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This retrospective study evaluated the safety and efficacy of fluoroscopy-guided urethral
catheterization in patients who failed blind or cystoscopy-assisted urethral catheterization. We
utilized our institutional database between January 2011 and March 2023, and patients with

failed blind or cystoscopy-assisted urethral catheterization and subsequent fluoroscopy-guided
urethral catheterization were included. A 5-Fr catheter was inserted into the urethral orifice, and

the retrograde urethrography (RGU) was acquired. Subsequently, the operator attempted to pass

a hydrophilic guidewire to the urethra. If the guidewire and guiding catheter could be successfully
passed into the bladder, but the urethral catheter failed pass due to urethral stricture, the operator
determined either attempted again with a reduced catheter diameter or performed balloon dilation
according to their preference. Finally, an appropriately sized urethral catheter was selected, and

an endhole was created using an 18-gauge needle. The catheter was then inserted over the wire

to position the tip in the bladder lumen and ballooned to secure it. We reviewed patients’ medical
histories, the presence of hematuria, and RGU to determine urethral abnormalities. Procedure-related
data were assessed. Study enrolled a total of 179 fluoroscopy-guided urethral catheterizations from
149 patients (all males; mean age, 73.3 +13.3 years). A total of 225 urethral strictures were confirmed
in 141 patients, while eight patients had no strictures. Urethral rupture was confirmed in 62 patients,
and hematuria occurred in 34 patients after blind or cystoscopy-assisted urethral catheterization
failed. Technical and clinical success rates were 100%, and procedure-related complications were
observed in four patients (2.2%). The mean time from request to urethral catheter insertion was
129.7 +127.8 min. The mean total fluoroscopy time was 3.5 +2.5 min and the mean total DAP

was 25.4+25.1 Gy cm?. Balloon dilation was performed in 77 patients. Total procedure time was
9.2+7.6 min, and the mean procedure time without balloon dilation was 7.1 + 5.7 min. Fluoroscopy-
guided urethral catheterization is a safe and efficient alternative in patients where blind or cystoscopy-
assisted urethral catheterization has failed or when cystoscopy-urethral catheterization cannot be
performed.

Urethral catheterization is a medical procedure widely used in patients who require urinary drainage or urine
collection for measurement or continuous hemodynamic monitoring in critical care units'~. Urethral catheteri-
zation is conducted in various clinical contexts, including outpatient, inpatient, and emergency settings, and
typically involves blind urethral catheterization for catheter insertion*. However, blind urethral catheterization
may fail or be difficult in some cases because of various factors, such as anatomical variations, urethral stricture,
or obstruction, leading to potential iatrogenic urethral injuries*®. In a recent prospective study, Stefanie et al.*
reported an iatrogenic urethral injury rate of 6.2 +3.8 per 1000 catheterizations, confirming that iatrogenic

!Department of Radiology, Jeju National University School of Medicine, Jeju National University Hospital,
15, Aran 13-gil, Jeju 63241, Republic of Korea. 2Department of Radiology, Gyeongsang National University
School of Medicine, Gyeongsang National University Changwon Hospital, 11 Samjeongja-ro, Seongsan-gu,
Changwon 51472, Republic of Korea. *email: sky_hall@naver.com

Scientific Reports|  (2024) 14:9406 | https://doi.org/10.1038/s41598-024-60224-1 nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-60224-1&domain=pdf

www.nature.com/scientificreports/

urethral trauma is a recurrent medical error observed universally across institutions, healthcare systems, and
countries. Furthermore, iatrogenic urethral injury can lead to the development of urethral stricture disease”®,
which can increase the failure rate of urethral catheterization, necessitating repeated attempts at catheter insertion
and ultimately increasing the risk of recurrent urethral injury. Typically, if blind urethral catheterization fails,
urethral catheterization through direct visualization with a cystoscope is recommended’. However, in various
clinical settings, there can be instances where cystoscopy-assisted urethral catheterization fails or is difficult to
attempt. In such situations, alternative methods, such as radiologic urethral catheterization, may be considered
safer and more effective'®!!. Radiologic urethral catheterization uses imaging techniques, such as fluoroscopy
or ultrasonography, to guide catheter insertion into the bladder. This technique has shown potential advantages
over blind catheterization, particularly in patients with challenging anatomies or in those who have previously
failed blind urethral catheterization attempts''~".

