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Abstract
Background To report the 3-year results of a prospective, single arm, multicenter, international clinical study with the
second generation of the temporary implantable nitinol device (iTIND; Medi-Tate Ltd®, Israel) on men suffering lower
urinary tract symptoms (LUTS) secondary to benign prostatic obstruction (BPO).
Methods Eighty-one men with symptomatic BPO (IPSS ≥ 10, peak urinary ﬂow <12 ml/s, and prostate volume <75 ml) were
enrolled in this study between December 2014 and December 2016. Subjects were washed-out 1 month for alpha-blockers
and 6 months for 5-ARIs. The implantation was performed under light sedation and the removal 5–7 days later with topical
anesthesia. Perioperative results including OR-time, pain (VAS) postoperative complications (Clavien–Dindo-Grading
System), functional results (Qmax, IPSS, PVR) and quality of life (QoL) were assessed at 1, 3, 6 months, 1, 2, and 3 years.
Sexual and ejaculatory function were evaluated using two yes/no questions.
Results Thirty-six month functional results were available for 50 patients and demonstrated that iTIND efﬁcacy remained
stable through 3 years, with averages IPSS, QOL, Qmax and PVR of 8.55 + 6.38, 1.76 + 1.32, 15.2 + 6.59 ml/s and 9.38 +
17.4 ml, improved from baseline by −58.2, −55.6, +114.7, and −85.4% (all signiﬁcantly different from their corresponding
baseline values, p < 0.0001). Even considering the Intention to Treat analysis (ITT), the 36-month results conﬁrmed signiﬁcant improvements of the functional outcomes if compared with baselines values (all p < 0.0001). No late post-operative
complications were observed between 12 and 36 months. Sexual function was stable through 3 years, with no reports of
sexual or ejaculatory dysfunctions. No patients underwent alternative treatments between 24 and 36 months.
Conclusion Treatment of BPO-related LUTS with iTIND demonstrated a signiﬁcant and durable reduction in symptoms and
improvement of functional parameters and quality of life at 3 years of follow-up. No late post-operative complications,
ejaculatory dysfunction or additional treatment failures were observed between 24 and 36 months.
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Lower urinary tract symptoms (LUTS) secondary to benign
prostatic obstruction (BPO) is one of the most common
conditions which can negatively impact the quality of life of
men in their lifetime. Prevalence of benign prostatic
hyperplasia (BPH) that can lead to BPO starts at age 40–45
years, reaches 60% by age 60, and can be as much as 80%
by age 80 [1].
Treatment for reducing LUTS secondary to BPO often
begins with watchful waiting and implementation of lifestyle changes, and then progresses to pharmaceutical therapy with the use of selective alpha-blockers, with or without
5-alpha reductase inhibitors [2, 3]. Despite pharmaceutical
therapy being considered the ﬁrst line of treatment, many
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patients are unhappy with the level of symptomatic relief it
offers, or are bothered by treatment-induced side effects,
such as dizziness and sexual dysfunction. For this reason,
treatment compliance is low, with only ~29–30% of patients
adhering to treatment during the ﬁrst 12 months [3, 4].
The gold standard surgical treatment for BPH today is
trans-urethral resection of the prostate (TURP), which offers
a signiﬁcant and durable reduction in symptoms and
increase in urinary ﬂow. However, TURP is also associated
with a 20% morbidity rate, including urinary incontinence
(3%), bleeding requiring blood transfusion (2.9%), urethral
stricture (7%), TUR syndrome (1.4%), erectile dysfunction
(10%) and retrograde ejaculation (65%) [5–7].
New, laser-based ablative techniques, while also effective
in providing relief of BPH-related symptoms, still present
complications similar to those seen with TURP [7–9].
The temporary implantable nitinol device was developed
to offer an effective and minimally invasive alternative for
treating LUTS due to BPO through the use of a temporarily
implanted device. The device, left in place for only 5–7 days,
remodels the prostatic urethra and bladder neck through
ischemic pressure, effectively relieving the obstruction to the
bladder outlet without ablating or resecting tissue, and without
leaving a permanent implant in the body.
In the ﬁrst-in-man, 3-year clinical study of the ﬁrstgeneration device (TIND; Medi-Tate Ltd., Israel), and in the
multicenter, prospective analysis of the 1 and 2 years performance of the second-generation device (iTIND), this
minimally invasive approach demonstrated safety and
effectiveness leading to signiﬁcant and stable relief of BPOassociated LUTS as measured by IPSS, QoL, and improved
functional results [10–13].
The aim of the present study is to report on the outcomes
of patients 3 years after treatment with iTIND.

