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Study design: Medical records review.
Objective: To assess the effectiveness of the Memokath (Engineers & Doctors A/S, Denmark)
thermosensitive stent as a ‘nondestructive’ means of reducing bladder outlet resistance by
treating detrusor sphincter dyssynergia (DSD) of neurogenic bladder dysfunction associated
with spinal cord injury.
Setting: Spinal Injuries Unit, Sheffield, England.
Methods: A medical records review was performed to examine our experience of Memokaths
over the last 10 years. During this time, 29 patients with spinal cord injury (17 tetraplegic and 12
paraplegic) underwent stenting of the external urethral sphincter either for prevention of
dysreflexic symptoms, high residual urine volumes and subsequent urinary tract infection (UTI)
or for protection of the upper tracts.
Results: A total of 33 stents were inserted into 29 men (25–77 years) with suprasacral spinal
cord injury. Initial results showed that the Memokath was effective in almost all for relief of
dysreflexic symptoms and elimination of DSD on pressure flow urodynamics. However, to date,
30 of the 33 stents have been removed. The overall mean working life of the Memokath was 21
months. Four stents were removed electively and 23 for complications, which included stent
migration (seven) and blockage (14). Single-ended stents were more prone to migration, which
was rare after 1 year (1–13 months, median 3 months, mean 5.5 months). Stent blockage by
encrustation or prostatic ingrowth did not occur before 12 months (12–45 months, median 30,
mean 27.9 months).
Conclusions: In selected patients, temporary, thermo-expandable (Memokath) stents are
effective in the treatment of DSD. The ‘working life’ of a Memokath stent is 21 months;
however, complications do occur which may necessitate removal. Our overall experience with
Memokath stents was disappointing. In future, Memokath stents will only be inserted after
careful consideration in patients with prior ‘failed’ transurethral sphincterotomy or with caution
in patients suitable for reconstructive surgery.
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Introduction

Nationally, 58% of new spinal cord injuries result in
quadriplegia. Many of these patients have neurogenic
bladder dysfunction with associated detrusor sphincter
dyssynergia (DSD). Up to half of these patients with
DSD can develop serious complications if appropriate
intervention is not instituted.1 The ideal management of
a hostile bladder is the reduction of the intravesical

pressure to a safe level and efficient drainage with
intermittent self catheterization:2 the patient is rendered
‘safe and dry’. An alternative, particularly for those with
poor dexterity, is to make the patient ‘safe and wet’ by
reducing the bladder outlet resistance. Transurethral
sphincterotomy (TUS) has been the standard operation
to reduce lower outflow tract resistance for some time.
A variety of less destructive interventions have since
emerged. Permanent stents (UroLumes) have been
shown to be an effective alternative to sphincterotomy,
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although secondary bladder neck obstruction was a
frequent problem3 and removal, if needed, is difficult.

The Memokath (Engineers & Doctors A/S, Denmark)
is a NiTinol (nickel–titanium) alloy tightly coiled stent
that is designed to prevent urothelial ingrowth. It has a
thermosensitive shape memory; the stents are deployed
using warmed irrigant (501C) upon which they expand
to 34Ch (028 T) or 44Ch (028SW, 028TW and 045TW),
anchoring the stent in place. When cooled irrigant
(approx 5–101C) is used the coil becomes malleable
allowing easy removal, which is simple and generally
atraumatic for a nonencrusted stent. Initial reports of
Memokath usage (in the prostatic urethra) appeared
promising in the short term.4–6 However, others have
found that Memokaths are not without complication
and should be used with caution.7

Patients and methods

Over 9 years we inserted 33 Memokath stents into 29
men (25–77 years, median 45 years) with suprasacral
spinal cord injury. In all, 17 patients were tetraplegic, 13
high (C4–6) and four low (below C6). There were 12
paraplegics, 10 with thoracic and two with lumbar
lesions. The mechanisms of cord insult were trauma
(26), spinal arterio-venous malformation (2) and trans-
verse myelitis (1). Analysis was by retrospective review
of medical records.

All patients had urodynamically proven DSD. About
10 patients had undergone prior conventional TUS. Six
men had undergone one prior TUS; three men had two
sphincterotomies and one man had three previous
sphincterotomies. Previously, 25 of this group managed
their bladders by condom drainage, three with ISC and
one with an indwelling catheter.

All Memokath stents were acquired from the com-
pany of Engineers & Doctors (Denmark). The indica-
tions for insertion (Figure 2) were for dysreflexic
symptoms (15), high residual urine volumes and
subsequent recurrent or persistent urinary tract infection

(UTI) (17), for protection of the upper tracts (6) or
to predict outcome following TUS (1). All stents
(Figure 1) were inserted under direct vision using a
rigid (028T, 028TW, 045TW) or a flexible cystoscope
(028SW).

