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Abstract 

As a combined electrophysiological system for evaluating the lower urinary tract (LUT), comprehensive urodynamics (UDS) aims at duplicating patient’s micturition process, either normal or abnormal, and further seeking for possible causative origin, either neurogenic or non-neurogenic, in order to guide treatment. Through thorough analysis, some so-called cut-off values, for example, bladder outlet obstruction (BOO) degree or dyssynergic degree between the detrusor and sphincter, could be gained; however, in most cases, their qualitative description, such as stress urinary incontinence, idiopathic detrusor underactivity (DUA), detrusor overactivity (IDO), low compliance, and idiopathic sphincter overactivity (ISO), is more preferable and important. In aged neurologically intact male patients with symptoms of the LUT (LUTS) including benign prostatic hyperplasia, a combined UDS system, which coupled BOO with compliance, was constructed. The patients may be categorized into one of the seven subgroups, including equivocal or mild BOO with sphincter synergia with or without IDO (pattern A), equivocal or mild BOO with ISO (B), classic BOO with sphincter synergia (C) or ISO (D), BOO with only low compliance (E), BOO with both DUA and low compliance (F), and potential BOO with DUA (G). This new system can be used to optimize diagnosis and treatment according to a derived guideline diagram. 
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INTRODUCTION
Comprehensive urodynamics (UDS) performed for stress urinary incontinence (SUI) female patients has been challenged by two recent published papers[1,2]. Does it take no good for SUI or patients with symptoms of the lower urinary tract (LUTS)? This was just the same as UDS for benign prostatic hyperplasia (BPH) patients in the late last century[3,4]. However, discerning experts indicated that the studies may have some common conceptual flaws, and there is a need to do more[5]. The authors therefore sighed, “scant progress has been made in the UDS recently[5].” 

The NICE guidelines for the management of SUI[6] state that “the use of multichannel cystometry is not routinely recommended before surgery in women with a clearly defined clinical diagnosis of pure SUI”. However, in a study of 6276 women with urinary incontinence, Agur et al[7] found that only 324 (5.2%) women had pure SUI. Although the symptomatic assessment had a specificity of 98%, its sensitivity was too low (11.4%). 

As a combined electrophysiological system for evaluating the lower urinary tract (LUT), comprehensive UDS aims at duplicating patient’s micturition process, either normal or abnormal, and further seeking for possible causative origin, either neurogenic or non-neurogenic, in order to guide treatment. Through thorough analysis, some so-called cut-off values, for example, bladder outlet obstruction (BOO) degree or dyssynergic degree between the detrusor and sphincter (TL value), could be gained; however, in most cases, their qualitative description, such as SUI, idiopathic detrusor underactivity (DUA), detrusor overactivity (IDO), low compliance, and idiopathic sphincter overactivity (ISO), is more preferable and important[8]. 

Whether a measuring system is inferior or non-inferior (i.e., superior) is confirmed or based on large-sample population studies on one hand; however, decision on given patients should be made individually on the other hand. The important recording of electromyogram (EMG) was often absent in large sample trials and whether the patients had such finding as ISO or DUA was scant too[1,2,7]. Symptomatic analysis is usually preferable as compared with invasive measures, however, there are many uncertainties and variable factors. The most often used symptom score system IPSS (International Prostatic Score System) has been challenged by newly launched system VPSS (Visual Prostatic Score System) (Figure 1). A combination of VPSS > 8 and Qmax < 15 mL/s was used to select invasive evaluation during follow-up in men with urethral strictures[9]. Patients with bladder pain syndrome/interstitial cystitis (BPS/IC) and OAB patients had significant differences in their 3-d voiding diary records. Patients with BPS/IC had higher voiding frequencies and smaller maximal voided volume compared with OAB patients[10]. 

There are some differences between symptomatic and laboratory findings in clinical practice. Most clinical studies have relied on questionnaires as to the prevalence, symptoms, and treatment usage; however, the surveys must be interpreted with caution. So we should not let this prevent us from obtaining information via the use of laboratory tests including UDS combined with sphincter EMG. Furthermore, the symptom location is usually very factitious and clinical tests are necessary. For example, the pain caused by BPS/IC was often obscure. The study on BPS/IC prevalence could not find a single symptom-based definition of BPS/IC with ideal sensitivity and specificity to distinguish patients with BPS/IC from those with OAB, vulvodynia, or endometriosis[11]. The symptoms of irritable bowel syndrome, fibromyalgia, do overlap with those of BPS/IC[11]. The patients and doctors make every effort to reveal a sufficient description of the symptoms to prompt a rational diagnosis. The similarity of symptoms might have nosologic implications. If we want to locate the origin of symptoms and to validate the nature of the disease, necessary examinations, including UDS and EMG, had to be carried out[11]. 

