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Hydraulic System
ATOMS is made up entirely of components
that function hydraulically. Patients are therefore
spared the difficulties caused by defects which
may occur in mechanical components months
or years after the implantation.

Increase in volume 

 Individual, long@term adjustment of pressure on urethra
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Purpose: We report on our initial experience in terms of efficacy and safety with
a new, self-anchoring adjustable transobturator male system (A.M.I.® ATOMS
System) for the treatment of male stress urinary incontinence after prostate
surgery.
Materials and Methods: In this prospective, nonrandomized single center study
conducted between March and December 2009, patients with stress urinary
incontinence secondary to prostatic surgery were treated with the ATOMS de-
vice. Urethroscopy, filling and voiding cystometry were performed preoperatively
for all patients. In addition, incontinence symptoms were assessed, and a phys-
ical examination, 24-hour pad test and 24-hour pad count were performed before
and after surgery.
Results: A total of 38 patients were included in the study (36 after radical
prostatectomy, 2 after benign prostatic hyperplasia surgery). No intraoperative
complications occurred. Mean number of adjustments during followup was 3.97
(range 0 to 9). At a mean followup of 16.9 months (range 13 to 21) the overall
success rate was 84.2%. Of the successful cases 60.5% were considered dry (0 to
1 pad and less than 15 ml/24-hour pad test) and 23.7% improved (more than 1 pad
per 24 hours but more than 50% decrease in pad use and less than 100 ml per
24-hour pad test). In 15.8% of the patients the treatment was considered to have
failed (more than 2 pads daily and greater than 100 ml on 24-hour pad test).
Conclusions: The treatment of male stress urinary incontinence with the
ATOMS is safe and effective. It is an excellent first or second line treatment for
mild to moderate male stress urinary incontinence, even after external irradia-
tion. The option of long-term, minimally invasive adjustment to respond to
patient needs is a significant advantage of this new implant.

Key Words: prostatectomy, urinary incontinence, suburethral slings

Nearly 3,000 radical prostatectomies
are performed every year in Austria.1

Subsequent incontinence represents a
complication that has a significant
impact on patient quality of life.2 The
prevalence of post-prostatectomy SUI
has been reported to be as high as 1%
to 48%,3 depending on followup and
the definition of incontinence. There

are many options for the treatment of
PPI, from minimally invasive forms
such as pelvic floor stimulation or bio-
feedback to more invasive methods in-
cluding various injectable bulking
materials, the AUS and, more re-
cently, male slings.4 Although these
slings have several advantages, there
are also drawbacks such as a com-
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Surgery
Mean operating time was 52 minutes (range 35 to
90). No intraoperative complications were observed.
There was 1 case of transient urinary retention after
removal of the transurethral catheter, which was
resolved after 24 hours. Transient perineal or scro-
tal dysesthesia or pain was reported by 20 patients
(52.6%) and this resolved spontaneously after non-
opioid analgesic therapy within 3 months after sur-
gery. In 1 case the device was removed due to strong
perineal pain. There were 4 (10.5%) patients with
early wound infection at the site of the titanium
port, which led to complete system removal in 3 and
removal of the port only in 1. Urethral erosion oc-
curred in 1 patient who had undergone surgery for
incontinence on 4 separate occasions, and had expe-
rienced erosion of an AUS 6 months before receiving
the ATOMS implant.

Adjustment
After initial intraoperative adjustments with 1 to 2
ml solution, 4 (10.5%) patients were dry. In the
remaining 34 patients (89.5%) further adjustments
were necessary. The mean number of adjustments
during followup was 3.97 (range 0 to 9).

Outcome
At a mean followup of 16.9 months (range 13 to 21)
the overall success rate was 84.2%. Of these cases
60.5% were considered dry (0 to 1 pads and less than
15 ml per 24-hour pad test) and 23.7% improved
(more than 1 pad per 24 hours and 16 to 100 ml per
24-hour pad test). In 15.8% of the patients treat-
ment was considered to have failed (more than 2
pads daily or more than 100 ml per 24-hour pad
test). On uroflowmetry there were no cases of signif-

icant obstruction, mean maximum urine flow was
21.6 ml per second (range 7.5 to 36.4) and mean
residual volume was 14.7 ml (range 0 to 38). Func-
tional outcomes are shown in table 1.

Parameters Predictive of Outcome
On univariate analysis the mean number of pads
used preoperatively and urine volume emerged as
significant predictors of postoperative surgical suc-
cess (table 2). Men using up to 5 pads daily had an
almost 90% success rate (dry) compared to those
using 6 or more pads daily with a success rate of 45%
(p !0.05).

