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ABSTRACT
Introduction: CoreTherm (ProstaLund AB, Lund, Sweden) is an outpatient treatment option in men
with lower urinary tract symptoms and catheter-dependent men with chronic urinary retention caused
by benign prostatic obstruction (BPO). CoreTherm is high-energy transurethral microwave thermother-
apy with feedback technique. Modern treatment with CoreTherm includes transurethral intraprostatic
injections of mepivacaine and adrenaline via the Schelin Catheter (ProstaLund AB, Lund, Sweden) and
is often referred to as the CoreTherm Concept.
Objectives: The aim of this study was to evaluate the short- and long-term retreatment risk in men
with large prostates and BPO or chronic urinary retention, all primarily treated with CoreTherm.
Material and Methods: All men from the same geographical area with prostate volumes � 80ml
treated 1999–2015 with CoreTherm and having BPO or were catheter-dependent due to chronic urin-
ary retention, were included. End of study period was defined as December 31, 2019.
Results: We identified and evaluated 570 men treated with CoreTherm, where 12% (71 patients) were
surgically retreated during the follow-up. Mean follow-up was 11 years, and maximum follow-up was
20 years. The long-term retreatment rate in our study was 23%. A majority of these could be retreated
with CoreTherm or TURP, with only 3% requiring open surgery.
Conclusion: We conclude that CoreTherm is a suitable outpatient treatment option in patients with
profoundly enlarged prostates, regardless of age, prostate size, and reason for treatment.
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Introduction

Benign prostatic obstruction (BPO) can cause lower urinary
tract symptoms or chronic urinary retention with subsequent
catheter-dependency. These men can be cured by removal
of the obstructing prostatic tissue, henceforth men with
lower urinary tract symptoms due to BPO are referred to as
men with BPO. The tissue removal can be achieved surgically
by resection or enucleation. Transurethral resection of the
prostate (TURP) or open surgery with adenoma enucleation
has, for decades most often been considered the gold stand-
ard treatments in men with BPO, as well as in catheter
bound men due to chronic urinary retention [1–3].

The recommended upper prostate volume limit suitable
to consider enucleation surgery instead of TURP is relative
rather than absolute. In guidelines from the European
Association of Urology (EAU) and American Urological
Association (AUA), a prostate volume of >80–100ml is where
TURP could be deselected in favour of enucleative interven-
tion [1–3]. Moreover, in recent years, several other modalities
have emerged as treatment alternatives in men with BPO,

such as prostatic artery embolisation, vapor treatment
(Rezum) and enucleation, resection or vapourisation using
different laser devices [4–7].

A specific challenge is addressing the elderly patient with
the heavily enlarged prostate, where relative or absolute
contraindications for surgery are often present. A minimally
invasive option, suitable also for fragile patients is transureth-
ral microwave thermotherapy (TUMT) with feedback tech-
nique (CoreTherm, ProstaLund AB, Lund, Sweden). This
outpatient option to surgery causes coagulative necrosis in
the transitional zone of the prostate. That CoreTherm leads
to prostate volume reduction has been shown by magnetic
resonance imaging, histopathology and transrectal ultra-
sound [3,8]. CoreTherm is a technically advanced TUMT that
includes intraprostatic temperature measurements in real
time during the procedure [9].

Treatment with the CoreTherm Concept is almost identical
to treatment with CoreTherm or ProstaLund Feedback
Treatment (PLFT), but also includes intraprostatic administra-
tion of mepivacaine and adrenaline via a special injection
device, the Schelin Catheter (ProstaLund AB, Lund, Sweden)
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[10,11], leading to improved cell kill. This modern treatment
with CoreTherm is nowadays, after the introduction of the
injection catheter two decades ago almost exclusively per-
formed in conjunction with injections of mepivacaine and
adrenaline. The calculated cell kill is based on a software
algorithm and provides data on prostate tissue ablation in
real time, thereby enabling tailoring of treatment [3,12].

CoreTherm is associated with few complications and is
easy to learn, especially when using the alternative treatment
endpoint [12]. Furthermore, treatment with CoreTherm is
also a feasible option for patients with urinary retention
[14,15], most often caused by BPO [13].

The aim of this study was to evaluate the short- and
long-term retreatment risk after treatment with CoreTherm
in patients with large prostates and BPO or catheter-depend-
ency due to chronic urinary retention.

