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Introduction The MemoKath™-051 (MK) is a thermo-expandable spiral stent for the treatment of benign 
or malignant ureteral obstruction. Existing studies on outcome measurements, like complication rate  
or time to stent exchange for MK differ significantly. In this retrospective analysis, we investigated the 
supposed superiority of the MK over conventional tumor ureteral stent (TUS) insertion. 
Material and methods In this monocentric retrospective analysis, 72 consecutive patients with be-
nign or malignant extrinsic ureteral stenosis who either underwent insertion of a MK or TUS between 
03/2008 and 12/2018 were analyzed. Indications for stent insertion were either chronic benign or ma-
lignant extrinsic obstruction in patients who were unsuitable for or refused definitive surgery. Patients 
who underwent urinary diversion were excluded. We compared the indwelling time, the complication 
rates and the time to occurrence of complications using Mann-Whitney-U-test and χ2 test for categorical 
variables. Complication rates of both, the MK and the TUS were compared using Fisher´s test. Complica-
tions were classified according to Clavien-Dindo Classification (CDC).
Results The total number of ureteral units analyzed was 171, including 89 MK stents and 82 TUSs. No 
significant differences between both groups regarding age, stent indications, and stricture characteristics 
occurred. At a median follow-up of 32 and 27 months in the MK and TUS groups, postoperative complica-
tions occurred in 82 (92%) and 19 (23%) patients, respectively (p = 0.01). Almost all complications were 
major (CDC grade 3b) that required stent removal or replacement, with the exception of one patient in 
the MK group. Median time to complications was significantly longer for the MK group, 5.6 months, com-
pared to 3.5 months in the TUS group (p = 0.01), and median time to stent replacement was 8 months 
for the MK group vs 5.2 months for the TUS group (p <0.001). 
Conclusions Although the MemoKath™ is designed for a long indwelling time of up to years, it is associ-
ated with higher complication rates and premature replacement. However, compared to the TUS,  
the MK still has a significantly longer indwelling time. Further studies are needed to determine the pre-
dictors of failure and the best candidates for both stents.
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Introduction

Ureteral stents are often used as a palliative option 
for the treatment of patients with chronic ureteral 
obstruction due to either extrinsic (e.g., tumor com-

pression, retroperitoneal fibrosis) or intrinsic causes 
(e.g., stricture, tumor) [1, 2]. The use of conven-
tional polymeric double-J (DJ) stents for chronic 
obstruction is associated with high failure rates due 
to the lower resistance to compression, especially 
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in malignant obstruction. Moreover, a regular ex-
change in short periods is needed [2]. Thus, differ-
ent types of metallic stents have been introduced  
to treat the chronic ureteral obstruction effectively 
and to avoid the drawbacks of conventional stent [3–5]. 
The MemoKath™ (MK) stent (PNN Medical A/S, 
Denmark) is one of the most commonly used met-
al stents. MK is a thermolabile ureteral stent that  
is inserted into the area of the ureteral obstruction 
in a non-expanded state and then expanded by flush-
ing with warm saline solution. In principle, the MK 
can be used for several years and only needs to be 
replaced in the event of complications. Theoreti-
cally, this leads to a lower number of necessary in-
terventions per patient, thus increasing the quality  
of life and reducing the burden of operations and 
costs [6]. However, the recent literature on MK 
stents is inconsistent with regard to the complica-
tion rates, indwelling time, and mostly smaller pa-
tient groups with a limited follow-up period have 
been studied [7–13]. Another type of ureteral stent 
that can be used for the treatment of chronic ure-
teral obstruction is the so-called tumor stent (TUS), 
a polymeric stent with a reinforced middle section 
that can withstand external compression and re-
main in place for up to 1 year. Moreover, it could be 
inserted easily like the regular DJ stent. A recent 
large study involving 556 reinforced stents showed 
their efficacy in the treatment of malignant obstruc-
tions [14]. In the present study, we aimed to com-
pare the results of the MK vs TUS regarding their 
complication rate and indwelling time.