Patients and methods
In this prospective, single arm, multi-center international
study, men with lower urinary tract symptoms secondary to
BPO were treated and followed annually for 3 years. Subjects were enrolled at 9 centers in Italy, Switzerland, Belgium, the UK, Spain and Hong Kong between December
2014 and December 2016. The study was approved by the
institutional ethics committee at each participating study site
and conducted in accordance with Good Clinical Practice
guidelines, in compliance with the World Health Organization guidelines, and was registered at www.clinicaltrials.
gov (ID: NCT02145208). Written informed consent was
obtained from all participants included in this study.
Enrollment was limited to men with an International Prostate Symptom Score (IPSS) ≥ 10, a prostate volume <75 ml,
a maximum urinary ﬂow rate (Qmax) of <12 ml/s, a

measured pos-void residual (PVR) urine <250 ml, normal
urinalysis, complete blood count and biochemistry values.
Excluded from enrollment were patients with obstructive
median lobe, previous prostate surgery, prostate or bladder
cancer, neurogenic bladder and/or sphincter abnormalities,
or confounding bladder pathologies based on medical history, recent cystolithiasis or hematuria, active urinary tract
infection, compromised renal function, active antithrombotic or antiplatelet treatment, cardiac disease, including
arrhythmias and uncontrolled diabetes mellitus. Participants
were required to undergo a washout and discontinue the use
of any medications for LUTS secondary to BPH prior to
treatment, 1 month for alpha-blockers and 6 months for 5αReductase inhibitors. Baseline patient’s information
including medical history, BPH-related medications, uroﬂowmetry, IPSS, PVR, and quality of life (QoL) assessment
was collected up to 40 days before the procedure. Peri- and
postoperative results including OR-time, pain (VAS),
complications (modiﬁed Clavien–Dindo-Grading System)
and adverse events were recorded. Functional results (PVR,
Qmax, IPSS) and quality of life (QoL) were evaluated at 1,
3, and 6 months, and 1, 2 and 3 years. Sexual and ejaculatory function were considered with two yes/no questions:
(1) are you capable of performing sex? (2) Do you ejaculate
upon orgasm?

Device design, mechanism of action, and surgical
procedure
The design of the iTIND device, the differences between the
ﬁrst TIND and second-generation iTIND devices, the
mechanism of action, and implantation and removal procedures have already been outlined in previous publications
[10–13].
In brief, the second-generation iTIND device is comprised of 3 nitinol “struts”, and an anti-migration anchoring
leaﬂet. Placed at the bladder outlet, within the prostatic
urethra and bladder neck, for 5–7 days, it expands and
exerts radial force on the tissue, causing ischemic incisions
at the 12, 5, and 7 o’clock positions (Fig. 1).
The device is implanted under direct vision through a
standard rigid 19F-22F cystoscope under light intravenous
sedation, and removed in outpatient setting through an
open-ended 22F Foley catheter with topical anaesthesia.
Catherization is not required after either implantation or
after removal of the device.
Statistical analysis
Feasibility and safety of the procedure and functional,
sexual, and ejaculatory function were assessed up to
36 months. Treatment failure was deﬁned as any surgical
treatment for recurrent/persistent LUTS during follow-up.
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Data were expressed as means and standard deviations
(SDs) for continuous variables, and as frequencies and
proportion along with corresponding conﬁdence interval for
categorical variables. The means of continuous variables
were compared by using the paired Student’s t-test after
verifying that the variables to be analyzed were approximately normally distributed.
The analysis up to 36 months of follow-up was performed
on intention-to-treat basis (ITT). For IPSS, QOL, Qmax and
PVR, change from baseline was evaluated using general
estimating equation model (GEE) with baseline value and
visit as predictors. Exchangeable correlation structure and
identity link were used. In addition, to avoid the misleading
artifact of the attrition of participants from the study

Fig. 1 Structure of the iTIND device. The device is composed of 3
intertwined nitinol struts (red arrows) and an anchoring leaﬂet
(blu arrow).

Table 1 Baseline and
perioperative parameters in both
ITT and PP populations.

imputation of missing values was done using last observation carried forward (LOCF). A P < 0.05 was considered to
indicate statistical signiﬁcance. SAS® (Cary, NC, USA),
version 9.4 for Windows was used for all statistical analyses.