This study evaluated the safety and efficacy of fluoroscopy-guided urethral catheterization in patients who
failed blind or cystoscopy-assisted urethral catheterization attempts as an alternative. Through a comprehensive
review of existing literature, we discuss the potential benefits and limitations of fluoroscopy-guided catheteriza-
tion and provide recommendations for its use in clinical practice.

Materials and methods

The institutional review board of Jeju National University Hospital approved the study (JEJUNUH 2023-04-
021). Owing to the retrospective nature of the study, the need for informed consent was waived. A retrospective
review was conducted on our institutional database between 1 January 2011 and 1 March 2023, and patients were
selected from the outpatient department and the inpatient department, including intensive care units, medical
and surgical wards, and emergency departments. In general, when blind urethral catheterization failed, especially
when performed by attending physicians or physicians from specialties other than urology, the patient would
be referred to a urologist to either retry blind urethral catheterization or undergo cystoscopy-assisted urethral
catheterization. If urethral catheterization still failed under the urologist’s attempt or immediate intervention by
the urologist was challenging, the patients were referred to an interventional radiologist to perform fluoroscopy-
guided urethral catheterization. Additionally, during nights or weekends, fluoroscopy-guided urethral catheteri-
zation was primarily performed. Apart from fluoroscopy-guided urethral catheterization, suprapubic cystostomy
to allow urethral resting or rigid cystoscopy-assisted urethral catheterization were also considered. The study
included patients who had previous unsuccessful attempts at blind or cystoscopy-assisted urethral catheteriza-
tion, subsequently underwent fluoroscopy-guided urethral catheterization. The exclusion criteria were defined
as follows: (1) fluoroscopy-guided urethral catheterization without prior blind or cystoscopy-assisted urethral
catheterization attempt; (2) routine catheter exchange for long-term use or blockage; (3) urethral injuries from
trauma or surgery; (4) repeated fluoroscopy-guided urethral catheterization within 4 weeks; (5) suprapubic
cystostomy; (6) absence of RGU evaluation.

We documented the patients’ medical histories and gathered data, including age, sex, and the presence of
gross hematuria. Additionally, we reviewed the RGU in the picture archiving and communication system to
evaluate urethral abnormalities, including urethral injury, urethral stricture, or anatomical variations. Urethral
strictures were classified according to their anatomical location as follows: (1) meatal; (2) penile; (3) penobulbar;
(4) bulbar; (5) bulbomembranous; (6) membranous; (7) prostatic; (8) bladder neck; (9) panurethral. Urethral
injury was considered to have occurred if the following criteria were met:

Discontinuous urethra alignment or contrast leakage from the urethra on the RGU.

Or

Visible hematuria or presence of blood at the urethral meatus after multiple attempts of blind urethral
catheterization.

We assessed the technical and clinical success rates, procedure-related complications, the time from request
to urethral catheter insertion, fluoroscopy time, total radiation dose, presence of balloon dilation for urethral
stricture, number of balloon dilation, duration of balloon dilation, total procedural time, and urethral injury
rate. Technical success was defined as the successful passage of the guidewire into the urinary bladder, followed
by the placement of a urethral catheter. Clinical success was defined as adequate urine drainage from the urinary
bladder. Procedure-related complications were classified as adverse events occurring during catheterization, such
as newly developed urethral injury or bleeding, after acquisition of the initial RGU.

Fluoroscopy-guided urethral catheterization technique

All procedures were performed by one of four interventional radiologists with 3, 5, 11, and 19 years of experience
in urological intervention. The procedures were performed in one of the two angio-suites (AlluraClarity FD20;
Philips Healthcare and Artis zee ceiling; Siemens Healthcare).