DISCUSSION
PPI continues to be one of the most frequent com-
plications that has a negative effect on quality of life.
The AUS has been considered the gold standard
treatment for moderate to severe PPI. The largest
review to our knowledge of 2,606 patients reported a
postoperative continence rate of 73%.6 Several com-
plications such as urethral erosion in 11.7%, infec-
tion in 4.5% and revision rates of 24.4% have served
to reduce patient satisfaction. Subsequent improve-
ments to the device may have led to more positive
results in recent years.7–9 The satisfaction aspect
and long-term continence rates after implantation of
the AMS 800™ were assessed a decade earlier by
Montague et al.10

One of the first male sling devices was described
by Berry.11 Using an acrylic device placed beneath
the bulbocavernosus muscle he reported a 45% suc-
cess rate at 22-month followup. Several years later
Kaufman reported on procedures of urethral com-
pression achieved by crossing the crura over the
bulbar urethra and implanting a prosthetic perineal
implant with bone anchors.12 He was able to achieve
cure or improvement in the short term but inconti-
nence recurred as pressure against the bulbar ure-
thra decreased.

The advantage of male slings compared to the
artificial urinary sphincter lies in the fact that void-
ing occurs without device manipulation. This is par-
ticularly important in patients who have problems
with manual dexterity. Furthermore, slings are not
prone to mechanical device failure and subsequent
revision surgery.

Table 1. Functional outcomes of ATOMS

Preop Postop

Mean daily pad use (range) 6.78 (2–10) 1.36 (0–10)
% Daily pad use:

Greater than 5 57.89 5.26
3–5 34.21 10.52
2 7.89 7.89
1 0 34.21
No pads 0 42.10

Mean gm 24-hr pad test (range) 747 (230–1,600) 115 (0–1,500)

Table 2. Univariate analysis of outcomes

Dry Improved Failed p Value

No. pts 23 9 6
Mean pt age 69.3 70.8 71.8 Not significant
Mean preop pad count 5.4 8.6 8.2 0.004
Mean ml preop 24-hr pad test 636 1,042 980 0.05
% Irradiation 43 44 50 Not significant
% Previous continence surgery 26 33 16.7 Not significant
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failed (more than 2 pads daily and greater than 100 ml on 24-hour pad test).
Conclusions: The treatment of male stress urinary incontinence with the
ATOMS is safe and effective. It is an excellent first or second line treatment for
mild to moderate male stress urinary incontinence, even after external irradia-
tion. The option of long-term, minimally invasive adjustment to respond to
patient needs is a significant advantage of this new implant.
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significant improvement (p = 0.0001, 95 % CI −14.56 to 
−11.75).
Conclusion The treatment of male SUI using the ATOMS 
incontinence system achieved the best results in patients 
with mild and moderate incontinence. For severe inconti-
nent patients, the system represents an efficient alternative.

Keywords Male stress urinary incontinence · Artificial 
implants · ATOMS · Sphincter cushions · Adjustability

Background

Male urinary incontinence is very incriminating for 
affected patients. Approximately 10 % of men are affected 
in Europe. On this occasion, the usually iatrogenic induced 
male stress urinary incontinence (male SUI) occupies the 
smallest share, but real patient numbers are still not known 
[1]. Meanwhile, surgical treatment options for male SUI 
range from implantation of bulbourethral slings (e.g., 
AdVance®, American Medical Systems, Minnetonka, 
USA) to adjustable systems (e.g., Argus®, Promedon SA, 
Cordoba, Argentina and ATOMS®, Agency for Medi-
cal Innovations, Feldkirch, Austria) as well as an artifi-
cial urinary sphincter (e.g., AMS 800®, American Medi-
cal Systems, Minnetonka, USA). Ultimately, with correct 
diagnosis (including cystoscopy and urodynamic) all sys-
tems achieve reasonable results in short- to medium-term 
follow-up [2–9]. Therefore, the question is raising for a dif-
ferentiated use of these systems, depending on the sever-
ity of male SUI, the pretreatments and of course the needs 
of the patient. Which patient benefits from which system 
the most? Unfortunately, due to different study designs and 
definitions of incontinence there are only a few standard-
ized examinations, but no clear evidence in the literature 