Results
A total of 81 patients were recruited into the study with a
mean age of 63.94 and an average prostate volume of 40.5
(12.25) ml. At baseline mean IPSS was 22.5 (5.6), Qmax
was 7.3 (2.6) mL/s, and the median (interquartile range)
IPSS QoL score was 4 (2–5) (Table 1). All iTIND
implantations were successful with no intraoperative complications and a median (range) VAS pain score of 4 (0–10).
All patients were discharged on the same day as the surgery
without a catheter. Devices were retrieved at a mean (SD) of
5.7 (0.9) days after implantation. All procedures were
uneventful, with a mean (range) VAS pain score after
device removal of 2 (0–10).
All perioperative complications were self-resolving and
graded as I or II according to the Clavien–Dindo system:
haematuria (12.3%), micturition urgency (11.1%), pain
(9.9%), dysuria (7.4%), and UTI (6.2%) and occurred in the
short-term (54.7% ≤7 days; 30.2% 8–20 days; 15.1%
20–30 days). Eight cases of urinary retention were recorded
(9.9%), ﬁve while the device was in place, and three after
device removal (Table 2).
At 3 years of follow-up, data were available for 50
patients. Only 1 subject was lost between the 24 and
36 months follow-up, withdrawing consent following emigration to his home country (Fig. 2).
Functional results demonstrated that iTIND efﬁcacy
remained stable through 3 years, with averages in IPSS, QOL,
Qmax, and PVR of 8.55 ± 6.38, 1.76 ± 1.32, 15.2 ± 6.59 ml/s,

Patients

Enrollment (ITT)
Baseline values
N = 81

3-year follow-up (PP)
Baseline values
N = 50

Age (median, IQR, years)

65 (45.5–84.5)

62.79 (45.5–83.74)

BMI (median, IQR, kg/m2)

26.1 (18.5–35.1)

26.1 (18.5–35.1)

PSA level (mean, SD, ng/ml)

1.7 ± 1.4

1.8 ± 1.3

Prostate volume (median, IQR, ml)

40 (16–69)

37 (16–65)

PVR (mean, SD, ml)

77.25 ± 55.17

68.84 ± 39.06

Qmax (ml/sec)

7.3 ± 2.6

7.64 ± 2.25

IPSS score (mean, SD, pt.)

22.5 ± 5.6

20.60 ± 4.58

QoL score (median, IQR, pt.)

4 (2–5)

4 (2–5)

Capable of performing sex (erectile
function), n (%)

74 (91.3)

48 (96.0)

Ejaculate upon orgasm, n (%)

72 (88.8)

48 (96.0)

Median lobe, n (%)

10 (12.3)

0 (0)
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Table 2 Treatment-related
adverse events stratiﬁed by
Clavien–Dindo
classiﬁcation grade.

AE

No. patients (%)
0–1 month

1–12 months 12–24 months 24–36 months

Clavien–Dindo grade I
Hematuria

10 (12.3%)

Dysuria

6 (7.4%)

Urgency

9 (11.1%)

Pain

8 (9.9%)

Clavien–Dindo grade II
UTI

5 (6.2%)

Clavien–Dindo grade IIIa
AUR

8 (9.9%)

Failed voiding trial after implantation;
resolved before discharge

5 (6.2%)

Clavien–Dindo grade IIIb
Stricture

0 (0%)

Device migration

0 (0%)

Secondary treatment (TURP, Laser)

2 (2.5%)

5 (6.2%)

was found to be a predictor for treatment failure between 12
and 24 months of follow-up [13].
Figure 3 shows the values of IPSS, IPSS QoL, and Qmax
at every time point from baseline to 3 years follow-up (both
via PP analysis with no imputation and ITT analysis with
LOCF imputation).
No adverse events were recorded between 12 and
36 months, and none of the patients who were previously
sexually active reported a deterioration in sexual or ejaculatory abilities according to the yes/no questions during
follow-up.
From baseline to 24 months, 5 (6.2%) patients required
drug therapy and 8 (8.6%) patients underwent surgical
retreatment. No additional patients underwent alternative
treatments (either medical and surgical) between 24 and
36 months.
Fig. 2 Study enrollment ﬂowchart. From enrollment to 36-month
follow-up.

and 9.38 ± 17.4 ml, improvements from baseline of −58.2%,
−55.6%, +114.7%, and −85.4%, respectively (Table 3a). All
these variables were signiﬁcantly different from their corresponding baseline values (p < 0.0001).
Even considering the ITT–LOCF analysis set (Table 3b),
the 36-month results showed statistically signiﬁcant
improvements (p < 0.0001) of the functional outcomes
when compared with baselines values (averages IPSS,
QOL, Qmax, and PVR of 12.05 ± 6.38, 2.22 ± 1.44, 13.43
± 8.41 ml/s and 42.6 ± 71.1 ml, improved from baseline by
−46.1%, −43.3%, +101.1%, and −36.1%).
Of note, the ITT patient population includes those
patients who were identiﬁed as having median lobes which