MATERIAL AND METHODS

We retrospectively reviewed medical records for 
patients who received a ureteral stent either  
as a permanent MK or TUS between March 2008 
and December 2018. The indication for stent inser-
tion was either chronic benign or malignant obstruc-
tion in patients who were unsuitable for or refused 
definitive surgery. Patients who underwent urinary 
diversion were excluded. 
MK was used routinely in our center until December 
2018. From 2018, we changed our policy and started 
to routinely use only the TUS (7F, Coloplast, Den-
mark). According to the manufacturer, the recom-
mended indwelling time can be up to 1 year for the 
TUS. We used to replace the TUS every 9 months 
or if the patient developed complications. MK stents 
are permanent ureteral stents, which were only re-
moved if complications such as obstructions by  in-
crustations or stent dislocations occurred. After stent 
fixation, the patients underwent regular follow-up 
examinations using abdominal and renal sonogra-

phy, urinalysis and renal function at the outpatient 
clinic. In the event of complications such as progres-
sive hydronephrosis, deterioration in renal function 
or recurrent urinary tract infections (UTIs), pa-
tients were readmitted for removal or replacement 
of the stent. All procedures were performed inpa-
tient under general anesthesia. Only patients with 
available complete follow-up data were included  
in the analysis. 
A linear regression analysis was performed to exam-
ine the relationship between patient characteristics 
and stent type with time to stent removal.
 
Data collection 

We retrospectively recorded preoperative patient 
data regarding age, gender, side of obstruction, 
and indication for surgery. The intraoperative find-
ings regarding the length of the obstruction and 
the localisation of the stricture within the ureter  
(upper, middle, lower third of the ureter) were also 
recorded. Postoperative complications were record-
ed and categorized according to the Clavien-Dindo 
Classification (CDC) system [15]. The time until 
the occurrence of complications and removal of the 
stent was analyzed. The time to stent removal in 
TUS was calculated from insertion to replacement 
of the stent, either regularly or due to the develop-
ment of complications.

Statistical analysis

Demographic and clinical data of all patients were 
analyzed descriptively using Student’s t-test, Mann-
Whitney U-test, and χ2 test for categorical variables. 
Complication rates of both, the MK and the TUS 
were compared using Fisher´s tests and confidence 
intervals. A p-value of ≤0.05 indicated significance. 
All statistical analyses were performed using SPSS 
software version 26 (Chicago, IL, USA).

Bioethical standards

This retrospective study was conducted in accor-
dance with the Declaration of Helsinki (as revised 
in 2013) and after written informed consent of the 
patients. The study was approved by Institutional 
Ethics Board of the University Duisburg-Essen (ap-
proval number 21-9863-BO). 

RESULTS

Between March 2008 and December 2018, either 
MK or TUS was inserted in a total of 72 patients  
(34 men and 38 women) and 171 ureteral units 
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(UUs) at our hospital. MK and TUS were used 
in 89 (52%) and 82 (48%) UUs, respectively.  
The median age in the MK group was 70 years, sig-
nificantly higher than in the TUS group at 60 years 
(p = 0.001). Most patients in the MK group were 
female (63%), while men were predominant in the 
TUS group (66%) (p = 0.013). Ureteral stents were 
inserted in 60% of patients on the right and 40%  
on the left. The stent was mostly used for benign in-
dications (66%), including intrinsic strictures of dif-
ferent etiologies, after radiotherapy, endometriosis, 
and retroperitoneal fibrosis, while the remaining 
patients received ureteral stents for malignant ob-
struction. The length of the obstruction was <5 cm 
and ≥5 cm in 55% and 45%, respectively. The locali-
sation of the obstruction was mostly the mid-third 
of the ureter (45%), followed by the distal and up-
per ureter (39% and 16%, respectively). There were 
no significant differences between the two groups  
in terms of side, cause, length, and location of ure-
teral obstruction (Table 1). Surgical outcomes was 
shown in Table 2.
In the MK subgroup, the median time to stent re-
moval was 8.3 months compared to 7.5 months  
for benign and malignant indications, respectively 
(p = 0.8). Similarly, no significant difference was 
found in the TUS subgroup: The median time  
to stent removal was 5.7 months compared to 4.5 for 
benign and malignant cases, respectively (p = 0.55). 
In univariable analysis, MK was only seen to be as-
sociated with longer indwelling time (Table 3). 
At a median follow-up of 32 and 27 months in the MK  
and TUS groups, postoperative complications oc-
curred in 82 (92%) and 19 (23%) patients, respective-
ly (p = 0.01). Median time to complications was sig-
nificantly longer for MK group 5.6 months compared 
to 3.5 months in TUS group (p = 0.01). The most 
common major complication in both groups was stent 
occlusion, which occurred in 47 (53%) patients in the 
MK group and in 13 (16%) in the TUS group. Oth-
er complications such as stent dislocation (29.2%), 
stone formation (2.2%) and UTI (6.7%) were also re-
ported in the MK group, whereas only UTI (7.3%) 
was reported in the TUS group. All complications  
in both groups were Clavien grade IIIb that included 
stent removal or replacement, with the exception  
of one complication in the MK group, which was UTI 
managed with antibiotic treatment only (Clavien 
grade II). Finally, in the TUS subgroup, 63 (77%) 
stents were exchanged in the regular time span  
(6–9 months) without harboring any complications. 
Nineteen (21%) ureteral units were still being treat-
ed with the initial MK at the time of the data analy-
sis, and a total of 35 units (39%) received the MK 
for ≥12 months. The median time to stent remov-