First, a penile dressing was applied while the patient was supine, and urethral anesthesia was induced using a
2% lidocaine injection through a 5-Fr guiding catheter. A 5-Fr catheter was inserted into the urethral orifice, and
the RGU was acquired to evaluate the urethral tract. Subsequently, the operator attempted to pass a 0.035-inch
hydrophilic guidewire to the problematic segment of the urethra, leading to the urinary bladder. If the guidewire
and guiding catheter could be successfully passed into the bladder, but the urethral catheter failed pass due to
urethral stricture, the operator either attempted again with a reduced catheter diameter or performed balloon
dilation according to their preference?®?!. Finally, an appropriately sized urethral catheter was selected, and an
endhole was created using an 18-gauge needle. The catheter was then inserted over the wire to position the tip
in the bladder lumen and ballooned to secure it.
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Statistical analysis

Data analysis was performed using descriptive statistics, and the results are presented as mean + standard devia-

tion or percentages, as appropriate. Differences were considered statistically significant if the p-value was < 0.05.
All statistical analyses were performed using SPSS version 22 (IBM Corp, Armonk, NY, United States of

America).

Ethical approval

The Ethics Committee of Jeju National University Hospital approved this study and waived written informed
consent because of the retrospective study design (approval number 2023-04-021). This study was conducted in
accordance with the Declaration of Helsinki.

Results

We initially identified 469 fluoroscopy-guided urethral catheterizations from 300 patients. Among them, a total
of 290 fluoroscopy-guided urethral catheterizations from 151 patients were excluded. Finally, 179 fluoroscopy-
guided urethral catheterizations from 149 patients were enrolled in this study. Figure 1 illustrates the accrual
process. Patient demographics are summarized in Table 1.

All patients underwent RGU at the beginning of the procedure to evaluate their urethral condition. Out of the
study population, a significant stricture rate was identified, with 141 patients (94.6%) presenting with urethral
strictures, highlighting the high prevalence of urethral stricture. Conversely, only eight patients (5.4%) showed no
strictures. Among the urethral strictures, 120 (53.3%) had strictures in two or more locations. Urethral rupture
was confirmed in 62 patients on RGU, and hematuria occurred in 34 patients after the failure of blind urethral

Patients between January 2011 and March 2023

Inclusion criteria:

N

1. Failed at blind or cystoscopy-assisted urethral catheterization
2. Subsequent performed fluoroscopy-guided urethral catheterization

A 4

469 fluoroscopic-guided urethral catheterizations from 300 consecutive patients

Exclusion criteria:

1. Underwent fluoroscopy-guided urethral catheterization without prior attempt at
blinded or cystoscopy-assisted urethral catheterization (n = 220)

. Routine or simple change of catheter (n = 26)

. Urethral injury due to trauma or surgery (n = 18)

. Repeated fluoroscopy-guided urethral catheterization within 4 weeks (n = 14)

. Fluoroscopy-guided urethral catheterization performed after sufficient urethral
resting following a suprapubic cystostomy (n = 7)

6. Absence of retrograde urethrogram (n = 5)

\ 4

[ "SIV ]

A 4

179 fluoroscopic-guided urethral catheterizations from 149 patients

Figure 1. Flowchart of the case accrual process.

Age 73.3+13.3 (range 22-94) years
Sex 100% male

Reason for urethral catheterization

Urinary retention 65.9% (n=118)
Urine output monitoring 12.3% (n=22)
Hematuria 21.8% (n=39)

Hematuria occurred after attempts of blind urethral catheterization 19% (n=34)

Circumstances of urethral catheterization

Emergency department 24.6% (n=44)
Intensive care unit 12.8% (n=23)
Medical or surgical ward 56.4% (n=101)
Outpatient department 6.1% (n=11)

Table 1. Demographics of the study population.
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catheterization. Of these, 23 had urethral rupture with hematuria after unsuccessful blind urethral catheteriza-
tion, which was excluded because of an overlap between the two groups. Therefore, 73 patients (40.8%) experi-
enced urethral injury during the attempted blind urethral catheterization. Figure 2 illustrates urethral strictures
and injury after blind urethral catheterization. The RGU findings are summarized in Table 2.