Discussion
Benign prostatic hyperplasia (BPH) is a common problem
among older men and can have a signiﬁcant impact on their
quality of life. International guidelines for BPH suggest that
patients with moderate-to severe LUTS are best managed
initially with drugs [14]. Invasive treatments are delayed
until either patients fail a trial of medical therapy, the degree
of bother to the patient is signiﬁcant, or there is a risk of
complications due to disease progression [5–7]. However,
in daily practice adherence to drug therapy is low, with only
29–30% of patients continuing treatment at 12 months
[3, 4]. Additionally, despite the low rates of patient compliance with drug therapy, very few patients chose to
undergo surgery; with only ~3% of patients undergoing
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Table 3 (a) Outcome measures after iTIND—4 weeks to 36 months PP Analysis Set; (b) outcome measures after iTIND—4 weeks to 36 months
(ITT–LOCF Imputation Analysis Set).
a

4 weeks

3 months

6 months

12 months

24 months

36 months

N

78

75

70

67

51

50

Baseline

22.22 ± 5.62

22.41 ± 5.72

21.99 ± 5.48

21.70 ± 5.56

20.51 ± 4.58

20.69 ± 4.58

9.77 ± 6.69

9.75 ± 7.10

8.78 ± 6.41

8.51 ± 5.51

8.55 ± 6.38

IPSS

Follow-up 11.72 ± 7.99
Change

−10.50 ± 8.32

−12.63 ± 7.40

−12.23 ± 6.79

−12.92 ± 6.92

−12.00 ± 6.12

−12.14 ± 6.95

% change

−46.3 ± 33.2

−55.0 ± 29.3

−56.4 ± 27.5

−59.1 ± 26.3

−56.7 ± 25.6

−58.2 ± 32.1

(95% CI)

(−54.0%, −38.5%) (−61.9%, −48.1%) (−63.0%, −49.8%) (−65.7%, −52.5%) (−64.1%, −49.4%) (−67.4%, −49.0%)

P value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

N

78

75

70

67

51

50

Baseline

4.00 ± 0.84

3.97 ± 0.84

3.97 ± 0.84

3.97 ± 0.87

3.96 ± 0.87

3.96 ± 0.87

Follow-up 2.08 ± 1.35

1.83 ± 1.30

1.81 ± 1.30

1.59 ± 1.29

1.76 ± 1.32

1.76 ± 1.32

QOL

Change

−1.92 ± 1.50

−2.14 ± 1.48

−2.16 ± 1.44

−2.38 ± 1.60

−2.20 ± 1.46

−2.20 ± 1.46

% change

−45.8 ± 34.4

−51.7 ± 34.9

−53.3 ± 32.5

−56.9 ± 38.5

−54.0 ± 38.5

−55.6 ± 37.0

(95% CI)

(−53.8%, −37.8%) (−59.9%, −43.5%) (−61.1%, −45.5%) (−66.5%, −47.3%) (−64.8%, −43.2%) (−66.2%, −45.0%)

P value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

N

78

75

70

67

51

50

Baseline

7.28 ± 2.49

7.44 ± 2.43

7.58 ± 2.43

7.61 ± 2.25

7.62 ± 2.25

7.71 ± 2.26

Follow-up 11.23 ± 5.66

12.40 ± 7.52

13.69 ± 6.26

14.91 ± 8.06

16.00 ± 7.43

15.20 ± 6.59

Change

3.94 ± 5.22

4.96 ± 6.96

6.12 ± 6.22

7.30 ± 8.20

8.38 ± 7.93

7.49 ± 6.86

% change

79.4 ± 167.7

75.4 ± 105.2

95.6 ± 106.5

111.7 ± 147.1

130.8 ± 132.2

114.7 ± 108.5

(95% CI)

(41.1%, 117.7%)

(50.7%, 100.1%)

(70.1%, 121.2%)

(74.3%, 149.0%)

(93.3%, 168.4%)

(83.2%, 146.2%)

P value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Qmax (ml/s)

Post-void residual urine (ml)
N

78

75

70

67

51

50

Baseline

76.17 ± 55.52

73.96 ± 52.89

78.70 ± 56.11

73.54 ± 49.54

65.84 ± 38.46

68.58 ± 39.53

Follow-up 49.84 ± 57.27

46.75 ± 53.21

48.84 ± 47.59

34.03 ± 54.13

14.26 ± 24.05

9.38 ± 17.43

−26.33 ± 57.59

−27.21 ± 57.04

−29.86 ± 60.89

−39.51 ± 57.46

−51.58 ± 36.68

−59.21 ± 37.75

−26.6 ± 79.2

−75.7 ± 45.1

−85.4 ± 30.7

Change
% change

−26.9 ± 60.5

−13.8 ± 105.9

−47.8 ± 72.5

(95% CI)

