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Preface

The prostate, as an organ unique to men, can produce fluids that feed and protect 
sperm. Once the prostate has any problems, the patient may experience lower urinary 
tract symptoms (LUTS) and painful ejaculation because, anatomically, the prostate 
surrounds the proximal urethra and two ejaculatory ducts. Benign prostatic hyper-
plasia (BPH), prostate cancer (PCa), and prostatitis are generally the most common 
conditions affecting the prostate.

Besides providing an overview of the latest developments in the management of 
prostate diseases, section 1 of the book demonstrates the histopathological evaluation 
of different prostate diseases. The more histopathological characteristics of prostate 
disorders are understood, the more precise management strategy can be developed. 

BPH is the primary cause of bladder outlet obstruction, which results in LUTS 
significantly in ageing men. Surgery is an effective approach to relieve obstruction. 
Traditionally, transurethral resection of the prostate (TURP) has been considered the 
gold standard of procedure for BPH/LUTS. Recently, the significant success of ana-
tomical endoscopic enucleation of the prostate with various energy instruments has 
led to its widespread usage in clinical practice. Prostate enucleation using a holmium 
laser (HoLEP) is the most popular procedure. Moreover, minimally invasive surgical 
procedures, such as transperineal laser ablation of the prostate, have also been used 
for certain specific populations due to the minimal impact on male sexual function. 
In addition to the impact on sexual function, the relationship between BPH and male 
infertility has also attracted widespread attention. The contents in section 2 of the 
book discuss the effects of BPH and its related treatment on male infertility aside 
from introducing new surgical approaches. 

PCa is the second most common cancer in the male population. With several novel 
drugs being launched, the treatment strategies for PCa have evolved in the past years. 
Not only are the different management strategies and surgical approaches discussed, 
but the issue of PCa management in the poor region of Africa is also analyzed in 
 section 3 of the book.  

As most readers would expect, experts and researchers from different countries pres-
ent the latest advances and innovations in the field of prostate diseases. The contents 
of this book provide readers with crucial, up-to-date information, although they 
cannot cover every aspect of prostate diseases.

XII
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Chapter 1

Introductory Chapter: Innovations 
and Emerging Strategies in Prostate 
Diseases Management
Ran Pang

1.  Introduction

The prostate gland, a crucial component of the male reproductive system, plays a 
pivotal role in the production and delivery of semen. Located just below the bladder 
and in front of the rectum, it surrounds the proximal urethra and two ejaculatory 
ducts. Therefore, the patient may experience ejaculatory or urination-related symp-
toms once any prostate issues have developed. The primary function of the prostate 
gland is to secrete an alkaline fluid, a significant portion of semen, which contributes 
to sperm protection in the vagina’s acidic environment. Not only can the prostatic fluid 
balance the vagina’s acidity, but it also contains the supportive proteins and enzymes 
that may nourish sperm and extend their lifespan. Additionally, the muscle tissue in 
the prostate gland contracts during ejaculation to aid in the expulsion of semen from 
the body. Initially, the prostate is anatomically considered to be composed of five 
lobes: the anterior, median, posterior, and two lateral lobes. Later, McNeal developed a 
zonal anatomy model of the prostate based on clinical and histological features, which 
divided the prostate into glandular and non-glandular components [1]. The former 
includes three zones: transition zone (TZ), central zone (CZ), and peripheral zone 
(PZ), whereas the latter is named as anterior fibromuscular stroma (AFMS). Evidence 
has demonstrated that distinct prostate zones differ significantly in terms of histologi-
cal and pathogenetic features, embryonic origin, malignant propensity, and androgen 
expression [2].

It seems to be inevitable for men to be bothered by various prostate diseases in 
their lifetime. In general, the most common conditions affecting the prostate are 
prostatitis, benign prostatic hyperplasia (BPH), and prostate cancer (PCa). Of those, 
BPH is more likely to develop in the TZ, while PCa and prostatitis are more likely to 
occur in the PZ [2]. As the awareness of these conditions continues to grow, many 
new management techniques and therapy modalities are emerging.

2.  Prostatitis

Prostatitis is one of the most common urology disorders in men younger than 
50 years and significantly weakens patients’ quality of life (QoL). The reported 
prevalence ranged from 8.5% to 16%, depending on the method used to investigate 
[3, 4]. To standardize the diagnosis of prostatitis, the National Institutes of Health 
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(NIH) developed a classification, in which prostatitis is categorized into four types 
based on patients’ clinical manifestations as well as the white blood cells and bacteria 
identified in expressed prostatic secretions (EPS) (Table 1) [5].

In terms of the management of prostatitis, culture-guided antibiotic treat-
ment is the standard strategy for acute (type I) and chronic bacterial prostatitis 
(type II) because bacterial infection is considered the etiology of the two types of 
prostatitis. On the other hand, it remains a challenge to manage chronic prostatitis/
chronic pelvic pain syndrome (CP/CPPS) (type III) since its exact cause is still not 
fully understood. Actually, the treatment approaches of CP/CPPS have been mainly 
focused on symptom management. Recently, the UPOINTS system, developed to 
categorize diverse symptoms of CP/CPPS, provides insight into symptom-directed 
treatment. According to the algorithm, the symptoms of CP/CPPS are classified into 
seven domains: urinary symptoms (U), psychosocial disorders (P), organ-specific 
symptoms (O), infection (I), neurologic symptoms (N), tenderness (T), and sexual 
dysfunction (S) [6].

Regarding urinary symptoms, alpha-blockers are the most commonly used medi-
cation in clinical practice. A network meta-analysis demonstrated that alpha-blocker 
monotherapy or in combination with antibiotics could considerably relieve the void-
ing symptoms as well as the pain when compared to placebo [7]. The results from a 
Cochrane systematic review also showed that short-term alpha-blocker therapy could 
lower the patients’ National Institutes of Health Chronic Prostatitis Symptom Index 
(NIH-CPSI) total scores as well as the sub-scores of urinary symptoms, pain, and QoL 
compared to placebo [8]. Unfortunately, the quality of the evidence is very low due to 
the high risk of bias, inconsistency, and imprecision in most studies.

The relationship between CP/CPPS and psychosocial disorder has been reported 
[9]. The selective 5-serotonin and norepinephrine reuptake inhibitor, as a kind of 
antidepressant, is also used to manage psychosocial symptoms in patients with CP/
CPPS. A prospective, open-labeled study showed that duloxetine combined with 
doxazosin could reduce the NIH-CPSI and short-form McGill Pain questionnaire 
(SF-MPQ ) scores more significantly than doxazosin alone and in combination with 
sertraline [10].

In terms of organ-specific symptoms, such as specific prostate tenderness and 
hematospermia, some phytomedicines including quercetin, pollen extract, and 
eviprostat have been reported to be effective [11–13].

Type Description WBC in EPS Bacteria in EPS

I Acute bacterial prostatitis (ABP) +* +*

II Chronic bacterial prostatitis (CBP) + +

III Chronic prostatitis/chronic pelvic pain syndrome (CP/
CPPS)

IIIa Inflammatory + −

IIIb Non-inflammatory − −

IV Asymptomatic inflammatory prostatitis (AIP) + −
*Prostate massage is not recommended because of the bacterial dissemination risk. WBC: white blood cells; EPS: 
expressed prostatic secretions.

Table 1. 
NIH classification of prostatitis.
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Antimicrobial treatment is the most widely used approach to infection. A random-
ized controlled trial (RCT) showed that levofloxacin alone or added on to terazosin 
presents a higher response rate as well as a more significant decrease in white blood 
cells (WBC) in expressed prostatic secretions (EPS) in comparison with terazosin 
monotherapy [14]. However, another RCT revealed that levofloxacin failed to present 
a better efficacy in managing CP/CPPS when compared to placebo [15]. The exact role 
of antimicrobial treatment in patients with CP/CPPS needs to be further confirmed in 
well-designed RCTs.

Although analgesics have been considered the common medication for the 
management of neurological symptoms in patients with CP/CPPS, a RCT found no 
significant difference in the percentage of responders who achieved a 6-point decrease 
in NIH-CPSI total score between 6-week pregabalin therapy and placebo [16]. By 
contrast, a number of studies present the effectiveness of botulinum neurotoxin 
type-A (BoNT-A) in the treatment of CP/CPPS. The results from an RCT showed that 
transurethral intraprostatic BoNT-A injection could relieve pain and improve QoL 
more effectively compared to placebo [17]. Similarly, another RCT found transure-
thral intraprostatic BoNT-A injection resulted in a significant reduction in NIH-CPSI 
and visual analog scale (VAS) scores while not in the control group (no treatment) 
[18]. In terms of different injection approaches, it is reported that the transrectal route 
was associated with a more significant improvement compared to the transurethral 
route [19]. Besides conventional treatment, growing evidence showed that acupunc-
ture played a superior role in the management of CP/CPPS. The finding from two 
recent meta-analyses demonstrated that acupuncture had larger effect sizes in reduc-
ing NIH-CPSI total score as well as the sub-scores of each domain compared to sham 
acupuncture and modern medicine [20, 21]. Another meta-analysis concluded that 
the optional acupoints might focus on the combination of acupoints from CV3, CV4, 
BL32, SP6, and SP9 after investigating different acupoint selection strategies [22].

The spasm and/or trigger points in the pelvic floor muscles may be identified 
during examination in the patients presenting tenderness. The pelvic floor physical 
therapy is generally used as the first-line treatment for these patients. It is reported 
that both transrectal microwave thermotherapy and transrectal radiofrequency 
hyperthermia can improve the NIH-CPSI score in patients with CP/CPPS [23, 24]. 
The results from a phase II clinical trial showed that transurethral needle ablation 
was effective in relieving the symptoms of CP/CPPS, although the approach was 
initially used to treat BPH [25]. In addition, increasing amounts of evidence support 
the effectiveness of extracorporeal shock wave therapy (ESWT) in treating prosta-
titis. An RCT showed a significant improvement in CP/CPPS symptoms and QoL in 
the ESWT group while not in the sham therapy group during the 12-week follow-
up period [26]. Some studies further presented the long-term efficacy of ESWT. 
Findings from these studies revealed that patients’ NIH-CPSI score as well as the 
international index of erectile function (IIEF) were significantly improved as early 
as the 2nd week to the 12th week and remained stabilized by the 12-month follow-up 
[27, 28]. Two recent meta-analyses demonstrated that ESWT could more significantly 
improve the NIH-CPSI total score and the sub-scores of each domain compared to 
sham intervention [29, 30].

Type 5 Phosphodiesterase (PDE-5) inhibitors are the common medication for the 
treatment of erectile dysfunction. It is revealed that PDE-5 is expressed not only in 
PZ and TZ but in AFMS of the prostate gland [31]. The PDE-5 inhibitors can be used 
to treat CP/CPPS due to their reported role in the suppression of inflammation. The 
findings from an RCT showed that Tadalafil could improve the NIH-CPSI total score, 
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the urinary score, and the QoL more significantly than placebo [32]. The potential 
mechanism may be associated with its role in relaxing prostatic smooth muscle and 
reducing prostatic reflux of urine [33].

3.  BPH

BPH, characterized by overgrowth of the epithelium and stroma of prostate gland 
histologically, is a common condition in elderly men. Bladder outlet obstruction 
caused by the enlarged prostate is the primary cause of lower urinary tract symptoms 
(LUTS) in aging male population. The prevalence of both LUTS and BPH signifi-
cantly rises with age, affecting over 80% of men by the age of 70 [34]. Historically, 
surgery was the best way to alleviate the LUTS caused by benign prostatic obstruction 
(BPO). However, the management strategy has been markedly changed with the 
launch of numerous new medications over the past decades. Nowadays, there are 
six pharmacological classes available for the treatment of LUTS due to BPO, either 
alone or in combination. These medications include alpha-blockers, 5-alpha reductase 
inhibitors, PDE-5 inhibitors, anticholinergics, beta-3 agonists, and phytotherapy.

Compared with monotherapy, combination therapy may be associated with more 
significant efficacy. Several RCTs have provided substantial evidence of the efficacy 
of alpha-blockers combined with 5-alpha reductase inhibitors in the management 
of BPH/LUTS. Of those, MTOPS and CombAT studies showed long-term efficacy. 
Combination therapy was significantly superior to monotherapy not only in improv-
ing the LUTS and maximum urine flow rate (Qmax) but also in lowering the risk 
of clinical progression during a 4-year follow-up period [35, 36]. For patients with 
coexisted voiding and storage LUTS, alpha-blockers combined with anticholinergics 
or beta-3 agonists are the common treatment strategies. According to the findings 
from a Cochrane systematic review, combination therapy with alpha-blockers and 
anticholinergics only had a small effect size in improving the international prostate 
symptom score (IPSS) and QoL, when compared with alpha-blocker monotherapy 
[37]. The results from a meta-analysis showed that alpha-blockers combined with 
beta-3 agonists might be more effective in reducing the mean number of micturitions 
per day, the urgency episodes per day, and overactive bladder (OAB) symptom score 
compared to alpha-blockers combined with placebo [38]. Another Cochrane system-
atic review demonstrated that combination therapy with alpha-blockers and PDE-5 
inhibitors had a greater improvement in IPSS, Qmax, as well as the international 
index of erectile function (IIEF-5) score in comparison with alpha-blockers alone 
[39]. In addition, a network meta-analysis involving 55 RCTs showed that combina-
tion of PDE-5 inhibitors and α-blockers could be the optimal strategy that improved 
IPSS more significantly not only than monotherapy but also than any other combina-
tion strategies [40].

Surgery is believed to be a therapeutic option for the patients who fail to respond 
to pharmacological therapy, experience clinically intolerable adverse drug reac-
tions, or present complications. Traditionally, transurethral resection of the prostate 
(TURP) has been considered the gold standard of procedure for BPH/LUTS. Recently, 
anatomical endoscopic enucleation of the prostate with different energy equipment 
has been widely used in clinical practice due to its notable effectiveness. Holmium 
laser enucleation of the prostate (HoLEP) is the most common procedure. A meta-
analysis found that HoLEP exhibited a greater curative efficacy and fewer adverse 
events at 6, 12, and 24 months following surgery when compared to TURP [41]. 
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Moreover, a number of minimally invasive surgical procedures have also emerged due 
to the development of novel technologies in recent years. These procedures actu-
ally have some advantages, such as being performed under local anesthesia, quicker 
recovery, fewer complications compared to TURP. On the other hand, these minimally 
invasive therapies might be associated with a higher failure rate and less symptom 
improvement [42]. These procedures mainly include prostatic urethral lift, prostatic 
artery embolization (PAE), aquablation, and water vapor therapy.

4.  PCa

PCa is the fourth most common cancer worldwide and the second most prevalent 
malignancy in male population. In general, about 80% of newly diagnosed PCa 
patients are localized, whereas 20% are metastatic or advanced. When making a treat-
ment strategy, the patients’ stage of PCa, risk factors, comorbidity, and preference all 
need to be taken into consideration.

4.1 Localized and locally advanced PCa

The treatment strategy for localized PCa is normally developed depending on 
the risk of clinical progression. The progression risk of PCa is generally categorized 
using International Society for Urological Pathology (ISUP) grading, with ISUP grade 
groups 1–2 being low risk and ISUP grade groups 3–5 being intermediate to high risk 
[43]. Another widely accepted risk stratification of PCa is D’Amico classification 
system, in which the patients are classified into low, intermediate, or high-risk groups 
based on PSA, Gleason score, and clinical tumor (cT) stage [44]. Although laparo-
scopic or robot-assisted radical prostatectomy remains a golden standard for localized 
PCa with intermediate to high risk, radiotherapy is increasingly used with the devel-
opment of image-guided techniques. The image-guided radiotherapy provides better 
cancer control because precise irradiation allows delivering high-beam doses while 
reducing toxicities to surrounding organs [45]. Regarding low-risk localized PCa, 
active surveillance is a common therapeutic option with clear benefits for QoL. In 
terms of locally advanced PCa, androgen deprivation therapies (ADT) in conjunction 
with either radical prostatectomy or radiotherapy can result in a better prognosis [46].

4.2 Metastatic hormone-sensitive prostate cancer (mHSPC)

In order to estimate the prognosis of mHSPC, several studies developed some 
criteria to stratify the patients. In the CHAARTED study, patients with mHSPC were 
divided into high-volume and low-volume groups based on metastatic burden. The 
former was defined as the occurrence of visceral metastases and/or at least four bone 
metastases, with at least one lesion outside the pelvis and vertebral bodies, while the 
latter referred to others [47]. LATITUDE study grouped patients into high-risk and 
low-risk poor prognosis. Once the patients had two or more high-risk factors, including 
at least three bone metastases, visceral metastases, and ISUP 4–5, they were defined as 
high-risk; otherwise, they were considered as low-risk [48]. Generally, patients with 
high-volume diseases or high-risk poor prognosis need more intensive treatments.

ADT is believed to be a cornerstone of treatment for mHSPC since PCa was 
identified as an androgen-sensitive disease by Huggins and Hodges about 80 years 
ago. However, accumulated evidence suggests that ADT alone is insufficient to offer 
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long-term survival and sustained disease control, especially for high-volume or high-
risk mHSPC. In recent years, several combination therapy strategies have emerged to 
manage mHSPC. According to the findings from the STAMPEDE trial, ADT com-
bined with docetaxel presented a significant benefit on overall survival (OS) com-
pared to ADT alone [49]. The CHAARTED trial showed that combination therapy 
with ADT and docetaxel had a superior OS in patients with high-volume PCa, while 
not in those with low-volume PCa, when compared to ADT alone [50]. Some studies 
assessed the role of combination of ADT and androgen receptor signaling inhibitors 
(ARSI) in management of mHSPC. The LATITUDE study showed that ADT com-
bined with abiraterone acetate and prednisone (AAP) was significantly superior to 
ADT monotherapy in OS [48]. Based on the results of TITAN study, the combination 
of ADT and apalutamide had a significant survival benefit over ADT combined with 
placebo [51]. In addition, two trials further investigated the effectiveness of triple 
combination therapy (ADT+ ARSI+ docetaxel) in treating mHSPC. The ARASENS 
study showed that ADT combined with darolutamide and docetaxel reduced the risk 
of death by 25% in comparison with the combination of ADT and docetaxel [52]. The 
PEACE-1 trial showed similar results in triple combination therapy with ADT, AAP, 
and docetaxel [53].

4.3 Castration-resistant prostate cancer (CRPC)

Despite responding to initial ADT, most patients will inevitably progress to CRPC 
within 2–3 years. Some patients may experience non-metastatic CRPC (nmCRPC), 
which is characterized as a persistently elevated PSA in spite of castration levels of 
testosterone and no conventional radiographic evidence of metastasis, before the 
metastasis occurs. Recently, a perspective has emerged suggesting that patients 
with nmCRPC actually have small metastatic lesions that failed to be detected by 
conventional imaging. Nowadays, ARSI including apalutamide, enzalutamide, and 
darolutamide have been the standard management for nmCRPC due to their notable 
benefits on metastasis-free survival [54].

In terms of metastatic CRPC (mCRPC), the first-line treatment varies from 
individual to individual. An early study showed that docetaxel was associated with a 
better OS (17.5 vs. 15.6 months) and radiographic progression-free survival (rPFS) 
(6.3 vs. 3.2 months) compared to mitoxantrone [55]. According to the COU-AA-302 
trial, AAP was superior to placebo in both OS (34.7 vs. 30.3 months) and rPFS (16.5 
vs. 8.3 months) in chemotherapy-naïve mCRPC patients [56]. The PREVAIL study 
presented similar results. The OS and rPFS in the enzalutamide group were signifi-
cantly longer than in placebo group [57].

For mCRPC patients failing to respond to docetaxel, ARSI are still a treatment 
option. The COU-AA-301 study showed the superiority of AAP in OS (15.8 vs. 
11.2 months) and rPFS (5.6 vs. 3.6 months) in patients with docetaxel-resistant 
mCRPC [58]. Similar results were found in AFFIRM trial. The OS and rPFS in enzalu-
tamide group were 18.4 and 8.3 months, respectively, which were significantly longer 
than in placebo group (13.6 and 2.9 months) [59]. Besides ARSI, cabazitaxel, as a novel 
taxane, has been reported to be effective for docetaxel-resistant mCRPC. The CARD 
study presented that cabazitaxel led to a longer OS compared to AAP or enzalutamide 
[60]. Additionally, Radium 223 can be an optional treatment for patients with multiple 
symptomatic bone metastases and no visceral metastases. Based on the findings from 
ALSYMPCA study, Radium 223 not only relieved the metastatic bone pain signifi-
cantly but also was associated with a better OS when compared with placebo [61]. For 
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patients with mutations in DNA damage repair genes, poly (ADP-ribose) polymerase 
(PARP) inhibitors can lead to PCa cell death and consequently improve patients’ 
outcomes. The PROfound study demonstrated that Olaparib achieved a superior OS 
and rPFS compared to AAP or enzalutamide in patients with BRCA1, BRCA2, or ATM 
mutation [62]. A recent meta-analysis suggested that the combination of PARP inhibi-
tors and ARSI reduced the risk of death by 16% [63].

5.  Summary and perspective

With several novel drugs and techniques emerging, the treatment strategies for 
prostate diseases have rapidly evolved in the past years. The book aims to provide 
cutting-edge thinking and innovative techniques in the management of prostate 
diseases. Not only is the latest evidence demonstrated but also the state-of-the-art 
treatment concepts and insights from the leading experts are also showcased. The 
volume caters to a diverse reader. It offers clinicians precise treatment strategies, 
equips patients with essential background knowledge for communicating with doc-
tors, and provides researchers with valuable research insights. Additionally, this book 
could serve as a catalyst. If it sparks thought in its readers, a more promising future 
lies ahead for patients with prostate diseases.

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

This chapter encompasses the spectrum of prostatic diseases seen routinely in the 
evaluation of prostate biopsy or resection specimens. It covers the basic anatomy and 
histology, along with tissue examination and processing. The common benign condi-
tions such as benign prostatic hyperplasia (BPH), various kinds of prostatitis, etc., are 
addressed briefly and prostate adenocarcinoma is discussed in a structured pattern, 
including the morphological variants, IHC, molecular profiling, microscopic variants, 
grading, mimickers, etc. Other rare tumors of the prostate are also discussed in brief. 
This chapter provides a comprehensive update on the 2022 WHO classification of 
urinary and male genital tumors.

Keywords: prostate, morphology, IHC, BPH, adenocarcinoma, mimics

1.  Introduction

The prostate is a retroperitoneal organ that surrounds the bladder neck and prostatic 
urethra. In adults, it is funnel-shaped, weighs about 20 grams [1], and has its base beneath 
the bladder neck and apex above the urogenital diaphragm. Posteriorly, it is separated 
from the rectum by Denon Villiers fascia. It is divided into the anterior fibromuscular 
stroma and three distinct glandular zones, as proposed by Mc Neal (Figure 1) [2].

• The transition zone––envelopes the proximal prostatic urethra and comprises 
5% of glandular tissue.

• The central zone––lies toward the base and contains the ejaculatory duct, 
which opens into the prostatic urethra at the verumontanum; comprises 20% of 
glandular tissue.

• The peripheral zone––envelopes the central and peripheral zones, and comprises 
most of the apex; it comprises approximately 70% of glandular tissue.
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These zones are at risk for different types of lesions; benign prostatic hyperpla-
sia (BPH) primarily affects the transition zone, whereas carcinomas involve the 
peripheral zone. The prostate gland is partially surrounded by a fibrous capsule. The 
neurovascular bundles run posterolateral to the capsule bilaterally at 5 and 7 o’clock 
positions. Histologically, the prostate is comprised of glands separated by fibro-
muscular stroma. The glandular system consists of ducts and acini with little or no 
morphological difference. The glands often have papillary infoldings and undulating 
contour. The glands are lined by three types of cells:

• Secretory cells: They are located along the glandular lumen, columnar cells with 
relatively pale cytoplasm. They stain positively with prostate-specific antigen 
(PSA); prostate-specific acid phosphatase (PSAP); NKX3.1, some keratins but 
are negative for high molecular weight types like 34beta E12 [2, 3].

• Basal cells: They represent the stem cells and are located between the secre-
tory cells and basement membrane; they are low cuboidal or cigar-shaped and 
may have prominent nucleoli. They express high molecular weight keratins 
like 34beta E12 and CK5/6; p63, p40 [2, 3]. Their presence helps to distinguish 
between benign conditions and well-differentiated carcinomas.

• Neuroendocrine cells: These cells are sparse and irregularly distributed with no 
proper known function.

The fibromuscular stroma consists of collagenous fibrous tissue and smooth muscle 
fibers. Inspissated secretions of the prostate may accumulate in some glands, forming 
spherical concretions known as corpora amylacea, which increase in number with age.

2.  Tissue examination and processing

Prostate specimens received are mainly of three types: transrectal ultrasound (TRUS) 
biopsy; transurethral resection of prostate (TURP); resection specimens, that is, radical 
prostatectomy for tumors or suprapubic prostatectomy for benign hyperplasia.

2.1  TRUS needle biopsy

The number of cores is counted and measured (mm). Each core is submitted 
separately if labeled accordingly and processed. A minimum of three levels is to be 
examined.

Figure 1. 
Zones of the prostate gland.
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2.2  TURP

Weigh and measure the dimensions of the prostatic chips received. Describe the 
chips, including color, consistency, and any abnormal area (hemorrhage or necro-
sis) if seen. As per College of American Pathologists (CAP) guidelines, specimens 
weighing 12 grams or less are entirely processed. For specimens weighing more than 
12 grams, an additional 2 grams are required for every 5 grams of tissue beyond the 
initial 12 grams for processing [4, 5]. If carcinoma is detected and involves <5% of 
tissue, the remaining tissue should be entirely processed. In a previously diagnosed 
case of carcinoma, only a small amount of tissue can be processed.

2.3  Suprapubic prostatectomy

Weigh and measure (three dimensions, mm) the specimen. Serially section at 
3–4 mm, carefully examine and describe, including color, consistency, any abnormal 
area, and areas of hemorrhage or necrosis. Submit at least eight sections from differ-
ent areas.

2.4  Radical prostatectomy

Weigh the specimen and note the dimensions of the prostate and length of the 
attached seminal vesicle. Orient the specimen placing a probe through the urethra 
will help and paint the anterior, posterior, right lateral, left lateral, and superior and 
inferior surfaces using different colored inks. Cut the seminal vesicles and submit a 
section including the base of the vesicle with the prostate on both sides. The bladder 
neck margin (proximal) and apex (distal) are submitted. The remaining prostate is to 
be serially sectioned at 3–4 mm intervals and carefully examined. Note the color, con-
sistency, any tumor nodule, area of hemorrhage, or necrosis. Sections are submitted 
from apex to base, and each slice can be bisected or quadrisected to fit the cassettes. 
All lymph nodes should be submitted after noting their number, size, and cut section 
appearance.

3.  Benign prostatic hyperplasia

BPH is a nodular enlargement of prostate due to hyperplasia of both epithelial and 
stromal components. Incidence increases with increasing age, with >50% prevalence 
in males above 50 years of age, and is the most common benign prostatic disease 
in males above 50 years [1]. It is not a premalignant lesion. The precise etiology 
remains unclear, and no predisposing or protective factors have been identified 
other than castration [2, 3]. It is known to be an androgen-dependent disorder. 
Dihydrotestosterone (DHT), estrogens, and growth factors like fibroblast growth fac-
tor (FGF) and transforming growth factor (TGF) beta play an important role [2, 3]. 
The main symptoms include obstructive symptoms like hesitancy, weak urine stream, 
and post-micturition dribbling; irritative symptoms like frequency, urgency, and 
nocturia. Patient can also present with acute urinary retention requiring emergency 
catheterization for relief [1].

Grossly, the prostate gland is enlarged three to five times of normal or even more. 
On the cut section, it is seen to involve mainly the transition zone and thus encroach 
on the urethra, compressing it to a slit-like orifice. It has a multinodular appearance 



Prostate Diseases – Management Strategies and Emerging Technologies

18

consisting of variable-sized nodules with a gray to yellow color. Microscopically, the 
earliest change is stromal proliferation, which is followed by glandular hyperplasia. 
The glandular component comprises variably sized acini and ducts lined by basal 
and secretory cells (Figure 2). The glands are dilated with papillary infoldings or 
cystic, and often contain corpora amylacea, which may be calcified. The epithelium 
is lined by flat to columnar cells. The stromal component comprises bland spindle 
cells with round to ovoid nuclei. Many morphologic variations exist, including clear 
cell cribiform hyperplasia, basal cell hyperplasia, adenosis, leiomyomatous nodules, 
fibroadenomatous, and phyllodes-type hyperplasia. Within areas of BPH, occasional 
lymphocytes are commonly seen, and a diagnosis of chronic prostatitis is not indi-
cated due to its mere presence [2, 3].

4.  Prostatitis

4.1  Bacterial prostatitis

Acute prostatitis is characterized by severe lower urinary tract symptoms (LUTS) 
including irritative and obstructive voiding symptoms with generalized urosepsis. 
Usually a self-limiting disease, acute prostatitis responds promptly to antibiotics. 
Chronic bacterial prostatitis is usually associated with mild to moderate pelvic pain 
and episodes of recurrent urinary tract infections (UTIs). As these infections are 
usually amenable to antimicrobial therapy, histologic examination of specimens 
removed for symptomatic prostatitis is thus uncommon. However, on histology, acute 
bacterial prostatitis is characterized by sheets of neutrophils within and around acini, 
intraductal desquamated cellular debris, and stromal edema and hyperemia.

4.2  Mycotic prostatitis

Fungal prostatic infections are relatively uncommon; however, the most com-
mon causes include blastomycesdermatitidis, Coccidioidesimmitis, and Cryptococcus 
neoformans. Aspergillus fumigatus, Histoplasma capsulatum, and Candida albicans, 
and Candida glabrata are among the other rarer causes (Figure 3) [2, 6]. Most fungal 
prostatitis occurs in the setting of urinary catheterization and use of broad-spectrum 

Figure 2. 
BPH: Variable-sized ducts and acini lined by basal and secretory cells, H&E, 200x.
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antibiotics, leading to systemic hematogenous dissemination in immunocompro-
mised and elderly hosts with comorbidities [2, 6].

4.3  Tuberculous prostatitis

Systemic tuberculous prostatitis is rare (incidence: 3–12%) due to timely diagnosis 
and treatment of disease for non-prostatic signs and symptoms of infection, as more 
than 90% of cases also show lung involvement [2]. However, infection might spread 
via hematogenous route or may directly invade from the urethra. Confluent areas 
of caseation, along with cavitation, may result in a grossly enlarged prostate with 
multiple cavities. Infection might spread to the urinary bladder and further to the 
rectum, perineum, and peritoneal cavity. The serum PSA levels may be increased. 
Bacillus Calmette-Guérin (BCG) immunotherapy for superficial urothelial cancer of 
the bladder may also result in the development of granulomas, which may vary from 
small, noncaseating and superficial to large, caseating, and throughout the prostate.

4.4  Nonspecific granulomatous prostatitis

Nonspecific granulomatous prostatitis is a rare disorder resulting from a localized 
immune-mediated reaction to ruptured prostatic secretions and contents. Mostly 
occurs in glands with preexisting nodular hyperplasia. High-grade fever, urinary 
obstruction, and hard prostate on palpation constitute the clinical symptoms. The 
cut surface shows yellow granular nodularity. Microscopically, these nodules show 
aggregates of dense inflammatory infiltrate chiefly composed of lymphocytes, plasma 
cells, epithelioid cells, and histiocytes, which often obscure and efface ductal and 
acinar elements (Figure 4). The early lesions show a tubercle-like reaction with mul-
tinucleated giant cells, neutrophils, eosinophils, and detritus within the dilated ducts 
and acini, which may as well rupture focally, resulting in localized granulomatous and 
chronic inflammatory reactions; however, microorganisms and caseous necrosis are 
absent. In contrast, the granulomas in early infectious noncaseating prostatitis sur-
round intact acini. There is dense fibrosis in older lesions, leading to a firm to stony-
hard prostate on palpation, simulating carcinoma in about 30% of cases [3]. Serum 
PSA levels may also be elevated. Immunohistochemical (IHC) stains for histiocytes 
and T cells surrounding the damaged ducts may help to differentiate from carcinoma.

Figure 3. 
Hyphae and budding yeast forms of candida, H&E stain, 400x, Inset: PAS stain, 400x.
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4.5  Malakoplakia

Malakoplakia can rarely involve prostate, usually associated with primary bladder 
disease. It is believed to be caused by an impaired host response to bacterial infection, 
most commonly to Escherichia coli [2]. It is frequently seen in patients with either a 
primary or acquired immunodeficiency, such as diabetes, malignancy, or HIV/AIDS; 
a history of UTI strongly supports the diagnosis. In the prostate, malakoplakia can 
mimic carcinoma both clinically and radiologically. In needle core biopsy, there is 
periductal dense inflammatory infiltrate consisting mainly of histiocytes and scat-
tered, atrophic prostatic glands along with basophilic cytoplasmic inclusions that have 
a targetoid appearance also known as Michaelis-Gutmann bodies.

5.  Prostatic infarct

Prostatic infarcts remain mostly asymptomatic or sometimes may cause acute uri-
nary retention due to edema. Serum PSAP and PSA may be elevated. Moore reported 
the incidence of infarcts to be 18–25% in carefully examined prostates [3]. They are 
usually associated with nodular hyperplasia, and the size and number of infarcts are 
directly proportional to the degree of hyperplasia. Other causes include trauma or 
infection due to cystitis, prostatitis, or a urinary catheter resulting in thrombosis of 
prostatic vessels. Grossly, they appear gray yellow, speckled, and size may vary from 
a few millimeters up to 5 cm. Microscopic sections show sharp areas of coagulative 
necrosis affecting glands and stroma; the latter may be spared sometimes in cases of 
nodular hyperplasia.

