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Abstract
Aim: The aim of this study is to evaluate long‐term durability and effectiveness
of the adjustable transobturator male system (ATOMS).
Materials and Methods: The retrospective multicenter Iberian ATOMS study
(n = 215) was updated to evaluate long‐term continence status, complications,
explants, and secondary treatments. Mean follow‐up from surgery to March
2020 was 60.6 ± 18.4 months (range, 39‐91). Eleven patients deceased of an
unrelated causes. Kaplan‐Meier curves were performed to evaluate device
durability and incontinence free of recurrence interval. The multivariate
analysis defined the population at risk of device explant.
Results: A total of 155 patients were dry at the last follow‐up visit (72.1%); 99 (46%)
used no pads and 56 (26%) used a security pad/day with urine loss less than 10 mL;
96% of dry patients after adjustment remained free of incontinence 1 year later,
93.6% 2 years later, 91.1% 3 years later, 89.2% 5 years later, and 86.7% 8 years later.
Complications during follow‐up occurred in 43 of 215 (20%). In total, 25 (11.6%)
devices were explanted and causes were inefficacy 11 (44%), inefficacy and pain 3
(12%), port erosion 10 (40%), and wound infection 1 (4%). The secondary implant
was performed in 11 (5.1%) cases, 6 artificial urinary sphincter and 5 repeated
ATOMS. Time to explant was associated to complications (P < .0001), baseline
stress urinary incontinence (SUI) severity (P = .01), and former irradiation (P = .03).
Multivariate analysis revealed complications (hazard ratio [HR] = 8.71; 3.83‐19.82),
baseline SUI severity (>5 compared to 1‐2 pads/day; HR = 14.9; 1.87‐125), and
irradiation before ATOMS (HR = 2.26; 1.02‐5.18) predicted earlier ATOMS explant.
Three cases received radiation after implant without complication.
Conclusions: ATOMS device is efficacious and safe in the long term. Determinants for device explant include complications, baseline severity of incontinence,
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and previous irradiation. Currently, the durability of the device after 5 years is
reassuring.
KEYWORDS
adjustable transobturator male system (ATOMS), durability, effectiveness, long‐term results, male
incontinence
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| INTRODUCTION

Persistent stress urinary incontinence (SUI) is a common
complication after prostate cancer treatment.1 Approximately, 3% to 6% of patients receiving radical prostatectomy
in different health care systems worldwide undergo subsequently surgery for male SUI, with 25% of them requiring
multiple surgeries.2‐4 The actual proportion of cases experiencing moderate‐to‐severe SUI is estimated at 10% to
20%.5 Efforts to increase the repair of refractory incontinence could greatly improve the patient quality of life.4
The choice of surgery for the treatment of SUI continues to be a challenge. Currently, implantable urethral
slings are recommended for men with mild‐to‐moderate
SUI. For more severe situations including post‐radiation,
severe SUI, and failure of less invasive options, the artificial urinary sphincter (AUS) is the most frequently used
device all over the world. However, the adjustable sling
transobturator male system (ATOMS; A.M.I., Feldkirch,
Austria) has been implanted for all degrees of SUI with
positive outcomes both in meta‐analysis6,7 and multicentre
studies performed in Europe and Canada.8‐12 Also, the
excellent patient‐reported outcomes and limited complications have been specifically reported recently.13,14
However, ATOMS follow‐up data are limited to less
than 3 years.9,10 Although the system is not prone to
mechanical failure, the durability of the device in the long
term is unknown. Evaluation of late complications during
follow‐up is needed and accurate evaluation of the explant
rate in the real clinical setting is also mandatory. Our
objective is to evaluate the long‐term effectiveness and
safety of the ATOMS system and to quantify its durability
and define the factors influencing its endurance.

