
T
his article is based on a systematic search of the literature published between 1986

and 2006. In addition, key articles on the epidemiology and pathophysiology of 

clinical benign prostatic hyperplasia (BPH) published before 1986 were also taken into 

account. The diagnostic recommendations made here are equivalent to those set forth in the

German Urological Association Guidelines for the Diagnosis of Benign Prostatic Hyperplasia (1).

Terminology
In healthy men, the prostate is approximately 20 to 25 ml in volume and consists of 30 to 50

tubuloalveolar glands. Based on the configuration of these glands and the morphology of

the glandular cells, the prostate can be divided into four zones: the anterior, central,

peripheral, and transition zones (diagram 1) (2, 3). Healthy men have a transition zone 

volume of approximately 5 ml.

Benign prostatic hyperplasia

BPH is characterized pathologically by the abnormal proliferation of cells (hyperplasia) in

the transition zone, leading to structural changes accompanied by the formation of nodules,

which can consist of stromal tissue (i.e. involving undifferentiated mesenchymal cells 

[mesenchymal hyperplasia], fibroblasts [fibroblastic hyperplasia], smooth muscle cells

[leiomyomatous hyperplasia], and fibromuscular stroma [fibromuscular hyperplasia]) or

glandular tissue (glandular hyperplasia). In most cases, however, simultaneous hyperplasia

of both tissue types can be observed. Nodular hyperplasia can develop in the lateral (lateral

lobe hyperplasia) and/or dorsal (median lobe hyperplasia) region of the transition zone. The

proliferation of cells leads to an increase in the size of the transition zone and, thus, of the

entire prostate gland. Although a number of contributing factors have been identified, the

precise etiology of the hyperplastic changes observed in BPH remains unknown.
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SUMMARY
Introduction: Benign prostatic hyperplasia (BPH) is one of the most common benign tumors in

the aging man. The exact cause of BPH remains unknown. Methods: Systematic literature 

review from 1986 to 2006. Results: Clinical BPH is a disease that can develop as a result of 

hyperplasia and adenoma of the transition zone of the prostate. Clinical BPH is characterized by the

presence of prostate enlargement, lower urinary tract symptoms, and bladder outlet

obstruction, to varying degrees. No clear correlation between these three components has been

found so far. The aim of assessment in clinical BPH is to clarify the interrelationships between

prostate size, lower urinary tract symptoms and bladder outlet obstruction. In addition, the

urinary tract should be investigated for functional or anatomical changes. Evaluation of clinical

BPH should be performed according to the guidelines of the German Urological Association

(DGU), which recommended a patient history, symptom and quality-of-life questionnaires,

physical examination, laboratory tests, uroflowmetry, measurement of postvoid residual urine,

and ultrasound of the urinary tract. Optional tests, for use where the diagnosis is still unclear or

a special treatment is being considered, include transrectal ultrasound of the prostate, voiding

diary, urodynamic measurement, excretory urography, urethro-cystoscopy and urethro-cystography.
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BPH is a widespread disease and its prevalence increases steadily with advancing age.

Meta-analyses of autopsy studies have shown that approximately 50% of men in the sixth

decade of life and 90% of men in the ninth decade of life demonstrate histologic BPH

(diagram 2) (4). 

Symptoms of benign prostatic hyperplasia

Clinical BPH is characterized by different degrees of prostate enlargement, lower urinary

tract symptoms (LUTS), and bladder outlet obstruction (BOO) (box 1) (1). A large number

of studies have shown that there is no clear correlation between these individual measures

of disease severity (5–7).

In any single patient, a change in one of these measures can thus occur alone or in

combination with a change in one or two of the other measures. As a result, prostate size,

LUTS, and BOO need to be assessed separately, and inferences about one measure cannot

be drawn based on changes observed in another. The pathophysiological concept can best

be described using a Venn diagram (diagram 3) (8).

Benign prostate enlargement

It has been estimated that in approximately 50% of men with histologic BPH, prostate

enlargement can be detected by digital rectal examination (DRE); just as the prevalence of

histologic BPH increases with advancing age, so too does the likelihood of detecting

prostate enlargement by DRE. In one study, epidemiological data on clinical BPH were

collected from men between 50 and 80 years of age living in the German city of Herne (9).