Material and methods

Patients

After ethical approval (Regional Ethics Review Board in
Link€oping: dnr 2010/394-31; 2015/471-32), data were col-
lected from medical records and local data registers. The
database included all men from the same geographical area
with prostate volumes �80ml treated with CoreTherm due
to BPO, or who were catheter-dependent due to chronic
urinary retention. All patients were seen at either the out-
patient department at the local hospital or at one comple-
mentary outpatient clinic outside the hospital. Pre-treatment
data from the medical records consisted of age at time of
treatment, catheter use, and prostate volume, measured by
transrectal ultrasound.

At the time of the study there were no standardised routine
to record the pre- and post-operative symptoms at the clinics.
The international prostate symptom score (IPSS), or a modified
Madsen-Iversen score (by interview), was used to evaluate
symptoms in most cases before and three months after treat-
ment [16,17]. The quality of life (QoL) question was the IPSS-
standard (self-administered or by interview), as well as uroflow-
metry with peak urinary flow (Qmax) and a post-void residual
volume measurement by ultrasound. Urodynamic studies were
only undertaken in cases of pronounced storage symptoms or
the presence of overt neurological disease, in many aspects
used as recently suggested by Drake et al. [18] and further
commented in the editorial by Malde et al. [19].

Retreatment with CoreTherm was undertaken at both clin-
ics, but TURP or open surgery was performed as an inpatient
procedure at the hospital clinic. Data on retreatment were
collected retrospectively from the medical records of both
clinics. Data on administration of a urinary catheter in
patients without retreatment are not readily available from
these records and are therefore lacking.

Procedure

Prior to treatment, all patients received medication orally,
but as the study covered an extended period, some

components of this premedication had been subject to
ongoing modifications. Routinely all patients consistently
received paracetamol and a muscarinic receptor antagonist
or the beta3-adrenoceptor agonist mirabegron.

Antibiotic prophylaxis was given either as a single dose or
during the entire catheter period. A non-steroidal anti-inflam-
matory drug was also used in most cases, if no contraindica-
tions were present. From 2003, the CoreTherm Concept,
rather than CoreTherm, was the standard treatment, the
Schelin Catheter was used for intraprostatic injections with
mepivacaine and adrenaline. Treatment data: treatment time,
energy consumption and calculated cell kill were collected
from the computer software. Application procedure of mepi-
vacaine and adrenaline, pre- and postoperative medication
and follow-up protocol are identical to what has been previ-
ously described from our group [3,10,12].

Statistics

The primary endpoint of the present study was the rate of suc-
cessful primary treatment: one minus failure was defined as a
new treatment <1year or still being catheter dependent at the
three months follow-up. Thus, the primary endpoint does not
include avoidance of a new catheter after the stipulated three
months follow-up, if this did not lead to a new treatment.

The secondary endpoint was long-term retreatment free
survival, including subgroup analysis of age categories,
patients with BPO versus chronic urinary retention and pros-
tate volume, by survival analysis using the Kaplan–Maier
method. Baseline and treatment data were analysed to calcu-
late mean, standard deviation median and range.

Analyses were made to compare the outcome for men in
different age groups, with BPO versus chronic urinary reten-
tion and gland size �100ml versus >100ml. Differences
between groups at or after intervention were analysed using
Kruskal–Wallis ANOVA followed by Mann–Whitney’s U-test in
case of significance. Univariate and multivariate Cox regres-
sion models were used on available baseline data to calcu-
late hazard rate ratios for individuals needing reintervention.
End points were, apart from reoperation and mortality, also
diagnosis of prostate cancer. In the multivariate Cox regres-
sion model, parameters with p� 0.1 in the univariate analy-
ses were included. P-value <0.05 were thereafter considered
as a statistical significance difference.

The patients were enrolled at the date of the first treat-
ment with CoreTherm. End of study period was defined as
December 31, 2019. Follow-up was censored if a patient died
or was diagnosed with prostate cancer during the study
period. Statistica version 13.5.0.17 (TIBCO Software, Inc., Palo
Alto, CA, USA) was used for all statistics.