Abstract 
Background We report on our 5-year experience with the 
adjustable transobturator male system (ATOMS®, A.M.I., 
Feldkirch, Austria).
Methods Between 10-2009 and 10-2014, 54 patients 
received an ATOMS. The mean follow-up of this retrospec-
tive observational trial was 27.5 ± 18.4 (2.3–59) months. 
Within each follow-up, the following were evaluated: mic-
turition protocol, 24-h pad count, uroflowmetry and resid-
ual volume. Statistical analysis was performed with Sigma-
Plot® 11.0, p < 0.05 considered as significant.
Results Stress urinary incontinence (SUI) I°, II° and 
III° was seen in 1 (1.9 %), 16 (29.6 %) and 37 patients 
(68.5 %), respectively. In summary, 48.1 % of the patients 
became “dry” (0-“safty pad”/day), while 29.6 % achieved 
at least an “improvement” of about more than 50 % (1–2 
pads/day), which corresponds to an overall success rate of 
77.7 %. The mean number of pads/day decreased from 7.7 
to 1.6. Regarding the initial degree of SUI, patients with 
mild or moderate incontinence had a significantly better 
outcome (p = 0.002, 95 % CI 0.9066 to 2.760). Postop-
erative complications were scaled according to the Clavien 
classification, in which we have seen 4 grade I-, 1 grade 
IIIa- and 9 grade IIIb-complications (overall 25.9 %). 
The evaluation of quality of life by ICIQ-SF showed a 
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the total population and after a mean follow-up of about 
27.5 ± 18.4 (2.3–59) months, 48.1 % of the patients 
became “dry” (0-“safty pad”/day), while 29.6 % achieved 
at least an “improvement” of about more than 50 % (1–2 
pads/day), representing an overall success rate of about 
77.7 % (Fig. 2). During follow-up, there was no worsen-
ing of these results. The mean number of pads per day 
decreased from 7.7 to 1.6. The average number of adjust-
ments to achieve that result was 4.5 ± 2.3 (1–9), and the 
average volume of the sphincter cushion was 18 ± 6.3 
(5–25) ml. Because the ATOMS device represents a sys-
tem, which achieves continence by suburethral pressure, 
it generates a postoperative uroflowmetry from 14.8 ± 4.4 
(7.3–35.3) ml/s and a postoperative residual volume of 
about 5.3 ± 14.2 (0–80 ml). Based on the initial degree of 
SUI, patients with a mild or moderate incontinence showed 
a significantly better result (Table 3, p = 0.002, 95 % CI 
0.9066–2.760). With regard to previous radiation and for-
mer incontinence surgery, a tendency to poorer results for 
preradiated patients, but not a statistical significant dif-
ference was seen (previous radiation vs. no radiation: 

p = 0.153, previous incontinence surgery versus no previ-
ous incontinence surgery: p = 0.2149). No statistical differ-
ence was found regarding the cause of SUI as well as pre-
existing diseases such as diabetes mellitus (each p > 0.05). 
The patient with Parkinson’s disease showed an improve-
ment of urinary SUI, but became not dry (4 pads/day, 
150 ml in 24-h pad test).

The evaluation of the quality of life 6 months after sur-
gery revealed a significant improvement when compared 
to the baseline (p = 0.0001, 95 % CI −14.56 to −11.75). 
Compared to baseline, the ICIQ-SF score dropped from 
19.1 ± 2 to 5.9 ± 4.7 at 6 months postoperatively. In total, 
82 % of the patients reported to be “satisfied” or “very sat-
isfied” with the outcome and would decide again for the 
ATOMS.

No intraoperative complications could be observed, as 
expected. Regarding postoperative complications (Table 4), 
we found four grade I-, one grade IIIa- and nine grade IIIb-
complications according to Clavien classification [15]. 
Regarding postoperative pain, we prefer and recommend 
standardized postoperative analgesics with diclofenac 
(3 × 50 mg) within the first 4 weeks after implantation. 
Only prolonged postoperative pain, lasting longer than 
4 weeks, was graded as a postoperative complication, which 
occurred in three patients (5.6 %), therefore all receiving 
a prolonged analgesics with diclofenac (3 × 75 mg) and 
novaminsulfon (3 × 500 mg). The mean VAS of these 
patients was 2.3 ± 1.9 (0–5). Due to the standardized post-
operative analgesics regime prolonged, postoperative pain 
was completely regressed in two of these three patients. A 
wound infection occurred in six patients (11.1 %), wherein 
a cutaneous erosion of the inguinal port in the course of 
follow-up was causally in three cases. Due to infection, the 
ATOMS had to be explanted completely in five patients 
(9.3 %). Three of these five patients received a reimplanta-
tion of the device after 6 months with postoperatively good 
results. Considered as a treatment failure, but not as a com-
plication, four patients (7.4 %) required a system change 
due to nonfunction because of insufficient urethral com-
pression, detected by retrograde urethrocystogram.