The targets of invasive UDS test are: pursuing after completeness instead of simplicity[12] and selecting complete or appropriate UDS if feasible; clearly defining UDS entities and seeking cutoff values in order to subcategorize possible pathological process, although descriptive recording is often more preferable; and developing evidence-based or knowledge-based strategies based on UDS findings[13]. 

New studies should be performed using high quality UDS with possible cutoff parameters, and show treatment methods linked to UDS findings. This paper broadly reviews the fundamental concepts behind the technique, application, and interpretation of UDS testing and how they are applicable to general urologists in office settings. Some of the discussion is based on the authors’ experience and the existing literature in the field.

BASIC CONSIDERATION

Theoretical 

The field of UDS has evolved significantly since its conceptual inception in the early twentieth century. UDS is a general term for a collection of techniques performed in an attempt to qualify and quantify the LUT activity during filling or storage, and emptying phases. Conceptually, normal, efficient bladder filling and storage require five components: (1) bladder compliance (distensibility); (2) bladder stability; (3) competence of ureterovesical junctions (i.e., non-refluxing ureters); (4) closed vesical outlet at rest and during times of increased intra-abdominal pressure; and (5) appropriate bladder sensations. Bladder emptying requires: (1) constant detrusor contraction; (2) simultaneous relaxing of the smooth and striated sphincter; and (3) non-obstructed bladder outlet. Any abnormality of filling and storage or of emptying, regardless of causative pathophysiology, must result from a problem related to one of these factors. UDS studies can assist in categorizing and quantifying these problems[13]. Comprehensive UDS studies are a combination of noninvasive measures, such as initial uroflowmetry, and invasive measures, such as cystometrogram (CMG), pressure-flow study (PFS) with EMG, and urethral pressure profilometry (UPP). With the evolution of the personal computer, much development has been achieved in the field of UDS. The advent of smaller, less cumbersome, and less expensive machines has expanded the availability of complex UDS, including videourodynamics (VUDS) and ambulatory UDS (AUDS), to more practicing urologists[13,14]. 

PFS has been viewed as the urologic equivalent of cardiac catheterization[3]. These figurative words are right in some extent. There are still some differences between the two techniques: first of all, cardiac catheterization only needs patient’s quiet recumbency, and not complex cooperation. UDS needs the patient’s full cooperation to fulfill the process of storage and emptying. We would rather like to analog a patient as an actor or actress, and an urodynamicist as a director whose duty is to guide the patient to show his/her micturition process as actually as possible. Through their performance (complete storage and voiding behaviour, not only storage) by not only the leading role (detrusor), but also the co-star (sphincter), we could know whether the detrusor relaxes and the sphincter contracts during storage phase, and the detrusor contracts and the sphincter relaxes during empty phase or not, or vice versa. The guideline of normal detrusor and sphincter is “stretch out whenever necessary, and do not stretch out whenever unnecessary”. Breach of the principle leads to dysfunction of the LUT: overactivity means “stretching out whenever unnecessary”, and underactivity means “unable to stretch out whenever necessary”. These demands and disability of the patients with potential lesions involving neurogenic system were exhibited in neurogenic LUTD guidelines (Madersbacher classification system)[15], in which the interrelationship or mutuality of the detrusor and sphincter was evaluated (Figure 2). In male patients, sphincter underactivity may exist clinically, however, its standard is not practical and data about its prevalence is scant. Furthermore in non-neurogenic LUTD, dysfunction of the detrusor or sphincter was presented separately, not integratedly as in neurogenic LUTD (NLUTD)[16] (Table 1). 