Nationwide projections based on these data show that more than 3.2 million out of 11.6

million men over the age of 50 in Germany have an enlarged prostate.

Lower urinary tract symptoms

The symptoms caused by BPH prompt many men to seek medical care and can be divided

into two categories: obstructive and irritative (table 1). In an international study, men were
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DIAGRAM 1
Zonal anatomy of

the prostate after

McNeil, adapted

from (3)



asked about the frequency of individual symptoms and the resulting changes in quality of

life (10). Although obstructive symptoms occurred more frequently among respondents, 

irritative symptoms caused greater impact on well-being and quality of life. The study also

showed that men with mild symptoms experienced only a minimal decrease in quality of 

life and thus did not seek medical care. In such cases, bladder outlet obstruction in the 

absence of LUTS may remain unrecognized ('silent obstruction'). In the German epidemiological

study of clinical BPH, 29.3% of men between 50 and 80 years of age indicated that they 

experience moderate to severe symptoms, which translates to approximately 5 million men

in Germany in need of treatment (9). In another study, changes in symptom severity were

assessed over a period of 4 years in untreated men (11). During the first year, symptoms 

improved in 20% of men, whereas only 3% of men reported improvements during the

fourth year. In contrast, a worsening of symptoms was reported by 14% of men after 1 year

and by 31% of men after 4 years.

The symptoms and their degree of severity are not helpful in identifying the underlying

disease (12). The prevalence of LUTS is similar in men and women within the same age

group, and the causes of LUTS include, in addition to BPH itself, age-related changes in

detrusor muscle function and degenerative, metabolic, and neurogenic processes in the

human body. In particular, lesions of the central nervous system (e.g. cerebral vascular

disease or Parkinson's disease) often lead to detrusor overactivity, which manifests clinically

as increased micturition frequency (pollakisuria, nocturia), as urinary urgency, or as urinary

incontinence. The LUTS caused by these diseases cannot be distinguished from those

caused by BPH in men. Symptoms typically associated with BPH, including poor urinary

stream, delayed micturition, and postvoid residual urine, can also be caused by impaired

detrusor contractility, which in one study was shown to be the true source of symptoms in

25 to 31% of men with suspected bladder obstruction (13). Because LUTS are neither 

gender nor disease specific, the term "prostatism" should no longer be used to describe them.

Bladder outlet obstruction

The narrowing of the prostatic urethra due to the enlarged transitional zone is the

pathophysiological basis of bladder outlet obstruction. Urodynamic studies show that only

about 60% of men with symptoms actually have bladder outlet obstruction (14). In

asymptomatic men, on the other hand, bladder outlet obstruction was found in 52%, so that

symptomatic and asymptomatic men with BPH have almost the same chance of bladder 

outlet obstruction. Studies in Germany have shown that about 2.1 million men older than 50

have a bladder outlet obstruction (9). 

Infravesical mechanical obstruction can cause changes of the bladder wall and function.

Subsequent to the obstruction, the detrusor muscle thickens and its micostructure 

undergoes changes. Microscopic investigations of the bladder wall in men with bladder 
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DIAGRAM 2
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different decades 
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outlet obstruction show muscle cell hypertrophy and infiltration of connective tissue

between muscle cells and muscle cell bundles (15). In principle, all changes to the bladder

wall are reversible if the obstruction is treated in the early stages. After transurethral 

resection of the prostate, bladder wall thickening is not detectable anymore in up to 88% of

patients some 4 to 12 weeks after treatment (16). 

Many morphological and functional changes of the urinary tract are probably directly or

indirectly related to bladder outlet obstruction (17). The following changes are found

disproportionally often in patients with BPH (data reported as a percentage of all BPH

patients) and are reversible with adequate urological treatment:

❃ Bladder trabeculation (33%) due to deposits of collagen and elastic fibrils in the

bladder wall

❃ Vesicoureteral reflux (14%) 

❃ Increased serum creatinine concentrations (14% of symptomatic and 2% of asymptomatic

patients with BHP). In patients with impaired renal function, perioperative morbidity is

twofold higher and mortality sixfold higher (18).