During follow-up, one patient showed a recurrence of 
an anastomotic stricture, with consecutive acute urinary 
retention. Therefore, the ATOMS cushion was completely 
unblocked and the transurethral resection was carried out in 
a usual manner and without intraoperative complications. 
After removal of the transurethral catheter, the cushion was 
blocked again with the previous volume. Hereafter, the 

Fig. 1  Distribution of urinary incontinence preoperatively

Table 2  Peri- and postoperative parameters of the patient population 
(n = 54 patients, mFU 27.5 ± 18.4 months), mean ± SD (range)

Category n = 54

Operative time [min] (range) 67.6 ± 21.7 (30–148)

Hospitalization [day] (range) 4.5 ± 1.3 (2–7)

Postoperative adjustments (range) 4.5 ± 2.3 (1–9)

Postoperative cushion volume [ml] (range) 18 ± 6.3 (5–25)

Postoperative uroflowmetry [ml/s] (range) 14.8 ± 4.4 (7.3–35.3)

Postoperative residual volume [ml] (range) 5.3 ± 14.2 (0–80)

Table 3  Continence outcome of the patient population (n = 54 patients, mFU 27.5 ± 18.4 months), mean ± SD (range), p < 0.05

Category Overall population Former SUI I° and II° Former SUI III° p value (comparison SUI I° and II° vs. SUI III°)

24-h Pad count [pads/24-h] 1.6 ± 1.7 (0–8) 0.4 ± 0.6 (0–2) 2.2 ± 1.7 (0–8) 0.002
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the total population and after a mean follow-up of about 
27.5 ± 18.4 (2.3–59) months, 48.1 % of the patients 
became “dry” (0-“safty pad”/day), while 29.6 % achieved 
at least an “improvement” of about more than 50 % (1–2 
pads/day), representing an overall success rate of about 
77.7 % (Fig. 2). During follow-up, there was no worsen-
ing of these results. The mean number of pads per day 
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82 % of the patients reported to be “satisfied” or “very sat-
isfied” with the outcome and would decide again for the 
ATOMS.

No intraoperative complications could be observed, as 
expected. Regarding postoperative complications (Table 4), 
we found four grade I-, one grade IIIa- and nine grade IIIb-
complications according to Clavien classification [15]. 
Regarding postoperative pain, we prefer and recommend 
standardized postoperative analgesics with diclofenac 
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patient had to be adjusted once to achieve his preoperative 
continence (1 pad/day, 22 ml in 24-h pad test).

Moreover, four patients (7.4 %) died during follow-up 
due to tumor progression or cardiovascular comorbid-
ity (one patient due to his prostate cancer 23 months, one 
patient due to a newly found, advanced metastatic pan-
creatic cancer 18 months, one patient due to an apoplexy 
6 months and one patient due to a myocardial infarction 
25 months after ATOMS implantation).

Discussion

Male SUI is very incriminating for affected patients. After 
exhausting all conservative treatment options, surgery is 
the last chance for many of them. For about three decades, 
the only surgical option to treat male SUI was the artifi-
cial urinary sphincter. So it became the gold standard. But 
this gold standard term was challenged in the meantime, 
since further treatment options became available in the 
past 10 years. Additionally, the surgical treatment of male 
SUI is sometimes a challenge, especially after primary 
or secondary radiotherapy, after repeated transurethral 

interventions as well as preexisting neurological disorders 
such as Parkinson’s disease. This raises the question of a 
differentiated use of the available systems depending on the 
severity of SUI, the already completed pretreatments and of 
course the needs of the patient itself. Which patient benefits 
from which system the most?

The adjustable transobturator male system (ATOMS®) 
was introduced in Europe 2009. The first experiences and 
early results showed a dryness rate (0-“safty pad”/day) of 
60.5–63 % as well as an “improvement” (defined as more 
than 50 % and 1–2 pads/day) of 23.7–32.2 % [6, 7]. The 
present retrospective observational study is the first 5-year 
follow-up investigation. Between October 2009 and 2014, 
54 patients with persistent postoperative SUI, who were 
supervised through our incontinence consultation hour, 
received an ATOMS incontinence system.

Due to the different definitions of male SUI as well as 
the different incontinence systems itself, a comparison of 
the existing literature is extremely difficult, if not impos-
sible. In relation to overall success rate, Rehder et al. [2] 
observed for the AdVance system 53 % dryness (0-“safty 
pad”) and 23.8 % improvement (>50 %, 1–2 pads/day) 
after 3-year follow-up. For the same system, Serra et al. 
[3] described 80 % healing and 8 % improvement, while 
Cornel et al. [16] reported only a cure rate of 9 % and an 
improvement of 45.5 %, applying more strict criteria. In 
the study of Rehder as well as Serra and colleagues, the 
proportion of third-grade incontinent patients was 35.3 % 
and 39 %, respectively, both reporting that patients with 
mild and moderate incontinence had the best outcome. 
For the artificial sphincter, Trigo et al. [9] observed 50 % 
completely dry patients (0 pads) and a proportion of about 
40 % with requirement of at least one pad per day. Their 
daily pad usage declined from 4.1 ± 0.9 pads/day pre- to 
0.6 ± 1.1 pads/day postoperatively. Unfortunately, an exact 
differentiation of the grade of incontinence at baseline was 
not made. Regarding long-term follow-up of the artificial 