2
2.1

| M A T E R I A L S AN D M E T H O D S
| Subjects

This study was approved by Institutional Review Board
A08/17 Hospital Universitario de Getafe. We registered 215
consecutive male patients with SUI that underwent implantation of the ATOMS (A.M.I.) from November 2012 to
March 2017 at nine different institutions in Spain and

Portugal. Inclusion criteria were persistent male SUI after
prostate surgery without age limit refractory to conservative
options for more than a year and treated with primary
ATOMS implant. However, previous AUS was allowed;
given the condition that AUS components were explanted at
least 6 months before inclusion. Other former devices
(retrourethral sling, ProACT, or AUS in place) were exclusion criteria. No other exclusion criteria were present. The
surgical technique followed the initial description of Seweryn et al15 and perioperative care was previously specified
in detail.10 Whenever postoperative adjustment was needed,
it was performed in an office setting after several weeks and
repeated if indicated until the patient achieved dryness or
the system was filled to 25 mL. An electronic case report
form (eCRF) was used to include patients’ characteristics,
baseline, operative, and postoperative data, and to periodically evaluate continence status, complications, explants,
and secondary treatments. Baseline SUI severity was classified based on 24 hours pad count as mild if pad count was
1 to 2 pads/day, moderate 3 to 5 pads/day, and severe
greater than 5 pads/day. Initial outcomes regarding clinical
effectiveness and patient‐reported outcomes were reported
in 2017.10,13 All patients were updated to March 2020, except
for 11 cases deceased of an unrelated cause.

2.2 |

Study endpoints

Primary objectives were the evaluation of long‐term device durability of ATOMS in a real‐practice setting and
the investigation of factors affecting ATOMS explant. The
co‐primary objective was the evaluation of long‐term efficacy by the proportion of patients achieving treatment
success with the implant at last follow‐up. Secondary
objectives were the evaluation of free of incontinence
recurrence interval in the population initially achieving
success after device adjustment and description of
secondary treatments used after failed ATOMS.

2.3 |

Variables evaluated

Data on follow‐up included changes in 24 hours pad count
and pad test, late postoperative complications, de novo
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overactive bladder (OAB), device explant, and second
treatments. The same criteria used for treatment success
after adjustment was used at the end of follow‐up, that is,
dry patients were defined as no need for pads or use of one
security pad/day with less than 10 mL. Parameters regarding continence and device status were periodically included
in the eCRF by the responsible physician to assess the final
condition of patients, and the description of surgical alternatives elected after the device explant. Patient global impression of improvement (PGI‐I) was evaluated as 1, “very
much better”; 2, “much better”; 3, “slightly better”; 4,
“without change”; 5, “a bit worse”; 6, “much worse”; and 7,
“very much worse.”16 Complications were defined as any
situation that affected the continence status or any situation
related to the implant graded in accordance with the
common terminology criteria for adverse events (CTCAE
v5.0), and surgical and medical procedures.17

2.4
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| Statistical analyses

Mean values and standard deviation were calculated for
quantitative variables and qualitative ones were described
using absolute and relative frequencies. The paired t test
was used to compare continuous variables. Cochran‐
Armitage trend test and χ2 contingency test were performed to compare differences between data to achieve the
status of the explanted devices.
Factors affecting the explant rate were evaluated by
univariate analysis using hazard ratios and 95% Wald confidence limits for the variables investigated in the total series
(n = 215). All the variables with significant impact in
univariate analysis were evaluated in a multivariate Cox
regression model. Hazard ratio and 95% confidence
intervals (CI's) were calculated. Estimation of survival
regarding device durability was performed using the time
from ATOMS surgery to device explant for explanted devices, and to the last follow‐up for the remaining cases. Only
primary implants were included. Kaplan‐Meier analysis
method was used with significance evaluated by a two‐sided
logrank test and a P < .05 was considered as significant.
Incontinence recurrence using the same criterium of
treatment success was also investigated up to the last
follow‐up in the population of patients achieving dryness
after device adjustment, as described in the initial report
(n = 173).10 Again, second implants were not included in
this analysis. Estimation of survival regarding incontinence
recurrence‐free interval was performed in that population
using the Kaplan‐Meier analysis method with significance
evaluated by a two‐sided logrank test; P < .05 was considered as significant. The statistical analysis was developed using Statistical Analysis System 9.4 (SAS Institute
Inc, Cary, NY).