Technical and clinical success rates were 100%, and procedure-related complications were observed in four
patients (2.2%). The mean time from request to urethral catheter insertion was 129.7 + 127.8 min. The mean
total fluoroscopy time was 3.5+ 2.5 min. Concerning the X-ray dose assessment, the dose-area product (DAP)
reported by the angiography machine was used. The mean total DAP was 25.4 +25.1 Gy cm? Balloon dilation for
urethral stricture was performed in 77 patients. The mean balloon diameter was 7.9 + 0.3 mm, the mean number
of balloon dilation was 2.1 +0.9, the mean time of balloon dilation was 2.4 + 0.8 min, the mean total time of
balloon dilation was 5.1 + 3 min, the mean total procedure time was 9.2 7.6 min, and the mean procedure time
without balloon dilation was 7.1+ 5.7 min. For patients in whom fluoroscopy-guided urethral catheterization
was successful without balloon dilation, subsequent proper managements for urethral stricture (urethral dilation,
visual internal urethrotomy, urethroplasty, etc.) were conducted by urologist?'.

Discussion

Blind urethral catheterization is the most commonly used method for inserting urinary catheters. However, this
technique may sometimes fail, leading to potential complications, particularly in patients with urethral stricture
disease, difficult anatomy, or a history of failed catheterization attempts. In such cases, fluoroscopy-guided ure-
thral catheterization using the Seldinger technique®?, which involves using a guidewire to obtain safe access to
blood vessels, is suggested as a safer and more efficient alternative!>3-%°,

In this study, we observed that the technical and clinical success rates were 100%, with only four cases (2%)
of procedure-related complications. These results highlight the safety and efficacy of fluoroscopy-guided urethral
catheterization in patients who experience difficulties with urethral catheter insertion or those with failed urethral
catheterization attempts. In a similar study conducted by Kim et al.'!, the success rate of urethral catheterization

Figure 2. An 83-year-old male patient with severe urinary retention visited the emergency department, and
blind urethral catheterization failed. Subsequently, he underwent fluoroscopy-guided urethral catheterization.
(A) On retrograde urethrography, total occlusion of the prostatic urethra was observed, and contrast medium
leakage into the venous structures around the bulbar urethra was noted. (B) Using a combination of a 5-Fr
guiding catheter and a 0.035-inch hydrophilic guidewire, the injury and occluded segments were passed
through, and a 5-Fr catheter was placed in the urinary bladder. Contrast was injected to confirm the catheter
location in the urinary bladder. (C, D) Using the over-the-wire technique, a 20-Fr urethral catheter was placed
in the urinary bladder, and the procedure was completed.
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Fluoroscopy-guided urethral catheterization | 100% (n=179)

Urethral stricture (n=225)

Location
Bladder neck 3.6% (n=8)
Prostatic urethra 35.1% (n=79)
Membranous urethra 10.7% (n=24)
Bulbomembranous urethra 18.2% (n=41)
Bulbar urethra 9.3% (n=21)
Penobulbar urethra 12.9% (n=29)
Penile urethra 3.6% (n=8)
Urethra meatus 1.8% (n=4)
Pan-urethra 4.9% (n=11)
No urethral stricture 8

Urethral injury (n=62)

Location
Bladder neck 1.6% (n=1)
Prostatic urethra 8.1% (n=5)
Membranous urethra 8.1% (n=5)
Bulbomembranous urethra 53.2% (n=33)
Bulbar urethra 16.1% (n=10)
Penobulbar urethra 6.5% (n=4)
Penile urethra 4.8% (n=3)
Urethral meatus 1.6% (n=1)

Table 2. Findings of the retrograde urethrogram.

was 69.1%, which was significantly lower than that in the present study (P <0.001). This may be because, in their
study, only a hydrophilic guidewire was used to pass through the bladder after RGU, which can be technically
challenging owing to inadequate support when passing through a stricture or injured segment. In our study, we
used a 5-Fr guiding catheter with a J-shaped angled tip in addition to the guidewire to pass through the urethral
stricture or injured segment stably and easily. Therefore, the guidewire passage was successful in all cases. In
cases where the urethral catheter could not be inserted, balloon dilation was additionally performed, leading to
a significantly higher overall success rate.