❃ Bilateral hydronephrosis (7%) (figure). It remains unknown whether renal failure 

requiring dialysis develops as a result of upper urinary tract dilatation because data

from untreated patients are lacking.

❃ Macrohematuria (5%)

❃ Bladder diverticula (3.3%)

❃ Bladder calculi (3%)

❃ Urinary retention (incidence 1 to 2% per year).

The exact genesis is unknown, but urinary retention depends on the severity and form of the

symptoms in the lower urinary tract, bladder outlet obstruction, age, prostatic enlargement,
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BOX 1

Terminology of BHP associated
changes to the lower urinary tract

❃ BPH benign prostatic hyperplasia 

(histological BPH)

❃ BPE benign prostatic enlargement

❃ BOO bladder outlet obstruction

❃ BPO benign prostatic obstruction 

(BOO caused by BPE)

❃ LUTS lower urinary tract symptoms

DIAGRAM 3
Schematic 

representation of

the associations

between benign

prostate enlarge-

ment (BPE),

lower urinary tract 

symptoms (LUTS),

and bladder outlet

obstruction (BOO) in

patients with benign

prostatic hyper-

plasia (BPH),

adapted from (8)



and serum concentration of prostate specific antigen (PSA) (11, 19). Since only few 

patients with bladder outlet obstruction develop urinary retention, additional factors are 

assumed to have a role in its development. 

Postvoid residual urine is common, but there is no definite association with bladder 

outlet obstruction and amount of postvoid residual urine. Some 30% of men with postvoid

residual urine do not have bladder outlet obstruction, and 24% of men with bladder outlet

obstruction have no residual urine after voiding (20). Urinary tract infections occur in 20%

of patients, but no direct correlation with postvoid residual urine or the amount of residual

urine has been found (21). The clinical aspects of benign prostate syndrome are 

summarized in box 2.
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TABLE 1

Obstructive and irritative symptoms

Obstructive symptoms Irritative symptoms 
(micturition symptoms) (symptoms of urine storage)

Hesitancy Urgency
Decreased urinary stream Pollakisuria

Abdominal straining Nocturia
Prolonged micturition Urge incontinence

Intermittency
Small volumes

Postvoid dribbling
Feeling of incomplete 

voiding/urinary retention
Overflow incontinence

Figure:

Bilateral hydronephrosis in prostate enlargement and urodynamically

proved bladder outlet obstruction. Voiding urogram of a patient 

with compensated renal failure (serum creatinine 155 µmol/l), but

without lower urinary tract symptoms



Diagnosis of clinical BPH
Most men with BPH complain of symptoms of the lower urinary tract. Doctors should

ascertain whether the symptoms are really caused by BPH or by another pathology. The relation

between symptoms, prostate enlargement, and bladder outlet obstruction also needs to be

ascertained. The diagnosis of the benign prostatic syndrome should follow the guidelines of

the German Urological Association (1). In the assessment, distinction needs to be made 

between obligatory and optional investigations. Optional investigations follow in cases

where diagnostic uncertainties persist after the basic examination or additional 

exams are needed to choose a certain therapeutic approach.

Obligatory examinations

Medical history: In addition to the general and neurourological history, a detailed history

with regard to micturition should be taken. In the micturition history, obstructive and irritative

symptoms are elicited and possibly quantified (table 1). The history should also clarify

whether drugs are being taken that might affect the functioning of the lower urinary tract.

Anticholinergics, antidepressants, antiparkinson drugs, and calcium channel antagonists

can cause hypocontractility of the detrusor muscle, leading to postvoid residual urine or

urinary retention. Parasympathomimetic drugs, on the other hand, increase detrusor

contractility and can cause or increase urge incontinence. Alpha receptor blockers, muscle

relaxants, or hydrated ergot alkaloids can cause urinary incontinence by lowering urethral

resistance, and alpha sympathomimetics can cause postvoid residual urine or urinary 

retention by increasing urethral resistance. Diuretics increase diuresis and can increase 

nocturia or urge incontinence. Alcohol can cause urinary retention subsequent to detrusor

relaxation.

