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Abstract

Context: The incidence of urolithiasis is increasing year by year. Ureteral stents are
a popular treatment option for this condition. Efforts to improve the material and
structure of stents to increase comfort and reduce complications have led to the
introduction of magnetic stents.

Objective: To evaluate differences in removal efficiency and safety for magnetic and
conventional stents.

Evidence acquisition: This study was conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
Data were extracted according to the PRISMA principles. We collected and com-
bined data from randomized controlled trials on magnetic versus conventional
stents to evaluate the efficiency of their removal and the associated effects. Data
synthesis was performed using RevMan 5.4.1 and heterogeneity was evaluated
using 12 tests. A sensitivity analysis was also performed. Key metrics included the
stent removal time, Visual Analog Scale (VAS) pain scores, and Ureteral Stent
Symptom Questionnaire (USSQ) scores for various domains.

Evidence synthesis: Seven studies were included in the review. We found that mag-
netic stents had a shorter removal time (mean difference [MD] —8.28 min, 95% con-
fidence interval [CI] —15.6 to —0.95; p = 0.03) and their removal was associated
with less pain (MD —3.01 points, 95% CI —3.83 to —2.19; p < 0.01) in comparison
to conventional stents. USSQ scores for urinary symptoms and sexual matters were
higher for magnetic than for conventional stents. There were no other differences
between the stent types.

Conclusions: Magnetic ureteral stents have the advantages of a shorter removal
time, less pain during removal, and low cost in comparison to conventional stents.
Patient summary: For patients undergoing treatment of urinary stones, a thin tube
called a stent is often temporarily inserted in the tube between the kidney and
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the bladder to allow stones to pass. Magnetic stents can be removed without any
need for a second surgical procedure. Our review of studies comparing two types
of stents suggests that magnetic stents are superior to conventional stents in terms
of efficiency and comfort during removal.
© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Clinicians had used a range of treatment methods for differ-
ent kidney stone conditions until the ureteral stent was
introduced by Finney [1]. Since then, stents have become
hugely popular in urological surgery. Stents allow urine to
pass through sites of stenosis while the ureter and anasto-
mosis are healing, and facilitate unobstructed flow through
the ureter in cases involving edema [2]. Silicone and polyur-
ethane excelled in many material tests and became the
most commonly used materials [3]. Given technological
advances, there are many aspects of stent technology that
are still improving, including materials used and stent coat-
ing [4]. However, when the stent is removed, pain and
adverse events, such as hematuria and incomplete bladder
emptying, are common [2,5]. Stents have an important
impact on quality of life, so stent modifications and
improvements to optimize quality of life after treatment
are ongoing [6]. The method for stent insertion is standard,
but the method for removal is an area of active research; for
example, magnets can be placed on the tail of the stent,
referred to as a magnetic stent, to facilitate removal [7].

The first magnetic stent was invented in 1989 to reduce
the difficulty and pain associated with stent removal, but its
poor performance prevented widespread use in surgery [8].
A magnetic cylinder is attached to the distal end of a stan-
dard ureteral stent with a string, which should perfectly
connect to the retrieval device [9]. Widespread unfamiliar-
ity with their operation and uncertainty regarding their effi-
cacy have hindered the application of and improvements in
magnetic stents [10].

The aim of our study was to review the literature on
comparisons of magnetic and traditional stents in terms of
their removal and the incidence of postoperative symptoms.

2. Data acquisition

This study is reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA).

2.1. Study selection

To identify relevant studies, we searched the PubMed,
Embase, and other databases using “magnetic ureteral
stent” and “magnetic double J” as keywords. During the
screening process, we used the Patient/Population, Inter-
vention, Comparator, Outcome, and Study design (PICOS)
principles to select studies [11]. Our criteria were as fol-
lows: (1) Population (P): adult patients with kidney stones;
(2) Intervention (I): magnetic double-] stent; (3) Compara-
tor (C): conventional double-] stent; (4) Outcome (O): oper-

ative and postoperative results for stent removal; and (5)
Study design (S): comparative studies.

The review included studies comparing data for mag-
netic and conventional ureteral stents for kidney stone con-
ditions. The following publications were excluded: (1)
studies not related to magnetic ureteral stents; and (2)
studies with no specific data comparisons. We also
excluded conference papers, comments, and letters. Figure 1
provides more details on the study selection process.

2.2. Screening of publications

Two authors screened the publications according to the
above criteria according to the title, abstract, and full text
of each article to decide whether the study should be
included.