(−41.3%, −12.6%) (−45.9%, −7.3%)

(−39.9%, 12.2%)

(−66.7%, −28.9%) (−88.9%, −62.4%) (−94.6%, −76.3%)

P value

0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

4 weeks

3 months

6 months

12 months

24 months

36 months

N

81

81

81

81

81

81

Baseline

22.34 ± 5.73

22.34 ± 5.73

22.34 ± 5.73

22.34 ± 5.73

22.34 ± 5.73

22.34 ± 5.73

Follow-up 13.12 ± 8.68

11.18 ± 7.59

11.29 ± 7.82

11.17 ± 7.79

12.21 ± 7.61

12.05 ± 8.13

b
IPSS

Change

−9.22 ± 8.53

−11.16 ± 8.00

−11.05 ± 7.48

−11.17 ± 7.71

−10.13 ± 7.37

−10.29 ± 7.79

% change

−41.2 ± 34.5

−49.4 ± 32.1

−50.0 ± 31.1

−49.9 ± 31.4

−45.3 ± 30.8

−46.1 ± 34.4

(95% CI)

(−48.8%, −33.6%) (−56.5%, −42.4%) (−56.8%, −43.1%) (−56.8%, −43.1%) (−52.1%, −38.6%) (−53.7%, −38.6%)

P value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

N

81

81

81

81

81

81

Baseline

4.00 ± 0.85

4.00 ± 0.85

4.00 ± 0.85

4.00 ± 0.85

4.00 ± 0.85

4.00 ± 0.85

Follow-up 2.32 ± 1.45

2.05 ± 1.42

2.07 ± 1.39

1.94 ± 1.42

2.23 ± 1.43

2.22 ± 1.44

QOL
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Table 3 (continued)
b

4 weeks

3 months

6 months

12 months

24 months

36 months

Change

−1.68 ± 1.54

−1.95 ± 1.55

−1.93 ± 1.49

−2.06 ± 1.62

−1.77 ± 1.56

−1.78 ± 1.50

% change

−40.8 ± 35.5

−47.5 ± 36.1

−47.2 ± 34.1

−49.2 ± 38.9

−42.2 ± 39.6

−43.3 ± 39.1

(95% CI)

(−48.6%, −33.0%) (−55.4%, −39.5%) (−54.6%, −39.7%) (−57.7%, −40.6%) (−50.9%, −33.5%) (−51.9%, −34.7%)

P value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

N

81

81

81

81

81

81

Baseline

7.28 ± 2.55

7.28 ± 2.55

7.28 ± 2.55

7.28 ± 2.55

7.28 ± 2.55

7.28 ± 2.55

Qmax (ml/s)

Follow-up 11.91 ± 10.72

11.66 ± 7.37

12.56 ± 6.47

13.25 ± 7.97

14.10 ± 8.96

13.43 ± 8.41

Change

4.63 ± 10.49

4.38 ± 6.76

5.28 ± 6.18

5.97 ± 7.88

6.82 ± 9.10

6.15 ± 8.40

% change

73.8 ± 163.9

68.9 ± 102.6

84.3 ± 104.3

96.3 ± 142.3

112.7 ± 163.1

101.1 ± 150.3

(95% CI)

(37.6%, 110.1%)

(46.2%, 91.6%)

(61.3%, 107.4%)

(64.8%, 127.8%)

(76.6%, 148.8%)

(67.9%, 134.4%)

P value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Post-void residual urine (ml)
N

81

81

81

81

81

81

Baseline

78.72 ± 56.39

78.72 ± 56.39

78.72 ± 56.39

78.72 ± 56.39

78.72 ± 56.39

78.72 ± 56.39

Follow-up 57.27 ± 68.78

53.14 ± 63.99

57.17 ± 59.80

51.02 ± 69.24

45.85 ± 70.79

42.60 ± 71.08

Change

−21.44 ± 61.20

−25.58 ± 63.57

−21.54 ± 64.26

−27.69 ± 68.91

−32.86 ± 68.14

−36.11 ± 69.61

% change

−24.2 ± 60.9

−26.0 ± 77.4

−8.6 ± 103.4

−29.0 ± 91.1

−43.0 ± 85.8

−49.0 ± 84.5

(95% CI)

(−38.2%, −10.2%) (−43.8%, −8.2%)

(−32.4%, 15.1%)

(−50.0%, −8.0%)

(−62.8%, −23.3%) (−68.4%, −29.5%)

P value

0.0008

0.0005

<0.0001

<0.0001

<0.0001

<0.0001

Imputation of missing values was done using last observation carried forward (LOCF). For IPSS, QOL, Qmax and PVR, change from baseline was
evaluated using general estimating equation model (GEE) with baseline value and visit as predictors. Exchangeable correlation structure and
identity link were used.
Missing values were not imputed. For IPSS, QOL, Qmax and PVR, change from baseline was evaluated using general estimating equation model
(GEE) with baseline value and visit as predictors. Exchangeable correlation structure and identity link were used.

