term complications such as urethral
stricture, which was rarely reported in most trials. The reason
may be that a great number of patients might only have
mucosal irritation symptoms, which indicate a very slight
urethral trauma that cannot be detected by laboratory tests.
Some subjective indicators should be paid more attention
than objective ones, such as the overall patient satisfaction
and other related parameters. Patient satisfaction or pre-
ference is affected by comfort, ease of handling, con-
venience, cost and insurance reimbursement. The SUCRA

analysis revealed that with respect to patient satisfaction
PSHC and CNC were the top two. The advantage of PSHC
is that it has a slippery surface and is ready-to-use, which
offer comfort and ease of operation at the same time. Tra-
ditional single-use hydrophilic catheters can make some
individuals feel that ‘lubricant [water in the packaging]
would leave a mess on the bathroom floor’, and make them
prefer to use multi-use catheters [44]. The evaluation cri-
teria of satisfaction varied greatly; however, we noted that
all trials reporting satisfaction include a binary measure of
overall satisfaction. The remaining non-binary items could
not be used for network analysis at present. It is hoped that
there will be a unified scale to measure IC satisfaction in the
future, which is convenient for accurate evidence synthesis.

Another important issue nowadays is whether the SNC
or the multi-use non-coated catheter is preferred. Our meta-
analysis showed that if hydrophilic-coated and gel-
lubricated catheters were left out of comparison, there
were no significant differences for the four outcomes
between the SNC and CNC. The 2014 Cochrane review
[13] reached a similar conclusion and stated that no benefit
was proven for single-use catheters compared to re-use
catheters. However, such a statement strongly encourages
healthcare insurers to carefully consider the cheaper re-use
catheters, thus leading to great potential risks. There still is
no general consensus whether the healthcare insurers should
cover the cost of single-use catheters.

A cost-effectiveness analysis, which represents a key to
interpret the clinical and financial trade-offs, was not
included in the current meta-analysis. Two previous cost-
effective studies [11, 15] obtained different conclusions
based on two probabilistic Markov models with various
groups and health states. Bermingham et al. [11] reported
that clean re-use catheters were more cost-effective than
single-use catheters, whereas Clark et al. [15] supported the
use of SHCs, especially when long-term UTI complications
were included in the analysis. However, these two studies
were both performed based on the National Health Service
drug tariff in the UK, and data from developing countries
are still missing. More rigorous trials with cost-
effectiveness analyses are needed for adequate decision-
making, especially in developing countries.

This study has some limitations. First, the variety of
definitions of clinical outcomes in the included studies might
contribute to statistical heterogeneity. The above sensitivity
analysis was an attempt to address this issue. Second, most
studies had limitations of high dropout rate, which in turn
resulted in a low quality of evidence. That is, the clinical
outcomes of various IC options could be different for indi-
viduals who did not complete the study than for those who
had completed the study, which may have resulted in an
underestimate of UTI risks. Third, most studies had a short
follow-up period, hence, some long-term complications such
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as urethral stricture and renal failure were not observed and
reported. Forth, due to the obvious differences in the
operation of diverse catheters, the blinding method was not
used in any of the included studies. Fifth, the cleaning
technique is another variable that should be considered.
Cleaning technique is the procedure of IC with or without a
rigorous aseptic technique (sterile gloves, container and
asepsis of genitals), and it can be performed with a single-
use catheter or a reused catheter. Unfortunately, few trials
have evaluated cleaning techniques, which may introduce
confounding. Finally, most of the study subjects included
were male, and seven trials [29, 30, 32, 35-37, 40] enroled
only males, which could reduce the significance of the
results in guiding IC use by female. Despite these limita-
tions, the present network meta-analysis is the first to inte-
grate all current literature and thus determine the most
suitable type of catheter for IC.

Conclusion

Our network meta-analysis indicated that GSNC and PSHC
reduce the risk of UTIL. The ready-to-use and no-touch
technique showed significant advantages compared to tra-
ditional techniques. For reasons such as ease of use and
comfort, patients were most satisfied with PSHC. In terms
of urethral injury measured by haematuria, the hydrophilic-
coated catheter seemed to perform best. However, based on
the present analysis and previous cost-effective studies,
there is still no convincing evidence whether SNC or CNC
is better. Further well-designed and high-quality RCTs with
a strict definition of outcomes, adequate sample size,
follow-up periods and cost-effectiveness analysis, are
necessary to obtain more conclusive results.
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