2.3. Quality assessment

The methodological quality of all randomized controlled tri-
als (RCTs) was assessed using Jadad scores, and that of the
non-RCTs was assessed using the Newcastle Ottawa Scale.

24. Outcome measures

The aim of this meta-analysis was to assess differences in
the efficiency and safety of stent removal between magnetic
and conventional stents. We chose removal time and pain
during removal, assessed using the Visual Analog Scale
(VAS), as outcome measures. We also measured postopera-
tive symptoms related to the two stent types in terms of
Ureteral Stent Symptom Questionnaire (USSQ) scores for
various domains.

2.5. Data pooling and analysis

RevMan 5.4.1 software (Cochrane Collaboration, London,
UK) was used for data synthesis. Differences were consid-
ered statistically significant at p < 0.05, and 95% confidence
intervals (CIs) are reported for the pooled results. The mean
differences (MD) for relevant data were combined and ana-
lyzed. The I test was used to test for heterogeneity; if I> was
>50%, heterogeneity was considered significant, and a
random-effects model was used. Sensitivity analyses in
which studies were excluded in turn were used to deter-
mine whether each meta-analysis was stable. Forest plots
are used to illustrate the results.
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Fig. 1 - Flowchart of study selection for inclusion in the review.

Table 1 - Characteristics of studies included in the review

Study, publication Design Mean age (yr) Sample size (n) Condition Intervention Control Outcome assessment

year, and country

Rassweiler [12] RCT 48 35 Urolithiasis Magnetic DJS Standard DJS Removal time
2017, Germany VAS on removal

Diranzo-Garcia [13] RCT 55 46 Urolithiasis Magnetic DJS Standard DJS USSQ score
2021, Spain Removal time

VAS on removal

Kapoor [14] RCT 60 41 Urolithiasis Magnetic DJS Standard DJS USSQ score
2020, Canada Removal time

Farouk [15] RCT 31 50 Urolithiasis Magnetic DJS Standard DJS USSQ score
2019, Egypt

O’Kelly [16] 0occC 48 100 Urolithiasis Magnetic DJS Standard DJS ussQ score
2019, Ireland VAS on removal

Sevcenco [17] occ 50 163 Urolithiasis Magnetic DJS Standard DJS VAS on removal
2017, Germany

Zeng [18] RCT 45 333 Urolithiasis Magnetic DJS Standard DJS uUsSsQ score
2022, China VAS on removal

DJS = double-] stent; OCC = observational case-control study; RCT = randomized controlled trial; USSQ = Ureteral Stent Symptom Questionnaire; VAS = Visual
Analog Scale for pain.
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3. Evidence synthesis

3.1. Study selection

Table 1 lists the seven studies included in the final sample
[12-18], of which five were RCTs and two were observa-
tional case-control studies. Six studies used Black-Star (Uro-
tech, Achenmuehle, Germany) magnetic stents and one
used a new type of magnetic stent made in China (Chinese
patent number ZL201730073344.X). The brand of the con-
ventional stents varied by and included Urotech, OptiMed,
and Cook Universa devices; some studies did not even men-
tion the brand name. Conventional stent materials in the
studies included polyurethane, Percuflex, and unspecified
materials. The stent size, whether magnetic or conventional,
ranged from 4.8 Fr to 7 Fr.

Supplementary Figure 1 shows the results for the risk-of-
bias assessment.

3.2 Time to remove magnetic versus conventional stents

Data on the time taken to remove the magnetic versus the
conventional stents were available for 147 patients. Synthe-
sis revealed a significant difference between the stent types
(MD —-8.28 min, 95% CI —15.6 to —0.95; p = 0.03), but
heterogeneity was evident (12 = 96%; p < 0.001). The sensi-
tivity analysis showed that there was no significant hetero-
geneity if the study by Kapoor et al. [14] was excluded
(I? = 0%, p = 0.35). On the basis of these results, we decided
not to include the data from this study, leaving data for 106
patients in the final data set. This led to stable results with-
out significant heterogeneity (MD —11.19 min, 95% CI
—13.55 to —8.84; p < 0.01; Fig. 2A).

3.3. VAS pain score for stent removal

Data on the pain associated with removal of magnetic ver-
sus conventional stents were available for 702 patients.
Synthesis revealed a significant difference in score between
the stent types (MD —3.12 points, 95% CI —3.82 to —2.43;
p < 0.01), but heterogeneity was apparent (P = 69%,
p = 0.01; Fig. 2B). Sensitivity analysis showed that although
the results were stable after removing individual studies,
significant heterogeneity still existed (Table 2). We also
conducted subgroup analyses according to the magnetic
stent brand and the material and size of conventional
stents, as shown in Table 3.