Symptom and quality of life questionnaires: The frequency and extent of symptoms

can be quantified by using a questionnaire, and changes during therapy can thus be

documented. The International Prostate Symptom Score (IPSS) is the most commonly used

questionnaire (table 2). The first 7 questions capture the frequency of symptoms of the

lower urinary tract within the preceding 4 weeks, the 8th question the extent to which the

patient's quality of life is compromised. The symptom score is obtained by adding up the

answers to questions 1 to 7 and will be a number between 0 and 35. On the basis of this

score, the symptoms can be classed as mild (IPSS score 0–7), moderate (IPSS score 8–19),

or severe (IPSS score 20–35).

Physical examination: In addition to a general physical examination, the patient's 

neurourological status should be assessed as a means of orientation; this provides information

on the anal sphincter muscle tone and the sensorimotor state of the lower extremities, the

perineum, and the genitals. During the basic neurological examination, the reflex pathways

of the lower extremities should also be assessed (table 3), to enable conclusions about

the functional fitness of the neural pathways in the bladder and the bladder sphincter

(sympathetic innervation Th11 to L2, parasympathetic and somatic innervation S2 to S4).
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BOX 2

Clinical aspects of BPH

❃ In men with benign prostatic hyperplasia, the enlarged

prostate can occur in isolation or accompanied by lower

urinary tract symptoms and/or bladder outlet obstruction

❃ No clear associations exist between prostate enlargement,

symptoms, and bladder outlet obstruction

❃ Irritative and obstructive bladder symptoms prompt the

patient to consult his doctor

❃ Irritative bladder symptoms compromise wellbeing and

quality of life more than obstructive bladder symptoms

❃ Bladder outlet obstruction can result in irreversible

damage to the lower or upper urinary tract



The digitorectal examination provides information on the size, pain, and consistency of the

prostate. Compared with transrectal ultrasonography, the prostate volume is usually 

underestimated by 10 to 20% on digital rectal examination. The probability of having

prostatic cancer in patients with suspected BPH is 4.5 to 16% (22). 

Laboratory tests: Serum creatinine and PSA concentrations should be measured in all

patients, and a urinary analysis should be performed. If creatinine concentrations are raised

further diagnostic tests of the upper urinary tract are advised to exclude a postrenal cause.

The PSA measurement helps to assess the likelihood of a prostatic carcinoma and judge the

risk of progression (increased likelihood of a symptomatic progression or urinary retention

when PSA > 1.6 µg/l) (23). Raised PSA values (> 4 µg/l) can also be caused by acute urinary

retention, acute prostatitis, prostatic infarctions, or manipulations to the prostate. On the

other hand, 5 alpha reductase inhibitors halve serum PSA concentrations after 6 to 12

months' treatment. Some 20% of patients with prostate cancer do not have raised PSA

values (< 4 µg/l), however – in such patients, only transrectal palpation of the prostate or

repeated PSA measurements (PSA velocity) can provide indications about the cancer.

Urinalysis is done to rule out urinary tract infections and hematuria. Such urinary changes

can occur in BPH, but can also indicate other pathologies affecting the urinary tract, such

as a bladder tumor or bladder calculi.

Uroflowmetry: Measuring urinary flow in patients with bladder outlet obstruction can

document a decrease in maximum and mean urinary flow rates as well as an increase in the
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TABLE 2

International prostate symptom score

IPSS questions

All responses relate Not at all Less than Less than About  More than Almost always
to the past 4 weeks 1 time in 5 half the time half the time half the time

(< 20%) (ca. 50%)
Please tick

1. How often have you had a 0 1 2 3 4 5
sensation of not emptying your 
bladder completely after you 
finished urinating?

2. How often have you had to 0 1 2 3 4 5
urinate again less than two 
hours after you finished urinating?

3. How often have you found 0 1 2 3 4 5
you stopped and started again 
several times when you 
urinated?

4. How often have you 0 1 2 3 4 5
found it difficult to postpone 
urination?

5. How often have you had 0 1 2 3 4 5
a weak urinary stream?

6. How often have you had to push 0 1 2 3 4 5
or strain to begin urination?

7. How many times did you most Never Once Twice Three times Four times Five or more times
typically get up to urinate from (0) (1) (2) (3) (4) (5)
the time you went to bed at night 
until the time you got up 
in the morning?