6.  Calculi

The prostatic calculi are observed in about 7% cases of nodular hyperplasia and 
are composed of inorganic salts, namely phosphate salts of calcium, magnesium 
along with calcium carbonate and calcium oxalate [3]. The corpora amylacea, blood 
clots, bacteria, and dead epithelial cells act as nuclei for stone formation. They may 

Figure 4. 
Granulomatous prostatitis: nodules composed of dense inflammatory infiltrate chiefly comprising of lymphocytes, 
plasma cells, epithelioid cells, and histiocytes, with effacement of ductal and acinar elements, H&E, 40x.
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get extremely hard, leading to suspicion of carcinoma on palpation. Their radiopaque 
nature makes them easily detectable on X rays.

7.  Tumors of prostate

Table 1 describes the latest World Health Organization (WHO) classification of 
prostate tumors 2022.

7.1  High-grade prostatic intraepithelial neoplasia

Prostatic intraepithelial neoplasia (PIN) is considered to be the end of the 
spectrum of preinvasive proliferation of prostatic ducts and acini. The term PIN is 
now used interchangeably with high-grade PIN (HGPIN) as low-grade PIN are not 
routinely reported due to high inter-observer variability, poor reproducibility, and 
lack of definite association with prostatic carcinoma [8–12].

The only proven method to diagnose HGPIN is biopsy, as these lesions do not 
significantly raise the serum PSA level nor are easily detected on ultrasonography. 
The incidence of isolated HGPIN in the prostatic biopsy is about 9% in United States, 
with prevalence and volume of HGPIN rising proportionately with advancing age 
[10, 13, 14]. Hirori et al. [15] stated that African-American men have higher preva-
lence than whites in 50–60 age bracket, while Japanese have a lower incidence than 
men in the United States. This is in contrast to the study by Kilnk et al. [16] which 
showed that incidence of HGPIN is comparable in Asian and western men [16, 17].

Apart from HGPIN, which affects the peripheral zone, other precursors for 
prostate cancer include adenosis (atypical adenomatous hyperplasia), affecting the 

1. Epithelial tumors of the prostate

A. Glandular neoplasms of the prostate

• Prostatic cystadenoma

• High-grade prostatic intraepithelial neoplasia

• Intraductal carcinoma of the prostate

• Prostatic acinar adenocarcinoma

• Prostatic ductal adenocarcinoma

• Treatment-related neuroendocrine prostatic carcinoma

B. Squamous neoplasms of the prostate

• Adenosquamous carcinoma of the prostate

• Squamous cell carcinoma of the prostate

• Adenoid cystic (basal cell) carcinoma of the prostate

2. Mesenchymal tumors unique to the prostate

Stromal tumors of the prostate

• Prostatic stromal tumor of uncertain malignant potential

• Prostatic stromal sarcoma

Table 1. 
WHO classification of prostate tumors [7].
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Figure 5. 
Micropapillary pattern of HGPIN. Large duct with amphophilic cytoplasm, enlarged hyperchromatic nuclei and 
prominent nucleoli, H&E, 200x.

transition zone and less likely for malignant transformation, and proliferative inflam-
matory atypia (PIA) [16, 18], which occurs frequently in the peripheral zone and has 
been shown to be in continuum with HGPIN and progress to a small adenocarcinoma 
lesion [19].

PIN mimics malignancy, cytologically exhibiting nuclear and nucleolar enlarge-
ment and cellular proliferations within preexisting ducts and acini. There is increased 
microvascular density in the stroma, which is intermediate between benign and 
malignant, along with loss of polarity (Figure 5) [8]. Tufting (most common), micro-
papillary, cribriform, and flat are the four primary histologic patterns of HGPIN 
that have been reported [18, 20]. Rarer patterns include signet ring cell, small cell 
neuroendocrine, mucinous, micro-vacuolated, and hobnail (inverted) pattern. The 
architectural patterns do not appear to differ in any way that is clinically significant, 
and identifying them seems to be only useful for diagnostic purposes.

The first signs of carcinoma, known as early stromal invasion, appear at the loca-
tions of basal cell breakdown and acinar outpouching in acini with HGPIN. About 2% 
of PIN’s high-power tiny fields have this kind of microinvasion, which occurs equally 
frequently in all architectural forms. In concordance with cancer, HGPIN is typically 
multicentric and primarily located in the peripheral zone of the prostate. With an 
increase in pathologic stage, Gleason grade, positive surgical margins, and perineural 
invasion (PNI) in prostate cancer, the amount of HGPIN also increases, highlighting 
the association between PIN and cancer [14].

Basal cell markers such as p63 and high molecular weight keratins (HMWK) have 
shown promising results to rule out HGPIN from its mimickers, such as basal cell 
hyperplasia, inflammatory acini, atypical adenomatous hyperplasia, post-atrophic 
hyperplasia, and alteration in radiation therapy [21, 22].

HGPIN has been associated with more than 50 genetic and molecular disorders. 
Both HGPIN and prostate cancer have been linked to at least 10 of these alterations. 
Up to 79% cases of prostate cancer exhibit TMPRSS2-ERG gene fusion [23]. Up to 
19% of HGPIN display the same fusion too, which has helped establish that HGPIN is 
the precursor state of cancer [24, 25]. A regulatory protein for mTOR, 14–3-3σ is over 
expressed in both HGPIN and prostate cancer [26]. Micro-satellite instability (MSI) 
and a positive Replication error phenotype (RER+) was seen to be present more in 
prostate cancer than PIN lesions [27]. FAS (fatty acid synthetase) and p53 expression 
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was also seen more in PIN and Prostate cancers than in normal tissues [28]. Bcl2 has 
been reported to be expressed in both low- and high-grade PIN [29].

Chromosomal anomalies such as gain of chromosome––8,10,7,12 and Y or loss 
of heterozygosity of chromosome 8p12–21, telomerase activation in some foci and 
epigenetic events such as hypermethylation has been seen in HGPIN [30–33]. Other 
markers include HER2/neu, c-erb-3 oncoproteins, c-met-proto-oncogene, inducible 
nitric oxide synthase, alpha-methylacyl-CoA racemase, glycoprotein A-80, apoli-
poprotein-D, and p16INK4A [34–37]. The finding of PIN in biopsy warrants further 
search for synchronous invasive carcinoma. A follow-up biopsy should be done at 
3–6 months for 2 years and thereafter yearly for the rest of life.

7.2  Prostatic adenocarcinoma

The prostatic adenocarcinomas are usually present in males older than 65 years 
of age but may be seen in younger men as well. Clinical presentation includes 
dysuria, weak or interrupted flow of urine, nocturia, bladder or fecal incontinence, 
hematuria or hematospermia, painful ejaculation, erectile dysfunction, pain in 
the back, hips, or pelvis along with nonspecific symptoms of malignancy such as 
cancer cachexia [1, 38].

7.2.1  Prostatic acinar adenocarcinoma (conventional adenocarcinoma)

This cancer accounts for nearly all prostatic adenocarcinomas. The acini cells 
line the prostate’s fluid-secreting glands. The cancer starts growing in the periph-
ery of the prostate near the rectum, resulting in the late occurrence of urinary 
symptoms. It remains relatively indolent, and patients survive a long time after 
the diagnosis. Asymptomatic tumors are detected by digital rectal examination or 
by increased PSA levels. Local spread of adenocarcinoma occurs through extra-
prostatic extension or seminal vesicle invasion. Distant metastasis occurs when 
carcinoma invades the lymphovascular spaces. The most common sites of metas-
tasis are regional pelvic lymph nodes, bones, and lungs. Rare sites include the liver 
and the testis [1, 39].

Grossly, the tumor is firm, gritty, and less spongy than surrounding non-neoplas-
tic prostate [1]. Microscopically, there is haphazard proliferation of crowded, uniform 
small acini with irregular contours arranged in back-to-back fashion showcasing an 
infiltrative pattern. The acini are lined by a single layer of epithelial cells, and the 
basal cell layer is absent. The epithelial cells are cuboidal or columnar and have abun-
dant amphophilic cytoplasm along with pleomorphic nuclei with the presence of one 
or more prominent macronucleoli. The presence of mitotic figures is according to the 
grade of the tumor. Corpora amylacea is rare. Intraluminal crystalloids, blue mucin, 
glomerulations, collagenous micronodules, and circumferential perineural inva-
sion are some of the other features found in this carcinoma [1, 39, 40]. The unusual 
histological patterns include:

• Atrophic adenocarcinoma (including aberrant p63 +): There is glandular prolif-
eration with an infiltrative growth pattern; neoplastic cells have large nuclei 
with prominent nucleoli; glands lack basal cell layer. Many glands have scant 
cytoplasm, non-lobular, and infiltrative appearances on low power. High power 
shows some glands with abundant cytoplasm and other glands with scant cyto-
plasm (atrophic) but with an infiltrative architecture [39–41].
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• Pseudohyperplastic adenocarcinoma: It occurs in the transition zone. Two of the 
following patterns are observed on low power:

a. Crowded glands lined by pseudostratified epithelium having rounded nuclei and 
a prominent nucleolus.

b. Large acini: Features associated with prostatic neoplasia, such as intraluminal 
crystalloids, pink amorphous secretions, and wispy blue mucin, are seen in a few 
cases. Discovery of intraluminal crystalloids at low magnification in hyperplas-
tic-appearing glands may provide a diagnostic clue as to the presence of pseudo-
hyperplastic carcinoma. It may be underdiagnosed because the pseudostratified 
epithelium looks like hyperplasia or HGPIN [39–41].

• Microcystic adenocarcinoma: It exhibits gland dilatation with intermediate-sized 
glands that are 10 times the size of usual small acinar adenocarcinoma glands. 
The expansion of the luminal spaces generates a rounded profile, and the 
luminal cell lining layer is flat, with or without atrophic changes. Intraluminal 
crystalloids and blue mucin are uniformly present. There is always admixture 
with usual small acinar adenocarcinoma, which most often comprises the 
majority of the tumor [39–41].

• Foamy gland adenocarcinoma: There is the presence of small glands with tall 
and columnar tumor cells, along with the occurrence of abundant foamy 
cytoplasm, luminal secretions, and bland nuclei. Occasionally, consist of 
cribriform, fused, or poorly formed glands, cords, single cells, or solid sheets. 
Gleason pattern 4 or 5. Can be underdiagnosed on a core biopsy [39–41].

• Mucinous (colloid) adenocarcinoma: Cut surface is mucinous/glistening. 
Uncommon variant. There is presence of extracellular mucin in at least 25% 
of tumors. Neoplastic cells having a variable degree of cytological atypia and 
glands float within lakes of extracellular mucin. The cribriform pattern is 
the most common, showing mucin within the gland lumina and dissecting 
between stromal muscle fibers. It is considered Gleason grade 4, showing 
aggressive biological behavior [39, 40].

7.2.1.1  Subtypes of prostatic acinar adenocarcinoma

a. Signet ring-cell like adenocarcinom: At least 25% of tumors consist of cells with 
a cytoplasmic vacuole that displaces the nucleus to the side (signet ring cell 
morphology). The cells, arranged mainly in small nests, diffusely infiltrate the 
stroma and invade the perineural and vascular spaces as well as the capsule of the 
prostate [42].

b. Pleomorphic giant cell adenocarcinoma (PGCC): It is an aggressive form of 
prostatic adenocarcinoma. PGCC is defined by extreme nuclear atypia and 
pleomorphism, with characteristic bizarre multinucleated and mononuclear 
giant cells, usually with abundant cytoplasm and often atypical mitoses. 
Additional clinicopathologic features are perineural and/or lymphovascular 
invasion, cribriform architecture, and/or intraductal carcinoma or tumor 
necrosis [43].
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c. Sarcomatoid carcinoma: Biphasic tumor with carcinomatous and spindle sarcoma-
toid components. The sarcomatoid areas are composed of spindle cells with large, 
pleomorphic, hyperchromatic nuclei and a high mitotic rate [39, 40].

d. PIN-like carcinoma: Rare tumors characterized by crowded, often cystically 
dilated glands architecturally resembling HGPIN, lined by malignant pseu-
dostratified columnar epithelium. In some cases, the pseudostratified neoplastic 
epithelial cells are elongated, whereas in other cases the cells are cuboidal and 
nuclei are rounded with prominent nucleoli that are variably present. The histo-
logic features overlap with pseudohyperplastic subtype [44]. According to WHO 
2022, PIN-like carcinoma is classified as a subtype of acinar adenocarcinoma 
(although it can be related morphologically to ductal adenocarcinoma as well) [7].

7.2.2  Prostatic ductal adenocarcinoma

This cancer is a rarer but more aggressive form of adenocarcinoma. It develops in 
the cells lining the tubes and ducts of the prostate gland. It frequently develops along 
with acinar adenocarcinoma. It may not necessarily increase PSA levels, making it 
harder to detect. It may have papillary or polypoid mass extending into the urethra. 
Prostatic ductal adenocarcinoma (PDA) consists of large glands composed of tall colum-
nar cells, which often have pseudostratified nuclei. The main patterns include cribri-
form, papillary, solid, and PIN-like pattern. The cribriform and papillary architecture 
are composed of pseudostratified columnar cells along with the occasional presence of 
comedo necrosis. The neoplastic cells have atypically large nuclei with coarse chroma-
tin and large nucleoli. Mitotic figures are persistent. Considered Gleason grade 4 (or 
5 if comedo necrosis present). The cribriform pattern in ductal adenocarcinoma has 
been shown to be more likely to have extraprostatic extension, seminal vesicle inva-
sion, lymphovascular invasion, and advanced pathologic stage [39, 40].

7.2.3  Immunohistochemistry

Immunohistochemistry (IHC) offers limited utility in prostate adenocarcinomas as the 
diagnosis is based primarily on histomorphological features. Its application is known for 
enhancing the diagnostic accuracy mainly for prostate biopsies or identifying meta-
static prostatic cancers in other organs [45]. During the interpretation of IHC markers, 
clinical, radiological, and histomorphological details should always be kept in mind. 
The use of these markers is mainly warranted in certain specific conditions, namely:

7.2.3.1  Diagnosis of minimal adenocarcinoma on needle biopsies

Small adenocarcinomas (measuring <1 mm or involving <5% of needle core tis-
sue) form one of the most common adjunctive studies for use of IHC markers against 
basal cells [46, 47]. The most widely used immunomarkers for this purpose are 
high-molecular-weight cytokeratins (HMWCK) such as 34bE12 and p63. p40 which 
is an isoform of p63 is comparable for identifying basal cells. It is noteworthy that the 
loss of basal cells is not specific for carcinoma and may also be observed in benign 
pseudoneoplastic conditions like atrophy and adenosis [47, 48].

AMACR (also called P504S and racemase) is an α-methylacyl-CoA racemase that 
plays a role in the beta-oxidation of branched-chain fatty acids and fatty acid deriva-
tives [49]. It shows positivity in prostatic adenocarcinoma with a high sensitivity and 
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specificity. Of all cases, 80–100% of acinar adenocarcinomas show positivity, with char-
acteristic granular cytoplasmic staining, sometimes with luminal accentuation. It also 
shows positive staining in most cases of HGPIN and thus cannot distinguish between 
invasive and noninvasive epithelium. This warrants the need for its use in conjunction 
with basal cell markers. In an ideal world, a malignant gland should show luminal 
reactivity for P504S in the luminal cells and absence of staining for the two basal cell 
markers, whereas the opposite should be true for benign glands. Another antibody 
named ERG protein expression shows high specificity for neoplastic prostatic glandular 
epithelium, but its sensitivity is only about 50% and does not add value beyond basal 
cell markers and AMACR expression for diagnosing minimal adenocarcinoma [50].

7.2.3.2  Distinction between poorly differentiated prostatic carcinoma and urothelial 
carcinoma

The best immunomarkers to aid in this differential diagnosis are PSA and 
GATA3 [46]. PSA is positive in 90–95% of high-grade adenocarcinomas of the 
prostate and negative in urothelial carcinomas whereas GATA3, a zinc finger tran-
scription factor shows positivity in 80% of high-grade urothelial carcinomas and 
is almost always negative in prostatic adenocarcinoma. Other markers to confirm 
prostate origin are NKX3.1 (a homeobox-containing transcription factor), p501S, 
PSAP, and PSMA [46].

7.2.3.3  Differentiation of high-grade adenocarcinoma of the prostate from 
granulomatous prostatitis/xanthoma

The differential of a xanthoma or granulomatous prostatitis may arise in certain 
histological variants, such as the foamy gland variant of adenocarcinoma. The use of 
epithelial markers such as AE1/AE3 and CAM5.2, which show positivity for prostatic 
adenocarcinoma cells along CD68-staining histiocytes, will help in this distinction.

7.2.3.4  Differentiating between high-grade adenocarcinoma of the prostate and 
urinary bladder adenocarcinoma

The markers for high-grade prostatic adenocarcinoma are PSA, PSAP, and pros-
tein. PSA and PSAP antibodies show high sensitivities (90–95%) for high-grade 
prostatic adenocarcinomas (Gleason score 8–10). They generally do not react with 
bladder adenocarcinoma, but sometimes even these markers may show positive 
staining. Therefore, the use of CDX2 and carcinoembryonic agent (CEA) which show 
a sensitivity of 47–65% for bladder adenocarcinomas, along with prostate-specific 
markers, is recommended [46].

7.2.3.5  Discrimination of high-grade adenocarcinoma of the prostate from colorectal 
adenocarcinoma

Both prostatic adenocarcinomas and colorectal carcinomas show proclivity for 
older males, and thus colon carcinoma serves as an important differential diagnosis. 
CDX2 and villin show positivity for cells of colon carcinoma and should be applied in 
adjunct to PSA, PSAP, and PSMA [46].
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7.2.3.6  Diagnosis of metastatic adenocarcinoma of the prostate

Immunomarkers that help in proving prostatic origin are PSA, PSAP, prostein, 
and NKX3.1 with each of the markers reproducing a sensitivity of >94% [46, 51]. The 
use of PSA and PSAP is limited, as their expression may be decreased after androgen 
deprivation therapy [52]. Also, PSA shows immunoreactivity in some salivary gland 
neoplasms, while PSAP shows positivity in both salivary gland neoplasms and neuro-
endocrine carcinomas. It is also interesting to note that some cases of urinary bladder 
adenocarcinomas have shown positivity for prostein, but the characteristic granular 
perinuclear staining is not seen [53]. These evidences prove that NKX3.1 is highly 
specific and thus most reliable for prostatic adenocarcinomas [51]. Prostate-specific 
markers of limited diagnostic utility are PSMA, ERG, AR, and AMACR due to low 
sensitivity and specificity.

7.2.4  Molecular profiling

Large-scale genomic studies done in the recent past, including The Cancer 
Genome Atlas (TCGA) have lended further insights in understanding the molecu-
lar landscape of somatic DNA alterations in prostate cancer [54–57]. The most 
common molecular alterations associated with the initiation of prostate cancers 
are MYC overexpression, shortening of telomeres, inactivation of GSTP1 and 
other genes by CpG island hypermethylation, and gene fusions involving ETS 
transcription factors (TMPRSS2::ERG). Some genes, such as the PI3K, MYC, and 
p53 pathways are altered in sporadic prostate cancer, whereas the RAS-MAPK 
pathway has shown little evidence. Noteworthy oncogenic drivers in 25–50% cases 
are androgen-driven ETS factors, withTMPRSS2-ERG fusion being most common. 
Other members of the ETS family that serve as 3′ partners include ETV1, ETV4, 
ETV5, and FLI1 [58, 59]. The prevalence of these ETS rearrangements ranges  
from 27–79% [59].

Other cases of acinar adenocarcinoma of the prostate are driven by somatic muta-
tions involving FLU, SPOP, FOXA1, or IDH1 which are mutually exclusive with ETS 
rearrangements and with each other. Progression of the disease is mitigated by gain of 
8q24 (including MYC), loss of PTEN, inactivation of TP53, and additional mutations 
and hypermethylation events. The association of these genetic alterations is associ-
ated with a worse prognosis and goes on to prove that genomic instability is central to 
the disease progression of prostate cancers [60, 61].

Metastatic prostate cancers initial sensitivity to androgen deprivation or 
androgen receptors (AR) blockade, yet most cases progress to castration-resistant 
prostate cancer. This transition is seen to have association with AR gene amplifica-
tion, mutation, or rearrangement, and/or with the activation of AR splice variants 
[62, 63]. This concludes that AR remains a key driver of late-stage disease. About 
20% of metastatic prostatic carcinomas harbor germline or somatic alterations in 
DNA repair genes involved in homologous recombination repair (HRR), mismatch 
repair, and other genes, such as BRCA1, BRCA2, ATM, CHEK2, FANCI, and 
PALB2 [57, 64, 65]. These findings have prompted the current guideline recom-
mendations for germline and/or somatic testing for DNA repair defects in men 
with aggressive primary tumors and in men presenting with metastatic prostate 
cancer [66, 67].
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7.2.5  Grading

The Gleason system is widely accepted and preferred grading system throughout 
the world for prostate adenocarcinoma [68]. It has undergone several modifications 
over the past 50 years, most recently after the International Society of Urological 
Pathology (ISUP) consensus conferences in 2005, 2014, and 2019 and the 2019 white 
paper by the Genitourinary Pathology Society (GUPS) [69–72]. The major modifica-
tion happened in its manner of grading going from traditional Gleason grading to the 
now accepted grade group (GG) system [70].

The system is based primarily on the pattern of growth of neoplastic glands on 
low-power magnification, where 5 patterns are described, with 1 showing maximum 
differentiation and 5 showing least differentiation (Table 2). Owing to the heteroge-
neous tumor differentiation, prostate cancers often exhibit more than one pattern. In 
the traditional grading system, the most common patterns (primary and secondary) 
were recorded to derive the Gleason score (GS), however, it has now been revised to 
the primary and worst patterns for biopsy. The sum of these patterns constitutes the 
Gleason score that ranges from 2 to 10 [73–75]. This grading does not consider nuclear 
and cytoplasmic features.

The 2005 ISUP consensus conference introduced a key number of changes, most 
noteworthy was Patterns 1 and 2 are no longer assigned to core needle biopsy speci-
mens and are rarely used in radical prostatectomy (RP) specimens, leaving an effec-
tive range of 6–10 for Gleason scores.

Gleason pattern Representative Diagram Key morphological features Comments

1 and 2 Discrete regular glands; 
circumscribed, rounded 
nodules

Not used for needle 
biopsy specimens; 
very rarely used 
in grading radical 
prostatectomy 
specimens

3 Discrete glands with marked 
variation in size and shape; 
infiltration between non-
neoplastic acini
Includes pseudohyperplastic, 
atrophic, and microcystic 
patterns

No longer includes 
cribriform or 
glomeruloid glands 
after the ISUP 2005 
and 2014 consensus 
conferences

4 Fused microacinar glands, 
poorly formed glands 
without well-defined 
lumina, cribriform glands, or 
glomeruloid glands

5 Minimal glandular 
differentiation, comprising 
solid sheets, cords, small solid 
cylinders, or single cells OR 
Solid, cribriform or papillary 
structures with central 
necrosis (comedocarcinoma)

Table 2. 
Gleason grade patterns (after the ISUP 2005 and 2014 modifications).
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Also, since 2005 it is recommended to derive the GS by adding the primary pattern 
with the worst pattern for core needle biopsy, unlike radical prostatectomy specimens 
where the score is derived from the sum of the primary and secondary prevalent 
patterns [69]. Some radical prostatectomy specimens may show more than 2 patterns, 
where the worst pattern (pattern 5) represents the smallest volume, being referred 
to as the tertiary high-grade pattern. In such situations, if the tertiary grade pattern 
constitutes >5% of the tumor volume, it becomes the secondary pattern in Gleason 
scoring [71, 72, 76, 77]. Higher tertiary pattern volumes are associated with a worse 
prognosis and reported despite the 5% cut-off being somewhat arbitrary. If the 
higher-grade component constitutes <5% of the tumor, it is to be dealt differently in 
the 2019 ISUP and GUPS systems (Table 3).

In 2014 ISUP conference, the concept of grade groups (GG1-GG5) was endorsed. 
It is also referred to as “ISUP grade” or simply “WHO Classification of Tumors grade 
(WHO grade)” in order to separate it from the other grade grouping systems used 
before 2013. The most distinctive advantage is with respect to the communication of 
results to patients, clinicians, and researchers. This advantage can be understood by 
noting that Gleason score 3 + 3 = 6 cancers are assigned Gleason Grade Group (GG1) 
which highlights their generally favorable prognosis, whereas 3 + 4 = 7 cancers (GG2) 
are placed in a separate grade group compared to 4 + 3 = 7 cancers (GG3) highlighting 
the higher risk of recurrence associated with the latter (Figures 6–8; Table 4) [70, 78].

7.2.6  Serum prostate-specific antigen levels

PSA is secreted into the seminal fluid, where it is responsible for semen liquefac-
tion. The release of PSA into the bloodstream enables the detection in serum. Serum 
PSA levels correlate with the risk of prostate cancer in most instances. When com-
bined with patient age, digital rectal examination findings, and additional factors 
such as race and family history, serum PSA can be used to assess the need for biopsy.

The established normal range is 2–4 ng/ml [79]. The use of PSA for screening is lim-
ited as its levels can be raised in BPH and prostatitis, as well as with mechanical manipu-
lation of the prostate gland. These factors, when coupled with the biological variation of 
PSA concentrations, result in its low specificity and low positive predictive value.

For improving the specificity of PSA testing, several PSA derivatives are now 
being used. These include PSA density (the ratio of PSA to gland volume), PSA 

Issues GUPS 2019 
Recommendations

ISUP 2019 
Recommendations

Minor/tertiary 
pattern in RP 
specimen

GP3 (25%), GP4, and GP5 
pattern in RP present with 

GP5 < 5%

GS 3 + 4 = 7 or 4 + 3 = 7 with minor/tertiary pattern 5

> 95% GP3 with <5% GP4* GS 3 + 4 = 7 GS 3 + 3 = 6 with minor/
tertiary pattern 4

> 95% GP3 with <5% GP5* GS 3 + 5 = 8 GS 3 + 3 = 6 with minor/
tertiary pattern 5

> 95% GP4 with <5% GP5* GS 4 + 5 = 9 GS 4 + 4 = 8 with minor/
tertiary pattern 5

Table 3. 
Unresolved disagreements between GUPS and ISUP recommendations.
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doubling time, PSA velocity (the change of PSA over time), and age- and race specific 
PSA reference ranges. This step has resulted in modest improvements in the specifici-
ties in some studies [80, 81]. While these studies are potentially important, the results 
will remain underutilized unless they are able to provide information on how to 
address clinically relevant questions.

7.2.7  Metastasis

Hematogenous route is the most common mode of spread. Higher grade, larger 
primary and increase in local stage has been associated with increased likelihood of 
metastasis [82].

Bone (90%): Prostate cancers show predisposition for spread to bone, mainly due 
to the unique microenvironment and high vascularity (seed and soil hypothesis), 
although it is not universal [83]. Ten percent of new cases are identified after bony 
metastasis, while 70–80% of all the relapsed cases post radical prostatectomy also 
show bony metastasis [82]. Lesions are more osteoblastic than osteolytic. Multifocal 
small lesions in the axial skeleton, particularly in close proximity to bone marrow, are 
the most common pattern. Patients present either with cord compression symptoms, 

Figure 6. 
Gleason grade 3 pattern showing well-formed glands with infiltration, H&E, 100x.

Figure 7. 
Gleason grade 4 pattern showing ill-defined glands in a cribriform pattern, H&E, 100x.
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or pathological fractures. The spine (lumbar vertebrae particularly), pelvis, and ribs 
are the most common sites of spread [82, 83].

Viscera: Lungs (45%), liver (25%), and pleura (21%) are the most common visceral 
organs involved, while others including peritoneum, adrenal, ureters, kidney, menin-
ges, spleen, testis, etc., have been noted [83]. Neuroendocrine tumors have a propen-
sity toward visceral metastasis compared to bone.

Node: Nodal metastasis is associated with high risk (10-year survival of 47–86%) 
and poor outcome. The location of the organ makes excision of the entire drainage 
network unfeasible. Most commonly, the regional pelvic nodes are involved, followed 
by paraaotic and mediastinal nodes [2].

Figure 8. 
Gleason grade 5 pattern showing single cell infiltration along with solid sheets, H&E, 40x, 100x (Inset- left) and 
400x (Inset- right).

Grade 
Group

Gleason 
Score

Definition

1 6 Only individual, discrete, well-formed glands

2 3 + 4 = 7 Predominantly well-formed glands with lesser component of poorly formed/
fused/cribriform/glomeruloid glands

3 4 + 3 = 7 Predominantly poorly formed/fused/cribriform/glomeruloid glands with lesser 
component of well-formed glands

4 4 + 4 = 8,
3 + 5 = 8,
5 + 3 = 8

Only poorly formed/fused/cribriform/glomeruloid glands or Predominantly well-
formed glands and lesser component lacking glands or Predominantly lacking 

glands with lesser component of well-formed glands

5 4 + 5 = 9,
5 + 4 = 9,
5+ 5 = 10

Lack of gland formation (or with necrosis) with or without poorly formed/fused/
cribriform glands

Table 4. 
Histologic Definition of the Grade Groups.
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Figure 9. 
PNI, H&E, 400x.

7.2.8  Prognostic factors

Prostate cancer has one of the best survival rates, with a 5-year rate of 97% in the 
United States [84]. Survival time will be determined by multiple factors. Metastatic 
foci act as a sign of poor prognosis [82]. Others include:

Age: With advancing age (especially more than 65 years), tumors present at a 
higher stage and also have an increased risk of post-procedural complications [85].

Tumor volume: A study by McNeal et al. [85] correlated increased tumor burden 
(critical volume 12 cc) with a higher degree of node positivity, capsular breach, loss of 
differentiation, positive margins, and a higher risk of metastasis [85].

Zone of involvement: According to McNeal’s Zones, cancers arising from the 
transitional zone have more favorable pathological features than those arising from 
the peripheral zone [85].

Heterogeneity and multicentricity: Multifocality is associated with a higher grade, 
stage, and recurrence compared to unifocal prostate cancer [85].

Grading: Gleason grade still is the strongest clinical predictor for cancer progres-
sion. A grade more than 7 is associated with higher risk of extra-prostatic extension, 
recurrence post-therapy, and mortality [85, 86].

PSA: Baseline and rapid rise of PSA levels have been well included in the risk estima-
tions for the survivability of prostate cancer outcomes as well as for follow-up of patients 
post-therapy. High level of PSA has been a good screening tool to further evaluate patients 
for cancer. Rapid rise in post-therapy levels is a strong predictor for poor outcome [86].

Perineural invasion (PNI): PNI has been the major mechanism of extra-capsular 
extension by cancer cells in prostate. However, the amount of prognostic influence is 
debated upon (Figure 9) [86].

PIN: PIN has also been under conflicting reports regarding its influence in prog-
nosis. A low-grade PIN is not reported. A high-grade PIN, in absence of carcinoma, 
may have an increased risk of detecting malignancy, however, in its presence, may not 
have any prognostic relevance [87].

Intraductal carcinoma: It is an independent prognostic risk factor for survival and 
is associated with high Gleason’s Grade, larger tumor burden, and increased risk of 
metastasis [87].

Extra-prostatic extension: It has an independent poor prognostic outcome resulting 
in a higher progression rate and decreased survival [87].
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Positive margins: It is one of the most significant prognostic factors after grading of 
the tumor. A positive margin has been associated with biochemical recurrence of the 
cancer. Combined with Gleason’s grade of the margin, the presence of any Grade 4/5 
pattern has doubled the risk of biochemical recurrence than of Grade 3 [87].

Other biochemical prognostic factors: Low E cadherin expression, high IGF expres-
sion, p53 mutations, decreased p27 levels, high p21 levels, and high ploidy status are 
few of the biochemical parameters known to influence prognosis and decrease surviv-
ability of the patients. AR mutations have been a major cause of hormone therapy-
resistant prostate cancer, decreasing survivability and increasing recurrence [85].

7.2.9  Mimickers of malignancy

1. Prostatic atrophy: Atrophic glands may have open lumina, crowded cells, scant 
cytoplasm, and an increased N:C ratio [2]. Post-atrophic hyperplasia will have an 
increased number of similar glands and less stroma. There can be isolated areas 
of increased proliferation, dilated glands surrounded by fibrosis, etc. Partial at-
rophy can show focal areas of crowding and disorganization with a mild increase 
in the N:C ratio. Gland-forming adenocarcinomas have basally situated nuclei 
and pale to amphophilic abundant cytoplasm, rather than scant. Basal markers 
are consistently negative; however, atrophy may show patchy negative in some 
areas. AMACR may be positive in those patchy basal-negative areas.

2. Seminal vesicles/ejaculatory duct: Edge of prostate cores may show the irregular 
glandular epithelium of seminal vesicle with luminal projection diverticulations 
and mild nuclear degenerative atypia. The presence of prominent lipofuchsin 
granules is an aid, although enlarged lysosomes in normal prostate glands may ap-
pear similar. Lipofuchsin-like granules are absent in cancer cells. Prostate markers 
are negative in seminal vesicles. The basal layer is intact in the seminal vesicle.