Results

In all, 33 stents were inserted into 29 men; four men
required stent removal and the insertion of new stents.
17 stents were single ended. Three were 028T–34Ch
stents; two 028SW 44Ch stents (deployed with a flexible
cystoscope) and twelve 028TW–44Ch stents (deployed
with a rigid cystoscope). In total, 16 stents were double
ended (045TW–44Ch). Stent length varied from 30 to
60mm, although the majority (16) were 40mm (Table 1
and Figure 1). The stents were positioned with the
proximal end at the level of the veru montanum and
the distal end beyond the external urethral sphincter
mechanism, thereby preventing sphincteric closure dur-
ing DSD without causing dribbling incontinence by
traversing the bladder neck (see Figure 2).

The interval from injury to stent insertion varied from
six months to 32 years (median 10.5 years, mean 12.8
years). All patients had pressure flow urodynamic
(UDS) evidence of DSD prior to stent insertion.
However, repeat UDS was not always possible with
the stent in situ (Figure 3). At follow-up, no UDS were

Figure 1 Memokath stents – (a) ‘single-ended’ (028) stent, (b) ‘double-ended’ (045) stent (reproduced with kind permission from
the Engineers & Doctors A/S, Denmark)

Table 1 Stent length and stent demographics

Length of stent
(mm)

Number
inserted

Single ended
(028)

Double ended
(045)

30 6 4 1
40 16 7 9
50 8 4 4
60 3 1 2

33 17 16
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performed in seven men as the upper tracts had
improved on ultrasound and symptomatic dysreflexia
had resolved. We were unable to pass the catheters
in five patients. In all, 15 patients showed improvement
in their UDS. Six showed evidence of persistent DSD
proximal or distal to the stent.

A total of 21 patients have been seen in the last year
and all are under regular review. Minimum follow-up
time was 14 months. Three patients have died of
nonurological disorders, one of whom died with his
stent in situ. One patient has been discharged from our
unit with his stent in situ; he was transferred to another
unit after domestic relocation.

To date, 30 of the 33 stents have been removed; the
reasons for this are summarised in Table 2. The age of
the stent at removal or at time of this review ranged
from 0 to 47 months (median 22 months, mean 21
months). Four stents were removed electively; three
prior to cystoplasty and one for fertility reasons, to
enable an antegrade ejaculate. The man whose stent was

removed for fertility subsequently underwent TUS and
is doing well on condom drainage.

In all, 23 stents were removed for complications.
Initial complications were often minor and included
persistent haematuria (3), UTI (4), acute retention (2)
and migration (3). Complications that did not present
until later often contributed to removal and included
significant stent migration (7), encrustation or blockage
(14) and severe or complicated UTI (6).

All seven of the stents that migrated were single-ended
stents (028). Stents that migrated early presented with
retention of urine and a recurrence of dysreflexic
symptoms. One of these patients completely extruded
his stent per urethra. All stents that did migrate did
so before 13 months (1–13 months, median 3, mean 5.5
months). One stent was dislodged with an ISC catheter,
of the remainder, three stents migrated proximally and
three distally.

Stent blockage by encrustation (Figure 4) or prostatic
ingrowth was also a problem and was the reason for

Figure 2 Indications for stent insertion and initial results

Figure 3 Videourodynamics with a 045 ‘double-ended’
Memokath stent in situ with stent in good position

Table 2 Outcome of the 33 stent episodes

Reason
Number of

Stents (n¼ 33)

Excluded (n¼ 3) Failed deployment 1
Died with stent in situ 1
Transferred to another
unit

1

Elective Removal
(n¼ 4)

Fertility 1

Elective cystoplasty 3

Removal for
Complications
(n¼ 23)

Encrusted (mean
27.9m)

14

Migration (mean 3m)
7Unresolved dysreflexia
2

Functioning in situ
stents (n¼ 3)

3
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removal in 14 patients. It did not, however, occur before
12 months (12–45 months, median 30, mean 27.9
months).

In cases of sepsis attributed to the stent, stone
formation was always present and was often the main
reason for removal. In two, a re-emergence of symptoms
of autonomic dysreflexia warranted alternative treat-
ment. The final outcome of the stent episodes is
summarised in Table 2 and the final outcome of the
bladder management of our cohort of patients is
summarised in Table 3. Those patients in whom the
Memokath failed and are now on condom drainage
either underwent transurethral sphincterotomy to re-
duce bladder outlet resistance or remain under close
review.

During this review, three patients died of pneumonia
(unrelated to their stent). Two had high cervical injuries
(C4 and C5) and one low thoracic injury (T12). Their
bladder management had been one ileal diversion; one
underwent a second TUS after removal of his Memo-
kath, and one died with his functioning stent in situ.