We think in urology practice, dysfunction of the detrusor, sphincter, detrusor compliance, incontinence state, and BOO had better been parceled on the basis of individualization. We have attempted this work and published a paper[17], which aimed at developing a UDS pattern system for aged male patients who complained of non-neurogenic LUTS to create a reference guideline for their diagnosis and treatment by a retrospective analysis. A retrospective analysis of UDS data was carried out in 1984 male patients neurologically intact with symptoms suggestive of BOO aged older than 45 years (2002-2013). On the basis of their UDS characteristic findings, the patients were classified into 1 of 7 subgroups: equivocal or mild BOO with sphincter synergia with or without IDO (pattern A); equivocal or mild BOO with ISO (B); classic BOO with sphincter synergia (C) or ISO (D); BOO with only detrusor low compliance (E); BOO with both DUA and low compliance (F); and equivocal BOO with DUA (G). The feasibility and rationality of this system were confirmed. The distribution of 7 patterns (pattern, case number, %) was A 158, 8%; B 59, 3%; C 1059, 53.3%; D 277, 14%; E 120, 6%; F 93, 4.7%; and G 218, 11% (Figures 3 and 4). The Abram-Griffiths (A-G) numbers (PdetQmax-2Qmax) in patterns C, D and E were 103.1-141.4, higher than those in other patterns (P < 0.001), and functional pressure lengths (FPL) in patterns C and D were 7.0-7.2 cm, longer than those in other patterns (P < 0.001). At last, a practical UDS pattern system for aged male patients with LUTS suggestive of BOO was constructed, which helps us to optimize the diagnosis and treatment[17]. For those with patterns A and B, medicinal therapy with 5a reductase inhibitor, antimuscarinics, or baclofen was administered first, whereas surgical intervention was reserved as an alternative option if medicinal therapy failed or their symptoms of BOO aggravated later. Those with patterns C, D and especially with E received transurethral resection of the prostate, and those with patterns F and G received 4-6 wk indwelled catheterization and administration of pyridostigmine bromide, baclofen, and decoction of Chinese medicinal herbs in an attempt to promote recovery of the detrusor contraction (Figure 5). These affordable principles may enrich the therapy of male LUTS using medical and/or conservative methods[18]. An integrated UDS pattern trial of 2195 female LUTS patients had been conducted, which revealed different results from those obtained from male patients[19]. At first they were divided into SUI and non-SUI groups and low compliance was seldom seen in neurologically intact women and was omitted in the calculation. At last, the distribution of UDS patterns were NA (normal detrusor-sphincter function) 50.2% (1101 cases), IDO 18.3% (401 cases), ISO 13% (286 cases), IDO + ISO 7.6% (167 cases), and DUA 10.9% (240 cases). We think the applicable principles from male population suit to female population too[19].    

Technological
EMG technology: Scant progress during the last 2 decades and poor prognostic value of UDS for BPH interventional therapy may come from some technological problems, here we mean the underestimation of the role of EMG and some shortcomings of the UDS technology. Surface or patch electrode was routinely used as the standard option during UDS and the abnormal EMG findings were usually blamed as artifacts[20]. There are surface electrode, concentric needle electrode (CNE), and needle-guided wire electrode (simple as wire electrode[8]) available in practice. CNE was superior over surface electrode[21]. From our experience, needle guided wire electrodes were superior to CNE[22]. From our experience of about 9000 patients from 2002 to 2014, nearly 70%-80% so-called “artifacts” or bad recordings of EMG came from technical errors and we can record detrusor sphincter synergia or dyssynergia well using Solar from MMS (Netherlands), or Andromeda from Germany, as Janus from Life-tech (United States). We used the anal sphincter instead of the urethral sphincter to obtain EMG information[23]. Although some authors stated that anal and urethral sphincter EMG had the same significance[24], we believe that finding abnormal EMG signs in neurogenic diseases is more important than interpreting potential differences between the two routes. Anal external sphincter has a bigger mass than urethral external sphincter, less potential of pain and bleeding when needle is inserted into them, and less artifact possibility. In our laboratory CNE, anal plug electrodes and urethral catheter containing concentric electrodes are abandoned because of lower accuracy. CNE has also two poles indeed: one in the core of the needle, the other in the outer coating of the needle.

Patient position during UDS procedures: The position should be as natural and physiologic as possible, and we prefer sitting for female patients, sitting or standing for male patients. For patients whose sitting or standing position is unfeasible, they may take the supine position on the UDS bed with the barrow together. If they could pass urine during PFS stage, the simultaneous imitation of urinary flow into the commode is conducted. For patients whose original position does not fit PFS, their position should be changed, i.e., from sitting to squatting or standing. After position change, the same magnitude of increase of abdominal and bladder pressure produces, and their detrusor pressure is stable and no adjustment is required. The abdominal catheter may be ejected out by excessive abdominal strain during emptying phase in patients with DUA. If this happens, the abdominal pressure (Pabd) no longer works as a reference value for detrusor pressure, which means the difference between the vesical pressure (Pves) and Pabd (Pdet = Pves-Pabd). Measures should be taken to adjust Pabd, usually zeroing it.   

UDS catheter and infusion medium selection: Catheters of UDS include urethral catheter and anal catheter. The former, either one, double or three-lumen, is usually afforded by appropriate companies and is disposable. Now an 8F double-lumen transurethral catheter (Xubu Medical Appliance Company, Dantu District, Jiangsu Province, China) is used for Pves recording and infusion of normal saline in our institution. The Pabd is recorded using a 12F transrectal balloon catheter (Cook Urological Incorporated, IN)[17]. The balloon covered with an envelope is lubricated and inserted into the anus and then semi-filled with saline, which assures satisfactory recording of the pressure. As far as the infusion medium is concerned, saline and air are used at the early stage, and normal saline is more suitable than air because of its physiologic property and ability to suit PFS[25]. 