Results

Between 1999 and 2015, a total of 570 men from the
including clinics catchment area with BPO or having a cath-
eter due to chronic urinary retention were treated with
CoreTherm. Totally 338 men (59%) were treated at the hos-
pital clinic and 232 (41%) were treated at the outpatient
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clinic. A total of 237 men (42%) used a catheter due to
chronic urinary retention. Mean follow-up was 11 years, and
maximum follow-up was 20 years. Baseline data are pre-
sented in Table 1. Data on treatment time, energy con-
sumption, calculated cell kill, IPSS, Madsen–Iversen score,
Qmax, QoL and retreatment rates are presented in Table 2,
showing a significantly higher score regarding IPSS,
Madsen-Iversen score (voiding) and QoL in the group
retreated <1 year. The catheter time (the time between
treatment and first trial without a catheter) after treatment
was, with few exceptions, three to six weeks. Overall
retreatment rates were low (Figure 1(A)). In total, 71 of 570
men (12%) were surgically retreated, out of which 17 men
(3%) had, and 61 men (11%) were retreated with
CoreTherm (Table 2). Among the 237 men who used a cath-
eter due to chronic urinary retention, a total of 192 men
(81%) were catheter-free at follow-up. In the univariate and
multivariate analysis, on available baseline data and catego-
ries as presented in Figure 1(A–D), only age was significant
(values for categorised data from Figure 1 in Table 3). A
total of 50 men were diagnosed with prostate cancer and
thus were censored at time of diagnosis. No patient devel-
oped post treatment urinary incontinence.

Age data demonstrates a long-term success rate for all
patient groups, with an apparent age-dependent discrep-
ancy, with the lowest retreatment rate for the oldest age
group (Figure 1(B)). Data dichotomised between men with
BPO, or catheter-bound men demonstrate a similar long-
term success rate (Figure 1(C)) as is also valid for data dicho-
tomised by gland size (Figure 1(D)).

Discussion

This study showed low short- and long-term retreatment risk
for CoreTherm in men with large prostates. The
Kaplan–Meier analyses demonstrated low retreatment risk
irrespective of treatment cause, patient age or glandular size.
The long-term results, with a mean follow-up of 11 years and
maximum follow-up of 20 years, apparent from the present
study, strongly suggests it should have definitive place in the
treatment arsenal for urologists worldwide.

The long-term retreatment rate in our study was 23%. A
majority of these could be retreated with CoreTherm or
TURP, with only 3% requiring open surgery. As the study
consisted of a selected group of patients with large prostates
where the primary treatment in most cases otherwise would
have been open surgery, this must be considered rewarding.
The fact that a minimally invasive procedure as CoreTherm
often constitutes the only possible curative treatment option
in elderly fragile patients with chronic urinary retention,
otherwise doomed to lifelong catheter dependency, further
underscores the importance of the results of this study. All
retreatments with CoreTherm, TURP or open surgery were
included in the present series, meaning that technical failures
or other malfunctions using CoreTherm were not accounted
for. Also, retreatment within 3-6months after a technically
successful treatment with CoreTherm is most often a too
early intervention. A prolonged post-treatment period of up
to 6months may be required to achieve optimal symptom
amelioration after treatment, particularly in patients having
pronounced storage symptoms, a phenomenon previously
seen after TURP [20], as well as prolonged healing of the
prostatic necrosis, which is more likely in the elderly patient
population. Furthermore, in some cases, treatment with
CoreTherm was used by intent in patients with trilobal
enlargement, an underutilised treatment strategy that may
be appropriate in some cases.

Although microwave treatment only ablates the tissue in
the bladder neck, some patients may benefit from a wider
bladder neck despite the presence of a third lobe, thus lead-
ing to voiding improvement and a reduced bother score. If a
patient fails to improve after treatment with CoreTherm, sur-
gery can perhaps be performed by resection of the median
lobe alone, reducing operative time and hence risk for eld-
erly fragile patients. Unfortunately, due to lack of systematic
data on trilobal enlargement in our study, we could not sys-
tematically evaluate or report this interesting issue, although
a median lobe was often present at the time of surgery. One
of the first clinical studies that showed CoreTherm as an
option even in heavily enlarged prostates was a prospective
randomised multicentre study of 120 patients with chronic

Table 1. Patient characteristics before treatment.