3
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| RESULTS

A total of 215 cases were included in the Iberian ATOMS
study. SUI was developed after radical prostatectomy in
198 (92.1%) and benign prostate hyperplasia treatment in
17 (7.9%). Twelve patients (5.6%) were formerly treated with
AUS and 43 (20%) had the previous radiotherapy. Baseline
SIU severity was mild in 50 patients (23.3%), moderate in
106 (49.3%), and severe in 59 (27.4%). Although the sling
design did not change, three‐port generations were used,
the initial inguinal port (IP) in 34 patients (15.8%), the
simple scrotal port (SP) in 31 (14.4%), and the most advanced silicone‐covered scrotal port (SSP) in 150 (69.8%).
Table 1 summarizes the main patient characteristics at the
time of inclusion and long‐term postoperative results.
Mean follow‐up from surgery to March 2020 was
60.6 ± 18.4 months (range, 39‐91). At this follow‐up, a total
number of 155 patients were “dry” (ie, using no pad or a
single security pad): 99 (46%) used no pads and 56 (26%)
used a security pad/day with less than 10 mL urine loss per
day. This makes 72.1% of patients remained dry at a mean
follow‐up time of 60 months. Mean 24 hours pad count at
follow‐up was 1.1 ± 1.7 (range, 0‐10). The mean pad test
at follow‐up was obtained in 201 patients (97.7%) and was
77.6 ± 222.4 mL (range, 0‐1505). Mean change from baseline
was −2.7 ± 2.1 pads/day and −439 ± 351 mL pad test (both
P < .001). Persistent SUI was mild in 23 (10.7%), moderate in
26 (12.1%), and severe in 11 (5.1%). Figure 1 shows the
evolution of SUI severity from ATOMS adjustment to the
last follow‐up visit, with mean 5 years. Refill after initial
adjustment was needed at least once in 37 cases (17.2%) and
the total number of system fillings at last follow‐up was
1.8 ± 1.8, with a total volume of 13.8 ± 9.8 mL. The mean
PGI‐I score at last follow‐up was 2.2 ± 1.4 (range, 1‐7).
Group by group, 86 patients (42.8%) assessed their status as
“very much better than before,” 53 (26.4%) “much better
than before,” 34 (16.9%) “better than before,” 15 (7.5%)
“same as before,” 2 (1%) “worse than before,” 6 (3%) “much
worse than before,” and 5 (5.5%) “very much worse than
before” (Figure 2).
Complications occurred in 43 patients (20%). In order
of the frequency, they included: perineal pain, 15 cases;
port erosion and infection, 10 cases; de novo urge incontinence, 4 cases; scrotal hematoma, 4 cases; incipient
port erosion without infection, 2 cases; wound dehiscence, 2 cases; and acute retention, wound infection,
urinary tract infection, haematuria, delirium, and ictus,
1 case each. First in rank, perineal pain was typically an
early complication and was not recurrent once the patient recovered. Overt port erosion, the second complication in terms of frequency, often ended in device
explant. De novo urgency was always a late‐developing
complication. We could not determine a relation between

4
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TABLE 1

Patient characteristics and
postoperative data (n = 215)

Baseline data
Age, y; mean ± SD (range)

69.7 ± 6.8 (34‐83)

24‐h pad count, n; mean ± SD (range)
24‐h pad test, mL; mean ± SD (range)

ET AL.

a

Data at adjustment
Total filling volume, mL; mean ± SD (range)
Number of fillings, n; mean ± SD (range)
Dry at adjustment, n (%)
Postoperative complications, n (%)
24‐h pad count, n; mean ± SD (range)
24‐h pad test, mL; mean ± SD (range)a
PGI‐I, mean ± SD (range)b