Discussion

The commonest spinal cord injury, the suprasacral cord
injury, causes spastic paraplegia or tetraplegia with

reflex bladder activity. In almost all, the final result is a
mal-coordinated void with DSD. If appropriate mea-
sures are not taken, complications may ensue,1 which
may become life threatening (ie, hydronephrosis, vesico-
ureteric reflux and urosepsis leading to renal damage).

The ideal management of a hostile bladder is the
reduction of the intravesical pressure to a safe level and
efficient drainage with ISC,2 the patient is rendered ‘safe
and dry’. An alternative is to make the patient ‘safe and
wet’ by reducing the bladder outlet resistance either by
TUS, stent, or botulinum toxin A.8,9 External spincter-
otomy has been the treatment of choice for over 30
years.10

However, potential complications of erectile dysfunc-
tions (2.8–64%), haemorrhage (5–23%), technical
failure and re-operation rate (12–26%) have led to
alternatives.11 Perkash and Rivas have used neodymiu-
m:YAG laser for division of the external sphincter with
apparent reduction in haemorrhagic complications.12,13

The more minimally invasive balloon dilatation has
been investigated and found to have only short-lived
effects.14 Centrally acting pharmacological therapy is
ineffective for DSD15 and agents such as dantrolene and
baclofen not only have little effect but also potentially
serious side effects (eg, fatal hepatotoxicity).16,17

The use of endoluminal permanent wire mesh stents
(UroLumes) was first reported by Milroy et al,18 in the
treatment of bulbar urethral strictures. A 12-year review
of wall stents for DSD in 12 patients by Hamid et al,19

found them to be an effective alternative to sphincter-
otomy; however, in some, subsequent bladder neck
dyssynergia emerged requiring further intervention. It
has been suggested that it is possible to electro-ejaculate
a patient with a distally placed stent that does not
obstruct the ejaculatory ducts; however, more recently
this approach has fallen out of favour.6,20 Although a
feasible option in selected patients, wall stents are
difficult to remove, running the risk of urethral damage,
and therefore they are not an ideal temporary measure.

A ‘second-generation’ thermo-expandable ‘tempor-
ary’ or removable stent (Memokath) emerged5 provid-
ing an option for those patients in whom an irreversible
destructive intervention (ie, external urethral sphincter-
otomy) is not desired. This especially applies to patients
who have yet to decide their preferred clinical course or
in those in whom fertility is an issue, where the stent can
be readily removed. The Memokath is deployed in
heated irrigant and easily removed by cooling with
minimal trauma to the urethra so long as the stent is
nonencrusted with stone.

Initial reports have varied in their appraisal of use in
the treatment of DSD. Soni et al6 reported on the short-
term follow-up of 10 patients and observed good
bladder emptying with minimal complication. Low
and McRae,7 however, describes a cautionary experi-
ence of 26 stents inserted into 24 patients. Although
initial results appeared promising, almost all the stents
required removal for complications of urinary infection,
migration and encrustation. Initial experience by Shah
et al21 at 2 years identified the versatility of stent

Figure 4 Memokath stent removed due to blockage by
encrustation and stone formation

Table 3 Overall final outcome of cohort of patients

Outcome
Number of patients

(n¼ 29)

Reflex voiding on condom drainage
& well

14

Suprapubic catheter 5b

Cystoplasty 3
Died 3
ISC only 2
Indwelling urethral catheter 1
Normal voidinga 1

aOne patient had an L1 incomplete lesion, whose neurovesical
condition improved without further intervention
bOne patient required suprapubic catheter drainage due to
formation of a dense urethral stricture following stent removal
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insertion and removal as well as its effectiveness at
reducing intravesical pressures. However, migration was
a problem and this was more apparent with smaller
stents. Their long-term experience at 7 years22 identified
that migration (20.4 months) and encrustation (17.6
months) were persistent problems and 19 of the inserted
25 stents had required removal. The mean time to
removal of stent for complication was 20.3 months,
which concurs with our findings. However, migration
occurred early and encrustation later in our series.

All our spinal cord injured patients are followed up
on an annual basis with clinical review and upper
urinary tract ultrasound. In our Memokath population
UDS investigation was not always possible post-stent
insertion. In 12 men no UDS was performed as the
upper tracts had improved and dysreflexia resolved.
Post-stent insertion urodynamics were performed on 21
of the 33 stents. In five men we were unable to negotiate
the catheters past the stent and the procedure was
abandoned. For this group, we recommend regular
symptomatic review and upper tract surveillance with
ultrasound. In the remaining 16 men, 15 showed an
improvement and one showed no change in bladder
emptying. Six of these men had persistent ‘DSD’ either
proximal or distal to the stent; it was, however,
insufficient to cause problems with high residuals or
autonomic dysreflexia.

