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Abstract

Introduction Due to demographic changes in today’s society, the number of patients with lower urinary tract symptoms
(LUTS) due to benign prostatic hyperplasia (BPH) is increasing. Similarly, the proportion of patients with cardiovascular
risk factors undergoing antiplatelet (AP) or anticoagulation (AC) therapy is growing as well.

Methods This review discusses the current literature on various techniques used for anatomic endoscopic enucleation of
the prostate (AEEP) in patients on AC/AP therapy.

Results The large number of energy sources used for AEEP makes it difficult to compare them. Overall, fewer bleeding-
associated complications arise in patients under AP compared to AC or bridging therapy with low molecular weight heparin.
However, perioperatively both AP and AC therapy lead to a higher risk of bleeding complications compared to patients not
taking anticoagulants.

Conclusions The literature shows that AEEP is possible and efficacious in patients under AC/AP therapy, with only slight
differences compared to patients not taking AC/AP drugs, on a short and long-term basis. Nevertheless, the sparse data,
the retrospective nature of many studies and the inclusion of prostate sizes between 50 and 110 ml only, make it difficult to
come to strong conclusions.

Keywords Benign prostatic obstruction - BPO - Enucleation - Oral anticoagulation - Transurethral enucleation

Introduction

Holmium laser enucleation of the prostate (HoLEP) was
initially described in 1998 [1]. HOLEP has proven to be a
minimally invasive, size-independent method for the treat-
ment of benign prostatic obstruction (BPO) with excellent
long-term results [2, 3]. Based on HoLEP, alternative tech-
niques for anatomic endoscopic enucleation of the prostate
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management of AC/AP therapy is a matter of debate: only
sparse data exist for AEEP in patients on AC/AP therapy
[8]. This review focuses on the literature regarding all AEEP
techniques, to assess the safety, efficacy and durability of
these procedures in patients on AC/AP therapy, and to fur-
ther elucidate their potential advantages and limitations.
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Materials and methods

Data collection was based on a PubMed search of papers
published in the English language from 1998 until Septem-
ber 2020 assessing the impact of intraoperative AC/AP ther-
apy on patients undergoing AEEP for BPO. All retrospective
and prospective cohort studies, and randomized controlled
trials (RCT) were assessed for possible inclusion (Table 1).
Two authors (CN, BB) independently screened all articles.

HoLEP

The first HOLEP series with patients on AC/AP therapy was
published in 2002 [9]. Nineteen patients were on oral AC
therapy: none of the patients required blood transfusions,
and 2 (10.5%) patients developed clot retention, which was
managed conservatively. However, neither baseline nor fol-
low-up characteristics of these 19 patients on AC therapy
were presented or compared to those of the patients not
taking AC therapy. Since then, several HoLEP studies on
patients taking AC/AP drugs have been published [10-23]
(Table 2). Most of the studies presented perioperative data
[11, 12, 17-20, 22, 24] not exceeding 6-month follow-up
[13, 14, 22], except four series with a longer follow-up
[9, 10, 15, 20]. While AP therapy was continued [11-17,
19-24], AC therapy was bridged with low molecular weight
heparin (LMWH) (Table 2). Only three studies evaluated
HoLEP in patients under continuous AC therapy [9, 10,
12]. Highest transfusion rates were found in patients with
LMWH bridging or under continuous AC therapy (up to
15%), while transfusion rates under AP therapy did not
exceed 3% (Table 2). Postoperative clot retention occurred
in 12.5% of the patients maximum, while reintervention

Table 1 Search terms, inclusion and exclusion criteria of the review

rates (RR) were reported in 3.7% of the cases maximum.
The feasibility and safety of HOLEP in patients on AC/AP
therapy were shown in patients with prostate sizes up to
105.8 ml [9-23]. However, a comparison of these studies is
hindered by non-reporting of complication rates (CR) and
bleeding-related CR (Table 2).