34. USSQ scores for urinary symptoms

Data on urinary symptoms associated with removal of mag-
netic versus conventional stents were available for 570
patients. Synthesis revealed a statistically significant differ-
ence in score between the stent types (MD 1.64 points, 95%
CI 0.45-2.82; p = 0.007). No heterogeneity was observed
(P = 0%; p = 0.69; Fig. 2C).

3.5. USSQ scores for pain

Data on the pain associated with removal of magnetic ver-
sus conventional stents were available for 570 patients.
Synthesis revealed no statistically significant difference in

score (MD 1.17 points, 95% CI —1.59 to 3.93; p = 0.41), but
heterogeneity was apparent (I> = 81%; p = 0.0003). Sensitiv-
ity analysis showed that no significant heterogeneity was
evident if the study by Farouk et al. [15] was removed
(I = 0%; p = 0.52). Exclusion of data from this study left data
for 520 patients in the final data set. This led to stable
results without significant heterogeneity (MD —0.31 points,
95% CI —1.46 to —0.85; p = 0.60; Fig. 2D).

3.6. USSQ scores for general health

Data on general health associated with removal of magnetic
versus conventional stents were available for 570 patients.
Synthesis revealed no significant difference in score
between the stent types (MD 0.41 points, 95% CI —1.79 to
2.62; p = 0.71), but heterogeneity was apparent (I* = 84%;
p < 0.0001). Sensitivity analysis showed that no significant
heterogeneity was evident if the study by Zeng et al. [18]
was removed (F* = 0%; p = 0.67). Therefore, data from this
study were excluded, leaving data for 237 patients in the
final data set. This led to stable results without significant
heterogeneity (MD —0.50 points, 95% CI —1.41 to —0.40;
p = 0.27; Fig. 3A).

3.7. USSQ scores for work performance

Data on work performance associated with removal of mag-
netic versus conventional stents were available for 429
patients. Synthesis revealed no significant difference in
score between the stent types (MD 3.78 points, 95% Cl
—4.06 to 11.62; p = 0.35), but heterogeneity was apparent
(> = 97%; p < 0.0001). Sensitivity analysis showed no signif-
icant heterogeneity if the study by Farouk et al. [15] was
excluded (> = 25%; p = 0.25). Therefore, we decided to
exclude data from this study, leaving data for 379 patients
in the final data set. This led to stable results without signif-
icant heterogeneity (MD 0.69 points, 95% CI —1.30 to 2.67;
p = 0.50; Fig. 3B).

3.8. USSQ scores for sexual matters

Data on scores for the sexual matters USSQ domain follow-
ing removal of magnetic versus conventional stents were
available for 429 patients. Synthesis revealed no significant
difference in score between the stent types (MD 1.18 points,
95% C1 0.54-1.82; p = 0.003) and there was no heterogeneity
(I? = 0%, p = 0.48; Fig. 3C).

3.9. Discussion

Many international urological associations consider stent
placement an indispensable step in urological surgery
[19]. Even though conventional stents are widely used
worldwide, there is no perfect solution for addressing the
pain resulting from their placement and removal. Aside
from removal with strings, the use of stent forceps during
flexible cystoscopy is the most common procedure for
removing stents; this procedure not only causes discomfort
and pain for patients, but also requires high-level operator
skill and high-quality surgical instruments [20]. Increas-
ingly, nonendoscopic techniques for stent removal are
attracting attention. Several studies have reported that
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Fig. 2 - Forest plots for (A) the stent removal time after excluding the study by Kapoor et al. [14]; (B) the VAS pain score during stent removal; (C) the USSQ
urinary symptoms score; and (D) the USSQ pain score after excluding the study by Farouk et al. [15]. CI = confidence interval; df = degrees of freedom;
DJ = double-J stent; IV = inverse variance; SD = standard deviation; USSQ = Ureteral Stent Symptom Questionnaire; VAS = Visual Analog Scale.

Table 2 - Sensitivity analysis for the safety meta-analysis: estimates
of the VAS pain score on stent removal

Study omitted VAS estimate (95% CI)

—3.23 (-4.12 to —2.34)
~3.25 (—3.96 to —2.54)
Rassweiler [12] —3.15(—3.96 to —2.34)
Sevcenco [17] —2.56 (—3.79 to —1.33)
Zeng [18] -2.53 (~3.75 to —1.31)

CI = confidence interval; VAS = Visual Analog Scale.