3.9 ± 2 (1‐12)
484 ± 372.3 (11‐1650)

13.2 ± 7.15 (2‐34)
1.4 ± 1.9 (0‐9)
173 (80.5)
33 (15.35)
0.9 ± 1.5 (0‐10)
63.5 ± 201.2 (0‐1225)
1.9 ± 1.1 (1‐6)

Data at last follow‐up
Follow‐up after implant, mo; mean ± SD (range)

60.6 ± 18.4 (39‐91)

Device explant rate, n (%)

25 (11.6)

Total filling volume, mL; mean ± SD (range)

13.8 ± 9.8 (2‐41)

Number of fillings, n; mean ± SD (range)

1.8 ± 1.8 (0‐10)

Dry at follow‐up, n (%)

155 (72.1)

Postoperative complications, n (%)

43 (20)

24‐h pad count, n; mean + SD (range)

1.1 ± 1.7 (0‐10)

24‐h pad test, mL; mean + SD (range)c

77.6 ± 222.4 (0‐1505)

PGI‐I, mean ± SD (range)c

2.2 ± 1.4 (1‐7)

Note: Dryness was classified as no pads or one security pad and less than 10 mL/d.
Abbreviations: PGI‐I, patient global impression of improvement; SD, standard deviation.
a
24‐hour pad test baseline and after adjustment was obtained in 189 (87.9%) patients.
b
PGI‐I after adjustment was obtained in 181 (84.2%) patients.
c
24‐hour pad test and PGI‐I at last follow‐up were obtained in 201 (97.7%) patients.

device filling, the number of adjustments, previous
radiotherapy or baseline urodynamics, and de novo urgency. The complete list of complications with grades of
severity and measures taken is detailed in Supporting
Information Appendix A. Three cases (1.4%) received
radiation after ATOMS implant without producing any
complication or device malfunction.

Device explant al last follow‐up occurred in 25 patients
(11.6%). Reasons for explants were device inefficacy
(11 cases, 44%), inefficacy and pain (3 cases, 12%), port
erosion and infection (10 cases, 40%), and wound infection
(1 case, 4%). The secondary implant was performed in
11 (5.1%) cases, AUS in 6 (2.8%) and repeated ATOMS in
5 (2.3%). Factors associated with device explant were the

F I G U R E 1 Evolution of stress urinary
incontinence severity
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F I G U R E 2 Patient global impression of
improvement assessment at last follow‐up
(n = 201). PGI‐I, patient global impression of
improvement

presence of complications (37.2% explants for cases with,
5.2% without; P < .0001), baseline SUI severity (1.9% explants for cases with mild incontinence, 12.5% moderate,
and 21.4% severe; P = .011), and former irradiation (20.9%
explants for cases with radiation, 9.3% without; P = .033)
but was not related to patient age (13.5% explants for

patients 70 years or less, 9.7% older than 70 years; P = 0.39)
or device generation (20.6% explants for IP, 12.9% for SP,
and 9.3% for SSP; P = .17).
Kaplan‐Meier analysis revealed explantation‐free rate
of ATOMS was 99.5% (95% CI, 96.7‐99.9) 1 year after
implant, 97.2% (95% CI, 93.8‐98.7) 2 years after implant,

F I G U R E 3 Kaplan‐Meier analysis of explantation‐free interval: A, Total series (n = 215). B, Stratification according to radiation
status (logrank, P = .04). C, Stratification according to incontinence severity (logrank, P = .01). D, Stratification according to the
presence of complications (logrank, P < .0001). SUI, stress urinary incontinence

6
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Cox regression model to predict device explantation
Hazard ratio estimates
95% Wald
confidence limits