Baseline data

n¼ 570
Age (yrs)
Median (range) 73 (51-94)

Age category (n and percent)
�73 307 (53.9)
74-80 137 (24.0)
>80 126 (22.1)

Prostate volume (ml)
n 570
Median (range) 103 (80-366)

Prostate volume category
�100ml 244 (42.8)
>100ml 326 (57.2)

International prostate symptom score (points)
n 232
Median (range) 20 (6-34)

Madsen-Iversen, voiding (points)
n 122
Median (range) 4 (0-10)

Madsen-Iversen, storage (points)
n 122
Median (range) 3 (0-8)

Peak urinary flow (ml/s)
n 116
Median (range) 8.0 (3.0-20.4)

Post void residual (ml)
n 235
Median (range) 70 (0-980)

Quality of Life (points)
n 282
Median (range) 4 (0-6)

Catheter (n and percent)
No 333 (58.4)
Yes 237 (41.6)

Catheter (months)
n 151
Median (range) 3.0 (0.4-15.0)

A total of 570 men registered in the same geographical area with prostate
volumes �80ml treated 1999–2015 with CoreTherm due to lower urinary
tract symptoms and benign prostatic obstruction, or who were catheter-
dependent due to chronic urinary retention were subject to follow-up until
December 31, 2019.
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urinary retention by Schelin in 2006 [15]. The primary object-
ive was to evaluate CoreTherm versus TURP and open enu-
cleative surgery in patients with chronic urinary retention.
The authors could find no significant statistical difference
between groups, and the conclusion was that results were
comparable, regardless of method. In total, 79% of the
patients treated with CoreTherm were relieved of their cath-
eter as compared to 86% in the surgical arm. These data tally
with the findings in the present study, where 192 patients
(81%) were relieved of their catheter.

That CoreTherm can be an excellent option in elderly fra-
gile patients with chronic urinary retention was shown by
Aagaard et al. in a study of 124 patients judged unsuitable
for surgery due to comorbidity [14]. In their study, 77
patients (62%) were deemed unfit for surgery. Besides an
increased QoL in 98 patients (79%) after treatment, a total of
95 patients (77%) were relieved of their catheter. The study
also included 21 patients with prostate volumes >100ml
(range 103–300ml), with CoreTherm as their only option to
become catheter-free. The results from that report are also in
line with the results reported here, even though the number
of patients in our study that were truly unfit for surgery has
not been disclosed. Nevertheless, 126 patients (22%) were
older than 80 years, and avoidance of surgery in these men
was most likely of value to reduce both morbidity and mor-
tality rates. In a randomised clinical study, comparing long

term effects for HoLEP versus open surgery in prostates
>100ml, results were comparable. Retreatment rates and
voiding improvement were at the same level for both meth-
ods [21]. Compared to the retreatment rates in our study, it
appears that HoLEP, as well as other enucleating techniques,
often have retreatment rates at a level that resection or ther-
moablative methods cannot reach. However, comparing sur-
gical inpatient interventions, often requiring anaesthesiologic
resources with a minimally invasive outpatient option as
CoreTherm must be made with caution, considering morbid-
ity, mortality and costs.

The strength of this study was that a large cohort of
patients with heavily enlarged prostates allowed for long-
term evaluation of retreatment events. The same type of
TUMT device (CoreTherm) was used in all patients, an undis-
putable strength of this study. A limitation of the present
study is the retrospective nature of data from collection from
different, prospectively registered sources and that no stand-
ardised long-term follow-up was performed for the entire
cohort, patients may therefore have been lost to follow-up.
Hence, the material might be biased out of these respects.
Systematic data on post treatment drug use, post treatment
urinary tract infections, complete post treatment clinical
parameters, such as peak urinary flow, as well as administra-
tion of a urinary catheter in patients not receiving retreat-
ment are lacking. The obvious lower retreatment risk for

Table 2. A total of 570 men registered in the same geographical area with prostate volumes �80ml treated 1999–2015 with CoreTherm due
to lower urinary tract symptoms and benign prostatic obstruction, or who were catheter-dependent due to chronic urinary retention were
subject to follow-up until December 31, 2019.