3. Adenosis: Adenosis, especially atypical adenomatous hyperplasia, can show 
numerous crowded pale staining glands, with focal conspicuous nucleoli re-
sembling a nodule of low-grade adenocarcinoma. There is an abrupt transition 
from normal glands to malignant glands in carcinoma compared to the smoother 
transition in adenosis. Glands of adenocarcinoma are haphazardly arranged and 
infiltrate the stroma at right angles to each other, compared to the lobular ar-
rangement of adenosis. Associated complexity of glands like branching, irregular 
shape, and papillary infolding are more features of benign disease than malig-
nant. Basal cell markers are intact, at least focally, in adenosis.

4. Sclerosing adenosis: Small relatively localized foci of glands resembling ordinary 
adenosis, merging with cords and singly scattered cells with occasional conspic-
uous nucleoli. Hyalinized basement membrane-like component in a few glands. 
Prominent stromal component in sclerosing adenosis, absent in malignancy. 
Myoepithelial cell markers are absent in cancer.

5. Others:

Conditions simulating low grade (Gleason score 6): Cowper glands, radiation atypia, 
basal cell hyperplasia, nephrogenic adenoma, verumontanum hyperplasia, meso-
nephric hyperplasia.
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Conditions simulating high grade (Gleason score 7–10): Nonspecific granulomatous 
prostatitis, paraganglia, clear cell cribriform hyperplasia, xanthoma, signet ring cell 
lymphocytes (degenerated or artifactual changes in lymphocytes).

7.3  Squamous cell carcinoma prostate

Squamous cell carcinoma prostate (SCC), accounts for less than 1% of all carcino-
mas of prostate [88]. The age at diagnosis ranges from 52 to 79 years [89]. The patients 
present with complaints of straining during micturition, weak stream, hesitancy, 
dysuria, infection, and bone pain due to metastases. Bony lesions in SCC, unlike 
prostatic adenocarcinoma, are osteolytic [90–92].

Numerous theories suggesting the neoplastic cell of origin of SCC include either 
basal or reserve cells of acini of prostate or transitional epithelium of urethra or 
ducts [93, 94]. Other theories explaining the histogenesis are: (1) adenocarcinoma 
cells undergoing metaplastic transformation; (2) a collision-type tumor, in which the 
squamous component develops from metaplastic foci following radiation or hormone 
therapy; and (3) a potential deviance from pluripotent stem cells with the capacity for 
multidirectional differentiation [95–98].

Mott et al. described the first approved criterion to determine the histologic 
characteristics of SCC, which consisted of the following: (1) an invasive disordered 
growth and cellular anaplasia that clearly indicated the presence of a malignant 
neoplasm; (2) distinct squamous features, such as keratinization, squamous pearls, 
and/or multiple distinct intercellular bridges; (3) no glandular or acinar pattern; 
(4) no history of estrogen therapy; and (5) the absence of SCC elsewhere, espe-
cially in the bladder [88]. In order to distinguish between SCC and non-neoplastic 
squamous metaplasia, which might result from radiation therapy, estrogen therapy, 
infarct, acute or chronic prostatitis, or granulomatous prostatitis caused by Bacillus-
Calmette-Guérin, these parameters are crucial [99].

There is no specific and reliable IHC marker to differentiate between well-
differentiated SCC from atypical squamous metaplasia or primary prostatic SCC from 
metastatic squamous cell carcinoma, as highlighted by Lager et al. [100] Clinically, 
the serum PSA and PAP levels remain unchanged [91]. SCC is an aggressive tumor 
with a mean survival of 14 months. Patients present with poorly differentiated grade 
in 45% cases and metastasis in 32% cases [101, 102].

7.4  Adenosquamous carcinoma

Adenosquamous carcinoma (ASCC) of prostate is a very rare form of prostatic 
carcinoma, with an incidence of 0.03 cases per million; it is even rarer than squamous 
cell carcinoma of prostate [103]. Patients present with dysuria, pain in rectum or 
pelvis, urinary retention, infection, hematuria, or bone pain as a result of metastases.

ASCC are composed of both glandular and squamous components with the squa-
mous component accounting for an average of 40% tumor [5–95%] [104]. In a study 
conducted by Jue et al., it was seen that the majority of the patients with ASCC had 
poor or undifferentiated histology. The histogenesis of ASCC of the prostate can be 
understood by a number of theories: (i) adenocarcinoma cells undergoing metaplastic 
transformation; (ii) collision-type tumor; (iii) Pluripotent stem cells with the ability 
to differentiate in several directions represent the source of ASCC; (iv) Clonal evolu-
tion or divergence of persistent cancer, related to the selective pressure of therapy, 
would be a more likely explanation for ASCC occurring after radiation or androgen 
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deprivation therapy [96, 105–109]. Glandular cells are positive for PSA, PAP, low 
molecular weight keratin (LMWK), and negative for high molecular weight keratin 
(HMWK), while the squamous component show positive staining HMWK and 
negative for LMWK, PAP, and PSA [96]. The molecular mechanism of this neoplasm 
is poorly understood. DNA analysis of ASCC has shown that the adenocarcinoma 
component was diploid and the squamous component was aneuploid and tetraploid 
[107]. The disease typically spreads by metastases, most commonly to lymph nodes 
and bones. The prognosis is dismal, with the expected median survival time to be 
only 12–14 months.

7.5  Adenoid cystic carcinoma prostate

Also known as basaloid carcinoma or adenoid cystic-like tumor, adenoid cystic 
carcinoma prostate (ACC) of prostate is a rare yet unique variant (incidence: 0.01%) 
that shares similar histomorphology to its salivary gland counterpart. They have 
insidious onset with recurrent and metastatic potential, as shown by few studies. The 
patients complain of obstructive symptoms or hematuria [110, 111]. The age bracket 
extends from 28 to 97 years and a peak between 60 and 75 years. Serum analysis yields 
a near normal serum PSA level. Patients in whom serum PSA level was raised were 
invariably found to have foci of prostatic adenocarcinoma. These findings suggest the 
difference in cell of origin of ACC, which are the non-secretory basal cells, and the 
importance of histomorphological and immunohistochemical staining in the diagno-
sis of these cases [112].

ACC can be divided histologically into basaloid type or adenoid cystic type. The 
basaloid variant shows irregular, variably sized solid nests, cords, and trabeculae exhib-
iting peripheral palisading of basaloid cells, with individual cells showing pleomor-
phism, a high N:C ratio, an irregular nucleus, and infiltration of adjacent structures. 
There is minimal or absent cribriform arrangement in these types of lesions [112]. The 
adenoid cystic variant is identified by prominent cribriform architecture, hyalinized, 
eosinophilic, or mucinous stroma with mucoid secretion in the lumen [113].

7.6  Mesenchymal tumors of prostate

Leiomyoma is the most common benign mesenchymal tumor of prostate. 
However, it lacks the well-organized fascicles and does not show degenerative features 
such as hyalinization, necrosis, or calcification [114].

Sarcomas of prostate are classified as prostatic stromal tumor of uncertain malig-
nant potential (STUMP) and prostatic stromal sarcoma (PSS) based on degree of 
stromal cellularity, presence of mitotic figures, necrosis, and stromal overgrowth. 
They typically present with lower urinary tract obstruction and less commonly with a 
palpable mass, hematuria, hematospermia, or rectal fullness. They typically occur in 
the transition and peripheral zones of the prostate. The median age of presentation of 
STUMP is 57.5 years, which is slightly older than that of PSS, which is 51.5 years [115].

STUMP has five histological patterns: (1) hypercellular atypical stromal cells 
with a degenerative appearance, (2) hypercellular bland fusiform stromal cells, (3) 
phyllodes pattern, (4) myxoid stroma containing bland stromal cells, (5) epithelioid 
stromal pattern. It is positive for vimentin and PR, variably positive for CD34, SMA, 
and desmin, and uncommonly expresses ER. KIT, S100, and STAT6 are negative. It 
can be differentiated from Florid BPH by an extensive growth of atypical stromal 
cells and an absence of nodularity and thick-walled vessels [115].
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PSS is rare, accounting for <1% of prostatic cancers. It may be circumscribed or 
may infiltrate surrounding benign prostate glands. It shows diffuse stromal growth in 
storiform, epithelioid, fibrosarcomatous, or leaf-like patterns or can be patternless also. 
It often presents with diffuse stromal hypercellularity, cytological atypia, increased 
or atypical mitosis, and necrosis. It is positive for vimentin and variably positive for 
CD34, while usually negative for SMA and desmin and uncommonly expresses ER and 
PR. Epithelial markers like pancytokeratin are rarely positive. It has the potential to act 
aggressively and can metastasize to distant sites such as bone and lung [115].

8.  Conclusion

Prostatic parenchyma is known to show a variety of non-neoplastic and neoplastic 
pathologies. Being a retroperitoneal organ, a limited prostatic specimen is acquired 
via various guided methods or via complete organ excision. Much of the benign 
pathologies like BPH and prostatitis are well managed conservatively and have a good 
prognosis. Carcinomas of the prostate are the most common type of primary prostatic 
malignancy, with specific precursor lesions such as PIN. Recent advancements in 
molecular profiling have shed light on the genomic instability that drives prostatic 
adenocarcinoma. Key alterations, particularly in the androgen receptor gene, play a 
critical role in the transition to castration-resistant prostate cancer. The identifica-
tion of TMPRSS2-ERG gene fusions and other molecular markers has significantly 
enhanced our understanding of tumor behavior, paving the way for personalized 
therapeutic strategies.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 3

Anatomical Endoscopic 
Enucleation of the Prostate:  
An Overview
Ajay Bhandarkar, Nisarg Mehta and Rishabh Handa

Abstract

Lower urinary tract symptoms (LUTS) increase with age, primarily due to benign 
prostatic obstruction (BPO), affecting about 80% of men above 80 years of age with 
a significant impact on quality of life (QoL). Treatment varies from pharmacotherapy 
to surgery based on the severity of LUTS. Transurethral resection of prostate (TURP) 
has been considered the standard of care for surgical management of LUTS/BPO. 
However, in the last few decades with technological advancements and shortfalls of 
TURP, newer techniques for surgical treatment have emerged. These techniques score 
over TURP in many ways providing significant functional improvements, shorter 
hospital stays, and lower complication rates compared to conventional resection 
techniques. Advancements in laser technology and surgical approaches have estab-
lished anatomical endoscopic enucleation of the prostate (AEEP) as a gold standard 
for benign prostatic hyperplasia (BPH) surgery. AEEP offers excellent functional 
outcomes, reduced bleeding risks, shorter catheterization times, and lower hospital 
stays, making it suitable for a wide range of patients, especially those with large 
prostates. Long-term functional outcomes of AEEP are superior to TURP irrespective 
of the technique or energies used. Future research should aim to optimize surgical 
techniques, explore ejaculatory-sparing approaches, and standardize outcome report-
ing to further solidify AEEP’s role in BPO treatment.

Keywords: benign prostatic hyperplasia, laser enucleation of the prostate, benign 
prostatic obstruction, holmium laser, lower urinary tract symptoms, surgical 
intervention

1.  Introduction

The prevalence of LUTS increases with age, and it is predominantly due to BPH in 
men, which ultimately impairs QoL [1, 2]. Approximately 80% of men over the age 
of 80 years old experience LUTS. LUTS interfere with daily functioning, and elderly 
males with LUTS often feel emotional discomfort, such as depressive mood and 
anxiety [3]. The severity of LUTS and the risk of progression determines the choice of 
therapy in BPH. Pharmacotherapy for BPH has shown a morbidity of >10% in one of 
the reported studies [4]. Indications for the surgery include failure of medical therapy 
to reduce bothersome LUTS, intolerable pharmaceutical side effects, or the desire by 
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the patient to avoid taking long-term medical management. Other absolute indica-
tions for the surgical treatment are acute and/or chronic renal insufficiency, refrac-
tory urinary retention, recurrent urinary tract infections (UTIs), recurrent bladder 
stones, and recalcitrant gross hematuria [5].

Removal of the obstructing prostatic adenoma by open surgical enucleation, open 
prostatectomy (OP), is the oldest surgical treatment modality for moderate-to-severe 
LUTS secondary to BPH. OP reduces LUTS by 63–86%, improves IPSS-QoL score by 
60–87%, and increases maximum flow rate (Qmax) by 375% with a reduction of post-
void residue (PVR) by 86–98% [6]. Despite excellent clinical outcomes and long-term 
efficacy, several decades ago, OP was replaced by TURP. It was due to advancements in 
endoscopic equipment and reduced peri-operative morbidity following transurethral 
resection. TURP is still regarded as the standard surgical procedure for the treatment of 
LUTS secondary to BPO in small to medium (30-80 grams) prostates. No studies on the 
optimal cut-off value exist, but the complication rates after TURP increase with prostate 
size [7]. Transurethral (TUR) syndrome, bleeding, and infectious complications in the 
perioperative period following monopolar TURP (M-TURP) were the main reason to look 
for alternate sources of energy to be used in transurethral procedures which can be equally 
efficacious with minimum morbidity [8]. Bipolar TURP (B-TURP) has similar efficacy as 
compared to M-TURP but with lower peri-operative morbidity. Long-term results (up to 5 
years) for B-TURP showed that safety and efficacy are comparable to M-TURP [9].

Newer minimally invasive surgical treatment options for BPH have developed 
in the last three decades. Holmium laser enucleation of the prostate (HoLEP) was 
introduced in 1998 [10] marking the beginning of interest in endoscopic enucleation 
for the treatment of BPH. HoLEP proved to be safe and effective, especially in large 
prostates in many studies [11, 12]. Even non-laser energy like bipolar electrocautery, 
which was being used for the resection of prostatic adenoma, was found to be effec-
tive in the endoscopic enucleation of the prostate [13]. Laser energies like thulium 
yttrium-aluminum-garnet (YAG), potassium-titanyl-phosphate (KTP), and diode 
were initially used for vaporization or resection of the prostatic adenoma. The use 
of end-firing fibers in thulium/diode/greenlight lasers and concepts of separating 
prostate adenoma from the capsule in the proper surgical plane for enucleation 
established the fact that the technique of enucleation was more important than the 
energy used for enucleation [14]. The acronym anatomical endoscopic enucleation of 
the prostate (AEEP) was coined by Hermann in his editorial [15]. It became “standard 
of care” in the surgical treatment of BPH once it was included as a treatment of choice 
in many guidelines [16]. The major advantage of AEEP is the ability to remove the 
adenoma close to the anatomical plane between the surgical capsule and the adenoma. 
It is similar to what the index finger does during an OP procedure making it equally 
efficacious. Several studies demonstrated no significant differences between AEEP 
and OP in short and intermediate-term functional outcomes. The requirement of 
blood transfusion was significantly less with AEEP compared to OP [17, 18].

The overall morbidity of TURP is not statistically significant compared to 
minimally invasive treatment modalities, but the possibility of TUR syndrome is 
higher with M-TURP. The diversity of possible complications after TURP leads to an 
increased cumulative risk of adverse events. According to a meta-analysis published 
in 2010 [19], the most relevant complications include bleeding requiring blood trans-
fusion (2%; range: 0–9), TUR syndrome (0.8%; range: 0–5), acute urinary retention 
(AUR) (4.5%; range: 0–13.3), clot retention (4.9%; range: 0–39), and UTI (4.1%; 
range: 0–22). However, the size of the prostate and surgical experience plays a major 
role in TURP-related complications.
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Endoscopic enucleation of the prostate (EEP) procedures remove a maximum 
amount of prostatic tissue, which is equivalent to open enucleation leading to com-
plete resolution of obstruction. Enucleation is beneficial compared to resection in 
reducing hospital stay, hemoglobin loss, serum sodium decrease, blood transfusion 
rate, grade II, grade III complications, and early postoperative complications [20]. A 
study published by Madersbacher et al. [21] in 2005 reported a cumulative incidence 
of secondary TURP procedures of 2.9, 5.8, and 7.4% at 1, 5, and 8 years, respectively, 
following the procedure. HoLEP is the most widely analyzed and reported endoscopic 
enucleation procedure. The risk of re-operation following HoLEP was variable in 
different published studies [21]. An interesting meta-analysis [22] published in 2020 
reported that there was no statistical difference in functional outcomes following the 
use of laser or non-laser energy sources for EEP. However, the overall weight of the 
prostatic tissue enucleated was higher (no clinical significance) and hemoglobin drop 
was lower when laser energy source was used.

The surgical treatment for LUTS seems to be safe for all age groups as the mortality 
after any transurethral procedures was found to be less than 0.5%. AEEP has margin-
ally less mortality compared to TURP. Higher postoperative mortality is believed to 
be associated with increasing age, high Charlson Comorbidity Index (CCI) score, 
and atrial fibrillation as independent risk factors [23]. It is strongly recommended to 
carefully consider the type of surgical procedure and weigh the risks and benefits on a 
case-to-case basis.

2.  The evolution of AEEP

Many medical technologies have evolved because of cumulative selection, and 
EEP is no exception. TURP has been the gold standard surgical treatment for BPH for 
decades. However, the morbidities following TURP, such as risk of TUR syndrome, 
bleeding complications, and limitations of resection for large prostate size (>100 
grams), were the driving factors to shift to EEP. The first transurethral prostate 
enucleation was reported by Hiraoka and Akimoto in 1989 [24]. They reported a case 
series of 200 patients in which a bespoke blade was used to detach the adenoma from 
the prostate capsule.

A feasible transurethral endoscopic enucleation procedure could once again 
become a possibility with the advancement and application of laser technology in 
urology. Gilling and Fraundorfer [25] developed the HoLEP technique in Tauranga, 
New Zealand, in the mid-1990s. The evolution of this technique which started as an 
ablative procedure to the current enucleation one is due to the advances in the morcel-
lation techniques and laser technology. Before holmium laser, neodymium: Yttrium-
aluminum-garnet (Nd: YAG) laser was used for vapo-laser ablation of prostate 
(VLAP). It did not gain much enthusiasm due to concerns like delayed time to voiding 
and post-surgery dysuria. To overcome these shortfalls, Gilling et al. in 1994 intro-
duced hybrid/combination endoscopic laser ablation of the prostate (CELAP) tech-
nique using the Nd:YAG laser for circumferential coagulation followed by holmium 
laser ablation. Thus, a 60-watt laser with a single-use, side-firing fiber was used to 
vaporize the prostate’s surface in the first pure holmium-only laser ablation of the 
prostate (HoLAP) in 1994 [25]. The advantages of this procedure were good hemo-
stasis, short hospital stays, and an easy learning curve; however, cons included longer 
operative times, higher cost, and no tissue available for histopathology. To minimize 
the cost, Gilling et al. introduced reusable end firing fibers and used them to resect 
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the prostate; hence, the technique of Holmium Laser resection of prostate (HoLRP) 
was developed. During this evolving process, it was also realized conceptually that 
a plane between the prostate adenoma and the prostate capsule could be created 
endoscopically with ease, much like a surgeon’s finger shelling out an adenoma during 
an open retropubic prostatectomy. Hence, the term HoLEP was coined. Four key steps 
of HoLEP included: (1) creation of bladder neck incisions, (2) enucleation of the 
median lobe, (3) enucleation of the lateral lobes, and (4) transurethral morcellation. 
Initial results showed equivalent outcomes as compared to TURP and better feasibility 
in larger prostates (>100 g). Many improvements for tissue morcellators developed 
leading to increased acceptability of this technique among urologists. Various modi-
fications in the way enucleation was done have been described in the literature, for 
example, mushroom technique, en-bloc enucleation with all achieving the same 
overall results [13, 26].

Different energy sources were used following the same principles of HoLEP. In 
early 2000s, bipolar electrocautery was used for vaporization of prostate tissue. 
In 2006, Neil et al. [13] presented a randomized control trial between HoLEP and 
plasmakinetic bipolar enucleation of the prostate, which was found to be feasible 
with similar outcomes. The popularity of transurethral enucleation of the prostate 
using bipolar energy (TUEB) grew in Asia (especially China), and various modifica-
tions in the technique and instruments evolved over time. Liu et al. [27] published 
their study of transurethral enucleation and resection of the prostate (TUERP) 
with plasmakinetic energy in 2010. He popularized the concept of using mechanical 
energy (tip of the resectoscope) for the enucleation of adenoma in proper anatomi-
cal plane, coagulating the feeding blood vessels and creating large, detached adeno-
mas which were attached to the prostatic fossa at the bladder neck. These almost 
avascular adenomas were then resected with the bipolar electrocautery to complete 
the procedure. The aim of the procedure was to use single set of instruments to do 
the entire job, avoid morcellation procedure, and hence reduce the cost of treatment. 
Transurethral enucleation with bipolar (TUEB) using the transurethral resection in 
saline (TURis) system (Olympus) and the TUEB loop was developed by Olympus 
Corporation (Tokyo, Japan). Ken Nakagawa introduced the TUEB technique, by 
using the novel TUEB loop [28]. This bipolar electrocautery loop with enucleating 
spatula was useful for resection and enucleation with normal saline as irrigation. 
TUEB results were better than standard TURis technique, especially in large pros-
tates. The ‘button’ type vapo-resection electrode (Olympus Europe, Hamburg, 
Germany) was designed to use for vaporization of the prostate. But it was soon 
realized that, the button has enough strength to be used for mechanical enucleation 
of the adenoma off the capsule. The plasma-button enucleation technique, termed as 
bipolar enucleation of the prostate (BPEP), was reported to have significantly lower 
peri-operative morbidity and an improved post-operative recovery when compared 
with standard OP [29].

In 2005, Xia et al. [30] were the first to describe a technique using the thulium 
laser for resection of the prostate, whereby the prostate was cut into slices in what 
they termed the ‘tangerine technique’. Bach and Hermann et al. [31] described 
the vapo-resection of prostate in 2005, using the thulium laser system. In 2010, 
Herrmann et al. [32] described the three-lobe technique for thulium laser enucleation 
of the prostate (ThuLEP) with comparable functional results as HoLEP.

Greenlight laser prostate surgery was first described with a so-called, photo-
vaporization of prostate (PVP) technique [33]. One of the limitations of PVP is the 
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challenge encountered in large-volume prostates (>90 ml) in completely vapor-
izing the transitional zone. With PVP, operating times are longer, and retreatment 
rates can be as high as 9%. In 2015, Gomez Sancha et al. [34] described greenlight 
laser enucleation of the prostate (GreenLEP) to overcome these problems. It 
involved logical steps from standard vaporization to anatomic vaporization, then 
to vapo-enucleation, and finally to en-bloc enucleation. GreenLEP is a newer 
enucleation technique, and there is still a paucity of data concerning the long-term 
effectiveness of this approach.

The 982 nm wavelength high power diode laser was introduced in 2009 for rapid 
ablation of the prostate tissue [35]. The Eraser laser with a 1318 nm diode laser was 
found to be effective for cutting, coagulating, and sealing. It was compared with 
high-power PVP laser for ablation. Lusardi et al. [36] explored the use of this laser 
for prostate enucleation and reported it to be safe and effective for EEP. Diode laser 
enucleation of the prostate (DiLEP) for the treatment of BPH when compared with 
bipolar enucleation was non-inferior at one-year follow-up [37, 38].

The technique of AEEP has evolved over the last two decades. There is more 
than enough evidence to support its efficacy and safety in the surgical treatment 
of BPH.

3.  Why choose AEEP over TURP?

TURP has remained ‘the gold standard’ in the surgical management of benign 
prostatic enlargement (BPE) for decades. Many different modalities for the surgical 
management for BPE have been suggested in recent times. AEEP has stood out as one 
of the best options for many reasons. It primarily differs from TURP in that the entire 
adenomatous tissue is removed.

During TURP, one encounters bleeding vessels in most of the swipes as one resects 
through the adenomatous tissue, whereas in AEEP, blood vessels are encountered 
only on the inner surface of the peripheral zone as they perforate into the transitional 
zone. In a meta-analysis done by Wroclawski et al. in 2020, it was concluded that there 
was a statistically significant difference with reduced drop in hemoglobin, a lesser 
requirement of blood transfusions, shorter catheter time, shorter hospital stay in 
AEEP as compared to resection techniques [22].

One of the most important and widely accepted advantages of AEEP is in large 
prostates. The larger the prostate, the portion of the transitional zone (TZ) removed 
may be smaller, and the inter-surgeon variability in terms of completeness of adenoma 
removal is greater in TURP. Therefore, outcomes for vaporization and resection are less 
good for men with larger prostates. Kuntz et al. [39] reported that surgical re-treatment 
rates were significantly higher in TURP than those reported for AEEP in men with large 
prostates at 5-year follow-up. Gilling et al. [40] followed patients in their randomized 
trial comparing HoLEP versus TURP to a mean of 7.6 years. None in the HoLEP group 
had required a re-operation compared to 18% in the TURP group. A meta-analysis by 
Morozov et al. [41] done in 2023 showed that AEEP had a significantly lower re-opera-
tion rate and better functional outcomes (Qmax and IPSS) in long term compared with 
TURP. It may also be beneficial in terms of the International Index for Erectile Function 
(IIEF-5), PVR, and Prostate Specific Antigen (PSA) levels. Hence, it offers better 
safety and efficacy for a wider range of patients than any other procedure for prostatic 
enlargement.
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4.  The technique of AEEP

In AEEP, removal of the prostate adenoma is done by following a natural anatomi-
cal plane. In theory, this procedure when done properly, should be able to achieve 
maximal efficacy in a minimally invasive manner. Fraundorfer et al. [10] exploited 
this plane to launch HoLEP in 1998. It was following the same principles of OP carried 
out by the transurethral route. However, longer operative time, steep learning curve, 
and fear of urinary incontinence compelled further studies to modify the technique 
of enucleation. Several investigators used different energy sources (thulium/diode/
greenlight lasers, bipolar electrocautery) following the same surgical steps for AEEP.

1. “Three-lobe technique” where two longitudinal incisions from the bladder neck to 
verumontanum at 5 and 7 o’clock positions are made initially. These two incisions 
are joined proximal to verumontanum, and the entire median lobe is enucleated 
in a retrograde manner. Two lateral lobes are then enucleated after separating 
them by a third longitudinal incision at 12 o’clock position and two vertical inci-
sions distally around the apical region to separate the adenoma from its capsule 
proximal to the sphincter zone muscle fibers. Three lobes of prostatic adenoma 
enucleated independently from the prostatic fossa and pushed into the urinary 
bladder for removal by morcellation [10, 40]. Subsequently, many studies tried 
to simplify the technique by offering some modifications. Hochreiter [26] de-
scribed a “mushroom technique” whereby the enucleated prostate adenoma was 
kept attached to the prostate fossa at the bladder neck which was later resected 
with electrocautery to avoid a morcellation procedure.

2. “Two-lobe technique” published by Dusing et al. [42] reported that enucleation 
efficiency can be improved with modification of the technique and experi-
ence. A solitary posterior groove is made, and the median lobe is included in 
the enucleation of one of the lateral lobes, which saves operative time in large 
prostates. They also advocated the initiation of enucleation at the apex lateral to 
the verumontanum, as opposed to 12 o’clock anterior, as the plane between the 
adenoma and capsule is easy to identify around the verumontanum. Dissection 
is then carried lateral and circumferential to separate the lateral lobes. An early 
apical release by incising mucosa over the apical region and avoiding stress and 
strain of mechanical manipulations on the sphincter zone was found to reduce 
the incidences of urinary incontinence (UI) following this technique.

3. “En-bloc technique” is the modification where all three lobes of the prostate are 
enucleated as one unit. Enucleation is begun by incising mucosa around veru-
montanum and defining the posterior capsule. Then, the surgical plane is wid-
ened circumferentially and in retrograde fashion from the apical region to the 
bladder neck. Many variants of “en-bloc” enucleation are reported by different 
investigators [43, 44] claiming the superiority of their techniques. The ‘en-bloc’ 
techniques with early apical liberation have emerged with many theoretical ad-
vantages: better visualization, faster identification of the surgical capsule and the 
correct plane to dissect reduced operating time and amount of energy delivered, 
better preservation of the sphincter, and an improved learning curve compared 
to the three-lobe technique [45, 46].
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Future larger comparative studies are needed to evaluate true impact of the 
technique on outcomes of AEEP.

5.  Energies used for the AEEP

After Fraundorfer et al. [10] described the possibility of EEP with the use of 
holmium laser in 1998, many researchers tried to use various energy sources for 
EEP to match the results of HoLEP or improve it further. Much cited editorial [15] 
by Herrmann in 2016 steered discussion on focusing AEEP as a new gold standard 
surgical treatment in the BPO. Maximum studies comparing outcomes and complica-
tions among all AEEP techniques have been done with HoLEP; on the other hand, 
GreenLEP is the least studied one. It was soon realized that anatomical knowledge 
and the technique of enucleation were more important than the energies used for 
enucleation.

1. The holmium laser has a wavelength of roughly 2140 nm and can penetrate tissue 
for 0.4 to 0.5 mm. Holmium lasers operate in a pulsed form. High peak pressures 
have more mechanical effects on the tissues compared to thulium laser. This 
helps the holmium laser to follow the path of least resistance between the adeno-
ma and the surgical capsule. That may be the reason, HoLEP is considered to be 
more anatomic. However, many meta-analyses and studies found no significant 
differences in peri-operative or functional parameters [47].

2. The Thulium: YAG laser transmits energy as a continuous wave with a wavelength 
close to 2000 nm and its increased affinity for water absorption makes it an 
excellent vaporizing and cutting laser. ThuLEP uses blunt dissection to a greater 
extent and laser energy is used as and when it is necessary. The cutting ability of 
ThuLEP may be beneficial in some situations, as anatomical enucleation is not 
necessarily required. With the whole range of surgical approaches for transure-
thral prostatectomy for BPO, including vaporization, resection, enucleation, and 
vapo-enucleation, thulium:YAG offers the best choice.

3. The diode laser has the strongest tissue penetration capabilities with an effec-
tive distance of 5 mm. Its capacity to harm the surgical capsule of the prostate 
when used for prostate enucleation cannot be disregarded [48]. The diode lasers 
have the physical properties of a high energy conversion efficiency. Small and 
portable size of the machine may contribute as favorable factors in their use for 
clinical practice. The literature lacks robust studies showing comparison of diode 
laser use for EEP with other widely used lasers like holmium and thulium.

4. The greenlight laser is one of the lasers with good tissue penetration performance, 
according to an investigation of physical parameters. The thermodynamic 
conduction distance is 1–2 mm, and its optical visible penetrating ability is 
0.8–0.9 mm. At the same time, it works in the continuous mode. Although the 
mechanical effect can be avoided, the tissue damage caused by the thermody-
namic effect of the continuous working mode, and the strong tissue penetration 
is worthy of attention [34].
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5. Bipolar endoscopic enucleation of the prostate (BEEP) includes a large range of 
procedures, such as plasmakinetic enucleation of the prostate (PkEP), transure-
thral resection enucleation of the prostate (TUERP), bipolar plasma enucleation 
of the prostate (BPEP), transurethral vapor-enucleation resection of the prostate 
(TVERP), transurethral vapor-enucleation of the prostate (TVEP) and, finally, 
bipolar enucleation of the prostate (BipoLEP). All enucleation procedures with 
bipolar energy have found to be better than bipolar TURP in terms of efficacy 
and safety. Many studies have reported bipolar enucleation of the prostate as a 
safer alternative with equally comparable outcomes with OP or HoLEP [49].

6. The thulium fiber laser (TFL) is an advanced tool suitable for both soft tissue 
procedures and lithotripsy, utilizing two operational modes: quasi-continuous 
wave (QCW) and super pulsed (SP). The QCW mode, similar to the thulium:YAG 
laser, is specifically used for soft tissue surgeries such as the surgical treatment of 
BPH or non-muscle invasive bladder cancer (NMIBC). The SP mode, akin to the 
Holmium:YAG laser, applies to both soft tissue and stone surgeries [50]. TFL has 
a wavelength of 1940 nm with a maximum water absorption peak in tissue. It has 
a theoretical tissue penetration depth of 100 micron. Since soft tissues are pre-
dominantly composed of water (*80%), the thermal effects of TFL make it more 
precise for cutting compared to holmium laser. Key distinctions between SP TFL 
and Ho:YAG include SP TFL’s higher potential frequency (up to 2000 Hz compared 
to Ho: YAG’s 50-80 Hz), lower peak power (500 W for SP TFL vs. 2-10 kW for Ho: 
YAG), and longer pulse duration (500 milliseconds for TFL vs. 350 milliseconds 
for Ho: YAG) [51]. The area of coagulation with holmium laser is larger compared 
to TFL, so no carbonization is seen with holmium laser. TFL appears to be an 
efficient alternative to Ho:YAG laser for soft tissue surgery. TFL not only boasts 
beneficial properties for surgical procedures but also offers enhanced usability 
and serviceability [52]. Its setup is more compact and lighter than the Ho: YAG 
systems, requiring less space in the operating theater and easing its use. TFL oper-
ates on standard 220 V or 110 V electrical sockets, simplifying installation require-
ments in smaller surgical spaces. Additionally, TFL is quieter during operation, 
as noted by Moore et al., improving communication among surgical staff during 
procedures and enhancing the overall comfort for surgeons and nurses [53].

Holmium laser has stood the test of time; it has been extensively studied and has 
become the gold standard for laser prostatectomy. A contemporary sophistication 
of the holmium laser has been the development of pulse modulation, in which two 
consecutive rapid pulses are emitted [54]. This Moses Technology makes it possible to 
preserve dissection properties and also offers improved cutting plus coagulative effect.

Recent advancements in both thulium and holmium lasers with pulse modulation 
capacity are a significant leap forward for the safe and efficient AEEP. It is a matter of 
personal preference regarding which energy source is better for EEP.