AEEP

The definition “AEEP” was introduced by the EAU Guide-
lines in 2016 to group all surgical procedures used to per-
form an anatomical enucleation of the prostate, in spite of
the energy source employed [3]. Since then, AEEP have
been used in literature reviews for standardization purposes
[4, 24, 25]. Although 45% of the HOLEP and 60% of the
GreenLEP cases were on AP/AC therapy, bleeding com-
plications were low. 4% of the patients in each group had
postoperative hematuria, requiring blood transfusions in 4%
of the HOLEP and in 1% of the GreenLEP patients. The
Clavien 3b CR was 5% and 3% after HOLEP and GreenLEP,
respectively. The 3-month readmission rate did not differ
between the groups (9% vs. 4%) [14] (Tables 2/3).

ThuVEP

ThuVEP was described by Bach et al. in 2009 [26]. Hauser
et al. presented the first ThuVEP series of 39 patients treated
whilst on AC/AP therapy and/or with bleeding disorders.
One patient (2.6%) received a blood transfusion. Two
patients (5.1%) developed postoperative bladder tamponade,
and 5 patients (12.8%) were re-operated due to postoperative
bleeding. It remains unclear whether AEEP or a vaporesec-
tion procedure was performed [27] (Table 3).

Search terms

The search terms included: anatomic filter for “benign prostate hyperplasia” OR “BPH”, “benign prostatic obstruction” OR “BPO”, treatment
filter for “AEEP “ OR “anatomic enucleation of the prostate *, “holmium laser enucleation” OR “HoLEP”, “ThuLEP “ OR “thulium laser
enucleation of the prostate “, “ThuVEP “ OR “thulium vapoenucleation of the prostate “, “GreenLEP “ OR “GreenLight laser enucleation of
the prostate “, “PVEP * or “photoselective vapo-enucleation of the prostate “, “DiLEP “ OR “diode laser enucleation of the prostate “, “PkEP
“OR ,,Plasmakinetic enucleation of the prostate “ “ELEP “ OR “ERASER laser enucleation of the prostate *“, “MoLEP *“ OR “Moses laser
enucleation of the prostate “, “BipolEP *“ OR “bipolar enucleation of the prostate “, “PKERP ““ OR “plasmakinetic enucleation and resection of
the prostate “, “ThuFLEP * or “thulium fibre laser enucleation of the prostate “, “MEP “ OR “monopolar enucleation of the prostate “, patient

<«

filter for “anticoagulation”, “anticoagulant”, “antiplatelet” OR “antithrombotic”

Inclusion criteria
1. Patients had to be treated with an AEEP procedure for BPO

2. In single-arm series the antithrombotic group had to be clearly defined (continuous intake of AC/AP drugs)
3. In case—control studies, patients had to be divided into either an antithrombotic group (continuous intake of oral AC/AP) or a non-antithrom-
botic group (patients naive to or who discontinued oral antithrombotic drugs)

Exclusion criteria

1. Non-reported clinical complications

2. Review articles or case reports

3. Studies with less than 10 patients on AP/AC treatment

@ Springer
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DiLEP

DILEP was introduced by Buisan et al. using a 980-nm
diode-pulsed laser at 100-W [34]. In most DiLEP papers,
the 980-nm diode laser is utilized for DiLEP, showing sig-
nificant RR compared to other lasers [35].

Zhang and co-workers published a RCT comparing
DiLEP (1470-nm diode laser) with plasmakinetic resec-
tion of the prostate [36]. They also published a retrospec-
tive study comparing DiLEP (1470 nm diode laser) on 49
patients under AP/AC therapy with 95 patients not taking
AP/AC therapy. No differences in terms of bleeding compli-
cations and perioperative data were reported. CR in patients
on AP/AC therapy were: transfusions (2%), secondary
bleeding (4.1%), clot retention (4.1%). No re-intervention
was necessary in this high-risk group during follow-up. At
12-month follow-up, urodynamic parameters had improved
significantly and were not different between the two groups
[37] (Table 3).