Table 1. Patient demographics

pTUS
(n = 82)

MK
(n = 89)Parameter

0.00169.5 
(59–75)

59.5 
(48–71.7)Age (years), median (IQR)

0.013
54 (66)
28 (34)

33 (37)
56 (63)

Sex, n (%)
Male
Female

0.62
49 (60)
33 (40)

53 (60)
36 (40.4)

Side of obstruction, n (%)
Right
Left

0.36
29 (35.3)
10 (12.2)
43 (52.5)

29 (32.5)
20 (22.4)
40 (45)

Causes of ureteral obstruction, n (%)
Malignant 
Post radiotherapy
Benign 

0.76
38 (46.3)
44 (53.7)

39 (43.8)
50 (56.2)

Stricture length, no. (%)
<5 cm
≥5 cm

0.1
9 (11)

41 (50)
32 (39)

20 (22.5)
35 (39.3)
34 (38.2)

Stricture site, n (%)
Upper ureter
Middle ureter
Distal ureter

Table 2. Surgical outcome

pTUS
(n = 82 )

MK
(n = 89) Parameter

0.0227  
(19.2–23.5)

31.8 
(13–71.2)Median follow-up, months (IQR)

0.0119 (23)82 (92)Total complications, n (%)

13 (15.9)48 (53.9)Stent occlusion

026 (29.2)Stent dislocation 

02 (2.2)Stone formation, patients

6 (7.3)6 (6.7)UTI, patients

<0.00119 (23)53 (59.6)Complications within first 9 months, 
n (%)

13 (15.9)31 (34.8)Stent occlusion

017 (19.1)Stent dislocation 

01 (1.1)Stone formation, patients

6 (7.3)4 (4.4)UTI, patients

<0.0013.55.6Median time to complications 
(months)

<0.0015.2 (3–7.1)8 (2.3–20.7)Median (IQR) time to stent removal, 
months 

UTI – urinary tract infection

al or replacement was 8 months for the MK group  
vs 5.2 months for the TUS group (p <0.001). Supple-
mentary Figure 1 shows the flow chart of the treated 
partners. By analyzing complication rates within the 
first nine months, as this is the maximum indwell-
ing time of the tumor stent, a significantly higher 
complication rate was reported in the MK group,  
53 (60%), compared to 19 UUs (23 %) in the TUS  
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(p = 0.01). In the TUS group, all patients underwent 
stent replacement due to complications, while in the 
MK group, 11 patients received a temporary neph-
rostomy tube, one patient underwent nephrectomy 
due to loss of kidney function, and one patient in the 
MK subgroup underwent ureteral reimplantation 
with psoas-hitch. 