6.  Learning curve for AEEP

EEP is generally considered more challenging to learn than TURP due to the need 
for precise identification of the correct tissue layer. Various methods, including step-
by-step techniques and newer, potentially simpler approaches, have been proposed 
to reduce the EEP learning curve. Herrmann [14] noted that prostate enucleation 
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offers consistent efficacy and safety across different energy sources, though no similar 
claim has been made regarding ease of learning. The learning curve’s length can vary 
significantly, requiring between 15 and 80 procedures to master [55, 56]. A systematic 
review done by Kampantais et al. [57] highlighted the critical nature of this learning 
curve, showing that initial training phases could lead to more frequent relapses and 
complications, as evidenced by their review of 24 studies on HoLEP.

Mastering HoLEP typically requires performing 30-40 cases, with proficiency 
plateauing after 20 to 60 cases, though certain efficiencies continue to improve [58]. 
Lerner et al. [59] found that extended intervals between procedures (over 5 weeks) 
significantly raise the risk of incontinence, underscoring the need for consistent 
practice to minimize complications.

A study by Peyronnet et al. [60] comparing GreenLEP and HoLEP found a slightly 
quicker learning curve for GreenLEP in achieving operative benchmarks, with com-
plication rates stabilizing after 30 cases for HoLEP but remaining consistently low for 
GreenLEP. ThuLEP and ThuFLEP have learning curves of about 30 and 20 cases, respec-
tively, while TUEB requires 40–50 cases to master [61]. Enikeev et al. noted that methods 
using electric energy are more challenging to learn than laser techniques, although no 
specific case number was provided [62, 63]. Xiong et al. observed that inexperienced 
surgeons might switch from TUEB to bipolar resection in challenging cases, opting to 
manually cut tissue instead of using morcellation upon enucleation completion [64].

EEP learning curve assessment is varied, often showing a diminishing return 
pattern as many surgeons have prior endourology experience. While early progress 
is described as “steep,” implying rapid learning, the term lacks a strict definition. 
Complication rates and the number of procedures (ranging from 20 to 200 for profi-
ciency) are influenced by the surgeon’s prior experience and the time between cases.

7.  Complications of AEEP

AEEP is likely to become a “future standard” in the surgical treatment of BPH. 
However, peri-operative complications of AEEP are inevitable although the incidence 
is reducing with refinements of the technique.

Transient urinary incontinence (UI) is a common complication after AEEP, but 
most patients recover within 3–6 months. The incidence of UI is significantly related 
to the surgeon’s experience [65]. It was reported that approximately 16.6–29.4% of 
patients suffered from post-operative UI within 6 months after HoLEP, but only 
0–3.3% of patients could not recover automatically at 12 months [66]. Krambeck et al. 
[67] reported that at short-term, intermediate term, long-term, and greater than 
5-year follow-up, stress incontinence was noted in 12.5, 3.4, 1.8, and 4.8% of patients, 
respectively. The incidence of UI after BipoLEP was 6.8%, among which 91.3% of 
patients recovered 3 months after surgery and 97.5% of patients recovered 6 months 
after surgery. Age ≥ 70 years and prostate volume ≥ 90 mL were associated with post-
operative SUI [68]. The number of previous surgical cases is a predictor of transient 
UI, with a higher number of cases associated with a lower incidence of incontinence. 
Other factors that can predict post-operative incontinence include the IPSS, pre-
operative detrusor overactivity (DO), patient’s age, and surgeon mentorship [69].

The overall incidence of peri-operative hemorrhage requiring blood transfusions 
after AEEP is approximately 1.2-1.9% of BPO patients [70, 71]. Mean hemoglobin 
before and after HoLEP decreased from 14.6 to 12.3 g/dl, and mean hematocrit 
decreased from 44.3 to 37.7% [72].
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Adverse events after HoLEP are considered quite rare, and most complications 
develop early during the surgeon learning curve, emphasizing the importance of the 
mentorship process in improving the surgeon learning curve and reducing potential 
complications. For instance, the risk of bleeding and blood transfusion is lower for 
HoLEP than for TURP and open prostatectomy. The transfusion rate of 0.8% rein-
forces the safety of this procedure even in anticoagulated cases [72].

A bladder neck contracture is another complication of AEEP, with a high recur-
rence rate. It occurs in about 0.8% of patients undergoing AEEP [73]. The incidence 
of bladder neck contracture is comparable between different AEEP techniques, such 
as HoLEP, BipoLEP, ThuLEP, and GreenLEP. The main cause of postoperative bladder 
neck contracture is mechanical and thermal impairment to the bladder neck during 
surgery. Other risk factors for bladder neck contracture include pre-operative urinary 
tract infections, excessive diameter of the device, and prolonged post-operative 
catheterization. Techniques that preserve the prostatic apex or reduce the tension in 
the external sphincter can help reduce the incidence of bladder neck contracture as 
well as maintain ejaculatory function.

With an incidence of 1.2–7.3%, urethral stricture is a complication that can occur 
after various types of prostatectomies [72, 73]. The incidence of urethral stricture 
after AEEP is significantly lower compared to TURP and open surgery [72]. However, 
the incidence of urethral stricture is similar between AEEP techniques such as HoLEP, 
ThuLEP, and DiLEP [14]. Risk factors for urethral stricture include mechanical 
impairment, intra-operative incision due to the confined urethral meatus, urinary 
tract infection, and prolonged catheterization.   Pre-operative urethral dilation 
increased lubricant use, and shortened operation time can help reduce the occurrence 
of urethral stricture [12].

Sexual dysfunction is another important consideration in BPH surgery. Retrograde 
ejaculation is the most common sexual dysfunction after AEEP, with a high incidence 
(>75%). The incidence of retrograde ejaculation is similar between AEEP and TURP 
[74]. Preserving the bladder neck during surgery may help reduce the occurrence of 
retrograde ejaculation, but the impact of bladder neck preservation on ejaculation 
remains controversial. Erectile dysfunction is rarely observed after AEEP. ThuLEP 
has been shown to have a minimal effect on erectile function, and the power intensity 
used in HoLEP does not affect erectile function [75].

In conclusion, AEEP is a safe surgical procedure for the treatment of BPH with 
lower complication rates compared to open surgery and TURP. Transient UI is a 
common complication, but most patients recover within a few months. Bladder neck 
contracture and urethral stricture are more serious complications that require further 
research to develop prevention and treatment strategies. Retrograde ejaculation is a 
common sexual dysfunction after AEEP, but erectile function is generally preserved. 
Surgeon experience and technique play a significant role in reducing the incidence of 
complications.

8.  Functional outcomes of AEEP

AEEP is considered technically challenging when compared with TURP. All 
guidelines outline that it is the experience of the surgeon that has the largest impact 
on complications and clinical outcomes. Maximum studies comparing outcomes 
and complications among all AEEP techniques have been done with HoLEP, and 
on the other hand, GreenLEP is the least studied one. The key outcomes – IPSS, 
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Qmax, reduction in PVR, operation time and complications – were routinely 
utilized as essential indicators for assessing the surgical therapy of BPH in majority 
of the studies.

European Association of Urology (EAU) guidelines summary published in 2024 
strongly recommends Holmium YAG laser enucleation for large prostates only [76]. 
Recommendation is weak for thulium YAG laser, and there is insufficient evidence 
for all other laser-based procedures. Yucheng Ma et al. studied various enucleation 
techniques by a network meta-analysis (NMA) method [77]. They reported that 
diode lasers did not exhibit statistically significant advantages or drawbacks over 
other types of lasers in terms of safety and efficacy. Greenlight laser demonstrated the 
weakest performance according to this NMA study.

In a prospective and randomized trial with 133 patients, Zhang et al. reported that 
ThuLEP required longer operation time (72.6 vs. 61.5 min) but resulted in less blood 
loss compared to HoLEP [78]. However, many meta-analyses reported no signifi-
cant difference between ThuLEP and HoLEP [79]. ThuLEP was associated with the 
shortest operative time compared with HoLEP in one of the studies [62]. Enucleated 
tissue weight was similar in most comparisons, except that one RCT showed that the 
enucleation weight was lower with GreenVEP compared with that of HoLEP.

Pang et al. in 2022 in their systematic review and meta-analysis of published RCTs 
comparing various techniques reported that AEEP offers similar efficacy and safety to 
TURP in small and medium size (30–60 grams) prostates, and it is a better alternative 
in large prostates when compared to open prostatectomy [47]. Improvement in IPSS, 
QoL, Qmax, and PVR are similar regardless of energy and technique used for the 
enucleation of the prostate. On comparing different EEP techniques, ThuLEP signifi-
cantly improves IPSS and QoL scores more than HoLEP in the short term (1 month), 
but not in the longer term (12 months). There were no other functional outcome 
differences in meta-analyses.

Functional outcomes may well be affected by the differences in power settings, 
variations in the technique, and the type of morcellators used. Where laser facilities 
are not readily available, enucleation using plasma-kinetic energy is reported to be a 
good option as most of the outcomes following PKEP are like enucleation using lasers 
with reduced cost of the treatment.

Gauher et al. [80] in their meta-analysis reported that MoLEP performs bet-
ter in terms of intraoperative outcomes when compared to traditional HoLEP. 
However, the difference was not clinically meaningful. It needs long-term data 
and multicentric trials to recommend it as a replacement for standard HoLEP. A 
Propensity Score-matched Analysis from the Refinement in Endoscopic Anatomical 
Enucleation of Prostate (REAP) Registry [81] reported that early and delayed 
outcomes of enucleation with ThuFLEP are comparable to those with high power 
HoLEP, with similar improvements in micturition parameters and IPSS. Another 
similar study by Kamalov AA et al. showed that ThuFLEP was comparable to bipolar 
enucleation in perioperative characteristics, improvement in voiding parameters, 
and complication rates [82].

The treatment modalities and recommendations should be tailor-made accord-
ing to the prostate size, co-morbidities, and sexual needs. Before embarking on 
the attempts to improve the sexual outcomes of enucleation, its erectile function, 
ejaculatory function, and orgasmic function results need to be better defined. 
Exploring different ejaculatory-sparing techniques could be a golden opportunity 
to further consolidate the role and expand the indications of enucleation surgery. 
More randomized controlled trials (RCTs) are needed to compare different EEPs, and 
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future research should focus on ‘standardized’ reporting, that is, reporting pre- and 
post-operative IPSS/IIEF and uroflowmetry parameters and using the Clavien-Dindo 
system for complications.

9.  Conclusions

AEEP provides at least equivalent, and possibly greater improvements in urinary 
symptom scores, maximum urinary flow rates (Qmax), and PVR compared to 
vaporization and conventional resection techniques. AEEP has less bleeding and 
shorter catheter-free time and length of stay. AEEP is strongly recommended in large 
prostates because of its safety and efficacy. Overcoming the learning curve can be 
made easier with proper mentorship and guidance. All types of energies used for 
AEEP give equivalent long-term outcomes; however, HoLEP has the longest duration 
follow-up data and the largest published evidence in favor of successful outcomes. 
Newer en-bloc enucleation techniques and energy sources like TFL have promising 
future. AEEP is a truly well-established, size-independent gold standard, minimally 
invasive surgical treatment for BPH.
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Chapter 4

Challenging the Gold Standard 
Transurethral Resection of the 
Prostate with Holmium Laser 
Enucleation in the Treatment of 
Benign Prostatic Hyperplasia: 
Paradigm Shift in Northern Cyprus
Necmi Bayraktar

Abstract

Benign prostatic hyperplasia (BPH) is a common condition among men over the 
age of 50, which can significantly impact their quality of life. Transurethral Resection 
of the Prostate (TURP) has long been considered the gold standard for the surgical 
treatment of BPH because of its effectiveness and integration into urology training. 
However, in recent years, Holmium Laser Enucleation of the Prostate (HoLEP) has 
gained popularity owing to reduced bleeding, shorter hospitalization, and faster 
recovery times. This study aimed to evaluate the transition from TURP to HoLEP 
among urologists at Burhan Nalbantoğlu State Hospital by analyzing learning curves, 
complication rates, and patient outcomes. The study results suggest that HoLEP offers 
several advantages over TURP, including shorter hospital stay and lower postopera-
tive complications, although it requires significant training and investment. Overall, 
this study supports HoLEP as a promising alternative to TURP, reflecting a shift in the 
paradigm of BPH management.

Keywords: benign prostatic hyperplasia (BPH), transurethral resection of the prostate 
(TURP), holmium laser enucleation (HoLEP), laser prostatectomy, urology, minimally 
invasive surgery, learning curve, postoperative complications, patient outcomes

1.  Introduction

Benign prostatic hyperplasia (BPH) is a prevalent condition among the elderly 
male population that can cause lower urinary tract symptoms (LUTS) by imped-
ing urine flow. This can have a substantial influence on the patients’ quality of life. 
Epidemiological studies have shown that approximately 50% of men in their 50s 
and up to 90% of men in their 80s are affected by BPH [1]. In the past, traditional 
surgical procedures such as Transurethral Resection of the Prostate (TURP) and 
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open prostatectomy for significant prostates have been favored for BPH treatment. 
However, advancements in surgical techniques and technological progress have led to 
the emergence of less-invasive methods, the most noteworthy of which is Holmium 
Laser Enucleation (HoLEP) [2, 3].

For several years, the Transurethral Resection of the Prostate (TURP) has been 
widely regarded as the gold standard treatment for Benign Prostatic Hyperplasia 
(BPH). TURP was first introduced in the early twentieth century and has since 
made significant advances. Initially, the removal of prostate tissue using a resecto-
scope was refined over the years with improvements in devices and techniques [4]. 
This procedure, which involves the removal of prostate tissue using a resectoscope 
inserted through the urethra, has undergone significant advancements since 
its inception in the early twentieth century. Several factors have contributed to 
TURP being considered the gold standard. Efficacy is one reason for this. Rapid 
regression of symptoms and improvement in patients’ quality of life following 
prostate tissue removal are among the benefits of this procedure. The widespread 
acceptance of TURP is due to the experience gained over many years, which has 
increased the confidence in the method. The experience and reliability of the 
method have contributed to its success. Numerous studies have documented the 
long-term effectiveness of TURP [5–7]. Transurethral Resection of the Prostate 
(TURP) is widely regarded as a fundamental aspect of urological education, and 
as such, it is both accessible and widely available. Moreover, when considering the 
investment required for equipment and devices, TURP is a more cost-effective 
option than other more recent methods (Table 1).

Transurethral Resection of the Prostate (TURP) is a minimally invasive surgical 
procedure rooted in urologists’ efforts to minimize surgical invasiveness. In 2018, a 
study by MJ Young et al. examined the advancements in TURP techniques and traced 
the historical development of this treatment approach from its origins to the present 
day [4]. Transurethral Resection of the Prostate (TURP) has exhibited substantial 
advancements in both safety and efficacy; however, the procedure still presents 
certain challenges and intricacies. Although Transurethral Resection of the Prostate 
(TURP) has been established as a safe and effective therapy for Benign Prostatic 
Hyperplasia (BPH), a proficient surgeon must prevent potential complications and 

Reason Explanation

Efficiency Transurethral Resection of the Prostate (TURP) is a highly effective procedure that 
removes prostate tissue to enhance urine flow and alleviate symptoms, such as difficulty 
urinating.

Experience and 
reliability

It has decades of clinical use with a proven track record, giving doctors confidence.

Long-term 
outcomes

Long-term relief from symptoms associated with benign prostatic hyperplasia (BPH) 
has been demonstrated to be durably provided by transurethral resection of the prostate 
(TURP), as per findings from studies.

Standardized 
training

TURP is a crucial component of urological training and is widely performed and 
accessible.

Cost effectiveness TURP is often the more economical choice in various areas because of lower equipment 
costs compared to other treatments.

Table 1. 
Reasons for considering TURP as the gold standard in BPH treatment.
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attain optimal results. Transurethral Resection of the Prostate (TURP) has gained 
considerable popularity in the mid-twentieth century as a treatment for benign pros-
tatic hyperplasia (BPH). Technological advancements, including the development 
of modern instruments such as the Stern-McCarthy resectoscope in the 1930s, which 
improved optics and irrigation systems to enable better visualization and operational 
capabilities within the prostate, have contributed to the enhanced effectiveness of 
TURP [8]. A study conducted by CE Hawtrey and RD Williams in 2008 provided 
a comprehensive account of the evolution of TURP at the University of Iowa. This 
study documented the historical development of the procedure and its applications 
throughout various time periods, which facilitated a deeper understanding of TURP’s 
role of TURP in the field of surgical urology [9].

Holmium Laser Enucleation of the Prostate (HoLEP) was initially performed by 
Dr. Peter Gilling in New Zealand in 1997. This procedure is a minimally invasive tech-
nique that aims to alleviate bladder obstruction by removing the inner prostate tissue. 
HoLEP has emerged as an effective treatment option, particularly for large prostates, 
and offers several advantages over conventional methods such as transurethral resec-
tion of the prostate (TURP) [10].

In 1999, Dr. James Lingeman introduced Holmium Laser Enucleation of the 
Prostate (HoLEP) to the United States, which has since become the gold standard 
treatment for benign prostatic hyperplasia (BPH). HoLEP is recognized as the only 
surgical intervention that can be performed regardless of the size of the prostate. This 
characteristic of HoLEP makes it a highly appealing option for patients with larger 
prostates, who may not be suitable candidates for other surgical procedures.

Recently, the emergence of alternative treatment options, particularly laser 
therapy and medications, has called into question the traditional role of TURP in BPH 
management. Nevertheless, TURP continues to be a widely performed surgical proce-
dure and has been continually refined through advancements in surgical techniques 
and equipment. Despite the development of minimally invasive procedures, TURP 
remains a popular surgical intervention because of its well-established effectiveness 
and versatility in the treatment of various urological conditions.

The history of Transurethral Resection of the Prostate (TURP) embodies the con-
tinuous evolution of medicine and the pursuit of more effective, safer, and minimally 
invasive treatments for benign prostatic hyperplasia (BPH). This journey exempli-
fies the progress made in medical technology and transformation of patient care. 
Nevertheless, it is crucial to acknowledge that these technological advancements have 
engendered new impediments pertaining to healthcare accessibility and affordability 
for numerous individuals.

1.1  The situation in the TRNC and the change of methodology

In the TRNC, there has been an important paradigm shift in the treatment of 
BPH, especially in health institutions, such as Burhan Nalbantoğlu State Hospital. The 
transition from traditional TURP and open prostatectomy to HoLEP surgery has led 
to significant improvements in both hospital practices and patient outcomes. These 
advancements have reduced perioperative complications, shortened recovery times, 
and improved patient satisfaction. Additionally, HoLEP allows for a more precise and 
minimally invasive approach, further enhancing the benefits of this procedure over 
traditional methods. Implementing this modification has resulted in a decrease in the 
duration of hospital stay, a decline in the incidence of complications, and an increase 
in patient satisfaction and confidence levels in surgical procedures [2].
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1.2  Literature review and current developments

According to a research conducted by Elmansy et al. in 2023, HoLEP has become 
widely recognized as a minimally invasive surgical option for the management of 
BPH. This study demonstrated that HoLEP is effective for prostate sizes ranging from 
small to large and offers several advantages over TURP, including a reduced risk of 
bleeding and a more rapid recovery time [2]. Furthermore, HoLEP is a minimally 
invasive procedure that utilizes a high-energy holmium laser to remove the prostate 
tissue, which results in precise and effective removal of the obstructive tissue, thereby 
improving the patient’s urinary symptoms. Additionally, HoLEP has been shown to 
be effective in treating patients with benign prostatic hyperplasia (BPH) and can be 
performed on an outpatient basis, making it a convenient option for many patients. 
Overall, the benefits of HoLEP make it a promising alternative to TURP and other 
traditional surgical procedures for BPH treatment. According to a study conducted 
by Elkoushy et al. in 2015, the necessity for reoperation following HoLEP is minimal 
and the long-term safety and efficacy of this method are evident [3]. Elkoushy et al. 
[3] emphasized the potential of HoLEP as a viable alternative to traditional surgical 
methods for the treatment of benign prostatic hyperplasia (BPH). This is attributed 
to its high success rate, low rate of complications, and minimal need for long-term 
reintervention. These findings have significant ramifications for the management of 
BPH and could potentially enhance the quality of life of patients with this condition.

1.3  Economic assessment

Although the HoLEP procedure has high initial costs, it improves the overall 
efficiency of patient care and saves costs for the healthcare system in the long run. 
Shorter hospital stays and lower complication rates allow for a more efficient use of 
hospital resources [2]. For instance, several studies found that patients who under-
went a same-day surgery protocol had shorter hospital stays and lower complication 
rates than those who underwent traditional hospitalization procedures, demonstrat-
ing the potential benefits of more efficient use of hospital resources [11, 12].

The objective of this research was to thoroughly investigate the transition from 
traditional TURP to HoLEP in the management of BPH and to emphasize the prog-
ress, challenges, and consequences of this significant shift in paradigm. This chapter 
aims to deliver a comprehensive summary of the altering treatment landscape for 
BPH in North Cyprus by examining the clinical results and patient feedback linked to 
HoLEP, underlining the necessity of persistent innovation and education in urological 
practice.

2.  Methodology

In the process of transitioning from traditional transurethral resection of the 
prostate (TURP) to holmium laser enucleation of the prostate (HoLEP), this study 
evaluated the conversion of experienced urologists. The learning curves and perfor-
mance improvements of seven physicians who had access to the holmium laser device 
at Burhan Nalbantoğlu State Hospital were analyzed, as well as the patient series and 
treatment outcomes of seven physicians who began performing HoLEP at the hospital 
in 2022. The aforementioned urologists, A, B, C, D, E, F, and G, possess comparable 
qualifications in general urology, with each having a distinct focus on endourology 
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based on their varying years of urology residency experience. Specifically, A has 
16 years, B has 17 years, C has 27 years, D has 9 years, E has 2 years, F has 15 years, 
and G has 24 years of experience. A total of 216 surgical cases for benign prostatic 
hyperplasia (BPH) were included in the study. Information regarding physicians’ 
procedure preferences, order of procedures, procedure duration, complications, and 
recovery time was recorded. Time-series analysis was employed to evaluate changes 
in procedure duration, complication rates, and recovery times for physicians from 
the first to the last procedure. Similarly, learning curves are drawn to illustrate how 
physicians’ performance improves as their experience with the procedures increases. 
Changes in patients’ surgical preference requests following 6 months of adaptation 
and the first holmium laser enucleation of the prostate (HoLEP) cases will also be 
reflected in the paradigm results.

3.  Exclusion criteria

Physicians who perform HoLEP are free to employ any technique they deem 
appropriate, regardless of whether it involves two-lobe or en bloc resection, regard-
less of the size of the prostate. Physicians are not bound by any specific guidelines 
or criteria when selecting patients for the HoLEP. The decision to perform HoLEP 
was entirely left up to the physician’s discretion and personal preferences. Two of the 
physicians had prior experience with HoLEP before 2022, but this was not considered 
an exclusion criterion during the transition from TURP to HoLEP. The patient can 
request a procedure for benign prostate enlargement; however, the final decision is 
made by the urologist responsible for the patient. Patients with neurogenic bladder 
and/or suspected neurogenic bladder were excluded from the study.

3.1  Surgical technique details

Patients were required to provide informed consent prior to surgery. During the 
procedure, a 26 F resectoscope sheath was used for both HoLEP and TURP proce-
dures. HoLEP was performed through a combination of 2 and/or 3 lobe prostatectomy 
and en bloc, with the specific approach chosen based on factors such as the surgeon’s 
level of experience, prostate size, and education level. Initiating a procedure with 
an early apical release is a key consideration. Furthermore, it was not prohibited for 
certain urologists to conduct blunt dissection, while others chose to perform no-touch 
dissection or a combination of both. For TURP cases, monopolar energy was used for 
instances where the prostate size was 90 g or less.

3.2  Patient preferences and demands

Prior to the initiation of Holmium Laser Enucleation of the Prostate (HoLEP) 
surgery at the State Hospital, the first HoLEP procedure in the Turkish Republic of 
Northern Cyprus (TRNC) was performed at a private medical facility, leading to 
the formation of a patient group with extensive knowledge and surgical experience. 
Consequently, it was hypothesized that changes in patient preferences and demand 
for surgical options could be assessed by conducting HoLEP surgery at a public hospi-
tal. An analysis of modifications in patient preferences for surgical options during the 
six-month adjustment period following the initial HoLEP procedure was conducted to 
determine the acceptance of HoLEP and its impact on patient outcomes.
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4.  Analysis methods

4.1  Time series analysis and learning curves

Temporal changes in procedure duration, complication rates, and recovery times 
from the initial to the final procedure for each urologist were assessed using time 
series analysis. This analysis provides insights into the evolution of urologists’ per-
formance over time. Learning curves were constructed to demonstrate the improve-
ment in physician performance as the volume of procedures increased. These curves 
visually represent the improvement in procedure time and outcomes that can be 
achieved as physicians gain experience. The primary outcomes were the duration of 
surgery, intraoperative and postoperative complications, length of hospital stay, and 
patient recovery times. The secondary outcomes included patient satisfaction and 
reoperation rates. Statistical comparisons between the TURP and HoLEP groups were 
performed using independent t-tests for continuous variables and chi-squared tests 
for categorical variables.

5.  Results

Between September 2022 and February 2024, 216 surgical interventions were 
performed for benign prostatic hyperplasia. The mean age of the patients who 
participated in the study was 69.4 ± 16.2 years. The allocation of patients seeking 
surgical or nonsurgical intervention at the time of admission was 64% HoLEP, 
22% physician’s discretion, and 14% treatment with medication or alternative 
medicine. Specifically, 67 (31%) patients underwent transurethral resection of 
the prostate, 139 (64.3%) underwent holmium laser enucleation of the prostate, 
7 (3.24%) underwent open prostatectomy, and 3 (1.38%) underwent laparoscopic 
urethra-sparing prostatectomy. Urologists were found to lack adequate experi-
ence in HoLEP and Laparoscopic urethro-sparing procedures. On the other hand, 
all physicians were proficient and skilled in performing open prostatectomy and 
TURP. Of the seven urologists who performed active prostate surgeries, only five 
performed the HoLEP procedure. The distribution of surgeries conducted accord-
ing to urologist codes is shown in Table 2.

Urologist codes

A B C D E F G Total

TURP* 2 4 28 16 3 3 11 67

HoLEP** 47 31 22 23 16 0 0 139

Open*** 0 0 4 2 0 0 1 7

Laparoscopic**** 3 0 0 0 0 0 0 3

Total 52 35 54 41 19 3 12 216
*Transuretral resection of the prostate.
**Holmium laser enucleation of prostate.
***Open prostatectomy.
****Laparoscopic urethral sparing prostatectomy.

Table 2. 
Distribution of surgeries conducted according to urologist codes.
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Based on the initial procedures of the five physicians (A, B, C, D, and E) who 
performed the Holep procedures, it was observed that operative times gradually 
decreased in a sequential manner. There was a positive correlation between the 
training curve and time series analysis. As shown in Figure 1, each physician’s opera-
tive time changed as they gained experience with the Holep procedure. The curve, 
constructed using a linear regression model, represents the overall reduction in 
operating times for each physician. According to the equation on the curve, the dura-
tion of surgery decreased as the order of the procedure increased. An R2 value of 0.311 
accounted for 31.1% of the model’s data points.

The graph shows the operation times of the five physicians (A, B, C, D, and E) 
who started to perform the HoLEP procedure in Burhan Nalbantoğlu State Hospital 
in 2022, in the order of procedure. A linear regression model was used to determine 
the overall decreasing trend in the operation times of each physician (R2 = 0.311), and 
the duration of hospitalization and catheterization times were evaluated for TURP 
and HoLEP procedures. The mean length of stay was 3.49 ± 0.84 days for TURP and 
2.41 ± 1.17 days for HoLEP. The results of the independent T test indicated a signifi-
cant difference between the two procedures (p < 0.01). This suggests that, on average, 
patients stayed in the hospital for approximately 1.075 days less time after HoLEP 
procedures than after TURP procedures (95% confidence interval of the difference: 
0.79292 to 1.35762 days). Cohen’s d effect size was 1.07 (95% confidence interval of 
the difference lower 0.690, upper 1.305).

No instances of permanent incontinence were documented in any patient or 
procedure. Transient stress incontinence occurred in 28% of HoLEP cases during the 
3-week to 17-week postoperative period, 16.4% of TURP patients during the 1–3-week 
period, 42% of open prostatectomy patients during the 1–5-week period, and no cases 
were reported in laparoscopic urethra-sparing prostatectomy patients. In 14.9% of the 
TURP cases, postoperative bleeding necessitated extended irrigation and continuous 

Figure 1. 
Learning curves of urologists in the Transition from Transurethral Resection (TURP) to Holmium Laser 
Enucleation (HoLEP).
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monitoring. Among these patients, 30% were readmitted to the operating room, 
and bleeding control was established. Postoperative bleeding was identified in 4.31% 
(six patients) of the HoLEP cases, and only one (16.6%) of these patients received 
bleeding control during surgery. Only two patients in the TURP group required blood 
transfusions. No TUR syndrome requiring additional treatment or prolonged hos-
pitalization was observed in any of the patients. Postoperative fever was observed in 
12.2% (17 patients) in the HoLEP group. No postoperative fever was observed in the 
TURP group. During the procedure, 11.9% of patients who underwent transurethral 
resection of the prostate (TURP) experienced prostatic capsule injury, affecting a 
total of eight individuals. In contrast, 59.7% of patients who underwent holmium 
laser enucleation of the prostate (HoLEP) experienced this complication. In the 
HoLEP group, two patients required open surgery because of injury. A summary of 
general complications is presented in Table 3.

6.  Discussion

Benign prostatic hyperplasia (BPH) is a prevalent condition among men, par-
ticularly those over the age of 50 years, and can adversely affect their quality of 
life. Although it is typically not a life-threatening condition, it can result in various 
complications if left untreated. In addition to medical therapies, surgical treatment 
options are also available for BPH. Among these surgical methods, Transurethral 
Resection of the Prostate (TURP) is widely regarded as the gold standard and an 
essential component of urology training programs. Consequently, most urologists 
acquired proficiency in TURP as part of their professional development. However, 
in the past decade, there has been a noticeable shift toward minimally invasive laser 
prostatectomy techniques, such as Holmium Laser Enucleation (HoLEP), which 
utilizes high-energy lasers [13]. Laser prostatectomies offer several benefits, including 
reduced bleeding, shorter duration of catheter and hospital stay, accelerated recovery, 
and early socialization [14]. Although these methods have certain advantages, they 
also have drawbacks. For instance, the training process can be quite challenging and 
expensive to undertake [15].

In terms of surgical techniques, TURP and HoLEP differ in their underlying prin-
ciples. TURP begins at the bladder neck, extends to the apical lobes, and preserves 
the sphincter by removing parts of the prostatic urethra and capsule. In contrast, 
HoLEP and other laser prostatectomies preserve the apical sphincter and approach 

Transurethral procedures

Complications TURP (%) HoLEP (%)

Transient incontinence 16.4 28

Bleeding 14.9 4.3

TUR syndrome NIL NIL

Postoperative fever NIL 12.2

Injury of prostate capsule 11.9 59.7

Conversion to open surgery NIL 1.4

Table 3. 
A summary of general complications for transurethral procedures.
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the bladder neck directly, creating a plan between the prostatic capsule and prostate 
adenoma [16]. From a urological perspective, the HoLEP procedure is regarded as a 
reverse approach for specialists who are experienced and skilled in performing TURP. 
According to our perspective, the primary challenge for novices arises from this 
detrimental approach. Additionally, initiating this procedure in clinics where there 
is insufficient utilization of a skilled urologist proficient in HoLEP presents another 
difficulty.

Research indicates that HoLEP has several benefits over TURP. In addition, 
according to Shvero et al. [13], HoLEP is the contemporary gold standard for surgical 
management of BPH and has an impressive efficacy and safety profile. Additionally, 
Frieben et al. [16] found that laser procedures, such as HoLEP, reduced postoperative 
sexual dysfunction compared with TURP.

Furthermore, Lokeshwar et al. [14] reported that laser-based treatments, includ-
ing HoLEP, are preferred owing to their minimally invasive nature and low complica-
tion rates. Malaeb et al., examining surgical trends in the United States, reported an 
increased acceptance of laser treatments compared to TURP [17]. Similarly, Patel and 
Bariol examined BPH surgical treatment trends in Australia and showed that the shift 
to laser procedures reflects their increasing acceptance in clinical practice [15].

Our research focused on a limited time frame, thus precluding any meaningful 
assessment of the necessity for re-intervention. Nevertheless, it is widely accepted 
that HoLEP demonstrates a lower incidence of reoperation than TURP. Several 
investigations have indicated that the reoperation rate for HoLEP is less than 1%, 
while the rate for TURP is approximately 7.4% [18, 19]. HoLEP has been shown to 
be superior owing to its more comprehensive removal of prostate tissue, resulting 
in more effective relief of BPH symptoms. Additionally, HoLEP presents fewer risks 
of bleeding and shorter catheterization times as compared to other procedures. A 
consistent finding among studies is that HoLEP has lower long-term reoperation rates 
than TURP. Consequently, HoLEP is considered a preferable option, particularly in 
patients with larger prostates.