In our study, RGU revealed urethral injury in 62 patients (34.6%). The incidence of bulbomembranous
urethral injury was significantly higher than that of other urethral segments. When combining injuries in the
bulbomembranous, membranous, bulbar, and penobulbar urethra, injuries occurred in 83.9% of the cases. This
is probably because of the anatomical features of the urethra, which is curved at approximately 90° at the penile-
bulbar urethral junction and proximal bulbar urethra. When urethral stricture or urethral injury, such as urethral
rupture or pseudo-tract, occurs in the bulbomembranous segment, attempting blind urethral catheterization
may misalign the vector of force applied to the catheter in the direction of the urethra, causing the catheter
to progress only to the site of the urethral injury, potentially worsening complications. This may explain why
bulbomembranous urethral injury occurs at a higher rate than injury in other urethral segments. However,
with fluoroscopy-guided urethral catheterization, the injury location and path of the urethral tract can be easily
and accurately assessed using RGU. Using an appropriate guiding catheter with an angled tip and a hydrophilic
guidewire, complications can be avoided while accurately identifying the urethral tract.

Compared to other studies, our study had a higher urethral injury rate (40.8%). Kim et al.!' reported definite
urethral injury under RGU in 33 patients (24.3%). However, if we excluded the hematuria group and focused
only on the 62 patients (34.4%) who showed definite urethral injury on RGU, there was no statistically significant
difference compared with Kim et al’s study, as seen in the chi-square test (P> 0.05). Gil et al.>* reported that gross
hematuria in the urethral catheter was the most sensitive sign of urethral or urinary bladder injury in their cohort
study and was often the only sign of such an injury. Therefore, the urethral injury rate reported by Kim et al. may
have been underestimated because they excluded the urethral injury group that presented with hematuria. The
combined values of the two groups, which included RGU-detected urethral injury and hematuria, may better
reflect the actual urethral injury rate.

Hollingsworth et al.** reported a 3.4% rate of urethral stricture erosion after short-term catheterization of
less than 3 weeks. Kashefi et al.® reported that the rate of traumatic urethral catheter insertion was 3.2 per 1000
inpatients. A recent prospective study in a multi-institutional setting across two national healthcare systems, the
National Health Service in the UK and the Health Service Executive of Ireland, confirmed that the mean injury
rate was 6.2+ 3.8 per 1000 catheterization®. These differences in urethral injury rates may be due to a sampling
bias. In contrast to other studies that included all patients who underwent urethral catheterization, our study
focused on patients who experienced difficulties with catheterization or failed blind urethral catheterization,
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which introduced a sampling bias by overestimating the injury rate in the enrolled group and led to a higher
urethral injury rate compared with other studies.

In our study, the mean total procedural time was 9.4 £7.7 min, and the mean procedural time without balloon
urethroplasty was 7.2 £ 6 min. Given that the selected patient population comprised patients with failed blind
urethral catheterization, which can be technically challenging and time-consuming, the mean procedural time
in our study was considered acceptable. He et al.*® reported their clinical experience of wire-assisted urethral
catheterization in difficult cases of male urethral catheterization. They evaluated the time spent during urinary
catheterization, which was 15.4 + 3.3 min in the wire-assisted urethral catheterization group. Based on a com-
parison with our study, the urethral catheter insertion time in their study was more than twice as long. This may
have been due to the absence of fluoroscopic guidance and the lack of RGU, which could have resulted in more
time-consuming procedures.