DISCUSSION

The MK ureteral stent was introduced in the treat-
ment of ureteral strictures as a palliative treatment 
for non-operable patients in order to avoid high fail-
ure rates associated with regular DJ ureteral stents 
and, consequently, aimed to reduce the frequency  
of stent replacements [8, 9]. The studies available  
to date have shown variable results in terms of com-
plication rates and indwelling time; moreover, there 
have been no studies comparing the results of the 
MK stent with another commonly used stent for the 
treatment of chronic obstructions, the TUS. 
A recent review linked certain materials to stent-
related symptoms, offering contradictory conclu-
sions, and the majority of research does not specify 
the precise properties of the materials utilized [16].
Most patients in the MK group (92%) in our study 
experienced complications at a median follow-up  
of 5.6 months. In addition, complications in the 
MK group always required removal or replacement  

of the stent, and sometimes a temporary nephrosto-
my tube is required. By analyzing the complication 
rates within the first nine months, as this was the 
maximum time for the routine TUS replacement 
in our cohort, 60% developed complications com-
pared to 23% in the TUS (p = 0.01). However, de-
spite the higher complication rate in the MK group, 
MK was still associated with longer indwelling time 
than TUS. The median time to stent removal was  
8 months for MK vs 5.2 months for TUS (p <0.001), 
and 39% received MK for ≥12 months.
However, the complication rate in our cohort  
is higher. In particular, the median indwelling time 
of the MK group in our study is significantly lower 
than expected in some previous reports, reporting 
complication rates between 25 and 70% and a me-
dian time to removal between 5 months and 4 years 
[7, 8, 10, 13, 17]. This large difference in complica-
tions and indwelling time between studies may be 
related to the retrospective nature of the studies 
and the differences between the centers in the in-
cluded patients, follow-up protocols, and frequency 
of postoperative physical and radiographic exami-
nations. Thus, comparing results between differ-
ent studies is difficult, and the evidence regarding  
MK stents is still lacking. Klarskov et al. [8] pub-
lished the results of MK in 33 patients with 37 stents 
in 2005. They reported stent malfunction requiring 
replacement in 22/37 (60%) stents after a median 
time of only 5 months, comparable to our study’s 
early stent replacement. In addition, the median 
follow-up time for 15 stents that remained in place 
and did not require replacement was relatively short  
at 14 months (range 3–30 months) [8]. Papatsoris  
et al. [13] published a large cohort of 102 MK stents. 
After a median follow-up of 17 months, the authors 
reported complications in 26 (25%) patients, includ-
ing stent manipulation due to dislocation in 15 pa-
tients and stent removal due to blockage in 5 pa-
tients. The cost of using MK stents was associated 
with annual savings of $7,539 from the second year 
after fixation compared with the cost of regular DJ 
replacement. However, the median follow-up time 
in this study is short, and 14% of patients experi-
enced spontaneous resolution of the stricture, so 
the stents were removed after a median follow-up 
time of 9 months; this subset of patients was con-
sidered a success [13]. Recently, Forster et al. [7]  
published the largest series of MK stents with  
100 patients who received 162 stents, while two re-
searchers independent of the surgeons examined 
the long-term results. They reported a comparable 
high complication rate as in our study: at a mean 
follow-up of 5 years, a complication rate of 72% was 
found. The median time to first complication was  

Table 3. Univariable analysis of factors influencing stent 
indwelling time

Variable Coefficient (95% CI) p

Age –0.64 (from –0.21 to 0.08) 0.47

Gender 
Female
Male

Ref.
0.15 (from –4.5 to 4.5)

0.95

Side
Right
Left

Ref.
1.7 (from –2.8 to 6.2)

0.46

Causes of ureteral obstruction
Benign
Malignant 

Ref.
–2.1 (from –6.9 to 2.68)

0.38

Stricture length
<5 cm
≥5 cm

Ref.
3 (from –1.4 to 7.5)

0.18

Stricture site
Upper ureter
Middle ureter
Distal ureter

Ref.
0.99 (from –3.54 to 5.53)

0.07 (from –4.5 to 4.7)
0.66
0.97

Stent type
TUS
MK

Ref.
9.4 (5.1–13.6)