GreenLEP

The first abstract on 180-W XPS GreenLEP was presented
at the EAU 2010 [38]. The first paper was published in 2014
[39, 40] followed by a description of the surgical steps [41].

Misrai et al. presented a series of 60 consecutive Green-
LEP surgeries, 31 of which were performed on patients
under AP/AC therapy. Intraoperative conversion rate
to TURP was 16.6%. Hematuria occurred in 5% of the
patients. Transfusion rate was 1.6% and RR was 3.3%. At
6-month follow-up, urodynamic parameters had significantly
improved. PSA-reduction was 67% [42]. In another study,
99 out of 204 patient were on AP/AC therapy. Overall CR
was low: Clavien I, II, IIIa and ITIb CR were 5.4%, 10.8%,
0.98%, and 3.4%, respectively. Transfusion rate was 0.5%.
Urodynamic parameters as well as PSA were significantly
improved at 6-month follow-up [43] (Table 3).

PVEP

PVEDP, using the 180-W XPS GreenLight laser, is less radical
than GreenLEP due to its vapoenucleation. A RCT compar-
ing PVEP with HoLEP was published in 2015 [44]. Of the
53 patients in the PVEP arm, 53% were on AP/AC therapy
or had bleeding disorders at the time of surgery. A higher
intraoperative conversion to TURP was found (24.5% vs.
4%) compared to HoLEP. Postoperative hematuria, blood
transfusions, immediate reoperation due to bleeding were
reported in 3.7%, 1.8% and 1.8% of the patients. The 1-year
RR was 5.7%, which was not significantly different com-
pared to HOLEP (4%). Micturition parameters after PVEP

were non-inferior to HOLEP at 12-months, but the PSA drop
was significantly lower after PVEP compared to HOLEP
(45.9 vs. 82.6%) (Table 3).

BipolEP or PKEP

Since the first published RCT comparing HoLEP with PKEP
in 2006 [45], a plethora of different acronyms describing
BipolEP has been published [4, 18]. El-Shaer and col-
leagues published a retrospective analysis of 91 patients on
AC/AP therapy who underwent plasmakinetic enucleation
and resection of the prostate. The rate of blood transfusions,
clot retention, and secondary hemorrhage was 2.2% each. At
6-month follow-up, micturition had improved significantly.
PSA drop was only 47%, which indicated that removal of
the adenomatous tissue was inferior with PKEP [46]. Boeri
et al. compared HoLEP and BipolEP in patients on AP/
AC therapy. In the BipolEP group, 15 patients were on AC
and 24 on AP therapy. No significant differences between
the study arms with regard to bleeding complications and
2-month IPSS were found. The transfusion rate was 2.8%.
The Clavien I, II, and III CR was 4.2%, 13.3%, and 0.7%,
respectively [18].

Other AEEP techniques

The principles of AEEP were first published in the 1980ies
utilizing monopolar energy for MEP [47, 48]. Other AEEP
techniques were: ELEP [49-51], ThuFLEP [52], and
MOoLEP [53-55]. However, no studies analyzing the impact
of AC/AP therapy on perioperative MEP, ELEP, ThuFLEP
or MoLEP outcomes have been published so far.

Conclusions

The main issues with most AEEP studies are that almost all
of them have a retrospective study design or originate from
a single center. Therefore, outcomes are almost exclusively
based on procedures performed by expert hands.

In most of the studies, AP/AC therapy was not distin-
guished. This is a particular weakness for the analysis since
in clinical routine aspirin is often not interrupted, whereas,
phenprocoumon and new oral anticoagulants are bridged
with LMWH. Although data show fewer bleeding-related
complications in patients under AP therapy, compared to
those under AC therapy and LMWH, these complications
only count for prostate glands between 50 and 110 ml.
Patients taking both AP and AC therapy are associated with
increased bleeding complications.

However, all of the studies show that AEEP is feasi-
ble in patients under AC/AP therapy and that functional
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results do not differ from those of patients not taking AC/
AP therapy.
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