TURP, the gold-standard for surgical intervention, per year
[3, 4, 15].
The side effects associated with drugs, and potential risks
inherent in invasive surgery are of a great concern to many
patients and may deter them from adhering to, or pursuing
treatment for BPH [16]. For this reason, a number of
minimally invasive treatment options have emerged in order
to provide a more effective alternative to drug therapy,
while also avoiding the potential risks associated with
invasive surgery [17]. Among these, the temporary
implantable nitinol device has shown to be a valid option
for the treatment of LUTS secondary to BPO. The understandable concern, however, is that these new, less invasive
treatments are indeed able to deliver on their promise of a
reduced risk of adverse events, while still ensuring satisfactory results in terms of long-term efﬁcacy [10–13]. The
results of this prospective, single arm, multi-center study
conﬁrms that the treatment with the second-generation
iTIND is effective out to 3 years, well tolerated by patients,
and does not carry any late procedure-related complications.
Initial experience with the ﬁrst-generation device was
reported by Porpiglia et al. in a single arm, single center

prospective study including 32 patients. At 12 months of
follow-up a statistically signiﬁcant improvement in IPSS
and Qmax was demonstrated (45% and 67%, respectively)
[10]. At 36 months of follow-up, the same patient cohort
reported a durable improvement in Qmax and maintained
symptomatic relief with mean IPSS symptoms scores and
QoL of 12 and 2, respectively [11]. Similar results were
found with the use of second-generation device [12, 13].
The current report on the second-generation iTIND further supports that the treatment offers signiﬁcant and durable improvements in objective and subjective parameters
to 36 months. IPSS, QoL, and Qmax were improved by
−46%, −44.5%, and +84%, respectively, in the
ITT–LOCF base, despite the fact that it includes patients
with obstructive median lobes, which was identiﬁed as a
predictor of treatment failure in a previous report [13].
Excluding those patients, improvement in IPSS, QoL and
Qmax were shown to be −58%, −55%, +114%, respectively. All results were statistically signiﬁcant (p < 0.0001).
The procedure itself seems to have been well tolerated by
patients, with low mean VAS pain scores of 4 and 2 (0–10),
respectively. No intraoperative complications were
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Fig. 3 Functional postoperative outcomes. Improvements from baseline to 36 month follow-up of IPSS, QoL and Qmax (observed values on per
protocol patient population and Intent to treat outcome for ITT - LOCF Imputation).

reported, and all patients were discharged without a catheter
on the same day of the procedure. All devices were successfully removed at a mean (SD) of 5.9 (1.1) days after
implantation. The rate of post-operative adverse events was
low, with all complications graded as I or II according to the

Clavien–Dindo system, self-limiting and resolved within
30 days. Of note, the rate of procedure-related adverse
events was low even when compared to other minimally
invasive procedures; with 6.2% UTI versus up to 12.5%
with Urolift [18] and 21.5% with Rezum [19]; 12.3%
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hematuria versus up to 41% with Urolift [20] and 13.8%
with Rezum [19]; and 9.9% reports of pain versus up to
17.9% [21] with Urolift and 17% with Rezum [19]. No new
procedure or device related adverse events were reported at
any of the other follow-up points out to 3 years. This ﬁnding
is in line with the 3-year follow-up of the previous study on
the ﬁrst-generation TIND. The very low rate of early postprocedural adverse events, and the absence of any late or
ongoing treatment-related complications or side effects may
be attributed to the non-permanent implantation of the
device and is a signiﬁcant beneﬁt to patients.
In addition, rapid symptomatic relief was demonstrated,
with a mean reduction of 46% in both IPSS scores and IPSS
QoL at the 4-week assessment, which was maintained and
even improved at 36 months. Similarly, objective functional
parameters also showed prompt improvement after surgery
(4 weeks after iTIND removal, Qmax increased 79% from
baseline).
A total cumulative surgical re-intervention rate of 8.6%
at 3 years was demonstrated, which is in line with other
minimally invasive treatments for BPH and TURP and
laser: 10.7% for UroLift; [21, 22] 2.3–4.3% at 1 year,
5.8–9.7% at 5 years for TURP; [23, 24] 6.7% at 2 years,
6.8–34% at 5 years for Laser [25–27]. Finally, none of the
previously sexually active patients reported a deterioration
in sexual or ejaculatory function at any of the follow-up
visits according to two yes/no questions. This ﬁnding
demonstrates that the procedure appears to preserve sexual
function. The limitation of these questionnaires has already
been discussed in a previous publications [12, 13]. Among
the other limitation, as previously declared, the study suffers
from a lack of a control arm, such as a “sham” procedure.
Finally, only 62% of the enrolled patients (50/81) completed the 36 months of follow-up and this may weaken the
results of the study. To overcome this issue, the ITT–LOCF
analysis was performed in addition, showing comparable
results.
Notwithstanding these limitations, the results of this
prospective multi-centre study conﬁrm the safety and efﬁcacy that iTIND implantation, even 36 months after surgery,
with a low treatment failure rate and satisfactory functional
outcomes.