Difficult male urethral catheterization (DUC) is a common problem for the clinical physicians. Once a
patients failed initial attempts at urethral catheterization, one of the following approaches can be used’; (1) pas-
sage of either a Glidewire, guide wire or filiform under direct vision (with the use of flexible or rigid cystoscopy);
(2) blind passage of a filiform, guide wire, Glidewire or hydrophilic catheter followed by the advancement of
a modified urethral catheter; (3) The Peel-away sheath placed on cystoscope/resectoscope technique; (4) The
rigid ureteroscope placed inside the 22F Foley technique; (5) Suprapubic cystostomy; (6) The instillation of 60 cc
of saline through the catheter. Direct visualization of the urethra enables identification of the source of resist-
ance, obstruction, or other complication preventing blind urethral catheterization. Recent investigations®® have
recommended the direct visualization in patients having high risk factors such as an enlarged prostate, urethral
stricture, difficult insertions, false passages, and anticoagulation therapy. Lowe et al.”’ discussed the manage-
ment of the DUC by using a cystoscope in patients with trauma or post-operation states, yielding success rate
was 85% (17/20). Beaghler et al.?® reported that flexible cystoscope-guided urethral catheterization is safe and
effective in DUC patients with 96% of success rate (52/54). Blitz et al.* reported cystoscope-guided urethral
catheterization was used in 8 patients that had endoscopic prostate or urethral surgery in which catheters were
placed with prior difficulty. With the cystoscope-guided urethral catheterization, they reported 100% of success
rate (8/8). Through these previous studies, it is evident that in cases where blind urethral catheterization has
failed, direct visualization via cystourethroscopy is recommended. However, due to the varying clinical settings
of each hospital, cystoscopy-assisted urethral catheterization by a urologist may be difficult or impossible, or it
may fail even if attempted on the initial try. In such cases, fluoroscopy-guided urethral catheterization, with its
100% of technical success rate and 2% of complication rate, can be utilized as an effective alternative.

In our study, the mean fluoroscopy time was 3.5+ 2.5 min and the mean DAP was 25.4 +25.1 Gy cm?. Unfor-
tunately, we could not find previously published data or references for comparison. However, we have considered
the following measures to reduce concerns about radiation exposure and secure clinical benefits as follows: (1)
Optimization and minimization efforts: We aimed to optimize the fluoroscopy technique and minimize radia-
tion exposure by using pulsed fluoroscopy, limiting fluoroscopy time, and applying radiation shielding wherever
possible; (2) Clinical necessity and benefits: In our study, 65.9% of patients required urethral catheterization due
to acute urinary retention. In urgent situations where blind urethral catheterization failed, and cystoscopy by a
urologist is impossible or difficult, fluoroscopy-guided urethral catheterization serves as a valuable alternative
showing a 100% technical success rate and a very low complication rate, with a considerably short procedure time
in our study; (3) Risk vs. Benefit analysis: Although urologists may be on standby for all situations, there could
be instances where they are unavailable due to surgery or other reasons, posing a significant variable in urgent
procedure scenarios. Moreover, if cystoscopy-assisted urethral catheterization fails, the next step is suprapubic
cystostomy?!. Suprapubic cystostomy, generally known to be safe and effective, is considerably more invasive
since it requires piercing the lower abdominal wall to insert a large bore catheter into the bladder, compared to
fluoroscopy-guided urethral catheterization. Additionally, suprapubic cystostomy can also entail the possibility
of radiation exposure, depending on the operator and the procedure technique. Considering these points, if
suprapubic cystostomy is being considered as the next step, the clinical benefit of performing fluoroscopy-guided
urethral catheterization may outweigh the risk of radiation exposure.