We assessed the learning curve in our study, which is common in many other 
studies, by evaluating the difficulty level. Experienced physicians who have under-
gone Transurethral Resection of the Prostate (TURP) for many years may be able 
to perform conscious and controlled enucleation in a certain number of patients. 
Moreover, 64% of patients who underwent surgery for benign prostatic hyperplasia 
(BPH) switched to holmium laser enucleation of the prostate (HoLEP), indicating 
a high level of confidence in the technique and a willingness to learn it. Notably, 
the number of urologists in our department who had no prior experience with laser 
prostatectomy and have since switched to this new method has been increasing over 
time. The low R2 in the time series analysis seems to be related to the size of the 
prostate, technical problems during surgery, other patient-related factors, and the 
skill of the urologists and their ability to improve this skill. Research on the assess-
ment of the learning curve for Holmium Laser Enucleation of the Prostate (HoLEP) 
and Transurethral Resection (TURP) procedures is similar to our study. Although 
HoLEP has a long learning curve, it has been embraced by skilled surgeons. For 
instance, Dogan and Yildiz indicated that HoLEP was more effective in treating 
larger prostate glands and is regarded as an alternative to TURP by experienced 
practitioners [18]. In a study conducted by Eaton et al., the authors compared the 
learning curve between HoLEP and TURP procedures and highlighted that HoLEP 
demonstrates a lower complication rate despite facing technical challenges [19]. 
According to Shigemura et al., the learning curve of HoLEP demonstrates substantial 
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progress in surgeons’ performance as experience accumulates, and it exhibits lower 
complication rates compared to TURP [20].

Over the past few years, our department has performed 70–100 prostate surgeries 
annually. However, since we began offering the HoLEP procedure, we have observed 
a substantial increase in demand by 64% and a corresponding decrease in the need 
for reoperation. Consequently, physicians are more likely to perform laser prostatec-
tomy. In fact, we estimate that the number of patients undergoing surgery in public 
hospitals has risen by 30–45% annually. These findings suggest that HoLEP enhances 
both efficacy and patient satisfaction in the treatment of benign prostatic hyperpla-
sia (BPH). According to Bright and Abrams’ study, HoLEP resulted in high patient 
satisfaction and low re-surgery rates [21].

One of the factors contributing to this increase is that HoLEP presents fewer 
complications and better long-term outcomes than TURP. Furthermore, although 
HoLEP has a steep learning curve, it is rapidly embraced by seasoned surgeons, and 
successful results are achieved, which amplifies its appeal. Although the learning 
curve for HoLEP is lengthy, its adoption by skilled surgeons in a timely manner and 
the attainment of positive results increase its demand. According to Shigemura et al., 
the learning curve for HoLEP significantly improves with greater experience and 
boasts lower complication rates than TURP [20]. Although this study employed a 
cross-sectional design, it is important to recognize its limitations. Future research 
incorporating additional data and more refined methods may yield a more compre-
hensive understanding of these issues.

HoLEP stands out compared to other surgical techniques for benign prostatic 
hyperplasia (BPH) owing to its reduced complication rates and faster recovery times. 
In our study, prostate capsule injury was more commonly reported among patients 
who underwent HoLEP than among those who underwent Transurethral Resection of 
the Prostate (TURP). However, the higher rate can be attributed to the surgeon’s level 
of experience. While the average time for urethral catheterization was slightly shorter 
for HoLEP patients, many studies have reported catheter-free discharge within 24 h 
after the procedure. The differences in perioperative capsule injury and catheteriza-
tion time are expected to decrease as the number of cases and surgeon experience 
increases. In addition, Elkoushy et al., HoLEP resulted in significantly lower compli-
cation rates and faster recovery times than other surgical options [3]. Patients who 
underwent HoLEP could resume their social lives more quickly, and bleeding com-
plications were significantly reduced. Another study by Gilling et al., reported that 
HoLEP provided a lower bleeding risk and shorter catheterization time than TURP 
[22]. These findings suggest that HoLEP is a safer and more effective BPH treatment 
option and that complication rates will continue to decrease as more experienced 
surgeons perform the procedure.

Holmium Laser Enucleation of the Prostate (HoLEP) surgery may have higher 
initial costs than Transurethral Resection of the Prostate (TURP), but its long-term 
benefits can be economically favorable due to the absence of residual tissue, early 
discharge, and rapid recovery. HoLEP is also effective in treating larger prostates, 
while traditional methods like open prostatectomy may require longer hospital stays 
and result in additional expenses, such as constant incontinence and erectile dysfunc-
tion. HoLEP does not impair sexual function, does not lead to permanent incon-
tinence, and necessitates a shorter hospital stay, making it a superior option with 
numerous advantages. However, our study, with a short-term focus, is insufficient to 
report long-term outcomes. A cost-effective analysis conducted by Erman et al. found 
HoLEP to be economically advantageous in the long term due to fewer complications 
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and a lower need for re-intervention [23]. Similarly, Lokeshwar et al. reported that 
HoLEP preserved sexual function and had lower complication rates compared to 
TURP [14]. HoLEP has been found to be especially effective in large prostates, with 
shorter hospitalization times and lower complication rates compared to conventional 
methods, increasing patient satisfaction, as reported by Gilling et al. [22]. From an 
economic point of view, although initial costs are high, HoLEP requires fewer reop-
erations and patients are discharged faster, saving the healthcare system costs in the 
long run [24]. Furthermore, HoLEP’s more complete removal of prostate tissue more 
effectively relieves benign prostatic hyperplasia (BPH) symptoms and contributes to 
lower long-term reoperation rates [20]. The long-term benefits of HoLEP offset the 
initial costs, making it a more economical option for the health system.

7.  Conclusion

This research highlights a noteworthy change from Transurethral Resection of the 
Prostate (TURP) to Holmium Laser Enucleation of the Prostate (HoLEP) in the treat-
ment of Benign Prostatic Hyperplasia (BPH) at Burhan Nalbantoğlu State Hospital in 
Northern Cyprus. Our results demonstrate that HoLEP offers various benefits over 
TURP, including shorter stays in the hospital, diminished postoperative complica-
tions, and more rapid recovery times. Although HoLEP involves a steep learning 
curve and extensive training, it is increasingly being recognized as the new gold 
standard in BPH treatment. Its superior patient outcomes and heightened satisfaction 
levels suggest its potential to replace TURP as the preferred surgical approach for BPH 
management. The shift to HoLEP represents a significant development in urological 
surgery, offering patients an improved quality of life.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 5

Transperineal Laser Ablation of 
Prostate (TPLA™)
Francesco Sessa, Paolo Polverino and Luisa Moscardi

Abstract

This chapter provides a comprehensive overview of Transperineal Laser Ablation 
of the prostate (TPLA™) as a therapeutic option for Benign Prostatic Hyperplasia 
(BPH). BPH is a prevalent condition among aging men, characterized by non-
cancerous enlargement of the prostate gland, leading to lower urinary tract symptoms 
(LUTS) and impacting quality of life. TPLA™ emerges as a minimally invasive 
technique leveraging the precision of laser energy to induce coagulative necrosis in 
targeted prostatic tissue, thereby reducing prostate volume and alleviating symptoms. 
The chapter systematically reviews the procedural aspects of TPLA™, including 
patient selection criteria, preoperative preparation, and step-by-step surgical tech-
nique. Clinical outcomes are discussed, with a focus on symptom relief, improvement 
in urinary flow rates, and reduction in prostate volume. Furthermore, the safety 
profile of TPLA™ is examined, documenting the incidence and management of 
potential complications. In conclusion, TPLA™ represents a promising addition to 
the therapeutic armamentarium for BPH, offering a balance of efficacy and safety, 
ensuring high rates of preservation of sexual function.

Keywords: BPH, minimally invasive surgery, LUTS, ejaculation sparing, laser, 
transperineal laser ablation, TPLA™

1.  Introduction

Despite the technological progress achieved in standard surgical techniques for 
benign prostatic obstruction (BPO), they are still not devoid of side effects and 
require general or spinal anesthesia as well as hospitalization. Recently, several 
ultra-minimally invasive surgical techniques were developed with the main goal of 
finding a compromise between efficacy on urinary symptoms and ejaculation [1]. 
However, an expanded role of these novel ultra-minimally invasive techniques could 
be in the setting of highly comorbid patients, potentially not eligible for more invasive 
surgical procedures [2]. In this view, transperineal laser ablation (TPLA™) of pros-
tate adenoma has shown promising results on efficacy, safety, and impact on sexual 
function, being feasible in an outpatient setting and using local anesthesia [3]. While 
the procedure boasts numerous advantages, from the available scientific evidence, a 
lack of standardization emerges concerning patient selection, treatment execution 
modalities, intraoperative features, postoperative management, and follow-up [4].
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2.  Diode laser

The word laser is acronymous for “light amplification by stimulated emission of 
radiation.” Laser light is generated by an energized material (e.g., gas and crystal), 
and after being absorbed by a tissue, it is converted into thermal energy.

The laser energy has specific features that ensure predictable and precise results. 
The laser radiation is collimated, coherent, and monochromatic. The term collimated 
means that the beam travels in only one direction, allowing the laser light to easily 
enter in very thin flexible optic fibers. The laser energy is defined as coherent because 
all the photons are emitted at the same time with the same phase, allowing it to reach 
high energy levels in a short time. Lastly, the laser beam is composed of a single 
wavelength; it provides specific and selective interaction with tissue chromophores, 
for this reason it is called monochromatic.

TPLA™ is a modern surgical technique that exploits the benefits of a diode laser to 
obtain the ablation of prostate adenoma.

2.1  Technical features

In case of diode lasers, the radiation is obtained by a semiconductor-based 
generator. Depending on wavelengths, commercial lasers emit light in a fre-
quency range of 375–1800 nm. TPLA™ adopts a diode laser with a wavelength of 
1064 nm. This wavelength ensures an optimal laser ablation and lower absorption 
coefficient, which allows the best light penetration into tissues. The specific and 
selective interaction with the tissue results in a micro-invasive and organ-sparing 
treatment.

2.2  Biological effect

When the diode laser energy is absorbed by the prostatic tissue, the local tempera-
ture increases.

This heating starts to damage the cells until a coagulative necrosis is induced. This 
phenomenon begins after reaching 60°C inside the tissue, the temperature at which 
denaturation of proteins begins. As a result, the alteration caused by the laser deter-
mines the genesis of a necrotic area that, after an initial inflammatory response, is 
naturally reorganized by the body hesitating in a scar zone. The maximum extension 
of the necrosis area is found 72 hours after treatment. Cell damage due to hyperther-
mia and the occlusion of small and medium-sized blood vessels persist during the 
days after. For these reasons, the effects of treatment are not immediate, as it takes a 
few days before starting the cytoreduction process. During the 4–8 weeks after treat-
ment, the scarring processes will be completed with a consequent volume reduction 
of prostatic gland and urethra decompression.

3.  Echolaser system

To date, the only system available to perform transperineal laser ablation of the 
prostate is the EchoLaser™ (Elesta SpA, Calenzano, Italy). The system consists in 
two different units – a multisource diode laser generator and the Echolaser Smart 
Interface – that need to be connected with an ultrasound biplanar probe to plan and 
execute the ablation.
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3.1  Laser generator

The multisource laser generator is composed of four different and independent 
channels for fiber connection. Each of the four channels is entirely independent of the 
others; hence, they can be set to different power levels, and it is possible to suspend 
the laser energy delivery from one or more channels without interrupting the others. 
Each channel can be connected to a 300-micron optical fiber, enabling the delivery of 
a variable amount of energy up to a maximum of 6000 J per fiber. The delivery power 
can be modulated up to a maximum of 7 W (Figure 1).

3.2  Echolaser smart interface

The second module of the Echolaser system consists of the Echolaser Smart 
Interface (ESI), an interface that allows for treatment planning based on the 

Figure 1. 
The Echolaser system with laser generator and the ESI system monitor.
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morphological characteristics of the prostate and guides the positioning of the laser 
fibers. Echolaser Smart Interface (ESI) technology allows the visualization of needles 
trajectories during their insertion. ESI overlaps on the US image a cyan area where 
critical structures should not be contained. This area is designed by changing differ-
ent parameters to best fit the volume and shape of the prostate adenoma (Figure 2).

This dedicated simulation software helps the user to plan the treatment, facilitat-
ing the assessment of the following parameters:

• Insertion angle

• Number and position of needles

• Mutual needle position

• Different energy levels (to be set by the user)

• Number of pull-backs (if needed, see the dedicated paragraph 6.4)

• Distance of pull-back

4.  Patient selection

TPLA™ is an ultra-minimally invasive option for the treatment of lower urinary 
tract symptoms (LUTS) due to benign prostatic obstruction (BPO). Despite the 
increasing utilization of this technique, as of today, it has not been included in the 
recommendations of international guidelines, and there is no standardization in 
patient selection.

In terms of dimensions, an essential prerequisite for adequate ablation is a pros-
tatic volume > 30 ml; nevertheless, there is no upper dimensional limit from a techni-
cal standpoint. Some authors discourage the procedure in case of a large median lobe 
(>1.5 cm); however, opinions in the literature are divergent [3]. TPLA™ should be 
avoided in cases of urethral stenosis, bladder neck contracture, prior prostate surgery, 
and severe reduction in bladder contractility. The presence of an indwelling catheter 

Figure 2. 
The Echolaser smart interface (ESI).
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is not a contraindication to treatment. The presence of anal stenosis might pose diffi-
culty in performing the treatment due to the requirement of positioning a transrectal 
ultrasound probe.

The procedure represents a valid option for patients with moderate to severe 
urinary symptoms, who are motivated to preserve ejaculation, unable to tolerate 
medical therapy, or deemed unfit for traditional surgery due to high anesthesiologic 
or perioperative risk.

5.  Preoperative preparation

The TPLA™ is a simple and quick procedure; however, a meticulous preparation of 
equipment and operating settings is suggested to facilitate its execution.

5.1  Preliminary assessment

For a comprehensive preparatory assessment of the patient, it is advisable to col-
lect routine blood testing and functional questionnaires (The International Prostate 
Symptom Score, IPSS; the International Index of Erectile Function, IIEF-5; Male Sexual 
Health Questionnaire-Ejaculatory Dysfunction Short Form, MSHQ-EjD SF) and non-
invasive urodynamics data (maximum flow rate, Qmax; post-void residual, PVR) [4].

In patients taking antiplatelet or anticoagulant medications, discontinuation of 
these drugs should be evaluated on a case-by-case basis; however, it is not mandatory 
for the execution of the treatment.

5.2  Medical equipment and operative setting

The procedure can be performed in an outpatient setting equipped with an 
examination table featuring dedicated leg supports. The availability of a biplanar 
ultrasound probe is a necessary condition for performing the treatment. A sterile field 
with all necessary equipment for the procedure will be set up on a serving trolley:

• 3-way 18Ch catheter

• Antiseptic for skin disinfection (e.g., povidone iodine)

• Lidocaine

• Syringe and needles for subcutaneous anesthesia and periprostatic block

• Introducer needles (21G Chiba needles)

• Optical fibers: 300 μm quartz

• Sterile drapes

5.3  Patient positioning

The patient is placed in the lithotomy position on leg supports. A three-way 18-F 
Foley catheter is placed with continuous irrigation to ensure cooling of the urethral 
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wall during lasing time, avoiding possible thermal damage. Subsequently, the 
perineum is exposed using adhesive tapes, and the sterile surgical field is prepared.

5.4  Antibiotic and antithrombotic prophylaxis

To reduce perioperative infectious risk, it is advisable to prescribe antibiotic prophy-
laxis. Perioperative intravenous single shot of 2 g cephazolin is administrated within 
1 hour before the procedure. Medical thromboprophylaxis is usually not required.

5.5  Anesthesia

One of the primary advantages of this technique is the feasibility to be performed 
under local anesthesia, optionally combined with conscious sedation. The method of 
performing local anesthesia is similar to that used for transperineal prostate biopsies: 
initial anesthesia of the perineal skin is followed by a periprostatic block. The recom-
mended dosage of anesthetic is approximately 30 ml of 1% lidocaine. According to 
patients’ preference, it’s possible to administer oral benzodiazepines or intravenous 
midazolam for conscious sedation.

The decision to perform the procedure under local anesthesia ensures greater 
speed of execution, the ability to treat patients with high anesthetic risk, and the 
use of an outpatient setting, resulting in economic and organizational advantages. 
However, based on operating room availability and/or patient and operator prefer-
ences, the procedure may also be performed under spinal or general anesthesia.

6.  Surgical technique: transperineal laser ablation of prostate adenoma

Two distinct phases of the surgical procedure can be identified: fiber placement 
and laser ablation. The successful outcome of the treatment relies on meticulous 
preoperative planning.

6.1  Transrectal ultrasound and surgical planning

After setting up the surgical field with appropriate sterile draping, the biplanar 
ultrasound probe for transrectal ultrasound is introduced. At this point, the peripros-
tatic block is performed by injecting approximately 15–20 ml of 1% lidocaine posteri-
orly, laterally, and anteriorly to the prostatic capsule. Subsequently, measurements of 
prostate and prostatic adenoma dimensions are taken. Depending on the morphology 
and size of the gland, the treatment will be planned with the ESI system. Using ESI, the 
intended treatment area will be visualized, with larger volumes as the delivered energy 
increases, up to a maximum of 1800 J per fiber. In the case of large prostates, if it is 
necessary to expand the treatment area, it is possible to plan an ablation with two fibers 
per lobe and/or plan a pull-back for the treatment of the apical portion of the adenoma. 
For each fiber, it is possible to set different ablation areas, different pull-back lengths, 
and visualize the intended treatment areas both in sagittal and axial view (Figure 3).

6.2  Needles and fibers positioning

In light of the planned ablation, the introducer needles are positioned, read-
ily available in the kit provided by the manufacturer. These consist of a 21G Chiba 
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needle, which also features a stopper to secure it in place once the desired position is 
reached. The needles can be inserted either with a dedicated needle guide or freehand, 
depending on the operator’s preference and experience in transperineal approach. 
After inserting the introducer needle, it is crucial to verify that safety distances are 
respected in the axial plane. The needle tip, visualized ultrasonographically as a 
hyperechoic point, should be at least 8 mm away from the urethra and the prostatic 
capsule bilaterally. At this stage, the ESI system simulation comes to aid once again, 
displaying a cyan circular area with the needle at its center, showing the hypothetical 
treatment area with the safety distances already respected. When two needles are 
placed per lobe, the minimum distance to maintain between each needle is 5 mm.

Next, the stylets of the Chiba needles are removed, and the optical fibers are 
inserted. These fibers extend 10 mm beyond the needle tip, which is why safety 
distances in the sagittal plane with the bladder neck need to be checked only after 
their insertion; the bladder neck should be at least 15 mm away from the fiber tip. 
Once again, the ESI system can be utilized at this stage. Once the final position of the 
needle-fiber system is established, it can be secured using the stopper (Figures 4–6).

6.3  Ablation settings

The laser fiber consists of an energy delivery tip and a connector that must be 
connected to the generator. Before proceeding with the insertion of the laser fiber into 
the needle, it is advisable to verify its proper functioning. Upon activation, it emits a 
flashing red circle.

There is no standardization regarding the energy delivery mode. The generator 
allows for energy delivery with variable power ranging from 0 to 7 W. Typically, it is 
advisable to start the ablation with a power of 5 W and potentially reduce it to 3 W in 
case of discomfort or intense burning sensation reported by the patient. In case the 
procedure is performed in the operating room under spinal or general anesthesia, it is 
possible to execute the entire procedure with a maximum power delivery of 7 W.

The ablation is initiated by the operator using a dedicated pedal, which allows 
for interruption of the procedure at any time. As soon as the energy delivery 
begins, it is advisable to gently move the fibers to facilitate ignition. The ablative 
effect will manifest ultrasonographically as the formation of hyperechoic bubbles 
(bubbling effect) (Figures 7 and 8).

Figure 3. 
Surgical planning with ESI system. The cyan area represents the virtual extension of the ablation.
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6.4  Pull-back technique

As described in the preceding paragraphs, the maximum area that can be treated 
corresponds to a delivery of 1800 J. The effect of the delivered energy indeed reaches a 
plateau volume at this threshold: giving more than 1800 J in a single illumination will not 

Figure 6. 
Longitudinal view after fiber insertion. The fiber tip goes 10 mm ahead of the needle tip. The distance from 
bladder neck must be checked after fiber insertion.

Figure 4. 
Treatment with two needles per lobe. Fibers position in the perineum skin.

Figure 5. 
Treatment with two needles per lobe. Fibers position in the prostate at transrectal ultrasound.
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increase the treated volume. Therefore, to achieve a larger treated area, two alternatives 
are possible: increase the number of positioned fibers and/or perform a new ablation by 
retracting the fiber itself into the most apical portion of the adenoma. This latter method 
is called the pull-back technique. It involves a second ablation performed after retracting 
the fiber by 5–10 mm. Its execution can be planned in advance with the ESI system, which 
is crucial for those who are new to the technique. Often, the hyperechoic effect generated 
by the treatment makes it difficult to identify the fiber within the prostatic parenchyma 
after the first ablation. For this reason, it is possible to determine the retraction distance 
using the graduated notches positioned on the needle and spaced 10 mm apart.

After the fiber retraction, a second ablation is performed. Once again, it is possible 
to deliver energy ranging from 1200 to 1800 J depending on the volume to be treated. 
The overall duration of the treatment varies according to the delivered energy, power, 
and number of pull-backs; for a prostate of average size (approximately 60 ml), it 
ranges from 5 to 10 minutes.

6.5  Technical nuances

The transperineal laser ablation of prostate adenoma stands at the forefront of 
minimally invasive interventions for managing benign prostatic hyperplasia. As an 

Figure 7. 
Hyperechoic bubbling effect during laser ablation, longitudinal view.

Figure 8. 
Hyperechoic bubbling effect during laser ablation, axial view.
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innovative technique, mastering the nuances and optimizing procedural efficacy are 
paramount for medical professionals engaged in its practice. Below are some techni-
cal suggestions and tips to enhance the operator’s technical skills and improve the 
outcome of the procedure.

• High-volume prostates: In case of prostatic volume > 60–70 ml consider posi-
tioning four fibers (two fibers for lobe) and performing a second ablation using 
the pull-back technique;

• Asymmetric lobes: In case of asymmetric lobes, consider positioning three fibers 
and/or delivering different amounts of energy to the two lobes;

• Prostatic calcifications and cysts: In case of prostatic calcification and cysts, 
place the fiber tip a few millimeters away from it to allow the propagation of the 
laser energy;

• Needle guidance: Using needle guidance may be very useful during the first 
procedures or in case of low experience with the transperineal approach. The 
freehand needle positioning ensures more dexterity and flexibility, allowing 
the place of the fiber into the exact desired point and potentially adjusting the 
insertion angle to reach certain parts of the adenoma (e.g., in cases of prostates 
with greater anteroposterior development, the anterior part of the adenoma may 
be difficult to reach due to the presence of the pubis);

• Evaluation of hyperechogenicity effect: during the ablation, the treatment effect 
is ultrasonographically translated into a hyperechoic signal. However, its extent 
does not accurately reflect the actual ablation size. For these reasons, it is crucial 
for the operator not to be influenced by this ultrasound artifact but to always rely 
on the preparatory planning carried out beforehand with the ESI system.

7.  Postoperative management

After the treatment, the clinical effect is not immediate. The process from coagu-
lative necrosis to complete absorption of the ablated tissue requires a period ranging 
from 4 to 8 weeks. Consequently, the clinical benefits are not direct but follow the 
course of the cytoreductive process.

In the postoperative period, ensuring good clinical outcomes relies heavily on 
proper therapeutic management and tailoring choices to the patient’s characteristics 
and the treatment performed.

7.1  Catheter removal

The timing of urinary catheter removal in patients undergoing TPLA™ is one 
of the most debated topics in the literature. Some authors advocate for immediate 
removal of the urinary catheter at the end of the treatment, while it is common 
practice to wait 5–7 days before proceeding with catheter removal [3, 4].

This allows for an initial reduction of edema that develops following the treat-
ment, which could have a ‘paradoxical effect,’ resulting in an increased risk of urinary 
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retention. In particular clinical conditions, such as in the case of catheters carriers, 
history of urinary retention or in case of a high amount of delivery energy the cath-
eter may be left in place for a longer period (up to 2 weeks). On the other hand, in 
young patients, not strongly obstructed, with medium to small-sized prostates, it may 
be possible to attempt catheter removal at the end of the treatment and await subse-
quent resumption of spontaneous micturition.

7.2  Medical therapy

After catheter removal, the patient may also experience urinary symptoms 
consistent with the inflammatory process underway. Particularly common symptoms 
include frequent urination, urgency, and dysuria. In this phase, it is important to 
manage inflammatory symptoms with appropriate pharmacological support. This 
ensures symptom relief and simultaneous reduction of the infectious risk associated 
with the procedure.

A common choice is to administer antibiotics and anti-inflammatory drugs for at 
least 7–10 days, and in some cases to continue BPH therapy for 1 month. In detail, a 
possible therapeutic regimen is as follows:

• Low dose Corticosteroids: Methylprednisolone for 10 days (in case of severe 
diabetes: Ibuprofen 600 mg bid for 7 days);

• Antibiotics: Cefixime 400 mg daily for 5 days;

• Alpha blockers: e.g. Alfuzosin for 20 days;

• NSAIDs: e.g. Ibuprofen 600 mg on demand in case of pain.

8.  Complications

Transperineal laser ablation (TPLA™) has emerged as a minimally invasive treat-
ment option for benign prostatic hyperplasia (BPH), offering promising outcomes 
with reduced morbidity compared to traditional surgical approaches. However, like 
any medical intervention, TPLA™ is associated with potential complications that 
necessitate thorough understanding and management. In the literature, the overall 
complication rate ranged from 0 to 13%, and there were mostly early complications 
within 30 days of treatment [3].

Below are listed the possible complications:

• Urinary retention: Either acute or delayed, it can occur following TPLA™ due 
to post-procedural edema or prostatic swelling. Patients should be monitored 
closely after catheter removal, and urinary catheterization may be required to 
relieve obstruction;

• Hematuria: It can occur more frequently in patients taking antiplatelets or 
anticoagulants. It is usually mild, and it typically resolves spontaneously within 
a few days. However, in case of severe or persistent hematuria may necessitate 
intervention, including bladder irrigation or clot evacuation;
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• Urinary tract infections (UTIs): UTIs are potential complications of TPLA™. 
Prophylactic antibiotics are administered perioperatively to reduce the risk of 
UTIs and are typically continued for 5–7 days after the procedure;

• Prostatic abscess: It is a very rare complication, with an incidence ranging from 
0 to 5% of cases in the literature. The formation of a prostatic abscess occurs due 
to bacterial proliferation in the tissue cavitation generated by laser ablation. It is 
treated with antibiotic therapy and percutaneous ultrasound-guided drainage;

• Ejaculatory dysfunction: TPLA™ may result in ejaculatory dysfunction, charac-
terized by reduced ejaculate volume or retrograde ejaculation. Preservation of 
ejaculatory function depends on the extent of tissue ablation and proximity to 
the ejaculatory ducts. Its rate of incidence ranges from 0 to 4%;

• Erectile dysfunction, urethral stricture, and incontinence: These are extremely 
rare adverse effects if the treatment is performed while adhering to the safety 
distances described in the preceding paragraphs.

9.  Results

Studies evaluating the efficacy of TPLA™ consistently report significant 
improvements in LUTS scores following the procedure [5]. Reductions in 
International Prostate Symptom Score (IPSS) and improvement in quality of life 
(QoL) metrics are commonly observed within weeks to months post-TPLA™. 
Long-term follow-up studies demonstrate sustained symptom relief, with many 
patients experiencing durable benefits over several years [6, 7]. This is also reflected 
in the urodynamic parameters: TPLA™ effectively improves urodynamic parameters 
associated with BPH, including increased urinary flow rates and reduced post-void 
residual volume. These improvements correlate with symptomatic relief and con-
tribute to enhanced urinary function and patient satisfaction. From a safety stand-
point as well, it has been demonstrated that the procedure is safe with a very low 
risk of adverse events. Additionally, TPLA™ can be performed under local anesthe-
sia, reducing the risks associated with general anesthesia and facilitating outpatient 
procedures. In this regard, a recent study evaluated the outcomes of this technique 
in a population of multi-morbid and high-risk patients, confirming its safety and 
efficacy even in this subset of patients [2]. If compared to the current gold standard 
therapy represented by transurethral resection of the prostate (TURP), the risk of 
sexual and ejaculatory dysfunctions is significantly lower, with a lower increase of 
the Qmax values but a similar impact on urinary symptoms evaluated by the IPSS 
questionnaire, as demonstrated by two RCTs [8, 9].

10.  Conclusion

In conclusion, TPLA™ emerges as a promising minimally invasive technique 
for the treatment of Benign Prostatic Obstruction. Through the application of laser 
energy, TPLA™ offers a targeted and tailored approach to address the enlarged 
prostate tissue, providing relief from bothersome lower urinary tract symptoms while 
preserving sexual function and minimizing complications.
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The technique also presents advantages from an economic and management 
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Chapter 6

Benign Prostatic Hyperplasia and 
Its Effect on Male Infertility
Julius Akhaine and Ifiok Umana

Abstract

Benign prostatic hyperplasia (BPH) is known to negatively impact male fertility. 
This can occur via various mechanisms. It can be due to the intrinsic enlargement of 
the prostate gland, inflammation of the prostate gland and its contiguous structures, 
as well as the treatment modalities of BPH. Most of the treatment options for LUTS 
due to BPH, both pharmacologic and surgical, are known to have significant sexual 
side effects and most importantly ejaculatory dysfunction. While ejaculatory dys-
function due to pharmacologic therapy is usually reversible on cessation of treatment, 
that attributable to surgical interventions is often permanent and irreversible. Some 
medications has been shown to directly or indirectly improve sperm parameters such 
as sperm count and concentration, motility, as well as morphology. Hormone mediat-
ing agents such as clomiphene citrate and antioxidant based supplements such as 
vitamins C, E, and D, as well as zinc and coenzyme Q10 have found a common use by 
most urologists. Some novel therapies are now used to treat BPH in a bid to mitigate 
the problem of infertility associated with common conventional treatment options 
and thus enhance the chances of spouse conception in these affected men, and a 
notable example today is the Urolift.

Keywords: BPH, male infertility, erectile dysfunction, LUTS, semen, TURP

1.  Introduction

1.1  Definition of benign prostatic hyperplasia (BPH)

Benign prostatic hyperplasia (BPH) is a common pathologic condition that affect 
men mostly in their midlife. It is the main cause of lower urinary tract symptoms in 
older men [1]. It is also one of the factors associated with male infertility; although 
BPH in itself may not directly cause male infertility, it can lead to certain complica-
tions that may influence fertility [2].

BPH can be described as a pathologic condition characterised by the proliferation 
of the cellular elements of the prostate with a resultant glandular enlargement. This 
enlargement involves both the stromal and epithelial components of the prostate or 
an impairment of programmed cell death causing cellular accumulation [3].
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1.2  Anatomy and physiology of the prostate gland

The prostate gland is a fibro-muscular glandular organ located within the 
male pelvis behind the pubic symphysis, from which it is separated by the pubo-
prostatic ligaments, fibro-fatty tissue, and blood vessels. The normal prostate 
resembles an inverted pyramid and measures 3–4 cm at the base, 4–6 cm in 
cephalo-caudal, and 2–3 cm in antero-posterior dimensions, and weighs 18–26 g. It 
has an apex, the inferior limit, and a base on which the bladder rests. Throughout 
its length run the urethra and ejaculatory ducts. Related structures include the rec-
tum and Denonvilliers fascia that lie posterior to the prostate and paired seminal 
vesicles and ampullae of the vasa deferentia that lie postero-lateral to the prostate 
and posterior to the bladder [4].

Embryologically, it starts to develop by the 12th week of gestation under the 
influence of testosterone from the testes of the developing foetus. It develops from the 
urogenital sinus through dihydrotestosterone (DHT) stimulation. The primary moti-
vation behind prostate development is androgen receptor signalling through DHT, 
which is diffusely found in the entire genito-urinary tract. The prostate originates 
from epithelial buds formed at precise locations via mechanisms that are still not fully 
understood under the influence of paralogous homeobox (Hox) genes, fibroblast 
growth factor (FGF) family, transforming growth factor-β subfamily etc. [5].

The prostatic epithelium is composed of two major cellular compartments: epi-
thelial and stromal. The prostate epithelial compartment consists of basal epithelial 
cells, intermediate cells, neuro-endocrine cells, and luminal secretory cells while the 
stromal compartment consists mainly of connective tissue, smooth muscle cells, and 
fibroblast and serves to provide structural support.

The seminal plasma is formed primarily from secretions of the sex accessory 
tissues, which provide suitable milieu for survival and function of spermatozoa. 
The prostate provides about 0.5 ml to the estimated 2–6 ml of normal ejaculate. The 
secretion of the prostate consist mainly of prostate specific antigen (PSA, human kal-
likrein-3) human kallikrein-2, prostase, prostate acid phosphatase (PAP) and prostate 
specific protein (PSP-94). These prostatic secretions are believed to play key roles in 
regulation of semen coagulation and liquefaction [5].

1.3  Prevalence and incidence of BPH

BPH being a disease condition associated with ageing is associated with varying 
prevalence and incidence. A landmark study by Berry et al. in 1984 demonstrated that 
no men younger than 30 years of age had evidence of BPH and that the prevalence 
rose with each age group, peaking at 88% in men in their 80s [3]. As world health sys-
tems are improving with associated higher life expectancy, the incidence and preva-
lence of BPH have also increased rapidly [6]. Lee et al. in their meta-analysis found 
that the lifetime prevalence of BPH worldwide was 26.2% (95% CI: 22.8–29.6%) and 
their results that nearly 1 in 4 men will suffer from BPH over their lifetime [7]. There 
were about 94.0 million (95% UI: 73.2–118.0) prevalent cases of BPH worldwide 
in 2019, compared with 51.1 million (95% UI: 43.1–69.3) cases in 2000. This shows 
a sharp rise in the prevalence of BPH, and this was particularly noticed in the low-
income and middle-income countries that are presently undergoing rapid demo-
graphic and epidemiological changes [8].
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1.4  Definition of male infertility

The World Health Organisation in its 2024 edition of the International 
Classification of Diseases (ICD-11) defined infertility as a disease of the reproductive 
system defined by the failure to achieve a clinical pregnancy after 12 months or more 
of regular, unprotected sexual intercourse [9]. This definition applies to both males 
and females. However, the male factor has been cited to contribute about 50% to 
infertility in many studies [10].