P value

Irradiated vs
nonirradiated

2.28

1.0

5.18

.043

SSP vs SP port

0.77

0.25

2.36

.577

SSP vs IP

0.61

0.24

1.57

SP vs IP

0.79

0.23

2.74

Severe vs
moderate SIU

1.67

0.73

3.83

Severe vs mild SUI

12.34

1.56

100

Moderate vs
Mild SUI

7.4

0.97

55.5

Aged 70 or less vs
more than 70

1.3

0.58

2.89

.523

With complications
vs without

7.82

3.44

17.76

<.0001

2.26

1.02

5.18

.048

1.70

0.65

3.94

.005

8.77

1.15

66.67

Point estimate
Univariate variable

Multivariate variable
Irradiated vs
nonirradiated
Severe vs
moderate SUI
Moderate vs
mild SIU
Severe vs mild SUI
With complications
vs without

14.92

1.87

125

8.71

3.83

19.82

.014

<.0001

Abbreviations: IP, inguinal port; SP, simple scrotal port; SSP, silicone‐covered
scrotal port; SUI, stress urinary incontinence.

92.6% (95% CI, 88.1‐95.5) 3 years after implant, 86.3%
(95% CI, 79.7‐90.9) 5 years after implant, and 80.4% (95% CI,
68.1‐88.3) 8 years after implant (Figure 3A). Interval free of
ATOMs explant was significantly shortened by irradiation

ET AL.

(logrank, P = .04) (Figure 3B), SUI severity before
surgery (logrank, P = .01) (Figure 3C), and registering
complications (logrank, P < .0001) (Figure 3D). Cox
multivariate analysis revealed the three factors presence
of complications (P < .0001), baseline severity (P = .005),
and irradiation before ATOMS placement (P = .048)
remained independent predictors to determine ATOMS
explant (Table 2).
Kaplan‐Meier analysis performed on the population
achieving dryness after adjustment (n = 173) revealed
that 96% (95% CI, 91.7‐98) remained free of SUI 1 year
after implant, 93.6% (95% CI, 88.7‐96.4) 2 years after
implant, 91.1% (95% CI, 85.7‐94.5) 3 years after implant,
89.2% (95% CI, 83.1‐93.2) 5 years after implant, and 86.7%
(95% CI, 78‐92.1) 8 years after implant (Figure 4). Recurrence of SUI was always associated to ATOMS retrieval. Three cases (1.4%) with IP and apparent leakage
of the port on short follow‐up resolved with contrast
media filling of the system. Four cases (1.9%) developed
de novo urge incontinence and were managed with antimuscarinics, improving all of them.

4

| DISCUSSION

ATOMS device is establishing as an attractive choice to
treat post‐prostatectomy incontinence. Better outcomes
were reported in nonsevere and nonradiated cases,10 but
ATOMS can also be a good option in selected cases with
severe incontinence like patients with diminished manual dexterity or unwilling to manipulate an AUS, patients
with impaired cognition or in patients with recurrent
incontinence after a failed sling or AUS and reluctant to
repeat the same devices.18 The advantages of this system
include its simplicity, no need for patient manipulation,
almost absent probability of urethral atrophy or erosion,
and the possibility of postoperative adjustment.