Retreatment

No <1 year �1 year Diff (p)

Variable
n 438 26 106

Treatment time (min)
n 276 12 57
Median (range) 14.0 (6.6-60.0) 14.8 (8.0-49.5) 13.1 (6.1-60.0) 0.600

Energy (kJ)
n 276 12 57
Median (range) 41 (19-245) 48 (25-182) 38 (17-244) 0.408

Calculated cell kill (%)
n 276 12 57
Median (range) 19 (0-32) 22 (9-31) 19 (1-29) 0.105

International prostate symptom score (IPSS; points)
n 253 7 60
Median (range) 6 (0-27) 19 (9-33) 6 (0-25) <0.001a

Madsen-Iversen, voiding (points)
n 147 3 48
Median (range) 0 (0-9) 2 (0-4) 0 (0-4) 0.017b

Madsen-Iversen, storage (points)
n 147 3 48
Median (range) 1 (0-5) 0 (0-1) 1 (0-4) 0.194

Peak urinary flow (ml/s)
n 144 0 42
Median (range) 14 (5-45) 0 (0-0) 12 (8-35) 1.000

Quality of Life (points)
n 353 9 90
Median (range) 1.0 (0.0-11.0) 3.0 (0.0-5.0) 1.0 (0.0-5.0) 0.003c

Retreatment (n)
OS� – 3 14
TURP�� – 12 42
TUMT��� – 11 50

Patients at intervention (upper part) and after intervention at three months follow-up (lower part). Differences analysed using Kruskal–Wallis
ANOVA followed by Mann–Whitney’s U-test in case of significance (see foot notes).
Footnotes to Table 2. Points for the IPSS a, the Madsen-Iversen score, voiding symptoms b and Quality of Life c were significantly higher at
Retreatment <1 year cf. No Retreatment or �1 year, no significance differences elsewhere. �Adenoma enucleation through Open Surgery (OS),��TransUrethral Resection of the Prostate, ���TransUrethral MicrowaveThermotherapy.
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Figure 1. (A–D). A total of 570 men registered in the same geographical area with prostate volumes �80ml treated 1999–2015 with CoreTherm due to lower urin-
ary tract symptoms and benign prostatic obstruction, or who were catheter-dependent due to chronic urinary retention were subject to follow-up until December
31, 2019. Kaplan–Meier curves, calculated for retreatment free survival. All 570 patients are included in (A–D) and numbers at risk are presented at 10 intervals. In
(B), age data were divided into quartiles, but as the curves of the two youngest quartiles were superimposed, these graphs were merged. (C) data are dichotomised
between men with benign prostatic obstruction (LUTS/BPO) and men using catheter due to chronic urinary retention (CUR) and in (D) dichotomised by gland size.

Table 3. A total of 570 men registered in the same geographical area with prostate volumes �80ml treated 1999-2015 with CoreTherm due to lower urinary
tract symptoms and benign prostatic obstruction, or who were catheter-dependent due to chronic urinary retention were subject to follow-up until December
31, 2019.

Retreated Univariate Cox regression Multivariate Cox regression

Variables at intervention Total n (%) HR (95% CI) p HR (95% CI) p

Age category (yrs)
<77 307 94 31 1.00 1.00
77-82 137 26 19 0.69 (0.53–0.90) 0.69 (0.53–0.90)
83-87 126 12 10 0.48 (0.28–0.81) 0.006 0.48 (0.28–0.81) 0.006

Prostate volume category (100ml)
<100ml 244 50 20 1.00
�100ml 326 82 25 1.34 (0.95–1.91) 0.100 –

Catheter
No 333 86 26 1.00
Yes 237 46 19 1.02 (0.71–1.46) 0.922 –

Hazard rate ratios (HR) for retreated analysed using Cox regression. Univariate to the left and multivariate to the right (only age was significant).
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elderly patients (illustrated in Figure 1(B)) is possibly multi-
factorial, but avoidance of reintervention in patients with
more frequent comorbidity, is at least partially a feasible
explanation. Nevertheless, treatment as well as retreatment
with CoreTherm still seems a viable option.

However, in the area where patients were included, there
are no urological health care providers besides those
included in the study. Thus, it is unlikely that many patients
would have sought urological health care outside these two
institutions unless they had changed their place of residency.
All Swedish patients, however, have a unique identification
number by which they can be located and, hence, we could
identify and exclude the patients that had moved from the
catchment area.

Conclusion

We conclude that treatment with the CoreTherm is a suitable
outpatient treatment option in patients with profoundly
enlarged prostates, regardless of age, prostate size and treat-
ment cause.
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