Symptom score =

Quality of life index

If you were to spend the rest of  Delighted Pleased Mostly Mixed – about Mostly Unhappy Terrible
your life with your urinary condition satisfied equally satisfied dissatisfied
the way it is now, how would you and dissatisfied
feel about that? (0) (1) (2) (3) (4) (5) (6)

Quality of life =



time to maximum flow rate and flow time. For uroflowmetry assessment, a micturition 

volume of ✞ 150 ml is recommended, and in case of a reduced stream, at least one repeat 

examination should be done. In addition to the maximum urinary flow rate as the most 

important individual variable, the curve provides important insights into the underlying

bladder voiding disorder and the effect of treatment. A maximum urinary flow of < 15 ml/s

indicates a urinary voiding disorder, which may also be caused by decreased detrusor 

contractility. Only a maximum urinary flow ✞ 15 ml/s indicates unimpaired bladder 

voiding, so that uroflowmetry can be used to screen patients with LUTS.

Postvoid residual urine: This is usually measured by ultrasonography, but it can also be

done with a catheter. In routine practice, volumes of residual urine > 50 ml are regarded as

significant. Postvoid residual urine can occur in bladder outlet obstruction in BHP, but also

in other forms of bladder outlet obstruction (for example, urethral stricture, meatus stenosis)

or detrusor underactivity. Global bladder function can be assessed by measurement  of postvoid

residual urine. No data exists to support the assumption that patients with postvoid residual

urine will develop urinary retention later on. 

Urosonography: The bladder and kidneys should be examined in every patient. Since a

raised serum creatinine concentration occurs only after about 50% of nephrons have failed,

an ultrasound investigation of the kidneys can diagnose upper urinary tract dilatation even

in the absence of raised creatinine. Sonography of the kidneys and bladder can also detect

calculi, diverticles, or neoplasms in the urinary tract. Since bladder outlet obstruction 

results in compensatory hypertrophy of the detrusor muscle, ultrasound measurements of

the detrusor thickness when the bladder contains at least 250 ml urine can be used as an

additional variable in assessing the degree of obstruction. A detrusor wall thickness of 

✞ 2 mm indicates a bladder outlet obstruction with 95% certainty (24).

Optional examinations

TRUS: Transrectal ultrasonography (TRUS) can determine the volume of the prostate

more precisely than transabdominal volumetry; the methods differ by about 10%. Only

TRUS can visualize and assess the zonal anatomy of the prostate. 

Micturition protocol: Patients record the exact time and volume of each micturition

over 2 to 3 days. The protocol records objectively the number of micturitions during the day

and at night, the urinary volume, and the ingested amount of fluids. This enables objective

judgment of pollakisuria, nocturia, polydipsia, or nocturnal polyuria, and their control

during treatment.
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TABLE 3

Basic neurological examination

Reflex Reflex arc over the Performing the test
segments of the spinal cord

Cremasteric reflex L1 – L2 Stroking the inner thigh 
results in contraction of 
the equilateral 
cremasteric muscle,
and the equilateral 
scrotal sac is lifted

Adductor reflex L2 – L4 The reflex hammer is 
used closely below the 
medial condyle of femur 
(Pes anserinus) and an 
adductor movement is 
observed in the same leg

Bulbocavernosus reflex S3 – S4 Pinching the penile 
glans leads to 
contraction of the 
anal sphincter 

Anal reflex S3 – S5 Stroking the perianal 
region leads to 
contraction of the 
anal sphincter



Urodynamic investigations: These should be used only if standard diagnostic tests

have not been able to assess the degree of obstruction. By simultaneously measuring

urinary stream and vesical pressure, it is possible to differentiate patients with weakened

stream subsequent to bladder outlet obstruction or detrusor underactivity (25). The ability to

distinguish between a weak detrusor and/or obstruction makes this the investigation of

choice particularly in patients with a concomitant neurological disorder (for example, 

stroke, Parkinson's disease, or herniated disk) or diabetes or diabetic neuropathy. 

Intravenous urography: This advanced diagnostic test is indicated in hematuria, 

recurrent urinary tract infection, urolithiasis, previous operations on the urinary tract, or

another pathological finding on ultrasonography. Urethro-cystoscopy and urethro-

cystography should also be limited to specific questions – for example, in bladder tumors or 

urethral stricture.
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