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Abstract: The Resonance® metallic ureteral stent is one of the latest additions to the urologist’s
armamentarium in managing ureteral obstruction. One advantage of this stent over traditional
polymer-based stents is resistance to encrustation with stone material, which allows longer dwell
times and less frequent exchange procedures. Although exchanging a metallic stent is slightly
more complicated than exchanging a polymer stent, the fluoroscopic techniques required are
familiar to most urologists. The Resonance stent is also more resistant to compression by external
forces, potentially allowing greater applicability in patients with metastatic cancer. Furthermore,
the use of this stent in patients with benign ureteral obstruction is shown to be associated with
significant cost reduction. Clinical studies on the use of this stent are accumulating and the results
are mixed, although Level 1 evidence is lacking. In this article we present a comprehensive
review of the available literature on the Resonance metallic ureteral stent.
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Development and use of ureteral stents
Ureteral obstruction is a common urologic problem. It can be caused by both benign
and malignant conditions, resulting in either extrinsic or intrinsic forces which block
the flow of urine from the kidney to the bladder. First described by Zimskind et al in
1967, ureteral stents serve as a means of bypassing a narrowed portion of ureter, allow-
ing effective urine drainage.' Until the development of ureteral stents, there were few
options available for managing ureteral obstruction in a minimally invasive manner.

Ureteral stents now have a broad range of clinical uses. Stents may be employed
on a short-term basis, such as in patients with obstructing stones or to maintain drain-
age and allow healing of the ureter following a surgical procedure. In other cases,
they serve as a long-term solution. In patients with benign lesions such as strictures,
the most desirable option is surgical reconstruction to allow effective urine drainage
without the need for an indwelling prosthetic device. However, not all patients are
candidates for these potentially difficult surgeries and some prefer a less invasive
approach. These patients may be managed with ureteral stents. In addition, patients
with metastatic cancers of the retroperitoneum and pelvis that cause ureteral obstruction
are also commonly managed with ureteral stents on a chronic basis. In this situation
they prevent kidney damage caused by longstanding obstruction, maximize renal
function so that chemotherapy may be administered, and minimize pain and infec-
tious complications.

Although ureteral stents have revolutionized urologic practice, they are not without
limitation. Most stents in use today are composed of synthetic polymers and quickly
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become encrusted with stone material, requiring exchange
under anesthesia every 3—4 months.? Stent-related urinary
symptoms, including urinary frequency, urgency, dysuria,
hematuria, and pain, may affect up to 80% of patients.?
Although most of the time these symptoms are minor and read-
ily controllable, occasionally they are severe enough to require
discontinuation of the stent. As with many foreign materials
inserted into the body, ureteral stents may become coated
in biofilm and colonized with bacteria.* Finally, traditional
polymer-based stents fail to relieve obstruction from malignant
disease of the retroperitoneum in up to 50% of cases.*¢ In this
case, a nephrostomy tube is typically placed to drain the renal
pelvis. Although these tubes provide adequate drainage in the
vast majority, they require an external urine collection bag, so
many patients prefer an indwelling ureteral stent.

Design of the Resonance metallic

ureteral stent

The Resonance® stent was initially developed by Cook
Urological as a management option for malignant ureteral
obstruction. The stent is composed of a tightly coiled
wire made of nickel-cobalt-chromium-molybdenum alloy.
Although it has proximal and distal curls and a patent lumen
similar to traditional “double-J” stents, its ends are occluded
(Figure 1). Although many indwelling metallic devices
preclude patients from having magnetic resonance imaging
(MRI) studies, the Resonance stent is MRI-compatible.

The occluded ends of the Resonance stent make its
placement and exchange slightly more challenging than a
traditional stent. Rather than using a cystoscope to place a
wire up to the renal pelvis and advancing the stent over the
wire, the Resonance stent is inserted through an 8 French
outer sheath advanced into the renal pelvis. Thus, a slightly
larger diameter instrument must be passed through the nar-
rowed ureter, which in rare instances requires balloon dila-
tion of the ureter.”” In addition, when the metallic stent is
exchanged, a wire must be advanced up the ureter alongside
the stent rather than through it. When the ureteral orifice is
obliterated by a tumor, this may be difficult.