2.  Overview of BPH

2.1  Causes and risk factors of BPH

The causes or aetiology of BPH remains uncertain; however, multiple theories 
have been propounded to explain it. Advanced age and androgen are two strong risk 
factors associated with BPH. Several mechanisms seem to be at work in the pathogen-
esis and progression of BPH, some of which are listed below.

The figure below shows a complex interplay of several factors all culminating 
in inflammation, which serves as the final pathway to the development of BPH 
(Figure 1).

2.1.1  Sex hormones

2.1.1.1  Androgens

The role of androgens in the development of BPH has been widely published. 
Androgen Receptor (AR) may lead to the development of BPH via epithelial cell-
stromal interaction with the alterations of epithelial-mesenchymal transition, thus 
bringing about stromal cell proliferation. The serum testosterone levels may be lower 
in ageing men when compared with healthy younger men; however, the levels of dihy-
drotestosterone (DHT) are elevated. Thus, patients with BPH have significant higher 

Figure 1. 
Factors associated with the proliferative process of BPH. Adapted from Ref. [11].
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levels of serum DHT than do unaffected men of similar age [12, 13]. This finding 
underlies the principle of the use of 5-α reductase inhibitors in the treatment of BPH, 
suggesting an up-regulation of the enzyme in men with BPH.

2.1.1.2  Oestrogens

Serum oestrogens do not display an age-related change like serum androgens. 
Oestrogen has been implicated in the proliferation of prostatic stromal cells. The 
activation of oestrogen receptors expressed in the prostate gland leads to aberrant 
proliferation and inflammation of the gland. Robert et al. stated that BPH patients 
had higher serum oestradiol levels or oestradiol/testosterone ratios [14]. While King 
et al. reported that normal prostate stromal cell proliferation was stimulated by an 
increase in the ratio of oestrogen/androgen and also that the proliferation of normal 
prostatic epithelial cells was stimulated by an indirect action of steroids mediated by 
stromal cells [15].

Aromatase has also been implicated in the development of BPH. It is reported that 
the blocking of the conversion of androgens to oestrogens by aromatase inhibitors 
appears to prevent prostatic hyperplasia [16].

2.1.2  Growth factors

2.1.2.1  Insulin-like growth factor-1

Insulin-like growth factor-1 (IGF-1) is expressed in the stromal and epithelial cells 
of the prostate. This has been found to be true especially in patients with acromegaly. 
Kumar et al. reported that these patients have higher prostate volume than healthy 
controls [17].

2.1.2.2  Fibroblast growth factor

Fibroblast growth factor-2 (FGF-2) is expressed abundantly in the prostate 
epithelium and stroma. FGF-2 is mitogenic to the prostate and there is an association 
of FGF-2 with prostate stromal proliferation [18].

2.1.2.3  Epidermal growth factor

Epithelial growth factor (EGF) is associated with the growth and differentiation 
of epithelial cells in the prostate. It is abundantly present in prostate tissues. It is also 
discovered that the inhibition of EGF receptor (EGFR) leads to the decreased prolif-
eration of prostatic epithelial cells [19].

Other growth factors implicated in BPH include transforming growth factors, 
vascular endothelial growth factor, bone morphogenic protein 5, brain-derived 
neurotrophic factor, thyroid hormones, etc.

2.1.3  Chronic inflammation

BPH is an immunoinflammatory disease [20]. Chronic inflammation has been 
implicated in the pathogenesis of BPH. Kohnen et al. reported that histologic inflam-
mation was found in 98.1% of patients undergoing transurethral resection of the 
prostate (TURP) for BPH with lower urinary symptoms (LUTS) [21]. The REDUCE 
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trial gave credence to this postulation when it reported that chronic inflammation was 
found in 77.6% of prostate biopsy cases and prostate volume was significantly larger 
in the group with chronic inflammation than in those without it [22].

Some inflammatory mediators involved in the pathogenesis of chronic inflam-
mation in BPH include lymphocytes, monocytes/macrophages, IL-8, IL-17, etc. 
[23, 24].

2.1.4  Race

Race is an independent risk factor for the development of BPH. It has been 
reported that Caucasian men are more likely to develop BPH than their African-
American counterparts (9.9% vs. 4.1%, respectively); however, surgical interventions 
meant for severe BPH was more common in African-American men [25]. A study by 
Hellwege et al. reported that BPH is likely heritable [26].

2.1.5  Microbiota

Several postulations have been made about microbiota contributing to the patho-
genesis of prostatic proliferation. The microbiota said to be associated with prostatic 
enlargement include gut microbiota, urine microbiota, and prostate microbiota.

Takezaka et al. reported that Firmicutes/Bacteroides ratio of gut microbiota was 
significantly higher in patients with enlarged prostates [27].

The changes in the bladder microbiota might be associated with increasing LUTS 
in older men. Tsai et al. reported that the urine microbiota composition of patients 
with BPH was different from those of the control and consisted of Alcaligenes, 
Pseudomonas, Lactobacillus, Akkermansia, and Cetobacterium [28].

Okada et al. reported that the prostate microbiota were found in the prostatic duct. 
Isolates from the BPH tissue included Escherichia coli, Staphylococcus, and Micrococcus 
spp. [29, 30].

2.2  Symptoms and diagnostic methods for BPH

Patients with BPH present with a constellation of symptoms generally referred to 
as lower urinary tract symptoms (LUTS). These symptom complexes can be grouped 
as voiding, storage, and post-micturition symptoms. The voiding symptoms include 
hesitancy, poor stream, intermittency, and straining; the storage symptoms are 
frequency, urgency, urge incontinence, and nocturia; while the post-micturition 
symptoms are feeling of incomplete bladder emptying and terminal dribbling. Other 
symptoms may include haematuria, features of uraemia or urosepsis. Urinary reten-
tion, etc. some patients may also experience erectile dysfunction, infertility, as well 
as a reduction in the quality of life (QoL). The symptoms of BPH can be objectively 
assessed using validated tools like the International Prostate Symptom Score (IPSS). 
Scores of 0–7, 8–19, and 20–35 would translate to mild, moderate, and severe symp-
toms, respectively [31].

Examination findings may reveal features with or without of symptoms. There 
may be abdominal findings like groin hernias or suprapubic fullness with or without 
tenderness. A digital rectal examination (DRE) may show features of an enlarged 
prostate with characteristic features suggestive of BPH like non-tender, firm, smooth, 
rubbery, non-nodular, preserved median groove and lateral sulci, and examining 
finger not stained with blood.
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The diagnostic methods in diagnosing BPH consist of clinical evaluation using 
history and physical examination. It is worthy of note to state that the diagnosis 
of BPH is clinical. However, investigations may be carried out to confirm the 
diagnosis as well as assess the extent of the disease and plann for the treatment. 
Definitively, the diagnosis of BPH can be made only with a prostate biopsy and 
histology.

The investigations would include urinalysis; urine microscopy, culture, and 
sensitivity; comprehensive metabolic panel (CMP); complete blood count (CBC); 
prostate-specific antigen (PSA); and urologic ultrasonography (kidneys, ureters, 
bladder, prostate volume, and postvoid urine residual volume). Baseline urodynamic 
studies like uroflowmetry can also be done. Retrograde cystoscopy can be carried out 
when indicated.

2.3  Treatment options for BPH

The treatment options for BPH could be categorized using the IPSS as a guide. 
Mild symptoms can be treated by conservative modalities, moderate symptoms by 
medical therapy, and severe symptoms by surgical intervention.

The conservative treatment modalities would include watchful waiting and 
lifestyle and dietary modifications.

Medical therapy would consist of the use of pharmacological agents like 
α1-adrenoceptor blockers alone or in combination with 5α-reductase inhibitors, 
muscarinic receptor antagonists, β-3 agonists, phosphodiesterase 5 inhibitors, and 
some plant extracts.

The surgical treatment of BPH can be grouped as resection, enucleation, vaporiza-
tion, alternative ablative techniques, and non-ablative techniques [32].

3.  Impact of BPH and BPH-related treatments on infertility

3.1  Effects of BPH on sperm production and semen quality

The precise molecular aetiology of this hyperplastic process is uncertain. The 
observed increase in cell number may be due to epithelial and stromal proliferation or 
to impaired programmed cell death leading to cellular accumulation. Multiple factors 
have been postulated in the aetiology as androgens, estrogens, stromal-epithelial 
interactions, growth factors, and neurotransmitters may play a role, either singly or 
in combination, in the aetiology of the hyperplastic process. Also, inflammatory cell 
infiltrates have been seen in many men with BPH and this may be an additional source 
of growth factors in human BPH tissue [5, 33].

Taking into account that the prostate gland is the major male accessory gland 
and has anatomic connection to the testes by way of the vas deferens, its pathology 
exerts attendant negative effect on essential functions of the male gonad and thereby 
affects male fertility. The key contribution of prostatic fluid to enhance male fertility 
is related to its role as a trigger for the molecular pathways involved in ejaculation, 
sperm activation and capacitation, and more importantly in evoking gene expression, 
cellular changes, and tissue remodelling in the female reproductive tract and immune 
system, thus actively influencing fertility and fecundity. A state of local inflamma-
tion can alter male fertility either directly by impairing sperm quality or indirectly by 
causing prostate dysfunction [34].
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The mechanical obstruction caused by the enlarged gland and resultant stasis of 
urine forms a podium for recurrent urinary tract infection, prostatitis, and by exten-
sion chronic orchitis, which can affect optimal testicular function, sperm production, 
and sperm characteristics and function directly. Uropathogens may alter sperm 
quality through different mechanisms: direct sperm damage, inflammation induced 
damage, or gland dysfunction. Cumulative evidence indicates that infection and 
inflammation of the prostate are detrimental to sperm quality and male fertility.

Additionally, some drugs used in the management of BPH and its associated com-
plications have been noted to adversely affect sperm health and function. Multiple 
classes of antibiotic medications have been shown to have potential for reversible 
decrease in sperm parameters. In cases of recurrent urinary tract infection, patients 
are prone to exposures to antibiotics and its attendant toxicities some of which affect 
testicular function. For example, nitrofurantoin is known to have gonadotoxic effect 
on the testes causing decrease sperm count and motility; similarly antibiotics like 
erythromycin, tetracycline, and the aminoglycosides disrupt sperm production 
with reduction in count and motility, while sulfa drugs decrease sperm count and 
motility and affect morphology. Also, prostate medications such as α-blockers have 
been shown to decrease the quality of semen parameters including sperm counts and 
motility. Similarly, the 5-α-reductase inhibitors like finasteride have been shown to 
decrease sperm quality even in low doses [35].

These factors in patients with BPH may collectively impair sperm production and 
functionality resulting in male infertility.

3.2  Relationship between BPH and erectile dysfunction

Erectile dysfunction (ED) and LUTS are conditions associated with significant 
negative impact on quality of life of patients and are known to have an increased 
prevalence in ageing men [33]. Although most drugs used in the treatment of BPH-
associated LUTS have some negative impacts on patients’ sexual function, studies 
have shown a strong causal relationship between LUTS due to BPH and sexual dys-
function. However, it is not clear how they are associated although there are emerging 
data supporting common pathophysiological mechanisms [36].

LUTS often coexist with ED in men with BPH and can themselves be an indepen-
dent risk factor for erectile dysfunction. The prevalence and severity of both condi-
tions increase with age, and with the severity of one condition often being associated 
with that of the other. Furthermore, when men seek treatment for one condition, they 
are often found to have both [37, 38].

Sexuality is an essential aspect of human relationships and has a significant impact 
on satisfaction. Men with moderate to severe LUTS are at increased risk for sexual 
dysfunction, including moderate to severe ED, ejaculatory dysfunction, and hypo-
active sexual desire. Recent large-scale studies have shown a consistent and strong 
relationship between LUTS and both erectile dysfunction and ejaculatory dysfunc-
tion. It seems that the pathophysiological mechanisms of LUTS and BPH as well as 
certain treatments for these conditions may have an impact on both the erection and 
the ejaculatory component of the sexual response [39].

The pathophysiologic link between these conditions is not yet clear, but several 
theories have been described with various degrees of supporting data. There seems 
to be an overlap between the roles of these individual mechanisms, and the ultimate 
effect that leads to smooth muscle relaxation in prostatic, bladder neck, or erectile 
tissues. Mechanisms that have been proposed include the pelvic atherosclerosis theory 
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and pelvic ischaemia, autonomic hyperactivity theory, calcium-independent Rho-
kinase activation pathway, age-related hormone imbalances, and lastly, reduced nitric 
oxide (NO) levels [38].

The most explored of these mechanisms is the reduced nitric oxide levels. Nitric 
oxide is a noradrenergic, noncholinergic (NANC) mediator of smooth muscle activ-
ity and is present in the prostate, which also has nitric oxide synthetase activity. It 
is believed that prostatic smooth muscle tension is mediated by nitric oxide. Nitric 
oxide activates soluble guanylate cyclase (sGC) of smooth muscle cells, which in turn 
increases cyclic guanosine monophosphate (cGMP) levels ultimately resulting in 
smooth muscle cell relaxation, and this relaxation causes carvenous dilatation with 
consequent inflow of much blood and penile erection [40].

Additionally, PDE5-inhibitors were found in vitro to inhibit prostate stromal 
cell proliferation through attenuating and reverting fibroblast-to-myofibroblast 
trans-differentiation. The abundance of PDE5 iso-enzymes in the lower urinary tract 
and the inhibition of PDE5 in these tissues, leading to increased cGMP, have been 
demonstrated to reduce smooth muscle cell proliferation in the prostate; relax smooth 
muscle cells in the prostate, bladder neck, and supporting vasculature; and increase 
tissue oxygenation via improved blood perfusion and modulate bladder afferent nerve 
activity. The improvement of symptoms in patients with LUTS due to BPH treated 
with tadalafil is believed to be mediated by a combination of these effects [41, 42]. 
Moreover, they exert potent anti-inflammatory effects on the prostate thereby reduc-
ing fibrosis and overgrowth. All these beneficial effects help in maintaining prostatic 
structural anatomy and physiological activity [43].

3.3  Role of BPH in obstructive infertility

As the prostate enlarges, it compresses the urethra causing obstruction of not 
only urine but seminal fluid as well, or at least altering the direction of semen flow 
back into the bladder, and this can potentially cause male factor infertility as there 
is hindrance to the effective deposition of semen deep into the vagina during sexual 
intercourse.

In a few reports, there have been cases of recurrent urethritis in patients with 
benign prostatic hyperplasia developing ejaculatory duct obstruction by virtue of the 
inflammation that occurs at the level of the verumontanum where the openings of the 
ejaculatory ducts into the prostatic utricle are located.

Also, a common treatment for benign prostatic hyperplasia is transurethral 
resection of the prostate and although the therapeutic effect of this surgical method 
has been proven, it is traumatic, and cases of ejaculatory duct obstruction post TURP 
have been reported.

The obstruction of the ejaculatory ducts may result in azoospermia as in cases of 
bilateral obstruction or reduced seminal fluid volume (typically <2 ml) in solitary 
or incomplete obstruction with some spermatozoa present in the ejaculate. These situ-
ations can result in male factor infertility even though they are comparatively rare.

3.4  Impact of BPH-related treatments on ejaculation and male infertility

The most important sexual adverse effects of medical therapies are ejaculatory 
disorders after the use of some α-blockers and sexual desire impairment, erectile 
dysfunction, and ejaculatory disorders after the use of α-reductase inhibitors [44]. 
Several types of problems may occur with ejaculation: ejaculatory duct obstruction, 
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retrograde ejaculation, retarded ejaculation, anejaculation, congenital anorgasmia, 
and painful ejaculation.

Most of the treatment options for LUTS due to BPH, both pharmacologic and sur-
gical, are known to have significant sexual side effects and most importantly ejacula-
tory dysfunction. While ejaculatory dysfunction due to pharmacologic therapy is 
usually reversible on cessation of treatment, that attributable to surgical interventions 
is often permanent and irreversible [45]. The resultant effects of ejaculatory dys-
function are psychological stress and male infertility as the sperm is hindered from 
travelling out of the urethra into the vagina for possible fertilisation. The implicated 
treatments include the following.

3.4.1  Alpha-blockers

These are medications used for the treatment of BPH as well as hypertension. 
Alpha-blockers treat BPH by relaxing the prostatic capsule and bladder neck, thereby 
enlarging the channel through which the urine flows. However, when the bladder 
neck is relaxed, retrograde ejaculation can result. They can also decrease emission of 
sperm (transport of sperm from the vas deferens into the ejaculatory ducts), which 
can result in complete azoospermia without retrograde ejaculation. Most notorious 
of the group for this adverse effect are the selective blockers such as silodosin and 
tamsulosin. In some cases, they may cause complete anejaculation (no antegrade or 
retrograde flow of ejaculate with orgasm). Rates of ejaculatory dysfunction follow-
ing use of tamsulosin and silodosin have generally been found to be about 10–30%. 
Ejaculatory dysfunction caused by alpha-blockers is typically reversed following 
stoppage of the medications.

3.4.2  5-alpha reductase inhibitors

The drugs notably finasteride and dutasteride are principally used in the treat-
ment of LUTS due to BPH, commonly as a combination therapy. These drugs have the 
negative effects of erectile dysfunction, hypo-active sexual desire, and ejaculatory 
dysfunction including reduced, absent, or painful ejaculation, and these negatively 
impact on fertility [46].

3.4.3  Conventional surgical therapy

Even before any treatment consideration, LUTS due to BPH carries a risk of sexual 
dysfunction [47]. Most of the surgical interventions used in BPH management as long 
as they open the urinary channel can also damage the bladder neck further worsening 
the occurrences of sexual dysfunction. Such surgical treatments include transurethral 
resection of the prostate (TURP), laser prostate surgery such as HoLEP, microwave 
treatment of the prostate, transurethral needle ablation of the prostate (TUNA), and 
transurethral incision of the prostate (TUIP).

TURP has remained the gold standard treatment for BPH with regard to efficacy 
and safety [48]. Due to the fact that the ejaculatory ducts also empty into the prostatic 
urethra on either side of the verumontanum, ablation and excessive heat applied to 
the ejaculatory ducts may lead to charring, scarring, and duct obstruction with resul-
tant anejaculation. Also, the bladder neck is known to physiologically close during 
ejaculation to propel the ejaculate forward to ensure deposition deep into the vagina. 
Unfortunately, during a TURP, resection of the bladder neck is commonly performed 
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to further increase the calibre of the outflow tract and this leads to an incompetent 
bladder neck and resultant retrograde ejaculation. It has been shown that ejaculatory 
dysfunction occurs in up to 65% of post TURP patients of which about 50% do have 
retrograde ejaculation [45].

Holmium laser enucleation of the prostate (HoLEP), which is an alternative to 
TURP as it can be used for bigger sized prostate and for those at higher risk of bleed-
ing, has been shown to have similar risks of ejaculatory dysfunction as TURP.

While transurethral incision of the prostate (TUIP) may be an option for symp-
tomatic men with smaller prostate glands considering the bladder neck is incised and 
not resected, it is still associated with about 35% risk of ejaculatory dysfunction and 
can lead to irreversible ejaculatory dysfunction.

Open simple prostatectomy, which is still a viable option in some quarters espe-
cially in patients with very large glands or coexisting bladder pathology like diverticu-
lum, is known to have an invariable high rate of ejaculatory dysfunction.

4.  Diagnostic approach for male infertility due to BPH

4.1  Medical history and physical examination

The patient’s detailed medical history should assess for symptoms of BPH, 
duration of infertility, and previous treatments, and rule out any risk factors and 
behavioural patterns that may impact his infertility. These factors include his 
lifestyle, family history (e.g. testicular cancer), comorbidities (e.g. hypertension, 
diabetes mellitus (DM), obesity, metabolic syndrome, testicular cancer, etc), 
genito-urinary infections (e.g. sexually transmitted infections), and history of 
testicular surgery, and exclude any potential known gonadotoxic medications or 
recreational drugs [49].

A focused urologic examination is mandatory in the assessment of every man 
with infertility due to BPH. The examination is aimed at eliciting findings suggestive 
of BPH, such as an enlarged prostate with benign features, and also ruling out other 
causes of infertility. Findings suggestive of other causes of infertility may include 
abnormal secondary sexual characteristics, abnormal testicular volume and/or con-
sistency, testicular masses (suggestive of cancer), nodular, hard prostate (suggestive 
of cancer) absence of testes, gynaecomastia, varicocoele, etc.

4.2  Laboratory tests for hormonal evaluation

Hormonal evaluation should be performed for all male patients with infertility, 
whether due to BPH or not. The role of hormones in the pathogenesis of BPH has 
been well outlined. The imbalances in androgens, oestrogens, and gonadotrophins 
can affect spermatogenesis by various mechanisms. The  level of serum testosterone, 
DHT, oestradiol, follicle-stimulating hormone(FSH), luteinizing hormone(LH) and 
prolactin should be checked. Thyroid function test can also be performed.

4.3  Semen analysis and evaluation of sperm parameters

The 6th edition of the WHO Manual for the Examination and Processing 
of Human Semen published in July 2021 is the working tool currently accepted 
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worldwide for the analysis of semen. Semen analysis remains the cornerstone of male 
infertility evaluation. The basic examination would assess for semen volume, sperm 
numbers, sperm motility, sperm morphology, and sperm vitality. The normal refer-
ence ranges are as shown in Table 1 [50].

One test is adequate if the semen analysis meets WHO criteria. If at least two test 
findings are abnormal, further andrological evaluation would be indicated. It is wor-
thy to be noted that no single sperm parameter, such as concentration, morphology, or 
motility, can be used to diagnose infertility in and on itself.

Advanced evaluation of sperm parameters includes measurement of sperm DNA 
fragmentation index, assessment of reactive oxygen species (ROS), membrane 
ion channels, acrosome reaction and sperm chromatin structure and stability, 
and computer-assisted sperm analysis (CASA). Genetic analysis may be indicated 
depending on the clinical findings and semen parameters [51].

4.4  Imaging techniques to assess BPH and its impact on fertility

Imaging modalities may help to assess the severity and extent of BPH and its 
impact on fertility. The main role of imaging is the identification of the causes of 
infertility.

Transrectal ultrasound scan (TRUS) can be used to evaluate the prostate gland 
(prostate volume, nodularity, cysts, etc.) and its adjoining structures. It can also be 
used in patients with low seminal volume, acidic PH, and severe oligo-zoospermia 
or azoospermia, in whom obstruction is suspected. Patients with congenital bilateral 
absence of vas deferens (CBAVD), abnormalities of the epididymis, seminal vesicles 
can also be assessed via TRUS.

Scrotal ultrasound scan is the most commonly performed imaging modality where 
causes of infertility other than BPH are suspected. It is employed to assess for tes-
ticular volume and testicular/scrotal masses like cancer, cysts, varicocoele, as well as 
assessment of obstructive azoospermia [51].

MR imaging of the brain is very beneficial for evaluating pertinent neurologic 
abnormalities, such as pituitary gland disorders, that are suspected on the basis of 
hormone analysis results [52].

Parameter 2021 lower reference limit (95% CI)

Semen volume (mL) 1.4 (1.3–1.5)

Total sperm number (106/mL) 39 (35–40)

Sperm concentration (106/mL) 16 (15–18)

Total motility (PR + NP, %) 42 (40–43)

Progressive motility (PR. %) 30 (29–31)

Vitality (live spermatozoa, %) 54 (50–56)

Sperm morphology (normal forms, %) 4 (3.9–4.0)

NP, non-progressive; PR, progressive.

Table 1. 
Lower reference limits (5th centiles and their 95% CIs) for semen characteristics.
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5.  Management of male infertility due to BPH and BPH-related treatments

5.1  Medical management of BPH to improve fertility

Male infertility due to BPH can be treated when the underlying pathology 
being BPH is addressed. As outlined earlier the medical therapy of BPH includes 
the use of α1-adrenoceptor blockers, which relax prostatic smooth muscles e.g. 
tamsulosin alone, or in combination with 5α-reductase inhibitors, which reduce 
prostate volume, e.g. finasteride. Others such as muscarinic receptor antagonists 
e.g. oxybutynin, β-3 agonists e.g. mirabegon, phosphodiesterase 5 inhibitors e.g. 
tadalafil, and some plant extracts e.g. saw palmetto [32] may play roles in improv-
ing symptoms.

Anti-androgens and aromatase inhibitors can also be used.
It is worthy of note to mention here that the treatment of some co-morbid con-

ditions like metabolic syndrome (metS) associated with BPH have been found to 
improve infertility in these patients. Lifestyle modifications like smoking cessation, 
weight loss and the use of medications such as anti-hypertensives, euglycaemic 
agents and lipid lowering drugs have excellent results in the improvement of semen 
parameters [53].

5.2  Use of medications to enhance semen count and quality

Over the years, some medications have been shown to directly or indirectly 
improve sperm parameters such as sperm count and concentration, motility, as well 
as morphology. These agents can be broadly placed into 2 groups: hormone mediated 
agents and antioxidant based supplements.

5.2.1  Hormone mediated agents

These medications help to improve sperm count or quality and they include 
the selective oestrogen receptor modulators like clomiphene citrate, FSH, selective 
aromatase inhibitors such as anastrozole and HCG.

Clomiphene citrate is used by most urologists even as an off label medication to 
treat male infertility. It blocks oestrogen from interacting with the pituitary gland 
and consequently increases testosterone, luteinizing hormone(LH) and follicular 
stimulating hormone(FSH) levels. It has been shown to improve sperm concentration 
and motility by 4–5%. This boost can be of utmost value in oligospermic patients or 
those with poor motility towards achieving pregnancy. It may also help azoospermia 
patients resume sperm production thus improving the chances for successful sperm 
extraction [54].

FSH is known to help in stimulating testicular growth even though minimally 
and aid sperm production and thereby improve pregnancy outcomes in patients with 
hypogonadism, oligospermia, and oligoasthenoteratospermia.

Similarly, anastrozole and letrozole are known to decrease oestrogen production 
and increase testosterone production. They have been found to help correct hormonal 
imbalances and improve sperm concentration in sub-fertile men [55].

Human chorionic gonadotropin (HCG) is known to improve testosterone levels 
in men with secondary hypogonadism without the adverse effect of suppression of 
the hypothalamic-pituitary-gonadal axis as seen with exogenous testosterone therapy 
while also improving sperm production.
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5.2.2  Antioxidant based supplements

Oxidative stress is known to occur following the production of reactive oxygen 
species (ROS) which exceeds the body’s natural antioxidant defences. ROS are pro-
duced from environmental factors such as high temperature, electromagnetic waves, 
air pollution, insecticides, alcohol consumption, obesity, as well as poor nutrition, 
and these impact negatively on testicular function with resultant increase in sperm 
DNA fragmentation, abnormal sperm morphological forms, and decrease in sperm 
concentration and motility with an overall negative impact on male fertility.

There are natural antioxidants in semen and these include vitamin E, vitamin C, 
superoxide dismutase, glutathione and thioredoxin. These antioxidants play critical 
roles in neutralising the activities of free radicals and protect sperm from ROS that are 
already produced [56].

Recently, attention has been drawn to the effect of oxidative stress on male infer-
tility and the role played by the use of oral antioxidant supplements in the improve-
ment of semen parameters in infertile men, and most of these studies have shown a 
positive relationship between antioxidants and improved male fertility outcomes [57].

Antioxidants in supplements have become a common prescription by urologists 
to males who are being managed for infertility in a bid to improve testicular function 
and sperm parameters. Notable components of these supplements are vitamin C, 
vitamin E, L- carnitine, Coenzyme Q10, zinc, selenium and N-acetyl-cysteine. Others 
include lycopene, vitamin D, D- aspartic acid and folate.

There are numerous studies to support the positive impact of use of these supple-
ments in improving semen parameters and pregnancy outcomes in infertile males. 
A study conducted in 2006 showed that use of 1000 mg twice daily vitamin C for 
2 months caused sperm count to double with an increase in motility of 90%. Its com-
bination with vitamin E has been shown to be very effective in reducing sperm DNA 
fragmentation. Similarly, studies have shown that vitamin E combined with selenium 
results in total improvement of sperm motility and morphology and causes a 10.8% 
increase in spontaneous pregnancy rate when compared to a non-treatment group.

In a study done by Balercia and colleagues on the effect of CoQ10 on sperm 
motility in infertile men, 60 men with asthenoteratospermia reviewed showed an 
improvement in the semen concentration and sperm motility with the occurrence 
of 12 spontaneous pregnancies [58]. Lycopene has been shown to decrease oxidative 
stress and sperm DNA damage, and cause an increase in sperm count, concentration, 
motility and morphology, while vitamin D has been shown to improve motility in 
men with asthenospermia.

Folate helps sperm production and improves sperm concentrations in infertile 
males. Zinc is known to help immune function, and its use is associated with signifi-
cant improvements in semen volume, sperm motility and sperm morphology.

5.3  Surgical interventions to alleviate BPH-related infertility

The surgery of BPH can be employed in treating infertility in the surgically 
amendable cases. These surgeries include resection, enucleation, vaporisation, 
alternative ablative techniques, and non-ablative techniques [32]. Transurethral 
resection of the prostate (TURP) is the gold standard method for surgically treat-
ing BPH. These surgeries would reduce the size of the prostate, reduce the burden 
of inflammation, and thus improve the fertility profile of the patient. Some com-
plications of these surgeries can also lead to situations that would cause infertility. 
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Such complications include retrograde ejaculation, ejaculatory duct stricture, 
urethral stricture, etc. There is paucity of data regarding the achievable pregnancy 
rates following surgical interventions in infertility caused by BPH. This serves as 
grounds for further research.

Bariatric surgeries may be indicated in patients with metS and have been noted to 
improve infertility in this group of patients [59].

5.4  Assisted reproductive technology for couples affected by BPH-related 
infertility

Assisted reproductive technology (ART) are a set of protocols or procedures that 
involve the in vitro handling or manipulation of human oocytes, sperm, or embryos, 
with the intent of establishing pregnancy. This is indicated in situations where the 
above options of treatment fail. Various techniques of ART exist and they include 
intrauterine insemination (IUI), in vitro fertilisation (IVF), intracytoplasmic sperm 
injection (ICSI), testicular sperm extraction (TESE), and percutaneous epididymal 
sperm aspiration (PESA).

6.  Measures, therapies, and mitigating interventions for BPH treatment 
related infertility

Over the years, various measures have been identified that can be put into place to 
either prevent or mitigate the occurrence and negative impact on fertility among male 
patients treated for benign prostatic hyperplasia.

6.1  Treatment of retrograde ejaculation

6.1.1  Discontinue alpha-blocker medications

Terazosin, doxazosin, and alfuzosin are known to have lower rates of ejaculatory 
dysfunction when compared to other alpha-blockers, and this has been attributed to 
the non-specific mechanism of action of the medications. The more selective and the 
higher the affinity of the drug to the alpha 1a receptors, the greater the likelihood of 
ejaculatory dysfunction.

Tamsulosin and silodosin are the alpha-blockers most likely to result in ejacula-
tory problems. In cases of mild to moderate symptoms, the alpha-blocker can be 
temporarily stopped until pregnancy is achieved, and this usually is the most effec-
tive approach. In men with more severe urinary voiding problems, switching to a 
less selective alpha-blocker, such as alfuzosin, can often help resolve the ejaculatory 
problems [60].

6.1.2  Use of alpha agonists

Alpha agonists work by increasing the strength of bladder neck closure during 
ejaculation. The success rate in reversing retrograde ejaculation is about 20–30%. 
Intermittent short courses of treatment are recommended to maximise benefit. 
Examples of alpha agonists include pseudoephedrine, phenylpropanolamine, 
ephedrine sulphate, and imipramine. Of these agents, the most commonly used 
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is pseudoephedrine and it is given for 2–7 days’ duration. The drug can be used 
prior to semen analysis (to assess treatment response), in conjunction with timed 
intercourse [60].

6.1.3  Urine sperm retrieval and assisted reproductive techniques

Sperm can be collected at the time of a semen analysis and then used with intra-
uterine insemination. The urine must however first be alkalinized prior to specimen 
collection, as urine is acidic, and this acidity is damaging to sperm. Common agents 
for urine alkalinization are oral baking soda and sodium bicarbonate tablets or 
capsules. They are typically taken the night before and 1–2 hours before ejaculation.

6.2  Treatment of ejaculatory duct obstruction

Several different treatment options are available, including ejaculatory duct dila-
tion, transurethral resection of the ejaculatory duct (TURED), and sperm extraction 
combined with IVF/ICSI [61].

6.2.1  Ejaculatory duct dilation

This entails passing long, thin probes into the ejaculatory ducts under cystoscopic 
guidance and progressively passing larger probes in an attempt to dilate any narrowing 
of the ejaculatory ducts. Recent modifications include use of small inflatable balloons.

6.2.2  Sperm extraction and IVF

Men with ejaculatory duct obstruction typically have normal sperm produc-
tion. One option is to bypass the obstruction and proceed with sperm extraction 
combined with IVF/ICSI. This approach avoids the need for TURED with its possible 
complications.