Conclusion
Treatment of BPO-related LUTS with the secondgeneration temporary implantable nitinol device demonstrated a signiﬁcant and durable reduction in symptoms and
improvement in functional parameters and quality of life at
3 years of follow-up. As for the ﬁrst-generation device, no
late post-operative complications were observed between 12
and 36 months. No impact on ejaculatory function, and a

low, total and cumulative (8.6%) treatment failure rate from
baseline to 3 years was recorded.
Conﬂict of interest The authors declare that they have no conﬂict of
interest.
Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional afﬁliations.

References
1. Mazur DJ, Helfand BT, McVary KT. Inﬂuences of neuroregulatory factors on the development of lower urinary tract
symptoms/benign prostatic hyperplasia and erectile dysfunction in
aging men. Urol Clin North Am. 2012;39:77–88.
2. Song Q, Abrams P, Sun Y. Beyond prostate, beyond surgery and
beyond urology: the “3Bs” of managing non-neurogenic male
lower urinary tract symptoms. Asian J Urol. 2019;6:169–73.
3. Cindolo L, Pirozzi L, Fanizza C, Romero M, Tubaro A, Autorino
R, et al. Drug adherence and clinical outcomes for patients under
pharmacological therapy for lower urinary tract symptoms related
to benign prostatic hyperplasia: population-based cohort study.
Eur Urol. 2015;68:418–25.
4. Hordijk IMJ, Steffens MG, Hak E, Blanker MH. Continuation
rates of alpha-blockers mono-therapy in adult men, prescribed by
urologists or general practitioners: a pharmacy-based study. World
J Urol. 2019;37:1659–64.
5. Alexander CE, Scullion MM, Omar MI, Yuan Y, Mamoulakis C,
N’Dow JM, et al. Bipolar versus monopolar transurethral resection of the prostate for lower urinary tract symptoms secondary to
benign prostatic obstruction. Cochrane Database Syst Rev.
2019;12:CD009629.
6. Cacciamani GE, Cuhna F, Tafuri A, Shakir A, Cocci A, Gill K,
et al. Anterograde ejaculation preservation after endoscopic
treatments in patients with bladder outlet obstruction: systematic
review and pooled-analysis of randomized clinical trials. Minerva
Urol Nefrol. 2019;71:427.
7. Gratzke C, Bachmann A, Descazeaud A, Drake JM, Madersbacher S, Mamoulakis C, et al. EAU guidelines on the assessment of
non-neurogenic male lower urinary tract symptoms including
benign prostatic obstruction. Eur Urol. 2015;67:1099–109.
8. Thangasamy IA, Chalasani V, Bachmann A, Woo HH. Photoselective vaporisation of the prostate using 80-W and 120-W laser
versus transurethral resection of the prostate for benign prostatic
hyperplasia: a systematic review with meta-analysis from 2002 to
2012. Eur Urol. 2012;62:315–23.
9. Rapisarda S, Russo GI, Osman NI, Chapple CR, Morgia G,
Tubaro A, et al. The use of laser as a therapeutic modality as
compared to TURP for the small prostate ≤40 mL: a collaborative
review. Minerva Urol Nefrol. 2019;71:569–75.
10. Porpiglia F, Fiori C, Bertolo R, Garrou D, Cattaneo G, Amparore
D. Temporary implantable nitinol device (TIND): a novel, minimally invasive treatment for relief of lower urinary tract symptoms
(LUTS) related to benign prostatic hyperplasia (BPH): feasibility,
safety and functional results at 1 year of follow-up. BJU Int.
2015;116:278–87.
11. Porpiglia F, Fiori C, Bertolo R, Giordano A, Checcucci E, Garrou
D, et al. 3-Year follow-up of temporary implantable nitinol device
implantation for the treatment of benign prostatic obstruction. BJU
Int. 2018;122:106–12.
12. Porpiglia F, Fiori C, Amparore D, Kadner G, Manit A, Valerio M,
et al. Second-generation of temporary implantable nitinol device
for the relief of lower urinary tract symptoms due to benign

3-Year results following treatment with the second generation of the temporary implantable nitinol. . .