Table 4  Postoperative complications of the patient population (n = 54 patients, mFU 27.5 ± 18.4 months), according to Clavien classification 
[15]

Clavien grade—postoperative complications n Treatment

Clavien I

 Scrotal hematoma 2 (3.7 %) Conservative

 Pain (scrotal/perineal) 3 (5.6 %) Conservative

Clavien IIIa

 Urinary retention 1 (1.9 %) Readjustment + suprapubic catheter for 14 days

Clavien IIIb

 Wound infection perineal 2 (3.7 %) 2× explantation

 Wound infection port-sited 4 (7.4 %) 3× explantation, 1× open wound management + secondary suture

 Erosion of the port (no infection) 1 (1.9 %) Immediately replacement of the port

 Incipient erosion of the port 2 (3.7 %) Elective replacement of the port

Fig. 2  Outcome of continence after ATOMS implantation, mean fol-
low-up 27.5 ± 18.4 (2.3–59) months
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• 287 patients
• Multicentre study (5)
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Long-term outcome of the adjustable
transobturator male system (ATOMS): results of a
European multicentre study
Alexander Friedl*, Sandra M€uhlst€adt†, Roman Zachoval‡, Alessandro Giamm"o§,
Danijel Kivaranovic¶, Maximilian Rom**, Paolo Fornara† and Clemens Br€ossner*
*Department of Urology, Hospital G€ottlicher Heiland, Vienna, Austria, †Klinik and Poliklinik of Urology and Kidney
Transplantation, University Hospital, Martin-Luther-University, Halle-Wittenberg, Halle/Saale, Germany, ‡Thomayer
Hospital, Department of Urology and 1st and 3rd Medical Faculty, Charles University, Prague, Czech Republic, §Neuro-
Urology Department, CTO-Spinal Unit Hospital, Turin, Italy, ¶Center for Medical Statistics, Informatics, and Intelligent
Systems, and **Department of Urology, Medical University Vienna, Vienna, Austria

Objective
To evaluate the long-term effectiveness and safety of the
adjustable transobturator male system (ATOMS!, Agency for
Medical Innovations A.M.I., Feldkirch, Austria) in a
European-wide multicentre setting.

Patients and Methods
In all, 287 men with stress urinary incontinence (SUI) were
treated with the ATOMS device between June 2009 and
March 2016. Continence parameters (daily pad test/pad use),
urodynamics (maximum urinary flow rate, voiding volume,
residual urine), and pain/quality of life (QoL) ratings (visual
analogue scale/Leeds Assessment of Neuropathic Symptoms
and Signs, International Consultation on Incontinence
Questionnaire-Short Form [ICIQ-SF]/Patient Global
Impression of Improvement [PGI-I]) were compared
preoperatively and after intermediate (12 months) as well as
after individual maximum follow-up. Overall success rate, dry
rate (<10 mL/day and 0–1 pad/day), device durability,
treatment failure, and device complications were recorded.
Nonparametric tests were used for statistical analyses.

Results
After a median (interquartile range [IQR]) follow-up of 31
(10–54) months and a median (IQR) of 3 (2–4) adjustments,
the overall success rate was 90% (258 men) and the dry rate
was 64% (184). Daily pad test and pad use decreased from a
median of 400 mL/day and 4 pads/day to a median of
18 mL/day and 1 pad/day (both P < 0.001), concomitantly

QoL ratings significantly improved and changed to a
high level of satisfaction (PGI-I 4 to 2, ICIQ-SF 17 to 5; both
P < 0.001). The UI results at 12 months were comparable to
those at final follow-up. Chronic pain and intraoperative
complications did not occur. Most of the postoperative
complications were Clavien–Dindo grade I–III (no grade IV
or V). At present, 231 (80%) of all the ATOMS devices are
still functioning; 56 (20%) were removed, the most common
reason being local titanium intolerance (41%) and leak/
dysfunction (30%). The operating time and continence
outcome varied between port generations. In this regard
the latest port generation (silicone-covered scrotal port)
was superior to its predecessors. Primary implantation
(P = 0.002), good physical health (P = 0.001), and no history
of radiotherapy (P < 0.001) were prognostic factors for
beneficial treatment outcome.