Our study has some limitations, including its retrospective nature and the fact that it was conducted at a single
center. Additionally, the sample size was relatively small, and the study population was highly selected, making it
difficult to generalize the results to a broader population. Including the excluded 220 cases of fluoroscopy-guided
urethral catheterization without a prior attempt of blind or cystoscopy-assisted urethral catheterization in our
study could have allowed us to make a stronger assertion about the safety and efficacy of fluoroscopy-guided ure-
thral catheterization. However, the 220 cases excluded were primarily those in which initial attempts at blind or
cystoscopy-assisted urethral catheterization were difficult or failed, or urethral stricture was previously identified,
suggesting future difficulty with blind or cystoscopy-assisted urethral catheterization. These cases were mostly
managed with regular follow-ups at the urology outpatient department, scheduling elective fluoroscopy-guided
urethral catheterization. Proceeding with the procedure on an elective schedule versus immediately perform-
ing fluoroscopy-guided urethral catheterization after a failed attempt at blind or cystoscopy-assisted urethral
catheterization can result in entirely different conditions of the patient’s urethra. In the latter case, the difficulty
of urethral catheterization is anticipated to be higher. This is inferred from RGU findings of our study, where evi-
dence of urethral injury was found in approximately 34.6%. Further studies with larger sample sizes and broader
patient populations are required to confirm our findings. Second, fluoroscopy-guided urethral catheterization
has the disadvantage that it can only be performed in facilities equipped with appropriate equipment for imag-
ing guidance and requires trained personnel, which may not be available in certain medical settings. Finally,
fluoroscopy-guided urethral catheterization can increase radiation exposure. Although we measured fluoroscopy
time and radiation dose in our study, it is regrettable that the absence of other studies prevents comparison.
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Further research is necessary regarding the additional radiation exposure associated with fluoroscopy-guided
urethral catheterization.

Conclusion

Our study found that fluoroscopy-guided urethral catheterization is a safe and efficient alternative in patients
where blind or cystoscopy-assisted urethral catheterization has failed or when cystoscopy-urethral catheteriza-
tion cannot be performed. Early consideration of fluoroscopy-guided urethral catheterization in patients who
are anticipated to fail or may have difficulty in blind urethral catheterization can significantly reduce the rate of
iatrogenic urethral injury, which is associated with significant patient morbidity and financial burden.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 1 November 2023; Accepted: 19 April 2024
Published online: 24 April 2024