13.

14.

15.

16.

17.

18.

19.

prostatic hyperplasia: results of a prospective, multicentre study at
1 year of follow-up. BJU Int. 2019;123:1061–9.
Kadner G, Valerio M, Giannakis I, Manit A, Lumen N, Ho BSH,
et al. Second generation of temporary implantable nitinol device
(iTind) in men with LUTS: 2 year results of the MT-02-study.
World J Urol. 2020. https://doi.org/10.1007/s00345-020-03140-z.
[Epub online ahead of print].
Sun Y, Peng B, Lei GL, Wei Q, Yang L. Study of phosphodiesterase 5 inhibitors and α-adrenoceptor antagonists used alone
or in combination for the treatment of lower urinary tract symptoms due to benign prostatic hyperplasia. Minerva Urol Nefrol.
2020;72:13–21.
Zhang Y, Yuan P, Ma D, Gao X, Wei C, Liu Z, et al. Efﬁcacy and
safety of enucleation vs. resection of prostate for treatment of
benign prostatic hyperplasia: a meta-analysis of randomized
controlled trials. Prostate Cancer Prostatic Dis. 2019;22:493–508.
Kallidonis P, Adamou C, Kotsiris D, Ntasiotis P, Verze P,
Athanasppoulos A, et al. Combination therapy with alpha-blocker
and phosphodiesterase-5 inhibitor for improving lower urinary
tract symptoms and erectile dysfunction in comparison with
monotherapy: a systematic review and meta-analysis. Eur Urol
Focus. 2020;6:537–58.
Magistro G, Chapple CR, Elhilali M, Gilling P, McVary KT,
Roehrborn CG, et al. Emerging minimally invasive treatment
options for male lower urinary tract symptoms. Eur Urol.
2017;72:986–99.
Sønksen J, Barber NJ, Speakman MJ, Berges R, Wetteraurer U,
Greene D, et al. Prospective, randomized, multinational study of
prostatic urethral lift versus transurethral resection of the prostate:
12-month results from the BPH6 study. Eur Urol.
2015;68:643–52.
Chin PT, Bolton DM, Jack G, Rashid P, Thavaeelan J, Yu RJ,
et al. Prostatic urethral lift: two-year results after treatment for

20.

21.

22.

23.

24.

25.

26.

27.

lower urinary tract symptoms secondary to benign prostatic
hyperplasia. Urology. 2012;79:5–11.
Dixon C, Cedano ER, Pacik D, Vit V, Varga G, Wagrell L, et al.
Efﬁcacy and safety of Rezūm system water vapor treatment for
lower urinary tract symptoms secondary to benign prostatic
hyperplasia. Urology. 2015;86:1042–7.
Roehrborn CG, Rukstalis DB, Barkin J, Gange SN, Shore ND,
Giddens JL, et al. Three year results of the prostatic urethral L.I.F.
T. study. Can J Urol. 2015;22:7772–82.
Rukstalis D, Grier D, Stroup SP, Tutrone R, deSouza E, Freedman
S, et al. Prostatic Urethral Lift (PUL) for obstructive median lobes:
12 month results of the MedLift Study. Prostate Cancer Prostatic
Dis. 2019;22:411–9.
Roos NP, Wennberg JE, Malenka DJ, Fisher ES, McPherson K,
Andersen TF, et al. Mortality and reoperation after open and
transurethral resection of the prostate for benign prostatic hyperplasia. N. Engl J Med. 1989;320:1120–4.
Madersbacher S, Lackner J, Brössner C, Rohlich M, Stancik I,
Williger M, et al. Reoperation, myocardial infarction and mortality after transurethral and open prostatectomy: a nation-wide,
long-term analysis of 23,123 cases. Eur Urol. 2005;47:499–504.
Gilfrich C, Leicht H, Fahlenbrach C, Jeschke E, Popken G,
Stoltzengurg JU, et al. Morbidity and mortality after surgery for
lower urinary tract symptoms: a study of 95,577 cases from a
nationwide German health insurance database. Prostate Cancer
Prostatic Dis. 2016;19:406–11.
Welk B, Reid J, Ordon M, Razvi H, Campbell J. Population-based
assessment of re-treatment and healthcare utilisation after photoselective vaporisation of the prostate or electrosurgical transurethral resection of the prostate. BJU Int. 2019;124:1047–54.
Rieken M, Ebinger Mundorff N, Bonkat G, Wyler S, Bachmann
A. Complications of laser prostatectomy: a review of recent data.
World J Urol. 2010;28:53–62.