<0.001

MK – MemoKath™; TUS –  tumor ureteral stent I am running a few minutes late; 
my previous meeting is running over.
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12.5 months, and according to the Kaplan-Meier 
curve, the median stent life was 14.5 months. 
Taken together, stent removal time in our cohort 
was shorter as in the studies of Forster et al. [18] 
and Moskovitz et al. [19] (using Allium stents), how-
ever comparable to Papatsoris et al. [13] (median  
9 months).
Complications after MK stent insertion are usu-
ally major and require either removal, adjustment 
or replacement, which is considered to be the ma-
jor disadvantage of MK stenting. In the present 
study, stent occlusion (54%) and dislodgement (30%) 
were the most commonly reported complications  
in the MK group, while stone formation (2.2%) and 
UTI (6.7%) occurred to a lesser extent. However,  
it is important to acknowledge that complications 
in the MK subgroup are more severe as compared 
to regular stenting, as 11 patients received a tempo-
rary nephrostomy tube before new stent insertion 
and one patient underwent nephrectomy due to loss 
of kidney function. Papatsoris et al. [13] reported 
26 complications, including 57% stent dislocations, 
20% stent occlusions and 23% UTIs. Similarly, For-
ster et al. [7] reported 46% stent migration, 34% ob-
struction, followed by lower rates of renal function 
loss, urosepsis and other complications including  
1 postoperative mortality. 
The factors influencing the outcome of MK have 
not yet been well studied in the literature. Agrawal  
et al. [12] tried to identify predictors of stent mi-
gration by comparing 13 patients who experienced 
stent migration to a control group including 61 pa-
tients without stent migration, no relationship was 
observed between stent migration and stricture re-
lated characteristic. Bier et al. [11] found that the 
median time to stent removal was longer in patients 
with adequate renal function than in patients with 
renal insufficiency (386 vs 317 days; p = 0.007) and 
in patients with active malignancy compared to be-
nign disease (455 vs 190 days; p = 0.006). Other-
wise, no further correlations were found between 
stent failure and patient and stricture character-
istics. In contrary, Forster et al. [7] reported lower 
complication rate (62.7% vs 85.4%, p = 0.04) and 
longer mean indwelling time (14.5 months vs 13.4 
months, p = 0.02) for malignant compared to be-
nign obstruction. Further prospective studies on 
factors affecting outcome of MK are still needed. 
Taking into account the lower survival rates in pa-
tients with malignant obstruction and the longer 
indwelling time of MK compared to TUS, MK may 
be more suitable for such patients with malignant  
obstruction.
The outcome of TUS in our study is comparable 
with the largest series of tumour stent in the litera-

ture: Vogt and Blanchet [14] reported 23% failure 
rate at a mean of 4.4 months in a study including 
556 tumour stents. One of the main disadvantages 
of the TUS, which we have not analyzed, is stent-
associated urinary symptoms. Maan et al. reported 
severe urinary symptoms in 32% of DJ-stent pa-
tients compared to only 5.6% of MK patients. In the 
TUS group, 67% of patients reported stent-associat-
ed bother, like urinary symptoms, compared to 35%  
of MK patients. In addition, physical pain and im-
pairment of daily activities were significantly higher 
in the TUS group. Finally, the patients were in favor 
of the MK stent for future stent insertion. However, 
it is worth noting that a subset of 10 patients who 
underwent MK stenting after TUS reported no im-
provement in pain or urinary symptoms [14]. Aziz 
et al. [20] reported a significant improvement in uri-
nary symptoms after MK fixation in a small series 
of 16 patients who underwent MK stenting after DJ 
stenting for chronic ureteral strictures. The avail-
able findings indicate a better quality of life in favor 
of the MK stent, which is a significant advantage 
compared to TUS [20].
The strength of the study is the long follow-up pe-
riod after application of the MK vs TUS system, 
and the significantly higher number of ureteral 
units compared to other studies. Another strength 
of this study is the utilization of the MK stent  
in a real-world scenario and comparing the MK and 
the more common tumour ureteral stent. Our study 
has limitations. First, its retrospective nature and 
small sample size limit further subanalyses on sub-
group differences. This retrospective analysis was 
not powered to identify statistically significant dif-
ferences between the two subgroups. Another limi-
tation is that in our analysis, we compared the MK 
stent to the more common TUS and no other long-
lasting stents, as Allium or Resonance stents [21]. 
In addition, we did not examine other important fac-
tors, specifically changes in renal function that were 
measured by renal scintigraphy, stent-related symp-
toms, and costs. Further larger and/or prospective 
studies on this topic are still needed.

CONCLUSIONS

The MK was superior to TUS in terms of medi-
an time until stent replacement. However, there  
is a significantly increased risk of complications  
and time to MK exchange or removal is significantly 
shorter than reported in previous studies. These 
findings limit the anticipated advantages of the  
MK and should be taken into consideration. At least, 
patients should be informed that regular follow-up 
after MK insertion is mandatory. 
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