F I G U R E 4 Kaplan‐Meier analysis of
urinary incontinence recurrence‐free
survival in the population achieving
dryness after adjustment (n = 173)
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We present the update of the Iberian ATOMS study to
a 60‐month mean follow‐up that gives an excellent opportunity to evaluate long‐term efficacy, safety, and
durability of the device. This information is important
because the follow‐up reported in most studies is scarce.
Some reports on outcomes refer to long‐term analysis but
their median follow‐up is only 2 to 3 years9,19 and other
multicentre studies give even less follow‐up.8,11,12 Also,
information on long‐term complications, device explant,
and secondary treatments are necessary. Another
strength of this study is that the last generation device
which is now in use (SSP) is predominant in this cohort
of patients.
Less than 10% decrease in continence rate is shown
with respect to the initial report in the long‐term update
(72.1% compared to 80.5%) and less than 5% increase in
complications rate (20% compared to 15.3%). None of
these complications was life threatening. These data are
reassuring and go in consonance with another study
specifically focusing on complications that revealed 27%
complications at 44‐month mean follow‐up and 21.1%
when a learning curve is passed.14 We confirm that port
erosion and secondary infection is the most severe long‐
term complication, almost always leading to explant.14,20
However, wound dehiscence, wound infection, or incipient erosion of the port can be managed by early
drainage and secondary suture, port replacement or even
port sacrifice, and tube ligation if the patient is dry at the
time of surgical exploration. Thereof early recognition
and management of these complications is mandatory.
Perineal pain is the most frequent complication,
characteristically present in the first months after surgery, but not later, and can be managed medically. On the
other hand, de novo urge incontinence is typically a late
complication, but an infrequent one (1.9%). This finding
has been recently reported,21 but studies with urodynamic data looking for obstruction and detrusor
overactivity should better clarify the cause and significance of de novo OAB after ATOMS placement. One
cannot ignore that the appearance of de novo OAB might
simply represent the aging of the cohort.
Interestingly, this is the first report to address ATOMS
durability in the long term. Another early study with a
limited number of patients, limited follow‐up, and predominance of former device generations described a
14.5% explantation rate; mainly due to infection, apparently associated to a reaction between the titan port and
the subcutaneous tissue when using ports uncovered
with silicone.22 ATOMS was explanted in 11.6% of the
cases in our series and main reasons were infectious
complications or device clinical inefficacy. In no case, the
device was explanted due to pain exclusively. Infectious
complications occurred in 5.1% of the cases. A prospective

7

comparison between ATOMS and AUS effectiveness
and durability should be performed, but according to
our figures, ATOMS effect could be at least as durable
as that of AUS. The explantation‐free rate for AUS at
5 years is 67% to 87%,23‐25 and continence recurrence‐
free rate could be 60% or less, depending on the clinical
definition used.25‐29 Globally the success rate of
ATOMS could be higher because unlike AUS, ATOMS
is not prone to mechanical failure, urethral atrophy, or
urethral erosion.30 However, it is undeniable that the
AUS remains the device with the longest experience
and the largest body of evidence and preferred in cases
with very severe incontinence.5,28
Complications in the long term and severity of baseline incontinence are the most important risk factors for
ATOMS explant. Although not so strong, radiation is also
an independent factor, probably because of diminished
clinical effectiveness.10 We could not confirm the type of
port generation itself as a predictor of device explantation, although we found a tendency, not reaching statistical significance, between device generation other than
SSP and explant. That is in accordance with the previous
observation that SSP has higher effectiveness and diminished complications than previous generations.6,14,20
Possibly, we could not confirm higher durability for this
device generation because SSP port design is very predominant in this series.
Two options appear feasible to retreat SUI after
ATOMS explant: AUS and second ATOMS. Possibly, repeated ATOMS is the best choice for patients with good
operative results who lost their device for infection and
AUS is the best choice for cases with failed ATOMS and
severe SUI still motivated to receive a second implant.
These data are the pioneer to give an idea on clinical
management options after ATOMS failure. However, further studies with bigger numbers and longer follow‐up are
needed to define optimum secondary treatment options.

5

| C O NC L U S I O N

Long‐term data from the Iberian ATOMS study in a
real‐practice setting suggest lasting effectiveness of the
device with limited complications and explants. Within a
5‐year mean follow‐up after surgery, 72% of the patients
intervened in this study are still continent, which corresponds to 89% of those who achieved continence after
device implant and adjustment. Long‐term complications
occur in 20% of the cases. Also, the durability of the
device is reassuring with 86.3% of the devices in place at
5 years. Determinants for device explant are complications, baseline severity of incontinence, and previous
irradiation.
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SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section.
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