Diranzo-Garcia [13]
OKelly [16]

magnetic stents prevent urinary symptoms after kidney
transplantation and urolithiasis treatment [21,22]. Taylor
and McDougall [23] conducted the first study demonstrat-

ing the feasibility of nonendoscopic removal of magnetic
stents. At present, the Black-Star stent is the magnetic stent
most widely used in clinical practice [9]. Magnetic mounts
also have advantages in terms of cost and operation. The
magnetic option reduces the resources required for removal
and thus the cost of the procedure [24,25]. In addition, mag-
netic stent removal can be performed safely in an outpa-
tient setting rather than in an operating room [9].
However, there are some cases for which it is difficult to
remove a magnetic stent; flexible cystoscopy is very effec-
tive in these cases [9,21].

The pain and postoperative symptoms caused by the two
types of stent also require attention. It is well known that
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Table 3 - Subgroup analyses for efficacy

Variable Heterogeneity p value for difference
Studies (n) P (%) p value OR (95% CI)
Efficacy 5
Magnetic stent brand
Black-Star 4 71 0.02 —2.55(-3.79 to —1.31) <0.00001
New Chinese version 1 - —3.66 (—3.94 to —3.38) <0.00001
Conventional stent material
Polyurethane 4 71 0.02 —2.55(—3.79 to —1.31) <0.00001
Unknown 1 - - —3.66 (—3.94 to —3.38) <0.00001
Conventional stent size
7 Fr 2 61 0.11 —2.96 (—5.11 to —0.81) 0.007
6 Fr 1 - - —2.50 (—3.41 to —1.59) <0.00001
Unknown 2 79 0.03 —2.32 (—5.55 t0 0.92) 0.16

CI = confidence interval; OR = odds ratio.

A

Magnetic DJ Traditional DJ
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Test for overall effect: Z = 0.68 (P = 0.50)
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Total (95% Cl) 216 213 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 1.46, df =2 (P = 0.48); 1= 0%
Test for overall effect: Z = 3.62 (P = 0.0003)
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Fig. 3 - Forest plots for (A) the USSQ general health score after excluding the study by Zeng et al., 2022 [18]; (B) the USSQ work performance score after
excluding the study by Farouk et al. [15]; and (C) the USSQ sexual matters score. CI = confidence interval; df = degrees of freedom; DJ = double-] stent;
IV = inverse variance; SD = standard deviation; USSQ = Ureteral Stent Symptom Questionnaire.

there is a high chance of symptoms such as nocturia, hema-
turia, and incontinence in patients with a stent [26-29]. To
this end, various improvements have been made, but their
effects have been very limited [30].

Our study compared magnetic and conventional stents.
We noted a shorter removal time and lower pain during
removal for magnetic stents in comparison to conventional
stents. For pain assessment, we used VAS scores (10-point

scale). Multiple studies have reported no significant differ-
ences between magnetic and conventional stents in terms
of USSQ scores for postoperative symptoms and quality of
life [31,32]. Although we found no differences in USSQ
scores for pain, general health, and work performance, our
results for USSQ domain scores for urinary symptoms and
sexual matters were variable, with magnetic stents scoring
higher than conventional stents. This may be one of the rea-
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sons why magnetic stents cannot completely replace con-
ventional stents. Interestingly, no silicone stents were used
in the studies included in our review, but Barghouthy et al.
[33] and Wiseman et al. [34] considered that silicone-
hydrocoated ureteral stents might be more tolerable than
other stents, which can be regarded as a direction for future
research and comparison and is worthy of further
discussion.

The evidence suggesting a shorter removal time and less
pain for magnetic stents would result in a better treatment
experience for patients, which is also likely to reduce
doctor-patient conflicts to some extent. The small differ-
ence in postoperative USSQ scores also dispels safety
concerns.

The main limitation of our study is the small sample size,
which is a shortcoming given the significant heterogeneity
associated with syntheses of VAS scores for small sample
sizes. In addition, the different stent brands, materials,
and sizes used contribute a degree of variability to pooled
results. Moreover, the different cutoffs for USSQ results in
different countries add to the heterogeneity.

4. Conclusions

Magnetic stents have the advantages of a shorter removal
time and less pain in comparison to conventional stents.
However, postoperative urinary symptoms and side effect
related sexually activity need to be considered.
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