6.2.3  Transurethral resection of the ejaculatory duct (TURED)

This is done usually on an outpatient basis under anaesthesia and involves the use 
of a resectoscope with careful resection of portions of the ejaculatory ducts using 
electrocautery or a laser, thereby relieving the blockage. This procedure is often 
combined with the injection of coloured dye into the seminal vesicles by TRUS prior 
to the resection. Therefore, when the obstruction has been successfully removed, 
this coloured dye can be seen through the scope flowing through the newly opened 
ejaculatory ducts.

6.3  Novel therapies for BPH management

6.3.1  Prostatic urethral lift (Urolift)

This is a newer BPH treatment characterized by the use of non-thermal method to 
cystoscopically lay implant trans-prostatic suture to widen the prostatic lumen by com-
pressing the prostatic tissue in a bid to mechanically open the prostate. Though the data 
are preliminary, sexual and ejaculatory side effects are reported to be minimal [61, 62].



Prostate Diseases – Management Strategies and Emerging Technologies

110

6.3.2  Water vapour thermal energy treatment (Rezum)

It is typically used for prostates less than 80 g. It involves the use of radio-
frequency generated thermal energy delivered transurethrally to ablate the prostate. 
Sexual function is preserved because the thermal effects are not transmitted beyond 
the targeted areas. In the majority of men, sexual and ejaculatory functions are 
preserved [AUA Update 2019] [63].

6.3.3  Aquablation

This is a recently developed system that utilizes high pressure water jet technol-
ogy to precisely cut and resect prostate tissue. Since thermal energy is not used, the 
sexual adverse effects are therefore minimized. Studies in this regard are still few and 
evidence at the moment are limited [64, 65].

6.3.4  Urethral-sparing simple prostatectomy

This is performed via a minimally invasive robotic approach, in which the seminal 
vesicles, urethra, and ejaculatory ducts are preserved. It should be noted that stud-
ies are limited and that ejaculatory outcomes are heavily dependent on the surgeon’s 
technique and expertise as well as prostatic anatomy [66].

6.3.5  Hood-sparing technique

This technique may be employed for both TURP and HoLEP. Avoiding damage to 
the paracollicular and supracollicular tissue proximal to the verumontanum (ejacula-
tory hood), it is believed to preserve antegrade ejaculation. Although a hood sparing 
approach with these interventions seems to be promising, results are mixed and 
require ongoing further investigation [67].

7.  Conclusion

Benign prostatic hyperplasia (BPH) indeed has a negative impact on male fertility. 
Prostatic enlargement can potentially hinder the transport of sperm during ejacula-
tion, affecting the chances of successful conception. Additionally, medications used 
in its management and management of its associated complications may affect sperm 
quality or motility, further complicating fertility issues. Sadly, known standard 
surgical interventions for BPH are major potentiators to male infertility leaving the 
individual patients and urologists with limited options towards ameliorating this 
burden. Consequently, it becomes imperative to fully understand the enormity of the 
challenge, mechanisms by which they occur, as well as available management options 
with a view to maximising available options towards improved outcomes and patient 
satisfaction.

An intact sexual function, especially ejaculation, is critical in the domain of male 
fertility. Impediments to semen outflow, whether it is ejaculatory dysfunction or 
erectile dysfunction, will cause significant challenges for men attempting to conceive. 
There are multiple organic sources of such dysfunction, but it is important to identify 
the iatrogenic causes as well, such as lower urinary tract symptoms due to BPH and its 
treatments.
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Chapter 7

Localized Prostate Cancer:  
A Clinically Significant Disease and 
Emerging Imaging Modalities
Sergio Contreras

Abstract

A trend has emerged toward the timely diagnosis of prostate cancer. Worldwide, 
early stages represent more than two-thirds of all prostate cancers. Novel software, 
highly sensitive images, or techniques available for its detection could lead to over-
diagnosis of clinically irrelevant diseases. Conversely, inadequate staging could miss 
advanced diseases. Selecting a treatment for prostate cancer can be a difficult task, 
some prostate cancer may not require treatment, especially considering that treating 
early stages may not impact the patient’s longevity. A multidisciplinary approach, 
supported by sophisticated imaging and diagnostic techniques and their correlation 
with biochemical, pathological, and clinical parameters, helps to define the risk. 
These risk groups are essential when selecting a definitive or radical treatment. These 
treatment modalities may include a combination of radiotherapy, hormonal therapies, 
surgery, or simply observation. For each of these options, the toxicity profile, side 
effects, quality of life, and survival must be considered. All these variables must 
be taken into account when defining treatment. Additionally, the intensification of 
treatment is a recent addition to the standard treatment of high-risk prostate cancer. 
Therefore, appropriate risk characterization is essential.

Keywords: high-risk, intermediate-risk, localized-prostate-cancer, radiotherapy plus 
ADT, mpMRI

1.  Introduction

Worldwide, the age-standardized incidence rate of prostate cancer is 30.7 
per 100,000 males [1]. According to data from the National Cancer Institute/
Surveillance, Epidemiology, and End Results (NCI/SEER, 2009–2015), up to 77% are 
localized with no evidence of lymph node involvement [2].

Clinically significant prostatic cancer involves those with stages higher than 
T2N0M0 with Gleason scores more advanced than 3 + 3 or ISUP 2 (international 
society of urological pathology group 2), and specific prostatic antigens with values 
over 10 ng/ml. The idea of treating clinically significant diseases lies in the probability 
of specific cancer death (SCD). Currently, we know that beyond 10 year of follow-up, 
SCD has been reported as 19.6% (95% CI, 18.0–21.2) for intermediate-risk disease 
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and 35.5% (95% CI, 34.2.2–36.8) for high-risk disease [3]. Therefore, enhancing effec-
tive diagnostic tests for high-risk diseases to predict specific cancer deaths is justified.

2.  Staging the disease

Evidence has previously been reported for the emerging multiparametric MRI 
(mpMRI), demonstrating its usefulness in active surveillance by diminishing unnec-
essary biopsies. The mpMRI diminished clinically insignificant prostate cancers 
by 9% and avoided 37% of biopsies in men. Efforts to decrease overtreatment and 
initiate timely treatment in localized diseases that are considered clinically significant 
should be the focus of curative treatment.

The burden of permanent complications should be considered in advance of defin-
itive therapy. Ruling out metastatic disease is a mandatory element of the workup. 
Currently, the PET agents, 68Ga-PSMA-11 and 18F-DCFPyL, have been approved 
by the US Food and Drug Administration for newly diagnosed high-risk prostate 
cancers [4, 5]. The PROSTAGE trial reported sensibility for PSMA PET CT of 0.90 
(0.78–1.00), with AUC values for bone metastasis detection of 0.90 (95% confidence 
interval [CI]: 0.85–0.95) [6].

Relevant data for lower-risk prostate cancer, such as the intermediate-risk group, 
was obtained from a retrospective study. Researchers studied diagnosed unfavor-
able intermediate-risk patients who underwent PSMA PET/CT as a primary staging 
modality to identify independent predictors of metastatic disease. In multivariable 
analysis, two variables were statistically significant: staging T3 with an OR of 2.72 
[95% CI, 1.27–5.83] and >50% positive prostate biopsies with an OR of 3.87 [95% CI, 
1.74–8.62]. Among all patients staged with PSMA PET, 9.3% had metastatic disease 
[7]. Therefore, the unfavorable risk group should undergo staging with this imaging 
technique.

3.  Surgery or not

Analysis of data from the PREVENTER trial identifies that 20% of complications 
are associated with a prostatectomy procedure regardless of the type (robotic vs. 
opened). In multivariable logistic regression, the pathological stage T3b (OR 2.76, 
95% CI 1.23–6.00; P = 0.01) was identified as a predictor of postoperative complica-
tions [8]. Therefore, which patients should avoid a surgical approach without detri-
mental effects on overall survival while preserving good quality of life?

This question should be approached by first conceiving a curative procedure, 
which means ensuring no evidence of residual disease, clear margins, and minimal 
risk of microscopic lymph node involvement. This curative approach considers 
preventing the need for additional radiotherapy and its subsequent toxicities when 
offered as an adjuvant or salvage treatment. Tools such as nomograms have been 
developed to select the best candidates for curative procedures and identify those at 
risk of poor outcomes. However, the limitations of nomograms are well-known.

Four validated nomograms have been compared for diagnostic accuracy. 
All nomograms (MSKCC and Briganti Nomograms from 2012, 2017, and 2019) 
showed high sensitivity (Se > 0.90) but low specificity (Sp < 0.20) and similar 
AUC (range: 0.526–0.573) in predicting pN+. Notably, the MSKCC prediction did 
not vary significantly between pN0 and pN+ groups (p = 0.2). These nomograms 
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had low specificity in predicting lymph node involvement, which is why prostatic 
lymph node dissection is considered the most reliable procedure for detecting 
lymph node metastases [9]. Consequently, avoiding lymphadenectomy in high-risk 
groups rarely happens, leading to a range of expected side effects.

Attempts to improve the specificity of emerging diagnostic imaging tools have 
been made and could be incorporated into the nomograms. The mpMRI has the 
capacity to rank extracapsular extension (ECE) as a score, helping to decide the 
biopsy method—either transperineal systematic randomized biopsy (PI-RADS <2) 
or targeted biopsies (PI-RADS >3)—thereby improving diagnostic performance. 
Moreover, the mpMRI helped to increase the AUC for the Briganti-validated nomo-
gram. Including ECE in the validated nomogram increased the AUC to 81%, which is 
consistent with findings from other researchers [10]. As a result, ECE should cur-
rently be considered the most important predictor of LNI at final pathology. These 
developments seem promising, and efforts to achieve prospective validation are 
needed to guide clinical practice.

To make decisions on upfront surgical treatment, one needs to consider a curative 
procedure and the minimal risk of microscopic lymph node involvement, aiming for 
definitive improvement in overall and cancer-specific survival. It is crucial to identify 
the best candidates for this procedure while considering the already described risk of 
complications it brings.

The PIVOT trial compared the beneficial effect of the prostatectomy procedure 
versus observation for different risk groups of patients with prostate cancer. With 
a median follow-up of 12.7 years, this trial showed an absolute difference in risk for 
death attributed to prostate cancer, favoring the surgical procedure by 4.0 percent-
age points (95% CI, −0.2 to 8.3; hazard ratio, 0.63; 95% CI, 0.39–1.02; P = 0.06). The 
median survival was 13.0 years with surgery and 12.4 years with observation. However, 
for overall survival, both low-risk and high-risk diseases showed only minimal abso-
lute beneficial effects on survival, with 0.7 and 2.3%, respectively. In contrast, the 
intermediate-risk group had an absolute difference of 14.5% (95% CI, 2.8–25.6) [11].

These results should be interpreted with caution. The intermediate-risk group will 
likely have better overall survival outcomes with this approach, while observation 
remains a well-validated therapeutic option for the low-risk group (including non-
clinically significant disease) [12]. However, observation should not be considered a 
therapeutic option for the high-risk group, even though the PIVOT trial did not iden-
tify a statistically significant beneficial effect on survival for the surgical arm over 
the observation arm for this group of patients. Instead, it should be interpreted that a 
surgical procedure for high-risk patients is not a suitable option and is as ineffective as 
merely monitoring the progression in these patients. These premises are supported by 
subsequent studies designed to evaluate the concurrent management of radiotherapy 
with and without hormonal therapy.

4.  Risk groups for prostate cancer and definitive managements in 
localized disease

The NCCN guidelines define and classify five risk groups for prostate cancer [13]:

1. Very low risk: the patient has all of the following: cT1c, Grade Group 1, 
PSA < 10 ng/dL, fewer than 3 prostate biopsy fragments/cores positive, ≤50% 
cancer in each fragment/core, and PSA density < 0.15 ng/mL/g.
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2. Low risk: the patient has cT1–cT2a, Grade Group 1, and PSA <10 ng/mL, with at 
least one variable from the very low-risk category missing.

3. Intermediate risk: the patient has cT2b–cT2c, Grade Group 2 or 3, and PSA 
10–20 ng/mL. Additionally, this group may be separated into favorable and unfa-
vorable subgroups according to whether ≥50% of biopsy cores are positive (e.g., 
≥6 of 12 cores), having 2 of 3 variables, or having Grade Group 3.

4. High risk: the patient has cT3a, Grade Group 4 or Grade Group 5, and PSA 
>20 ng/mL, with only one of these criteria needing to be present.

5. Very high risk: these patients fall into the high-risk category but have at least one 
of the following: cT3b–cT4, Primary Gleason pattern 5, 2, or 3 high-risk features, 
or more than 4 cores with Grade Group 4 or 5.

Recommendations for non-surgical definitive treatments may be offered based on 
clinical trial data and valid sources according to the definitions used at the time the 
studies were designed. Therefore, referrals to intermediate-risk groups involve both 
favorable and unfavorable risk subgroups. Similarly, the high-risk prostate cancer 
group includes patients with very high-risk variables.

4.1  Intermediate-risk group

The definitive management of intermediate-risk prostate cancer can include a 
curative intention through prostatectomy. However, not all patients are good candi-
dates for surgical procedures. Some may not accept the adverse effects profile, and 
others may have a low life expectancy. Therefore, definitive management through 
radiation could be an option.

The RTOG 9408 trial compared definitive radiotherapy (RT) with and without 
hormone treatment for T1b, T1c, T2a, or T2b prostate adenocarcinoma and a PSA 
level of 20 ng/mL or less. With a follow-up of 9.1 years, the use of short-term ADT 
(androgen deprivation therapy) before and during radiotherapy was associated 
with significantly decreased disease-specific mortality and increased overall sur-
vival [14]. However, these results have been inconsistent across prospective studies, 
particularly regarding overall survival [15]. A detrimental effect was reported 
in a meta-analysis that included retrospective studies, showing an increased risk 
of all-cause mortality by 12% (HR 1.12, 95% CI 1.01–1.12, p = 0.04) when ADT 
was added to radiotherapy [16]. Therefore, while radiotherapy is suggested to be 
effective, whether to add a short course of hormonotherapy remains an unresolved 
question.

4.2  High-risk group

The role of androgen deprivation therapy (ADT) for the high-risk population has 
been consistently shown to have a beneficial effect on survival. Studies such as RTOG 
9202, 8531, and EORTC 22893 demonstrated improved overall survival, particularly 
in patients with a Gleason score of 7–10, with a cardiovascular safety profile and a 
longest median follow-up of 9.1 years. These studies, however, are heterogeneous in 
their definition of high risk and the duration of ADT (24–36 months) [17–19].
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The NCCN guidelines currently propose the most precise definition for high risk, 
grouping both high-risk and very high-risk patients under the same therapeutic inten-
tion. While guidelines from the American Urological Association (AUA), European 
Association of Urology (EAU), American Society for Radiation Oncology (ASTRO), 
and National Comprehensive Cancer Network (NCCN) each have their definitions 
for “high-risk disease,” it is essential to select those that consider cancer-specific and 
global mortality. The most appropriate guidelines incorporate all available variables to 
complete the risk classification for each center [20].

Currently, there is limited evidence supporting ADT combined with radiotherapy for 
less than 24 months. A study comparing 36 months versus 18 months of ADT combined 
with radiotherapy aimed to evaluate overall survival (OS) and quality of life (QoL) at 
5 years. The 5-year OS rates were 91% (95% CI, 88–95%) for the 36-month group and 
86% for the 18-month group (95% CI, 83–90%), with a p-value of 0.07. The research 
group concluded that 36 months of ADT is not superior to 18 months [21]. However, only 
about 25% of the cohort could be classified as a high-risk prostate cancer population.

The efficacy of adding abiraterone and prednisolone to androgen deprivation 
therapy (ADT) in high-risk localized prostate cancer was recently published. Patients 
with nodal involvement, or without node involvement but with stage T3 or T4 disease, 
Gleason score of 8–10, and prostate-specific antigen (PSA) concentration ≥40 ng/
mL should receive abiraterone plus prednisone in addition to standard ADT and 
radiotherapy. This recommendation also applies to high-risk patients who relapse 
within ≤12 months of total ADT, have an interval of ≥12 months without treatment, 
and have a PSA concentration ≥4 ng/mL with a doubling time of <6 months, or a PSA 
concentration ≥20 ng/mL without evidence of metastatic disease.

Although median overall survival was not reached in both arms of the study, 
there was a reduction in the probability of death from all causes (HR 0.60, 95% CI 
0.48–0.73, p < 0.0001), leading to approval for this treatment regimen in this  
setting [22].

For other outcomes, the incorporation of a brachytherapy (BT) boost to external 
beam radiotherapy (EBRT) showed superior 9-year biochemical failure-free survival 
(BFFS) rates and better local tumor control compared to EBRT alone. However, a gen-
eral increase in late genitourinary (GU) toxicity was reported as a consequence [23]. 
This approach should be considered where available, with discussions with patients 
about the extended profile of potential side effects.

5.  Emerging options in treatment and classification

Although the risk of biochemical failure and PSA persistence is higher after radical 
prostatectomy compared to other risk groups, some patients with a life expectancy of 
10 years or higher are considered good candidates for surgical curative procedures. 
This therapeutic approach is primarily recommended in areas with limited resources 
[20], and the side effects profile should be clearly communicated to the patient. 
Perhaps, minimally invasive procedures could replace surgery in the future.

MRI-guided transurethral ultrasound ablation (TULSA) is an emerging image-
guided therapy that maximizes the ability to treat localized prostate cancer while 
minimizing damage to the prostate. The ongoing CAPTAIN trial (NCT05027477) 
aims to define the role of this procedure compared to standard prostatectomy, with an 
estimated completion date in December 2034.
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There are new commercially available protein-based biomarkers and biopsy-based 
multigene expression classifiers. However, none of these have undergone prospec-
tive validation, and no clinical decisions can currently be made based on these 
results [24]. Emerging data focuses on mutations associated with the androgen recep-
tor (AR) pathway and sensitivity to androgenic suppressive therapy. SPOP mutations 
are most frequent in localized and metastatic prostate cancer, with ongoing studies 
assessing their predictive and prognostic value [25].

Recently, circulating DNA has gained traction in solid neoplasms, aiding in 
identifying targeted therapies and serving as a predictive and prognostic biomarker, 
particularly in lung and gynecological malignancies rather than prostate cancer. 
While liquid biopsies have been considered for metastatic or advanced disease, their 
role in localized prostate cancer remains unclear. In a prospective cohort where 28% 
had ISUP grade 3 and 57.1% had ISUP grade 4 or 5 localized prostate cancer, ctDNA 
from tumor cells via next-generation sequencing was not detected prior to surgery 
or at recurrence. The assay showed a sensitivity of 93% and specificity of 100% for 
detecting mutant cfDNA alleles. The authors concluded that this assay is less sensitive 
than PSA testing for measuring disease burden in localized prostate cancer [26].

Another research group conducted whole-genome sequencing of tumor-normal 
pairs in eight patients, where two patients had persistent ctDNA after prostatectomy, 
both of whom experienced early recurrence compared to those who did not [27].

6.  Conclusions

Despite numerous attempts to incorporate liquid biopsies into the diagnosis and 
management of prostate cancer, they are not approved for this purpose. Currently, 
there is a lack of evidence to recommend their use in localized prostate neoplasms. 
Instead, significant advancements in diagnosis have been achieved by integrating 
validated diagnostic methods such as mpMRI and PET/CT imaging, which are crucial 
for accurate staging and guiding effective therapeutic strategies.

With the recent introduction of second-generation antiandrogens like Abiraterone 
for localized prostate cancer, circulating tumor DNA (ctDNA) could potentially be 
redirected to identify a subgroup of high-risk patients who would benefit from this 
therapy, similar to those in approved subgroups.

The oncological effectiveness of minimally invasive treatments compared to 
standard care is still being investigated. Current evidence supports radiotherapy, 
often combined with hormonal deprivation therapy, as the cornerstone of definitive 
treatment. Side effects profiles should be discussed synchronously during treatment, 
and the potential benefits of hormonal therapy beyond 24 months remain uncertain, 
as no prospective studies have directly compared 24 vs. 36 months of treatment. 
Shared decision-making with patients is crucial in such cases.

Ultimately, the appropriate staging and classification of early or localized prostate 
cancer should guide treatment decisions. Each risk group requires careful consider-
ation of multiple variables before initiating definitive management, and decisions 
should ideally be made through multidisciplinary team discussions.
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Results

mpMRI multiparametric magnetic resonance image
SCD specific cancer death
ADT androgen deprivation therapy
TULSA MRI-guided transurethral ultrasound ablation
ctDNA circulating tumor DNA
PET-CT positron emission tomography-computed tomography scan
PSMA prostatic specific membrane antigen
18F-DCFPyL 2-(3-{1-carboxy-5-[(6-[18F]fluoro-pyridine-3-carbonyl)-amino]-

pentyl}-ureido)-pentanedioic acid
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Chapter 8

Surgical Methods to Improve
Urinary Continence after Radical
Robot-Assisted Prostatectomy:
An Analysis of the Evidence Base
of Meta-Analyses
Anushavan Papoyan, Marat Urmantsev, Peter Mironov
and Ildar Lutfarakhmanov

Abstract

Currently, robot-assisted radical prostatectomy (PARP) allows for achieving
excellent oncological results with a low complication rate and is the “gold standard”
for extirpative treatment of prostate cancer. Post-prostatectomy incontinence is the
most devastating complication, significantly affecting the physical activity, and social
and psychological well-being of men, and therefore has a significant impact on quality
of life regardless of cancer outcomes and sexual function, which may have a potential
impact on the choice of PARP as a treatment option. In a number of randomized and
non-randomized clinical trials, the new techniques were compared with standard
PARP, and their results were summarized in systematic reviews and meta-analyses.
The aim of this overview was to compare the functional outcomes of various modifi-
cations of RARP in order to obtain reliable results and create a basis for clinical
guidelines. Systematic reviews and meta-analyses were searched using the PubMed
system in the electronic databases Medline, Embase, Cochrane Library, Web of Sci-
ence, and Google Scholar until January 2024. Thus, this overview of meta-analyses
fills an important gap in knowledge about the efficacy of new PARP techniques to
guide clinical practice and future research and provide a basis for clinical guidelines.

Keywords: prostate cancer, robot-assisted radical prostatectomy, urinary
incontinence, systematic review, meta-analysis

1. Introduction

With the growing aging of the population and the popularization of early screen-
ing, the proportion of patients with localized prostate cancer has increased [1]. Today,
this cancer is the second most common neoplasm in men, and one of the most
frequently diagnosed in the world. In 2020, 1,414,259 new cases and 375,304 deaths
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were registered; over the two decades, a dramatic increase in morbidity and mortality
is predicted to almost double [2].

In the early 2000s, Claude Abbou and Jochen Binder introduced robot-assisted
radical prostatectomy (RARP) as a minimally invasive procedure [3, 4]. Currently,
RARP can achieve excellent oncological results with a low complication rate and is the
“gold standard” for extirpative treatment of prostate cancer.

Post-prostatectomy urinary incontinence is the most devastating complication,
significantly affecting men’s physical activity and social and psychological well-being,
and therefore has a significant impact on quality of life regardless of cancer outcomes
and sexual function, which may have a potential impact on the choice of RAPP as a
treatment option. Urinary continence is a multifactorial process that encompasses
demographic characteristics, anatomical and surgical aspects, surgeon’s experience,
and postoperative factors. Surgical technique is the only modifiable factor among
them, and therefore the identification and development of the optimal operative
technique probably affects the functional outcomes of RARP.

Because of the different surgical approaches, the aim of this overview was to
compare the functional outcomes of various modifications of RARP in order to obtain
reliable results and create a basis for clinical guidelines.

2. Methods

Systematic reviews and meta-analyses were searched using the PubMed system in
the electronic databases Medline, Embase, Cochrane Library, Web of Science, and
Google Scholar until January 2024. The search strategy included all possible combina-
tions of the medical subject headings (MeSH) terms: prostate cancer/tumor/neoplasm;
radical prostatectomy; postoperative complications; urinary continence/incontinence.

Systematic reviews were refined through a filtering process using the following
criteria: (1) Participants were defined as adult men with prostate cancer who
underwent RARP. (2) Interventions: bladder neck preservation; nerve-sparing; pos-
terior reconstruction; Retzius-sparing; total reconstruction (3) Controls: conventional
RARP. (4) Outcomes: The primary outcome was urinary continence/incontinence; the
secondary outcome was the positive surgical margins (PSMs) status. Systematic
reviews were excluded if: (1) The inclusion criteria were not met. (2) No outcomes of
interest were reported. (4) Not written in English. Systematic reviews that met the
exclusion criteria were excluded, even if they otherwise met the inclusion criteria.

Two reviewers (Anushavan Papoyan and Marat Urmantsev) independently
screened the title, abstract, and keywords. The full text of any potentially relevant
publication was retrieved for review, and systematic reviews were selected based on the
criteria previously outlined. Any disagreements were resolved through open discussion
and consultation with a third reviewer (Peter Mironov and Ildar Lutfarakhmanov). In
all cases of missing or incomplete data, the corresponding authors were contacted, but
no additional information was provided. The following data were extracted including:
first author, database(s) used and search deadline, surgical approach, technique pro-
posed, baseline characteristics of the trials, the overall number of patients who
underwent the proposed technique or control, outcomes of interest, and evidence gaps.

Using the electronic search strategy, a total of 24 systematic reviews were consid-
ered suitable for the current overview, of which 21 meta-analyses were finally
included. This overview included 12 full-text report meta-analyses [5–16] and nine
meta-analyses [17–25] available as abstracts only, so we recognize the importance of
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selective reporting bias. We did not include the results of two systematic reviews
[26, 27] because the authors did not conduct a meta-analysis of the data. Also, we did
not include the results of one meta-analysis [28] because the authors have demon-
strated an association between NS and continence during non-RARP surgery.

3. Analysis of the evidence base for modifications of surgical techniques

Table 1 provides an overview of meta-analyses of the effects of different surgical
techniques in optimizing the recovery of urinary continence after PARP.

3.1 Bladder neck preservation (BNP)

The technique of BNP has evolved from a better knowledge of the anatomy and
physiology of the mechanisms involved in urinary continence. First introduced in
1992, BNP has been proposed as a method to accelerate continence recovery after
radical prostatectomy.

The first meta-analysis [5] comparing BNP and non-BNP approaches demon-
strated that BNP surgery improved early recovery and overall long-term urinary
continence outcomes and was effective in eradicating prostate cancer without
increasing the recurrence rate.

Meta-analysis [6] demonstrated that the BNP technique during RARP improved
both short-term and long-term urinary continence recovery without compromising
the oncologic outcomes. The odds ratio (OR) for continence rate at 12 months was
2.03 (95% confidence interval [CI] 1.10–3.74), which seemed to be higher than that
reported previously [5]. These observations suggested that the favorable effect of the
BNP technique might be more effective when it is performed as a part of RARP.

3.2 Nerve-sparing (NS)

Recent anatomical findings have led to the idea that the NS technique leads to
earlier urinary continence recovery after radical prostatectomy.

Meta-analysis [7] showed that the technique of intrafascial NS-RARP was associ-
ated with an earlier recovery of urinary continence, with statistically significant dif-
ferences at 1, 3, and 6 months. This advantage, however, was not present at
12 months. Authors only detected that the retropubic approach was associated with a
lower continence rate as compared with laparoscopic and robot-assisted radical pros-
tatectomy; however, since only one study was included in this analysis, this result may
be biased.

Meta-analysis [8] indicated that NS-RARP was feasible during surgeries and was
beneficial for the long-term (12 months after surgeries) urination continence recovery
of high-risk patients, and was associated with better oncological outcomes. However,
due to interference factors, it is not clear whether this advantage is caused by NS itself.

3.3 Posterior reconstruction

The posterior reconstruction technique was originally proposed to improve the
urinary continence recovery after retropubic radical prostatectomy.

Meta-analysis [17] showed that restoration of the posterior aspect of the
rhabdosphincter improved continence recovery up to 90 days after surgery, while the
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continence rate at 180 days was not clinically affected. Statistically significantly lower
anastomotic leakage rates were described after posterior reconstruction, and there
were no differences in PSM rates.

Meta-analysis [9] included patients who underwent radical prostatectomy with
posterior reconstruction, anterior reconstruction, anterior suspension, pelvic floor
reconstruction, and total reconstruction modifications. Treatment of patients with
posterior reconstruction improved the urinary continence rate at 0–4, 28–42, 90, 180,
and 360 days after surgery.

Cochrane meta-analysis [10] found evidence that posterior reconstruction may
result in improved continence 1 week after catheter removal but may result in little to
no difference after 3 and 12 months after surgery (low-certainty evidence) and also
probably does not 6 months after surgery (moderate-certainty evidence). Based on
the available evidence, posterior reconstruction probably results in little to no differ-
ence in serious adverse events (moderate-certainty evidence). Posterior reconstruc-
tion may also result in little to no difference in PSMs and biochemical recurrence
at 12 months after surgery compared to no posterior reconstruction (low-certainty
evidence).

3.4 Retzius-sparing (RS)

The introduction of robotic surgery has contributed to the development of a new
approach to radical prostatectomy, the so-called RS-RARP.

Meta-analysis [11] indicated that the RS technique, as opposed to the conventional
anterior approach, was safe and feasible and was associated with an earlier recovery of
urinary continence after the surgery, while PSM rates were similar in both groups.

Meta-analysis [18] summarized the current evidence on RS-RARP and compared
its oncological, peri-operative, and functional outcomes with those of standard
retropubic RARP. Analysis has confirmed that RS-RARP was associated with a faster
recovery of continence. One caveat might be the higher rates of PSMs, probably
related to an expected learning curve.

Meta-analysis [12] found that RS-RARP provided a better recovery of postopera-
tive continence than non-RS-RARP. The perioperative outcomes (PSMs, complica-
tions, blood loss, and operative time) were comparable for the two groups.

Meta-analysis [19] of functional and oncological outcomes of RS-RARP and con-
ventional RARP showed that RS-RARP was associated with better early continence
rates (≤ 1 month) (moderate quality evidence) and at 3 months (low-quality evi-
dence). Based on very low-quality evidence, RS-RARP did not alter 6- and 12-month
continence rates, as well as PSM rates.

Cochrane meta-analysis [13] represented the most rigorous and up-to-date sys-
tematic review on the question of RS-RARP. The quality of evidence, which ranged
from moderate to very low. Indicated that RS-RARP resulted in better urinary conti-
nence recovery than conventional RARP up to 6 months after surgery. Downsides of
RS-RARP were higher PSM rates.

Meta-analysis [20] revealed that RS-RARP had superior functional outcomes of
urinary continence in the first month and 12th month and equivalent complication
rates, but significantly higher PSM rates as compared with conventional RARP.

Meta-analysis [14] showed that the urinary continence recovery rates of the RS-
RARP group were significantly higher than those of the conventional RARP group up
to 12 months after surgery. In addition, the RS-RARP group had significantly higher
PSM rates in the anterior site.
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Meta-analysis [21] revealed that immediate continence recovery was higher and
significantly advantageous for RS-RARP. Continence recovery also tended to be
higher at 3 and 6 months. The urinary continence recovery at 12 months was similar in
both groups. Meta-analysis showed PSM rates were statistically significantly higher
following RS-RARP as compared with standard RARP, and there was no significant
difference concerning the major complication rates.

Meta-analysis [15] showed that RS-RARP was superior to conventional RARP in
early continence recovery, regardless of the postoperative period. However, there was
no significant difference in the recovery of late continence after 12 months. Also, RS-
RARP showed a relatively high PSM rate in locally advanced prostate cancer.

Meta-analysis [22] found that RS-RARP had better postoperative continence
recovery than conventional RARP. There were also no significant differences in oper-
ation time, intraoperative blood loss, length of stay, PSMs, and complications.

Meta-analysis [23] showed that the RS-RARP approach had the potential to posi-
tively impact continence function in salvage surgery.

Meta-analysis [24] suggested that RS-RARP was safe and feasible. There were
statistical differences in terms of continence recovery at 1 month, as well as at
3 months after RS-RARP as compared with conventional RARP. Meta-analysis
revealed that overall PSM rates were not different following RS-RARP, as well as
biochemical recurrence, estimated blood loss, length of stay, operation time, and
complications.

3.5 Total reconstruction

The method of total reconstruction combines two important components: anterior
and posterior reconstruction.

Meta-analysis [25] identified that posterior musculofascial reconstruction with or
without anterior reconstruction was associated with a small advantage in urinary
continence recovery 1 month after surgery. The only total reconstruction technique
was associated with an advantage in urinary continence recovery 3 months after
surgery.

Meta-analysis [16] demonstrated statistically significant differences in favor of the
total reconstruction technique for urinary continence recovery. Total reconstruction
was associated with an advantage for urinary continence recovery up to 52 weeks after
surgery. No significant differences were observed for PSM rates.

4. Quality of evidence

There is an opinion that, in the experienced hands, most patients completely
restore urinary continence after RARP without the need for special reconstructive
techniques [29]. The two main surgical strategies are anatomical dissection of the
bladder neck with a nerve-sparing attitude. However, some meta-analyses have
suggested little difference in the return of continence when compared BNP with
conventional RARP and the increased risk of PSMs. Nerve-sparing appears to be the
most important aspect of RAPP, but this method may not be feasible for patients with
locally advanced cancer. Although the results of meta-analyses have shown the bene-
fits of RS-PARP in functional outcomes, this technique has limitations and cannot be
used in all patients with cancer, including those with a large prostate volume. Since
robotic platforms are not available in many urologic clinics, these modifications can
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possibly be adopted for use in retropubic or laparoscopic approaches. Results of
meta-analysis demonstrated a significant advantage in favor of total reconstruction
in terms of both short- and long-term urinary continence recoveries. However,
methodological factors need to be taken into account when interpreting the
cumulative results.