Conclusion
The ATOMS device is safe and shows high treatment efficacy
and patient satisfaction in the largest cohort study to date.
The latest generation, with its pre-attached silicone-covered
scrotal port, is superior to its predecessors. Significantly better
results were achieved with primary implantation and in those
without a history of radiotherapy.

Keywords
adjustable transobturator male system continence device, male
stress urinary incontinence, efficacy, quality of life, long-term
outcome

Introduction
Male stress urinary incontinence (SUI) is the most common
complication after invasive prostate treatment, e.g. radical
prostatectomy (RP) and TURP, and prostatic radiotherapy

(RT). Despite surgical innovations, improvements in detecting
and localising prostate cancer as well as the long history of
the RP with according surgical experience, the SUI rate
12 months after RP varies between 4% to 74%, with total UI
in 3% of these patients [1,2]. Also, patients undergoing
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Results

this had no therapeutic relevance. No chronic or neuropathic
pain (LANSS) was found in the long-term (Table 2).
Hospitalisation time was short (median 3 days) and the
median time of catheterisation was 1 day.

Duration and Removals

To date, 231 (80%) of all ATOMS devices implanted from
2009 to 2016, are still functioning (Table 1). We found
differences in device durability between port generations (see
paragraph ‘Port Generations’ below) and in patients with
specific risk profiles. In all, 56 (20%) of the devices were
removed within a median (IQR) time to explantation of 11
(4–25) months. Of removals, 52% received an ATOMS re-
implantation and 4% an AUS implantation after ≥6 months
and completed wound healing. A solitary port-system change
(IP to simple SP) was carried out in 5% due to malrotation
or port dysfunction.

Complications

No intraoperative complications occurred. As summarised in
Table 3 most postoperative complications were Clavien–
Dindo grade I–III (2% early infections, 3% urinary retentions,
2% haematoma) with no grade IV or V complications.
Reasons for complications and removal were local titanium
intolerance (41%), leak/dysfunction (30%), early infection
(≤30 days; 11%), late infection (>30 days; 11%), dislocation
(5%), and persistent pain (2%).

Port Generations

In all, 60% of patients had the IP (2009–2013), 28% the
simple SP (2013–2015), and 12% the SSP (2014–2016) at
implantation. Anamnestic and UI parameters did not differ
preoperatively but the median follow-up period was shortest
in the SSP group (6 months) compared to IP (50 months)
and simple SP (22 months) groups. The median operating
time varied between 26, 36, and 50 min for SSP, simple SP,
and IP, respectively, and the overall success rate/DR was best
in the SSP group (92%/81%) compared to 88%/68% in the IP
and 86%/51% in the simple SP cohorts. To date 76%, 82%,
and 97% of the IP, simple SP, and SSP are still functioning
(Table 1). Within 12 months after implantation we found no
difference in device tolerance between port generations (log-
rank P = 0.644).

Prognostic Factors

Within the entire cohort 23% had had RT, 20% had had
previous UI surgery or bulking agents (AdVance, AdvanceXP,
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Fig. 2 Relative frequency of SUI grade at baseline and follow-up
measurement. SUI, stress urinary incontinence.

Table 2 Baseline and <12 months/full follow-up values. Wilcoxon signed-
rank test was used to test for differences in baseline and follow-up
measurements.

Baseline,
median
(IQR)

Follow-up, median (IQR) P*

<12 months Full

Pads use,
pads/day

4 (3–5) 1 (0–2) 1 (0–2) <0.001

Pad test,
mL/day

400 (300–700) 10 (0–100) 18 (0–105) <0.001

ICIQ-SF 17 (15–18) 5 (0–7) 5 (0–7) <0.001
PGI-I 4 (4–4) 2 (1–2) 1 (1–2) <0.001
Qmax, mL/s 17 (15–19) 14 (13–15) 15 (13–16) <0.001
Voiding
volume, mL

155 (110–200) 190 (156–215) 192 (155–254) <0.001

PVR, mL 0 (0–0) 0 (0–14) 0 (0–10) <0.001
VAS 0 (0–0) 1 (0–2) 0 (0–1) <0.001
LANSS 0 (0–0) 0 (0–3) 0 (0–0) <0.001

*Comparison between baseline and full follow-up.

Table 3 Side-effects and complication management of all devices using
the Clavien–Dindo classification.

Complications Clavien–Dindo
grade

N (%)

Intraoperative complications – 0
Early complications (<30 days)

Minor complications I 8 (3) urinary retention
II 6 (2) early infections

Major complications III 6 (2) haematoma
IV 0
V 0

Removals 56 (20)
Complications leading to removal

Titanium intolerance 23 (41)
Leak (cushion, port) 12 (21)
Early infection (<30 day) 6 (11)
Late infection (>30 day) 6 (11)
Dysfunction 5 (9)
Dislocation 3 (5)
Persistent pain 1 (2)
Urethra erosion 0
Re-implantation 29 (52)
Solitary port change 14 (5)
AUS solution 11 (4)
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rank P = 0.644).