In our series of 33 stents, migration was a significant
problem necessitating removal in seven stents. Migra-
tion was often early with nearly all occurring within
1 year (1–13, mean 5.5, median 3 months). It can be
hypothesised that early migration was as a result of
technical failure in accurate deployment. Alternatively,
it has been suggested that delayed proximal migration
could be as a result of minor but significant direct
perineal trauma during transfer (from bed to wheelchair,
etc). In this spinal cord-injured population, the stents
we inserted were for the treatment of DSD, and
consequently the stents lie distal to the prostatic fossa,
where they may be prone to external trauma. It is not
surprising that migration of this scale is rarely seen in
the nonspinal cord-injured patient, whose stent was
inserted for prostatic obstruction. It has also been
suggested that manual evacuation of hard faecal matter
might contribute to migration in the spinal cord injured.
If the stent is still indicated after migration has been
noted, the Memokath can be repositioned.6,12 In our
series only single-ended stents were prone to migrate.
This may be because the addition of the proximal funnel
on a double-ended model anchors the stent more
securely. Low and McRae7 found that a proximal
funnel alone (044 model) had a greater tendency to
migrate; the double-ended stent does appear to over-
come this problem. In all, 10 of the 29 patients had
a previous TUS. Four of the seven migrated stents were
in patients with prior sphincterotomy.

Stent blockage occurred in 14, resulting either from
the ingrowth of granulation tissue at the ends of the
stent, or due to stent encrustation with calculus
formation. Encrustation appears to be more of a

problem in the spinal cord-injured patient.4 This may
be because most have infected urine and high residuals,
which would ordinarily predispose to calculus forma-
tion. As expected, stent blockage occurred ‘late’, not
seen before 1 year, with a mean time of 27.9 months
(median 30 months). In the population stented for
benign bladder outflow obstruction, encrustation was
rare. This was attributed by the authors to particular
characteristics of the Memokath alloy or the gentle
massaging action of subtle movement within the
prostatic urethra.4 All patients in our series with stent
calculus formation had a preceding history of UTI; this
may well be a causal relationship.

Persistent and recurrent UTI, where the stent was
thought to be the focus, contributed to the removal of
six stents. Four cases presented with suprapubic pain
and pyrexia, two of which had significant perigenital
cellulitis and associated orchitis; one other presented
with local pain and another with discharge per urethra.
On stent removal, symptoms resolved in all patients.
Urine cultures were all positive. However, it is worthy of
note that intermittent urine cultures performed on this
group are invariably positive. Therefore, although the
higher rate of positive urine cultures may not be
clinically relevant in the majority,23 in those with
persistent or recurrent symptomatic UTI, one should
consider stent explantation. We, as have others, would
also advocate prophylactic antibiotics before stent
implantation.7

The technique of ‘permanent’ stent removal with
minimal trauma is described by Gajewski et al.24 Our
experience and that of others have found that removal of
UroLumes stents is fraught with difficulty and can result
in significant urethral injury and consequent stricture
formation.3,7,19 In contrast, the Memokath stent, is
readily removable with minimal trauma. However, in
situations where the stent is encrusted, urethral damage
may occur during explantation. In our series, a young T5
paraplegic sustained significant urethral scarring follow-
ing removal of stent for ingrowth of granulation tissue.
The result was a dense urethral stricture, which will
complicate future management.

In our experience Memokath stents do have a place in
the management of the spinal cord-injured patient. If
stents do require removal, then the options available are
to simply observe and monitor the patient, to perform a
transurethral sphincterotomy, a permanent indwelling
catheter or stent replacement. The choice of the above
would depend upon the clinical situation. The final issue
is one of cost. Each Memokath costs approximately
d600. This must be weighed against the time spent in
hospital following TUS and the ensuing complications.
It also gives the patient an option of a temporary
measure, which should not interfere with subsequent
management.

Conclusion

We conclude that in selected patients, temporary,
thermo-expandable (Memokath) stents are effective for
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the treatment of DSD in the setting of a hostile bladder.
This particularly applies to patients in whom final
definitive management has yet to be decided, in those in
whom fertility is an issue or following a previous TUS.
Post-stent urodynamic studies are not always possible
for technical reasons. We found that the working life of
a Memokath stent was 21 months. Complications do
occur and may necessitate removal of the stent. Our
overall experience with Memokath stents was disap-
pointing and presently we are not inserting any new
stents. In patients with tetraplegia, or those with poor
dexterity unable to perform ISC, we recommend a
transurethral sphincterotomy. In future, Memokath
stents will only be inserted after careful consideration
in patients with prior ‘failed’ sphincterotomy or, with
caution, in patients suitable for reconstructive surgery.
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