Table 2 summarizes the evidence for the effectiveness of various surgical tech-
niques to optimize the continence recovery after RARP. There is a high level of
evidence for the preservation of the sphincter mechanism and for the reconstruction
of supporting structures.

5. Limitations

Although results from systematic reviews and meta-analyses present the best
available evidence, some potential drawbacks should be mentioned. The first concern
is related to the nature of non-randomized observational studies with inherent limita-
tions such as selection bias. Second, continence recovery was not properly evaluated
in all treated cases. Third, the impossibility of controlling for individual surgeon
factors, such as surgical techniques and experience level. Fourth, short follow-up time
and marked heterogeneity for several continuous variables have influenced the confi-
dence of results to varying degrees. Fifth, the postoperative rehabilitation protocols
for continence were absent, which could also be an issue when assessing postoperative
results. Finally, only articles published in English were included, and individual data
were not available for each meta-analysis.

6. Conclusions

To our knowledge, this is the only original overview of the available systematic
reviews of reconstructive methods to improve urinary continence recovery with
mixed results. Most meta-analyses showed a common result regarding the
superiority of early recovery of urinary continence in modified techniques of
RARP. However, compared with conventional RARP, late continence recovery
and PSM rates are controversial. Our overview fills an important knowledge gap
about the effectiveness of new RARP techniques to guide clinical practice and
future research. The findings of this overview will contribute to the refinement and
dissemination of the standardized approach to RARP and provide a basis for clinical
guidelines.

Surgical technique Level of evidence

Bladder neck preservation 1a

Nerve-sparing 1b

Posterior reconstruction 1a

Retzius-sparing 1a

Total reconstruction 1b

Table 2.
Evidence base of surgical techniques to improve the urinary continence recovery after RARP.
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Chapter 9

Prostate Cancer in the Sub-Saharan 
Region: Care, Management and 
Challenges for Upgrade
Ditsapelo M. McFarland and William M. Baratedi

Abstract

Prostate cancer (PCa) has been cited as the leading cancer in men in sub-Saharan 
Africa (SSA). Published data from a few registries in SSA suggest that the rates are 
still rising. Men In SSA are reported to be at higher risk of the disease, and are about 
twice as likely to die from prostate cancer than white men. Despite the achievement 
to reduce the incidence of PCa, globally, very little success has been reported in SSA. 
This study aimed to examine the status of PCa in SSA and describe its care, manage-
ment and challenges. Data supporting this study were obtained through extensive 
internet search of articles, using specific search terns. The findings indicated that 
patients with PCa in SSA normally present for management at advanced stage of 
the disease. It is suggested that this could be due to lack of knowledge, insufficiently 
staffed facilities, perceptions by men toward PCa, and tests for the condition which 
are uncomfortable and do not conform to their culture. The search revealed chal-
lenges relating to health care system and socio-economic factors. There is a need to 
increase the knowledge on PCa among men in SSA, as well as for sufficient staffing 
and promotion of men-friendly services.

Keywords: prostate cancer, prostate care, prostate palliative, prostate perceptions, 
sub Saharan Africa

1.  Introduction

Sub-Saharan Africa (SSA) is part of the African continent that lies south of the 
Sahara Desert excluding Sudan [1]. The region is one of the poorest in the world. 
It lags in development compared to the rest of the world despite much significant 
progress made in the past decades. Many populations in the region still experience 
high levels of poverty, food insecurity, poor infrastructural development with 
insufficient institutional capacity and environmental degradation [2]. Other chal-
lenges in the region are shortage of finance and exponential population growth [3]. 
Studies have noted that the world is expected to reach a population growth rate of 
2.44% by 2050 and half of this will occur in Africa, accrediting it to having the fastest 
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growing population [4]. Some countries are still grappling with high rates of com-
municable diseases like tuberculosis (TB) and the human immune-deficiency virus 
(HIV) and acquired immune deficiency syndrome (AIDS) which have reduced the 
life expectancy of their citizens [5]. SSA has for many decades been struggling with 
communicable diseases, but in recent years, a significant success has been realized, 
though the efforts on these are seemingly being reversed by the emergence of the 
non-communicable diseases which include cancers [6]. The authors’ objective is to 
examine the current situation of prostate cancer (PCa) in sub-Saharan Africa and 
further describe how the region is managing the condition among the challenges that 
exist. Furthermore, recommendations will be proposed for governments to initiate 
in order to curb the increasing incidences of PCa. To achieve this, Data supporting 
this study were achieved through an extensive internet search of articles published 
not more than 12 years ago. These were from PubMed, EBSCOHOST, MedlinePlus, 
American Cancer Society (ACS), BioMedical Central (BMC), Google scholar, and 
National Comprehensive Cancer Network (NCCN).

2.  State of prostate cancer in SSA

The SSA region is experiencing a rapid epidemiologic transition which is char-
acterized by disease burden profiles shifting from the traditional communicable 
diseases like tuberculosis, malaria, AIDS, measles, and scabies, to the growing 
incidences and prevalences of non-communicable diseases (NCD) which include the 
cardiovascular conditions, cancers, diabetes mellitus. Non-communicable diseases 
have therefore taken a center stage and can no longer be ignored [7].

Studies have revealed that SSA carries one of the highest prostate cancer mortality 
rates in the world [8]. The Global Cancer (GLOBOCAN) 2012 noted an increased in 
the incidence and mortality rates of PCa for Africa which has reached 23.2 and 17.0 
per 100,000 respectively [9]. In 2020, GLOBOCAN released another report which 
indicated that the incidence and mortality rate of PCa in Africa were 36.8 and 18.3 
per 100,000, respectively. High incidences were found in Southern Africa with 65.1 
per 100,000, followed by central Africa which had mortality rate of 24.8 per 10,000 
and the lowest in North Africa with 16.6 per 10,000 men [9]. PCa was considered 
the second most diagnosed cancer in SSA and the fifth in mortality rates. Men in 
SSA suffer from PCA disproportionally as compared to men in other continents. The 
variations are attributed to genetic differences, dietary habits, poverty levels and 
presence of infectious diseases [10]. SSA, has for many decades been hit by the evolv-
ing and evolving communicable pandemics such as malaria, Ebola, AIDS and the 
recent COVID-19. The health focus has mainly been on these pandemics, with a lot of 
attention and resources being channeled into their management, care and prevention 
[11]. As a result, cancer care seems to have been disregarded despite the medical and 
social challenges it poses.

Tremendous strides have been made in the recent past improve people’s lives glob-
ally and even in SSA. This has resulted in increased life expectancy of the population. 
However, as the population grows and life expectancy increases, there is an exponen-
tial increase in the cases of prostate cancer (PCa) [12]. Cancers cases, particularly the 
PCa have increased tremendously across SSA [13]. High incidences of PCA have been 
noticed in SSA and they seem to be growing at an alarming rate compared to other 
region in the world where incidence rates of PCa rates in most developed countries 
have stabilized and declining in others since 2012 [14]. However, within the SSA, 
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PCa has also been reported to be more common compared to other malignancy and 
constitute worse oncologic outcome. PCa in SSA has therefore become a major health 
concern in recent years and has the highest age standardized incidence and mortality 
rates of all cancers in men [15]. The 2020 GLOBOCAN program data revealed that it is 
the second most diagnosed cancer and is the fifth highest in mortality among men in 
the region [14].

A study conducted in 2021 to determine the rising prostate cancer incidence in 
sub-Saharan Africa revealed that rates of PCa have been increasing annually at the 
rate of 2–10% during the past decade [16] and predictions through demographic 
changes estimate that the number of incidences of prostate cancer will be more than 
double in SSA by 2030 [17]. This increase in the number of PCA cases will put more 
pressure on the healthcare systems in the region which are already struggling to man-
age the existing burden of cancers. While the healthcare systems are not yet robust to 
deal with the cancer problems, the situation is exacerbated by personal factors such as 
perceptions, culture and men’s late response to the signs and symptoms and delayed 
diagnosis [18].

Incidence rates of prostate cancer vary substantially across the regions. The reason 
for the disparity is unclear but could be attributed to data management, access to 
medical care, screening practices and lifestyle factors among the population. A study 
done in 2021 reported a different demographic profile indicating that Southern Africa 
had its prevalence rates increased by 60%, while the highest mortality rates were 
realized in Western and Central regions [1].

In the past, PCa was commonly known to affect men in their advanced age. The 
landscape in SSA seems to be changing since more aggressive PCa is now being 
diagnosed among young men compared to developed countries even if the diagnosis 
is made at an advanced age [2]. Many men in the region normally present with more 
advance stages of the disease resulting in high mortality rates [3].

3.  Care and management of PCa in sub Saharan Africa

The International Agency for Research on Cancer (IARC) GLOBOCAN program 
reported that prostate cancer (PCa) has become a serious medical and social problem 
in the world, but sub-Saharan Africa is experiencing the worst of its burden. The 
greatest concern for the condition comes with its diagnosis, management and second-
ary and tertiary care.

Globally, the commonest screening method for PCa involves using the prostate 
specific antigen (PSA) test. The test helps to detect the prostate cancer in the blood 
early and has been available for years. PSA is a protein produced only by the prostate 
and its high levels in the blood can indicate whether one has a cancer or not, however 
its elevation in the blood can also be caused by other common non-cancer related con-
ditions such as an enlarged prostate—also known as benign prostatic hyperplasia or 
BPH, or prostatitis due to an infection or other cause. There is therefore some debate 
that arise from the benefits of using this test in men who show no signs of cancer. The 
reason for the controversy is that it does not yet meet the generally accepted criteria 
for a screening test. There is doubt on relying on it for diagnosis and treatment as well 
as screening which has led to some organization not to recommend its routine use 
particularly for screening.

Despite having been used for a long time and the controversies attached to its use, 
it remains the primary test for the PCa. Many countries in SSA do not always have this 
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test, partly due to lack or have very few trained healthcare personnel to use it. In some 
other settings in SSA, the PSA test maybe seen as an expensive screening method. The 
costs related to diagnosing and treating PCa primarily arise from accompanying test 
to conclude on the diagnosis and follow up investigations once the PSA is elevated. 
Some oncologists would prefer to confirm the presence of PCa and assess its stage and 
aggressiveness by performing other diagnostic procedures like biopsies and imaging 
scans. Doing these tests contribute to overall expenses that may be incurred by the 
patient. In SSA where medical care is medical expenses is not subsidized and it is out 
of the pocket, these tests are too expensive for an individual.

Physicians in SSA have stepped up in devising other test that can be recognized for 
early detection of PCa in SSA. The idea is to implement effective screening strate-
gies that can consider age, family history, ethnicity, and other risk factors to identify 
individuals who are most likely to benefit from screening. There is another approach 
that has been developed and it uses alternative screening tools that are more accessible 
and affordable and is cost effective for SSA. In this approach, PSA levels that do not 
rely on laboratory quality control constraints is measured. The test is quick, simple, 
and similar to those used for rapid COVID-19 antigen tests. The test is at currently not 
commercially available, but when combined with digital rectal examination (DRE) 
it has proven to enhance access to PSA testing in settings with limited resources and 
financial constraints [7].

PCa in SSA is often diagnosed at an advanced stage due to the lack of access to 
screening and diagnostic facilities. The delay or lack of access to screening and diag-
nostic facilities often result in a poor prognosis and high mortality [8]. Many patients 
are not able to access a complete range of options in some parts of Africa and many 
men are not diagnosed at an early stage.

Since PSA testing and other diagnostic equipment are a challenge in SSA, physi-
cians rely mainly on clinical evaluation and DRE to diagnose PCa. In some setting 
with better equipment, diagnosis is made based on clinical evaluation, DRE, MRI, 
biopsy, plain X-rays, and CT scans are also used in SSA. Nonetheless, access to these 
diagnostic measures is in many occasions limited, and expensive and not always 
available. As a result, some men in SSA may not receive an accurate diagnosis until 
the cancer has progressed to an advanced stage [9]. In some cancer centers, coming 
to a conclusive diagnosis takes some time. The patient may have to visit the health 
facility several times or even multiple healthcare providers before receiving a defini-
tive diagnosis. These delay results in late diagnosis and late presentation of cancer at 
advanced stage. This challenge is compounded by the already disease burdened health 
facilities in SSA which are battling with HIV/AIDS, Acute respiratory tract conditions, 
tuberculosis, and malaria [19].

There is also variation in the screening across SSA. In East Africa for example, 
screening is less widely done when compared to West and Southern Africa. West and 
East Africa do not always do routine screening as part of medical care as it is the case 
in some settings in Southern Africa. Generally, most settings in SSA would do screen-
ing if a man presents with urinary symptoms and is over 50 years of age than those 
who are younger. South and West Africa are keen to screen men if they have a family 
history of PCa but this is not the case in East Africa [10].

An ultrasound guided biopsy of the prostate (TRUS) is commonly used in selected 
settings in South Africa to obtain a histopathological diagnosis of PCa. The method has 
been used in urological practice for over three decades. It has been refined to improve 
the detection rate of malignancy and has assisted in medical care of many patients. 
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It is performed under local anesthesia. It is however associated with some side effects 
such as pain, acute urinary retention, hematuria, hematospermia, rectal bleeding, 
erectile dysfunction, infection, and sepsis [11].

The option for treatment of PCa patients in SSA is always limited due to lack 
of resources such as access to diagnostic and treatment facilities, and a shortage of 
trained healthcare professionals. A study was conducted in 2022 to elicit insights 
into practices, norms, and values of PCa disparities and management in Southern 
Africa. The study revealed that there are inadequately available cancer care resources 
in Africa, including those used to manage PCa. The Oncologists are often faced with 
managing a broad spectrum of cancers. It was reported that oncologists, including 
those managing PCa in Africa have a significantly greater amount of clinical work and 
lower job satisfaction than their counterparts in various parts of the world. It has been 
assumed that the job dissatisfaction could be mainly due to limited medical devices 
and a lower doctor: patient ratio. For instance, African oncologists are estimated to be 
having a median number of 325 consults per year versus 175 of their counterparts in 
developed countries [12].

Insufficient professional healthcare providers has led to PCa screenings being 
performed by both trained medical personnel and in some cases by non-clinicians 
outside the medical system. It has been reported that there are variations in the 
reports by the trained personnel and the non-clinicians. This can jeopardize patients’ 
outcomes and the significance of early diagnosis and timely access to treatment to 
optimize the patient’s outcome [13]. However, available options include:

1. Surgery: Prostate surgery, (Prostatectomy) is the surgical removal of the prostate 
gland. The procedure is expensive and can only be instituted by the oncology or 
urology surgeon who can perform this complex surgery [12].

2. Radiation therapy: Due to shortages of the necessary high-quality equipment 
and clinical expertise, the treatment is limited. There is also need for repeated 
treatments requiring frequent visit to the health facility, or sometimes temporary 
relocation to get closer to the treatment center, or leave from work, all of which 
may be out of reach for many patients [8].

3. Androgen-deprivation therapy (ADT): This is a hormone therapy given primar-
ily to help suppress prostate activity. The treatment is usually given to patient 
who have already progressed to an advanced stage at presentation and are often 
metastatic. This is in most instances combined with chemotherapy [14].

Due to disparity and poor access to healthcare services, many countries in Africa 
adopted the World Health Organization (WHO) initiative of palliative care as an 
additional key principle for effective cancer control in Low- and Middle-Income 
Countries (LMICs). The initiative aims to prevent or relief most suffering from 
serious or life-threatening health conditions and it can be taught easily to generalist 
clinicians who help and guide the care to be provided in the community. It requires 
only simple, inexpensive medicines and equipment [20]. Palliative care has been 
found to be the most appropriate strategy for PCa since most patients present at an 
advanced stage in radiotherapy and oncology centers, requiring the use of palliative 
radiotherapy, chemotherapy, hormonal care, analgesics, psychological and spiritual 
support [21].
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4.  Challenges in managing PCa in SSA

It has been well-documented that SSA is faced with increasing cases of PCa, SSA 
is also known to be faced with low economy which has impacted on the quality of 
infrastructure and healthcare delivery services. However, the statement cannot be 
applied to all countries in SSA. There are those which are in the Middle Income status 
and do have relatively good economy and healthcare services such as South Africa and 
Nigeria. Nonetheless, even in such countries there are still some disparities that affect 
access to PCa care. These disparities have led to numerous challenges relating to what 
the authors regard as two main categories, that is system and socio-economic factors.

4.1  Socio-economic factors

SSA mostly comprises of Low-Income Countries. Studies have shown that income 
improves the quality of health of the people, and there is a correlation between 
income and health. Higher income countries may have better healthcare infrastruc-
tures for its nationals, whereas people with low income may not be able to access good 
services and hence be confronted with stressful situations which are detrimental to 
their health [22].

The low level of economy does not only affect health but can be a determinant 
to large spheres of life. When there is not enough finance, pursuing education at an 
advanced level can be a problem and may lead to two main problems.

1. Lack of knowledge and inability to critique issues rationally, as well as poor 
drive to seek information. Education plays a major role in imparting knowl-
edge to people and improving their perception and while on the other side, 
low literacy further hinders one to conceptualize basic instruction [23] and 
this may affect the way people perceive information on PCa. Studies have in-
dicated that men with formal education are likely to comprehensively perceive 
messages about PCa and go for check-ups than their counterparts who do not 
have formal education [24, 25]. Conversely, people with low education or low 
literacy level have more perceived barriers. People with low literacy are not 
always keen to read and they would not understand instructions even when 
written in simplest terms.

2. Doubt, skepticism and mistrust are the core foundations for failure to change 
behavior and perception toward a condition even if its deadly. Knowledge is the 
judgment that is based on the ground that the judger recognizes to guarantees 
the truth of his judgment [26]. Some men in SSA are difficult to change their be-
liefs, perceptions and attitudes about PCa irrespective of how it causes suffering 
to them because of the prior knowledge and culture they hold [27]. Men in SSA 
are clouded with beliefs and attitudes that knowing about PCa cannot prevent 
them from having it, some belief it’s one of the sexually transmitted infections 
while other hold fatalistic view that if they were destined to have PCa, nothing 
can stop it [28].

Africans are still holding on to their traditional cultural norms which may some-
time be detrimental to their health. Some SSA men understand PCa as a contributing 
factor to erectile dysfunction even when their health is deteriorating and will reject 
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the treatment or delay seeking medical help based on this belief. There are also 
beliefs associating PCa with a punishment from God, and that PCa is a curse because 
someone would have had sex with women of loose morals who infected him with 
bad blood and dirt that accumulates in their bodies. There have been personal views 
that not having enough sex leads to accumulation of spermatozoa in the body and 
hence leading to prostate cancer [29]. For an African man manhood and sexuality are 
important and integral part of their survival and always guard their sexuality jeal-
ously. All these beliefs and attitudes make men to respond poorly to their health care 
need, delay timely presentation for PCa care and present poor adherence to care and 
management.

Men have poor seeking behaviors and this does not change with generations. Men 
generally are perceived as leaders and heads in the family. The belief is that they must 
be strong and should never be seen as feeble nor visiting clinics or hospitals rather 
they should focus on working for the family. Men are to be physically, emotionally, 
socially and financially healthy and must be protectors of their families, ensuring 
stability within the household. A study conducted in South Africa unearth perceived 
traits of a strong man as someone drinking excessively, using drugs and practicing 
unprotected sex, all which are known to predispose to cancer [29].

It has been noted that managing prostate cancer requires a range of tests and 
procedures which are not common in SSA, and if available, will be expensive for out 
of hands payment by individuals. The larger part the SSA people are not working and 
cannot afford medical insurances. Therefore, they depend on government hospitals 
and clinics which are less expensive.

4.2  Healthcare system factors

Majority of the SSA men use the government health care systems. To access the 
health care, the patient has to go through the system which is multi-layered. Firstly, 
one has to go to the lowest level within the system being the clinic, which in most 
cases do not have specialist health care providers like physicians and oncologists. The 
next level is the district or county referral hospitals which may or sometime might 
not be having specialist. The last level is regional or national hospitals which have got 
specialist oncologist. This bureaucracy creates delays in which eventually the patient 
presents late to the oncologists. This kind of arrangement is available in Botswana, 
South Africa, Nigeria and other countries in SSA [30].

It has been documented that there is shortage of staff in the lower and medium 
level setting of the healthcare. An oncologist is appropriate personnel to diagnose and 
initiate a PCa on advanced treatment option. These specialists are only available in the 
higher echelon of the government healthcare system. A number of patients are some-
times lost along the way of this bureaucracy, some patients succumb to the condition 
during the delay while others complicate and the time they are seen by oncologist they 
are already in advanced stage of the disease.

Because of the centralist oncology care to tertiary or national hospitals, 
patients from rural areas, where the majority live incur a lot of expenses in access-
ing the services of these specialists. Furthermore, when a patient is hospitalized, 
the relatives willing to visit and give psychological support to him also incur a lot 
of costs as they have to find where to lodge or make repetitive visits to the hospital. 
In some cases, the relative would come sparingly leading to the patient feeling 
emotional low [29].
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5.  Conclusions

PCa among SSA men has been described as being aggressive at presentation with 
poor prognosis. This has been attributed to late presentation by the patients. The 
authors could not find any study that explains the reasons for the delayed presenta-
tion by PCa patients, but this has been associated with three main reasons. Firstly, 
men are generally poor in seeking medical help and therefore would delay until the 
situation is worsening. Additionally, men have got certain beliefs that hinder them 
from spontaneous respond to their conditions. These include, but not limited to 
masculinity belief, that they are strong and cannot easily complain, they belief PCa 
is one of the sexually transmitted infections and would first consult the traditional 
doctors before seeking modern medicine, they prioritize other chaos over seeking 
medical help, and they dislike the tests and examinations that are done to diagnose 
PCa. Lastly, the health care system has its own barriers. It is mainly multilayered, 
and this delays the referral flow, the lowest level which is a point of contact for PCa 
patients is mainly manned by females, particularly nurses. African men do not belief 
their genitalia have to be handled, especially by females. They equate this with insults 
and hence always delay because they do not want to be examined for PCa. The system 
also lacks enough qualified professional and therefore the doctor-patient ratio is too 
low, putting pressure on both the oncologists and the patients.

There is need for health care providers to increase awareness about PCa among 
the societies. Not only men, but everyone because PCa is a social problem and 
importantly when a man falls sick, he will ultimately be nursed by the entire fam-
ily. Governments of different SSA region should devise mind-set change programs 
among men to appreciate the messages about PCa and the importance of testing. The 
programs should be tailored around the culture of every nation so that acceptance 
can be high.

Since the economies may not allow training, many oncologists and building 
structures should create space for PCa care in the rural areas, a deliberate effort can 
be made to train generalists and nurses on performing and initiating basic protocols 
for PCa care. An effort should also be made to modify cultures to accommodate 
that a man is a human being and mortal and conditions like PCa can affect him. 
Governments should strive to provide basic and not so expensive resources such as 
laboratory for PSA, clinical Psychologists, and prioritize PCa patients in the referral 
system. Strengthening the palliative care program and provision of incentives for men 
is important.

There is also a need for a robust study that will explore reasons for the late pre-
sentation by the PCa patients, experiences of PCa patients and their caretakers, and 
how to break through culture to facilitate uptake of PCa messages. Additionally, SSA 
governments must enforce register keeping for easy keeping of statistics.

Acknowledgements

The authors would like to sincerely thank the project Coordinator, Ms. Iva Horvat 
for the support and the confidence she showed in our determination and the commit-
ment to complete the project, given our time limitations.

We also would like to extend our most sincere gratitude to the Librarian at the 
University of Botswana: Mr. T.W. Kophuting whose support in identifying articles and 
formatting the references, was unsurpassed.



153

Prostate Cancer in the Sub-Saharan Region: Care, Management and Challenges for Upgrade
DOI: http://dx.doi.org/10.5772/intechopen.1007284

Our most sincere appreciation also for the opportunity to work with such out-
standing team of researchers. We do hope and wish there will be another opportunity 
for a continued partnership. We learned a lot during this collaboration.

Author’s contributions

Both authors contributed to the completion of this manuscript. Their contribu-
tion is as follows: D. M. was responsible for concept formulation and formatting 
countercheck. W.M. B. took part in concept refinement, formatting and finalization. 
T.W. K., D. M., and W.M. B. conducted literature search. D.M. and W.M. B. extracted 
literature data and wrote the script.

Notes/thanks/other declarations

The authors would like to highly appreciate the management of IntechOpen for 
providing the template that is so user friendly. The authors did not struggle in settings 
up the manuscript, even the instructions provided are easy to understand and follow.

Acronyms and abbreviations

ADT androgen deprivation therapy
AIDS acquired immune deficiency syndrome
CT scan computed tomography
DRE digital rectal examination
GLOBOCAN Global Cancer
HIV human immune-deficiency virus
LMICs Low- and Middle-Income Countries
MRI magnetic resonance imaging
PCa prostate cancer
PSA prostate-specific antigen
SSA sub-Saharan Africa
TRUSS the transrectal ultrasound scan
WHO World Health Organization



Prostate Diseases – Management Strategies and Emerging Technologies

154

Author details

Ditsapelo M. McFarland1* and William M. Baratedi2

1 College of Nursing and Public Health, Adelphi University, Garden City, NY, USA

2 School of Nursing, University of Botswana, Gaborone, Botswana

*Address all correspondence to: dmcfarland@adelphi.edu

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Prostate Cancer in the Sub-Saharan Region: Care, Management and Challenges for Upgrade
DOI: http://dx.doi.org/10.5772/intechopen.1007284

155

References

[1] Ngoran SD, Xue XZ, Wesseh PK 
Jr. Signatures of water resources 
consumption on sustainable economic 
growth in sub-Saharan African countries. 
International Journal of Sustainable Built 
Environment. 2016;5(1):114-122

[2] Gasparatos A et al. Sustainability 
challenges in sub-Saharan Africa: 
Trade-offs, opportunities and priority 
areas for sustainability science. In: 
Sustainability Challenges in Sub-Saharan 
Africa II: Insights from Eastern and 
Southern Africa. Singapore Pte Ltd; 
2020. pp. 245-262

[3] Food and Agriculture Organization of 
the United Nations. The Future of Food 
and Agriculture: Trends and Challenges. 
Rome: FAO; 2017

[4] United Nations, Department of 
Economic and Social Affairs, Population 
Division. World population prospects: 
The 2017 revision, key findings and 
advance tables. In: Working Paper No. 
ESA/P/WP/248. New York: United 
Nations; 2017. p. 46

[5] World Bank. The World Bank Annual 
Report 2017, 2017. Washington DC: The 
World Bank; 

[6] WHO Regional Office for Africa. 
Communicable and Non-communicable 
Diseases in Africa 2021/22. Brazzaville: 
World Health Organization; 2023

[7] Gouda HN et al. Burden of non-
communicable diseases in sub-Saharan 
Africa, 1990-2017: Results from 
the Global Burden of Disease Study 
2017. The Lancet Global Health. 
2019;7(10):e1375-e1387

[8] Bray F et al. Global cancer statistics 
2018: GLOBOCAN estimates of 

incidence and mortality worldwide 
for 36 cancers in 185 countries. CA: 
A Cancer Journal for Clinicians. 
2018;68(6):394-424

[9] Sung H et al. Global cancer statistics 
2020: GLOBOCAN estimates of 
incidence and mortality worldwide 
for 36 cancers in 185 countries. CA: 
A Cancer Journal for Clinicians. 
2021;71(3):209-249

[10] Adeloye D et al. An estimate of the 
incidence of prostate cancer in Africa: 
A systematic review and meta-analysis. 
PLoS ONE. 2016;11(4):e0153496

[11] Parkin DM, Ferlay J, Jemal A. 
et al. Cancer in Sub-Saharan Africa. 
International Agency for Research 
on Cancer. France: IARC Scientific 
Publications – No. 167. WHO; 2018.  
ISBN 978-92-832-2221-7. ISSN 0300-5085

[12] Culp MB et al. Recent global 
patterns in prostate cancer incidence 
and mortality rates. European Urology. 
2020;77(1):38-52

[13] Andrews C et al. Development, 
evaluation, and implementation of a 
pan-African cancer research network: 
Men of African descent and carcinoma of 
the prostate. Journal of Global Oncology. 
2018;4:1-14

[14] Ferlay J et al. Global cancer 
observatory. Cancer Today. 
2018;23(7):323-326

[15] Seraphin TP et al. Rising prostate 
cancer incidence in sub-Saharan Africa: 
A trend analysis of data from the 
African cancer registry network. Cancer 
Epidemiology, Biomarkers & Prevention. 
2021;30(1):158-165



Prostate Diseases – Management Strategies and Emerging Technologies

156

[16] Cassell A et al. A review of 
localized prostate cancer: An African 
perspective. World Journal of Oncology. 
2019;10(4-5):162

[17] Chu LW et al. Prostate cancer 
incidence rates in Africa. Prostate 
Cancer. 2011;2011(1):947870

[18] Hamdi Y et al. Cancer in Africa: 
The untold story. Frontiers in Oncology. 
2021;11:650117

[19] Rebbeck TR et al. Global patterns 
of prostate cancer incidence, 
aggressiveness, and mortality in men 
of African descent. Prostate Cancer. 
2013;2013(1):560857

[20] Planning WHO. Implementing 
Palliative Care Services: A Guide for 
Programme Managers. Geneva: World 
Health Organization. WHO Library 
Cataloguing-in-publication Data; 2016

[21] Adamu A et al. Outcomes in palliative 
care for advanced prostate cancer in the 
radiotherapy and oncology department 
of the Ahmadu Bello university teaching 
hospital, Zaria. Nigerian Journal of 
Medicine. 2018;27(1):1-6

[22] Lenhart O. The effects of income on 
health: New evidence from the Earned 
Income Tax Credit. Review of Economics 
of the Household. 2019;17(2):377-410

[23] Roberts A. Barriers Preventing 
Early Detection of Prostate cancer 
in Black African/Caribbean Men 
Living in Westminster. Westminster: 
Westminister's Jointy Strategic Needs 
Assessment; 2010

[24] Ojewola RW et al. Knowledge, 
attitudes and screening practices 
regarding prostatic diseases among 
men older than 40 years: A population-
based study in Southwest Nigeria. The 
Pan African Medical Journal. 30 Jun 

2017;27:151. pp. 1-6. DOI: 10.11604/
pamj.2017.27.151.10605. PMID: 28904679; 
PMCID: PMC5567951

[25] Wanyagah P. Prostate cancer 
awareness, knowledge, perception 
on self-vulnerability and uptake of 
screening among men in Nairobi County, 
Kenya. Kenyatta University Institutional 
Repository. 2014;2014:92

[26] Kern A. Kant on doubt and error. 
Midwest Studies in Philosophy. 
2021;45:129-154

[27] Marima R et al. Prostate cancer 
disparities and management in southern 
Africa: Insights into practices, norms 
and values. Cancer Management 
and Research. 2022;14:3567-3579. 
DOI: 10.2147/CMAR.S382903

[28] Baratedi WM et al. Barriers to 
prostate cancer screening by men in 
sub-Saharan Africa: An integrated 
review. Journal of Nursing Scholarship. 
2020;52(1):85-94

[29] Nzama N. Masculinity and Men's 
Health Seeking Behaviours amongst 
Black/African Men: The Case of Durban, 
KwaZulu-Natal, South Africa. Durban, 
South Africa: University of KwaZulu 
Natal; 2013

[30] Koce F, Randhawa G, Ochieng B. 
Understanding healthcare self-referral 
in Nigeria from the service users’ 
perspective: A qualitative study of Niger 
state. BMC Health Services Research. 
2019;19:1-14





Prostate Diseases 
Management Strategies  

and Emerging Technologies

Edited by Ran Pang, Feiya Yang and Xianfeng Meng

Edited by Ran Pang, Feiya Yang and Xianfeng Meng

Prostate diseases not only cause bothersome symptoms but also weaken patients’ 
quality of life significantly. With various breakthrough medications and techniques 
appearing, the management strategies for prostate disorders have swiftly advanced 

in the past years. The book aims to provide readers with important, up-to-date 
information in this field. The book caters to diverse readers. It offers clinicians precise 

treatment strategies, equips patients with essential background knowledge for 
communicating with doctors, and provides researchers with valuable research insights.

Published in London, UK 

©  2025 IntechOpen 
©  Nemes Laszlo / iStock

ISBN 978-0-85466-347-7

Prostate D
iseases - M

anagem
ent Strategies and Em

erging TechnologiesISBN 978-0-85466-348-4


	Prostate Diseases - Management Strategies and Emerging Technologies
	Contents
	Preface
	Section 1 - Introduction and Basic Concepts
	Chapter1
Introductory Chapter: Innovations and Emerging Strategies in Prostate Diseases Management
	Chapter2
Histopathological Evaluation of Prostate Lesions: A Comprehensive Approach

	Section 2
Innovations in Management of Benign Prostatic Hyperplasia
	Chapter3
Anatomical Endoscopic Enucleation of the Prostate: An Overview
	Chapter4
Challenging the Gold Standard Transurethral Resection of the Prostate with Holmium Laser Enucleation in theTreatment of Benign Prostatic Hyperplasia: Paradigm Shift in Northern Cyprus
	Chapter5
Transperineal Laser Ablation of Prostate (TPLA™)
	Chapter6
Benign Prostatic Hyperplasia and Its Effect on Male Infertility

	Section 3
New Strategies for Prostate Cancer
	Chapter7
Localized Prostate Cancer: A Clinically Significant Disease and Emerging Imaging Modalities
	Chapter8
Surgical Methods to Improve Urinary Continence after Radical Robot-Assisted Prostatectomy: An Analysis of the Evidence Base of Meta-Analyses
	Chapter9
Prostate Cancer in the Sub-Saharan Region: Care, Management and Challenges for Upgrade