A study by Christman et al found the Resonance metal-
lic stent could maintain 50% diameter with over 31 1b of
compression force placed on its proximal, mid, and distal
portions (32.89 + 0.34, 31.79 £ 0.16, and 31.4 £+ 0.33 Ib,
respectively).!? The force required to compress the Resonance
stent was significantly greater than that for the Silhouette®,
Sof-Curl®, Percuflex®, and Polaris Ultra® stents. The reason
for this increased tensile strength has been attributed to the
design of the wire coil, ie, extrinsic force applied to the

Figure 1 A) The Resonance® metallic ureteral stent B) The Cook Endo-Sof™, a
traditional polymer stent.
Permission for use granted by Cook Medical Incorporated, Bloomington, Indiana.

Resonance stent leads to flexion to one side of the coil rather
than compression and buckling.

Blaschko et al performed a study comparing flow
dynamics between the Resonance and a standard 6 French
stent. First they used a model in which there was no com-
pression, and found that the traditional stent actually had
better intra- and extraluminal flow rates. However, when
obstruction was simulated by tying a 0-silk suture around
the ureter, the traditional stent could be occluded, whereas
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the Resonance stent maintained patency. The flow through
the metallic stent in this model was 5.15 mL/min compared
with 0.64 mL/min in the traditional stent.!! This was the
first mechanical model to demonstrate superior resistance
to external compression. These findings were supported by
Pedro et al who also showed that the Resonance is more
resistant to extrinsic compression than stents which are not
coil-reinforced.!

Efficacy studies

Malignant obstruction

As mentioned previously, extrinsic ureteral obstruction from
malignant masses of the retroperitoneum and pelvis are one
of the primary uses for the Resonance stent. Failure rates of
nearly 50%>¢ are seen with traditional stents, and risk factors
for failure include underlying renal insufficiency, the admin-
istration of chemotherapy or radiotherapy, and evidence of
bladder involvement with malignant process.'>!'* However,
studies done on metallic stents in the setting of malignant
extrinsic compression have shown promise.

Wah et al reported an 80% success rate among 15 patients
with malignant disease. In this series, the authors utilized ante-
grade nephrostogram studies via existing nephrostomy tubes
to diagnose the three failures. They attributed the failure of
the Resonance stent to a bulky metastatic tumor burden in the
pelvis which caused elevated intravesical pressures and thus
poor upper tract drainage.” We previously reported a success
rate of 80% in 10 patients with extrinsic upper tract compres-
sion secondary to malignancy. Two patients had stents changed
after at least one year of use, two died of malignancy prior to
the expected 12-month dwell time, and four others maintained
adequate drainage at a mean follow-up of six months.'

Liatkos et al reported on a large series of patients in which
the Resonance stent was used for a variety of obstructive
etiologies. In the subgroup of 25 patients with malignant
obstruction, there was a 100% stricture patency rate at a mean
of 11 months follow-up.® A recent case series by Brown et al
of five patients with malignant extrinsic compression treated
with the Resonance stent was less favorable. All of the
patients in this series had failed management with a variety
of other stent types prior to placement of the Resonance stent.
Four of five patients (80%) developed renal obstruction fol-
lowing metallic stent placement and required nephrostomy
drainage despite the fact that most of the patients died of
their malignancy within several months. '

Finally, a multi-institutional experience of 40 patients
(59 renal units) was recently published by Modi et al. Forty-
four renal units were stented due to active malignancy, and

39 of these had failed previous plastic stents. Patients were
followed with periodic imaging studies and creatinine levels.
Hydronephrosis was stable or improved in 87% and worsened
in 13% of renal units. Serum creatinine values were improved
or stable in 65%. At last follow-up, five patients were kept
from nephrostomy tubes because of the metallic stent, and
37% of the metallic stents placed because of plastic stent
failure in the setting of malignancy also failed. The authors
concluded that while the metallic stent can keep some patients
from nephrostomy tubes, close follow-up to monitor signs
of obstruction and patient symptoms is warranted. These
authors recommended upper tract imaging at four weeks
after placement and regular intervals thereafter.’