Prognostic Factors

Within the entire cohort 23% had had RT, 20% had had
previous UI surgery or bulking agents (AdVance, AdvanceXP,
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Fig. 2 Relative frequency of SUI grade at baseline and follow-up
measurement. SUI, stress urinary incontinence.

Table 2 Baseline and <12 months/full follow-up values. Wilcoxon signed-
rank test was used to test for differences in baseline and follow-up
measurements.

Baseline,
median
(IQR)

Follow-up, median (IQR) P*

<12 months Full

Pads use,
pads/day

4 (3–5) 1 (0–2) 1 (0–2) <0.001

Pad test,
mL/day

400 (300–700) 10 (0–100) 18 (0–105) <0.001

ICIQ-SF 17 (15–18) 5 (0–7) 5 (0–7) <0.001
PGI-I 4 (4–4) 2 (1–2) 1 (1–2) <0.001
Qmax, mL/s 17 (15–19) 14 (13–15) 15 (13–16) <0.001
Voiding
volume, mL

155 (110–200) 190 (156–215) 192 (155–254) <0.001

PVR, mL 0 (0–0) 0 (0–14) 0 (0–10) <0.001
VAS 0 (0–0) 1 (0–2) 0 (0–1) <0.001
LANSS 0 (0–0) 0 (0–3) 0 (0–0) <0.001

*Comparison between baseline and full follow-up.

Table 3 Side-effects and complication management of all devices using
the Clavien–Dindo classification.

Complications Clavien–Dindo
grade

N (%)

Intraoperative complications – 0
Early complications (<30 days)

Minor complications I 8 (3) urinary retention
II 6 (2) early infections

Major complications III 6 (2) haematoma
IV 0
V 0

Removals 56 (20)
Complications leading to removal

Titanium intolerance 23 (41)
Leak (cushion, port) 12 (21)
Early infection (<30 day) 6 (11)
Late infection (>30 day) 6 (11)
Dysfunction 5 (9)
Dislocation 3 (5)
Persistent pain 1 (2)
Urethra erosion 0
Re-implantation 29 (52)
Solitary port change 14 (5)
AUS solution 11 (4)
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Prognostic factors

AMS 800, Argus, Deflux, Invance, ProAct, ZSI 375 in
alphabetical order), 7% had had at least two previous failed
devices, and 71% had a reduced physical health status (CCI ≥
7). These subgroups revealed poorer outcomes for long-time
functionality as shown in Fig. 3. Former urethral surgeries
and strictures did not influence device durability (log-rank
P = 0.304).

Multivariate Analysis

A multivariate Cox regression with the univariate significant
variables (CCI, RT and the number of previous devices) was
performed. RT was still highly significant (P < 0.001), while
CCI and previous devices were no longer significant
predictors (P = 0.168 and P = 0.124, respectively).

Discussion
The present study is the first long-term follow-up analysis of
the ATOMS device with the largest patient series (287
patients) to date. With a median observation period of

31 months of all consecutive implantations (maximum
follow-up 75 months) the present study has a similar design
to other retrospective studies of popular male slings such as
Argus classic (101 patients, mean follow-up 24 months) [16],
ArgusT (42 patients, mean 29 follow-up months) [17],
Advance (156 patients, follow-up up to 36 months) [8],
AdvanceXP (41 patients, mean follow-up 31 months) [18],
and ProAct balloons (22 patients, median follow-up
57 months) [19].

In comparison to preliminary and short-term studies,
extended long-term multicentre trials give us more
prospective information on durability, functionality, and
urinary control, as well as on maintaining QoL, device
satisfaction, and on complication management. This
information is necessary to address patient’s questions on
how long devices are likely to function. Currently, this can
only be done for the AUS due to its long history and
physician experience [20–22].

For continence outcome, the present study was able to
reproduce the results of the initial studies of Hoda et al. [13]
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physical health (C) and of PI/SI/TI of devices (D). RT, radiotherapy; CCI, Charlson co-morbidity Index; PI, primary implantation; SI, secondary
implantation; TI, tertiary implantation.

© 2016 The Authors
BJU International © 2016 BJU International 5

Long-term outcome of the atoms continence device

Friedl A et al, BJU Int 2016



Prognostic factors

AMS 800, Argus, Deflux, Invance, ProAct, ZSI 375 in
alphabetical order), 7% had had at least two previous failed
devices, and 71% had a reduced physical health status (CCI ≥
7). These subgroups revealed poorer outcomes for long-time
functionality as shown in Fig. 3. Former urethral surgeries
and strictures did not influence device durability (log-rank
P = 0.304).