References
1. Saint, S., Lipsky, B. A. & Goold, S. D. Indwelling urinary catheters: A one-point restraint?. Ann. Intern. Med. 137, 125-127 (2002).
2. Levy, G. D. K. E. Genitourinary trauma. In Emergency Medicine-A Comprehensive Study Guide 6th edn (ed. Tintinalli, J. E.)
1622-1628 (McGraw-Hill, 2004).
3. Shackley, D. C. et al. Variation in the prevalence of urinary catheters: A profile of National Health Service patients in England.
BM] Open 7, e013842 (2017).
4. Stefanie, M. C. et al. A prospective multi-institutional evaluation of iatrogenic urethral catheterization injuries. J. Invest. Surg. 35,
1761-1766 (2002).
5. Leuck, A. M. et al. Complications of Foley catheters—Is infection the greatest risk?. J. Urol. 187, 1662-1666 (2012).
6. Kashefi, C., Messer, K., Barden, R., Sexton, C. & Parsons, J. K. Incidence and prevention of iatrogenic urethral injuries. J. Urol. 179,
2254-2257 (2008) (discussion 2257).
7. Lumen, N. et al. Etiology of urethral stricture disease in the 21st century. J. Urol. 182, 983-987 (2009).
8. Fenton, A. S., Morey, A. F, Aviles, R. & Garcia, C. R. Anterior urethral strictures: Etiology and characteristics. Urology 65,
1055-1058 (2005).
9. Villanueva, C. & Hamstreet, G. P. III. Difficult male urethral catheterization: A review of different approachese. Int. Braz. J. Urol.
34,401-412 (2008).
10. Toru, K., Yasushi, M., Masato, F. & Akira, I. Transabdominal ultrasound-guided urethral catheterization with transrectal pressure.
J. Emerg. Med. 35, 215-219 (2014).
11. Kim, S. H. et al. Clinical efficacy of retrograde urethrography-assisted urethral catheterization after failed conventional urethral
catheterization. BMC Urol. 21, 17 (2021).
12. Joseph, R., Huber, M., Leeson, B. & Leeson, K. Ultrasound-guided placement of a foley catheter using a hydrophilic guide wire.
Clin. Pract. Cases Emerg. Med. 2, 143-146 (2018).
13. Bugeja, S. et al. A new urethral catheterisation device (UCD) to manage difficult urethral catheterisation. World J. Urol. 37, 595-600
(2019).
14. Pachler, J. & Frimodt-Meller, C. A comparison of prelubricated hydrophilic and non-hydrophilic polyvinyl chloride catheters for
urethral catheterization. BJU Int. 83, 767-769 (1999).
15. Zammit, P. A. & German, K. The difficult urethral catheterization: Use of a hydrophilic guidewire. BJU Int. 93, 883-884 (2004).
16. Levy, B. & Charkin, A. A revised guide-wire technique for urethral catheter insertion. Ann. R. Coll. Surg. Engl. 88, 228-229 (2006).
17. Tang, V. C. & Bott, S. R. A better way to insert urethral catheter with guide-wire. Ann. R. Coll. Surg. Engl. 88, 693 (2006) (author
reply 693).
18. Kaynar, M., Akand, M. & Goktas, S. A novel cannulation technique for difficult urethral catheterization. Arch. Ital. Urol. Androl.
88, 60-61 (2016).
19. Yuminaga, Y., Kam, J. & Louie-Johnsun, M. Multi-centre, prospective evaluation of the Seldinger technique for difficult male
urethral catheter insertions by non-urology trained doctors. BJU Int. 120(Suppl 3), 21-27 (2017).
20. Vyas, ]. B. et al. Balloon dilatation for male urethral strictures “revisited”. Urol Ann. 5,245-248 (2012).
21. Wessells, H., Morey, A., Souter, L., Rahimi, L. & Vanni, A. Urethral stricture disease guideline amendment (2023). J Urol. 210,
64-71 (2023).
22. Seldinger, S. I. Catheter replacement of the needle in percutaneous arteriography: A new technique. Acta Radiol. 39, 368-376
(1953).
23. Shlamovitz, G. Z. & McCullough, L. Blind urethral catheterization in trauma patients suffering from lower urinary tract injuries.
J. Trauma 62, 330-335 (2007) (discussion 334).
24. Hollingsworth, J. M. et al. Determining the noninfectious complications of indwelling urethral catheters: A systematic review and
meta-analysis. Ann. Intern. Med. 159, 401-410 (2013).
25. He, P. et al. Comparative study of wire-integrated urethral catheter versus wire-assisted urethral catheter in difficult male urethral
catheterization: A single-center experience. Transl. Androl. Urol. 8, 736-740 (2019).
26. Willette, P. A. & Coffield, S. Current trends in the management of difficult urinary catheterizations. West J. Emerg Med. 13, 472-478
(2012).
27. Lowe, M. A. & Defalco, A. ]. New endourologic technique for catheter placement after TURP, prostatectomy, and difficult ure-
throscopy. Urology 40, 461-463 (1992).
28. Beaghler, M., Grasso, M. & Loisiders, P. Inability to pass a urethral catheter: The bedside role of the flexible cystoscope. Urology
44, 268-270 (1994).
29. Blitz, B. E. A simple method using hydrophilic guide wires for the difficult urethral catheterization. Urology 46, 99-100 (1995).

Author contributions

I.C.N. and S.W.K. designed the study. S.W.K., .C.N. and D.R.K. conducted the survey and analyzed the data.
S.WXK. and I.C.N. drafted the article. J.S.L., ].J.K., B.S.K., G.M.C., and S.E.P. provided intellectual content of
critical importance in the work described. All authors have read and agreed to the published version of the
manuscript. I.C.N. gave final approval of the version to be published.

Scientific Reports |

(2024) 14:9406 | https://doi.org/10.1038/s41598-024-60224-1 nature portfolio



www.nature.com/scientificreports/

Funding

This work was supported by a research grant from Jeju National University Hospital in 2023.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to I.C.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |  (2024) 14:9406 | https://doi.org/10.1038/s41598-024-60224-1 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Safety and efficacy of fluoroscopy-guided urethral catheterization in case of failed blind or cystoscopy-assisted urethral catheterization
	Materials and methods
	Fluoroscopy-guided urethral catheterization technique
	Statistical analysis
	Ethical approval

	Results
	Discussion
	Conclusion
	References