Thus, the experience to date with the metallic ureteral stent
for malignant obstruction has been mixed and is summarized
in Table. While some series report excellent success rates,
others have been less favorable. Taken as a whole, it is clear
that a number of patients with retroperitoneal malignancies can
benefit from the Resonance stent. However, failures do occur,
and it is unclear whether these are due to external compression,
obstruction of the inner stent lumen, or elevated bladder pres-
sures from bulky pelvic disease. Thus, patients with metastatic
cancer in whom the Resonance is placed should be followed
closely with periodic laboratory and imaging studies.

Benign obstruction
Benign causes of upper urinary tract obstruction are quite
numerous, and include iatrogenic strictures, stone disease,
retroperitoneal fibrosis, ureteropelvic junction obstruction,
and endometriosis. When patients with benign lesions are
managed with traditional indwelling stents, stent failure is
generally less common than with malignant lesions. Several
groups have reviewed their experience with the Resonance
stent for benign obstruction.

In a series reviewing the utility of Resonance metal-
lic stents for benign disease, we reported a success rate

Table Reported success rates of the Resonance® metallic
ureteral stent

Benign disease Malignant disease

80% (12/15)
80% (8/10)
100% (25/25)
20% (1/5)

Wah et al’
Polcari et al®*® 93% (13/14)
Liatsikos et al® 56% (10/18)"

Brown et al'®

Nagele et al?' 75% (3/4) 54% (6/13)
Modi et al’ 100% (2/2) 62% (24/39)
Garg et al*'® 10% (1/10)

Notes: ‘Includes failures in 6/7 patients with ureteroenteric anastomotic strictures
and severe iatrogenic strictures; *study includes only patients with ureteroenteric
anastomotic strictures.
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of 93% among 14 patients who were previously managed
with polymer-based stents.!’ The cause of obstruction were
ureteropelvic junction obstruction in seven, benign stricture
in three, idiopathic retroperitoneal fibrosis in two, ureteral
tortuosity in one, and endometriosis in another. Two of the
patients with ureteropelvic junction obstruction and the one
patient with endometriosis required bilateral stent drainage.
The one failure occurred in a tortuous ureter which was
previously managed with two ipsilateral polymer stents.
There was no gross encrustation or hyperplastic urothelial
reaction of the stent noted at interval stent exchange in any
patient. The metallic stent was discontinued prematurely
for symptoms in three patients, with two being secondary to
irritative lower urinary tract symptoms and the other due to
recurrent gross hematuria. Of the two patients with voiding
symptoms, one resolved with polymer stent placement and
the other eventually required nephrostomy tube placement for
refractory symptoms following polymer stent exchange. The
patient with recurrent gross hematuria experienced resolution
of this issue following polymer stent placement.

Liatsikos et al also evaluated the efficacy of the Resonance
metallic stent in the setting of benign disease. In their series
of 18 patients with obstruction from benign causes, only 44%
of patients maintained patency after a mean of seven months.
Failure was defined as worsening dilation of the pelvicalyceal
system on imaging studies, or in cases where bilateral metallic
stents were placed as a rising serum creatinine level. When
the Resonance stent failed, it tended to occur within a few
weeks. Of note, seven of eight failures occurred in patients
with ureteroenteric or severe iatrogenic strictures. The authors
noted a hyperplastic reaction which actually grew through the
coils of the stent in these cases. At the time of replacement,
12 of 54 stents displayed evidence of gross calcification, but
this did not complicate removal in any case.®

Ureteroenteric anastomotic strictures are more difficult to
manage. They occur at the site where the ureter is implanted
into a segment of bowel, and are thought to be caused by
ischemia of the ureter.!” Garg et al reviewed their experience
with the management of ureteroenteric anastomotic strictures
using the Resonance stent in 10 patients. They noted distal
migration of the stent in nine of 10 (90%) patients, prompt-
ing the authors to replace the metallic stent with traditional
polymer stents. The authors hypothesized that the increased
weight of the metallic stent along with the antegrade intesti-
nal motility were the factors behind the distal migration and
Resonance stent failure.'® Interestingly, proximal or distal
migration of the stent has not been a significant issue among
patients in other series with intact urinary tracts.