Multivariate Analysis

A multivariate Cox regression with the univariate significant
variables (CCI, RT and the number of previous devices) was
performed. RT was still highly significant (P < 0.001), while
CCI and previous devices were no longer significant
predictors (P = 0.168 and P = 0.124, respectively).

Discussion
The present study is the first long-term follow-up analysis of
the ATOMS device with the largest patient series (287
patients) to date. With a median observation period of

31 months of all consecutive implantations (maximum
follow-up 75 months) the present study has a similar design
to other retrospective studies of popular male slings such as
Argus classic (101 patients, mean follow-up 24 months) [16],
ArgusT (42 patients, mean 29 follow-up months) [17],
Advance (156 patients, follow-up up to 36 months) [8],
AdvanceXP (41 patients, mean follow-up 31 months) [18],
and ProAct balloons (22 patients, median follow-up
57 months) [19].

In comparison to preliminary and short-term studies,
extended long-term multicentre trials give us more
prospective information on durability, functionality, and
urinary control, as well as on maintaining QoL, device
satisfaction, and on complication management. This
information is necessary to address patient’s questions on
how long devices are likely to function. Currently, this can
only be done for the AUS due to its long history and
physician experience [20–22].

For continence outcome, the present study was able to
reproduce the results of the initial studies of Hoda et al. [13]

Number at rist

B

0.75

0.50

Su
rv

iv
al

0.25

1.00

0.00
604836

Months
24120 72

2994129

0.75

0.50
No RT
RT

Log-rank: P < 0.001

Su
rv

iv
al

0.25

1.00

0.00
604836

Months
24120 72

2481110

Number at rist

136163220No RT 1
51319314567RT 0167208287all 1

0.75

0.50

Su
rv

iv
al

0.25

1.00

0.00
604836

Months
24120 72

0.75

0.50

Su
rv

iv
al

0.25

1.00

0.00
604836

Months
24120 72

154048

Number at risk Number at risk

566674CCI < 7 1
115176104134205CCI ≥ 7 0

2373104133158210P| 0
51820263858S| 1
13581219T| 0

A

DC

PI
SI
TI

Log-rank: P = 0.002Log-rank: P = 0.001

CCI < 7
CCI ≥ 7

Fig. 3 Kaplan–Meier curves showing device durability of all devices (A), of devices in patients with/without RT (B), of devices in patients with different
physical health (C) and of PI/SI/TI of devices (D). RT, radiotherapy; CCI, Charlson co-morbidity Index; PI, primary implantation; SI, secondary
implantation; TI, tertiary implantation.

© 2016 The Authors
BJU International © 2016 BJU International 5

Long-term outcome of the atoms continence device

Friedl A et al, BJU Int 2016

RT history



Prognostic factors

AMS 800, Argus, Deflux, Invance, ProAct, ZSI 375 in
alphabetical order), 7% had had at least two previous failed
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the ATOMS device with the largest patient series (287
patients) to date. With a median observation period of
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AMS 800, Argus, Deflux, Invance, ProAct, ZSI 375 in
alphabetical order), 7% had had at least two previous failed
devices, and 71% had a reduced physical health status (CCI ≥
7). These subgroups revealed poorer outcomes for long-time
functionality as shown in Fig. 3. Former urethral surgeries
and strictures did not influence device durability (log-rank
P = 0.304).

Multivariate Analysis

A multivariate Cox regression with the univariate significant
variables (CCI, RT and the number of previous devices) was
performed. RT was still highly significant (P < 0.001), while
CCI and previous devices were no longer significant
predictors (P = 0.168 and P = 0.124, respectively).

Discussion
The present study is the first long-term follow-up analysis of
the ATOMS device with the largest patient series (287
patients) to date. With a median observation period of

31 months of all consecutive implantations (maximum
follow-up 75 months) the present study has a similar design
to other retrospective studies of popular male slings such as
Argus classic (101 patients, mean follow-up 24 months) [16],
ArgusT (42 patients, mean 29 follow-up months) [17],
Advance (156 patients, follow-up up to 36 months) [8],
AdvanceXP (41 patients, mean follow-up 31 months) [18],
and ProAct balloons (22 patients, median follow-up
57 months) [19].

In comparison to preliminary and short-term studies,
extended long-term multicentre trials give us more
prospective information on durability, functionality, and
urinary control, as well as on maintaining QoL, device
satisfaction, and on complication management. This
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how long devices are likely to function. Currently, this can
only be done for the AUS due to its long history and
physician experience [20–22].
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Mühlstädt et al
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