In general, the results for benign strictures have been
favorable, with the notable exceptions being ureteroenteric
or severe iatrogenic strictures (see Table).

Tolerability and resistance

to encrustation

One of the main drawbacks of using ureteral stents in any
clinical situation is the high incidence of stent-related side
effects. In one study comparing the symptoms associated with
soft and firm polymer ureteral stents using a validated ques-
tionnaire, overall 90% of patients reported urinary symptoms
causing bother. Overall 70% of patients reported hematuria,
70% experienced dysuria, and almost 90% reported pain
that interfered with daily life. There was no significant dif-
ference in the impact on quality of life between the soft and
firm stents. Thirteen percent of patients across both groups
required early stent removal."

Although there have not been any studies comparing
stent symptoms between the Resonance stent and polymer
stents, several series have reported on the general tolerability
of the Resonance stent. In our series of 25 patients who had
a minimum of 12 months of follow-up, four (16%) patients
required premature stent removal, two for severe lower uri-
nary tract symptoms, one for recurrent gross hematuria, and
one for recurrent urinary tract infections. Four other patients
in our series (total 25%) experienced several urinary tract
infections with the metallic stent in place. Although there was
amild amount of stone debris, ie, “dust”, noted grossly upon
exchange, this was not severe enough to complicate stent
removal in any of the cases.?’ In the series by Liatsikos et al
analyzing 50 patients, six patients (12%) developed macro-
scopic hematuria, all of which resolved spontaneously, and
10 presented with slight discomfort from bladder irritation.
Four of the 10 that presented with bladder symptoms had
culture-proven urinary tract infections and were treated with
antibiotics. Although macroscopic encrustation was seen on
12 of 54 stents after a mean follow-up of 8.5 months, this
did not complicate stent removal in any case.®

Nagele et al reported a slightly higher rate of side effects,
with six of 14 patients requiring premature removal, as a result of
pain in two, encrustation in two, hematuria in one, and recurrent
infections in one.?! The series by Modi et al noted significant
encrustation of three of 76 stents (4%). One of these required
percutaneous nephrolithotomy and another required cystolitho-
paxy for removal, despite dwell times of less than one year.’

In a recent study of six patients by Cauda et al the
Resonance stent was left in place for increasing durations
ranging from six to 36 months. At the end of the study period,
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each stent was examined by scanning electron microscopy
and energy dispersive spectroscopy. Although a bacterial
biofilm was found on all stents, only slight precipitation
of inorganic compounds was observed, with no epithelial
ingrowth. All stents were draining well at the time of removal,
with stable imaging results and creatinine levels.?

Cost effectiveness

One study to date has examined the cost effectiveness of the
Resonance stent. Among 13 patients with ureteral obstruc-
tion of benign etiology, the yearly cost of metallic stent use
was compared with that of polymer stent use. Even after
adjusting for early removal in three of the 13 patients, the
metallic stent was associated with an annual cost reduction
of $10,394 (43%) per patient per year.?

Conclusion

The Resonance metallic ureteral stent is a new cost-effective
alternative to polymer-based ureteral stents for select patients
with upper urinary tract obstruction. The potential advantages
of metallic ureteral stents include greater tensile strength and
resistance to encrustation allowing increased dwell times.
Based mainly on retrospective data, the results among patients
with benign strictures, excluding those with severe iatrogenic
and ureteroenteric strictures, are promising. Although the
metallic stent allows adequate drainage in some patients with
malignant obstruction than traditional stents, these stents
require close follow-up of patients because failures do occur.
A prospective study directly comparing the tolerability of
metallic and polymer stents is needed because both are associ-
ated with side effects in a large proportion of patients.
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