UDS manufacturers: There are many UDS manufacturers or companies around the world, including MMS (Netherland), Life-Tech (United States), Andromeda (Germany), Leborie (Canada), Wearnes (Chengdu, China), etc. The design and performance are nearly the same. Our institution has the experience with products from all these companies.

CLINICAL CONSIDERATION

Early diagnosis and treatment are essential for patients with LUTS[15]. Uds findings, either as cut-off values or descriptive conclusions, may indicate possible lesions that later emerge, give preoperational forecasting of surgery for BOO, evaluate possible organic lesions other than functional origin, and main dysfunction sites, either the bladder or urethra or both. 

LUTS followed by demonstrable abnormal UDS findings

Uroflowmetry curve: Uroflowmetry usually indicates whether the bladder outlet is obstructed or the detrusor is unable to contract. Here we report a special case with sustained urinary incontinence after birth and her low and smooth “uroflowmetry” curve represented infused fluid leakage. This was a 24-year-old unmarried Chinese female referred for evaluation of congenital urinary incontinence. A transperitoneal anastomosis of both ureters to the bladder was carried out based on an assumption of ectopic ureteral orifices in the bladder neck and failed to cure her incontinence five years ago. She was neurologically normal and denied the presence of any other symptoms. She had good pelvic support and normal external genitals including the hymen. No abnormal neurologic signs were found. Ultrasonic test revealed that her kidneys, uterus, ovary and bladder were all normal. However, transrectal ultrasonography revealed that circular low echogenic zone of the peripheral region of the mid urethra, which represents the urethral striated sphincter[26], was absent. An intravenous urogram showed normal kidneys, ureters and bladder, too. There was no visible endoscopic evidence of vesicourethral lesions except for urinary leakage. When an inspection of her perineum in lithotomy position was performed, a rhythmic leakage of urine was observed, which was much like the way that urine jets ejected from ureteral orifices into the bladder being observed during cystoscopy both in rhythm and quantity (Figure 6). Each time she could only pass less than 30 mL with a maximum flow rate of 5 mL/s. UDS revealed that her bladder had no storage function at all, and we observed that more than 400 mL liquid was expelled after 360 mL normal saline had been infused at a rate of 50 mL/min. The flow or leakage rate was 1 mL/s, i.e., 60 mL/min. During storage phase with virtually constant leakage, the detrusor had no contraction (Figure 7A), and as infusion ended, the anal sphincter EMG recovered to normal storage state (Figure 7A), which meant normal anal sphincter function, but not urethral sphincter function. Congenital urethral sphincter agenesis (much severe than intrinsic sphincter deficiency, ISD) was a supposed diagnosis. In order to reconstruct a functional urethral sphincter, urethral external sphincteroplasty using an autologous fascial sling which was obtained from her left fascia lata, was performed successfully. Double rolls of the sling around the urethra were formed, one fixed to the public union and the other to the sheath of the rectus. The patient achieved full continence thereafter and could pass urine ideally in an interval of 30 min to 2 h two weeks after the operation. At the follow-up 4 months after the procedure, she could pass urine with more than 250 mL in an interval of 2-3 h, and UDS showed that her detrusor could contract normally with a Qmax of 23 mL/s and her anal sphincter worked as preoperational status (Figure 7B).

Low-smooth uroflowmetry curve is also associated with constrictive BOO, for example, urethral stricture (Figure 8A). This type of BOO is different from compressive BOO, such as that due to BPH[27]. Constrictive BOO produces a decreased slope of the passive urethral resistance relation (PURR) curve and a normal minimal opening pressure (Pmuo) (Figure 8B), whereas compressive BOO produces a steep slope of the PURR curve and a higher Pmuo[27] (Figure 8C). In typical cases, low-smooth uroflowmetry curve and characteristic finding of constrictive BOO aid the diagnosis of urethral stricture, especially in female patients with a UTI history. 

CMG-PFS-EMG curve: Normal CMG-PFS-EMG curve tells us how the bladder and urethra are performing storage function (bladder distention and urethra contraction) and how they are performing emptying function (at first the bladder contracts and the urethra actively relaxes[28], and then urinary flow produces). Active opening out of the urethra has major effects during emptying stage by stretching backwards the urethra and ceasing extension of urethral elasticity. So the external sphincter would actively relax during micturition: opening of the urethral tube, even to double the original diameter of the urethra[28]. After careful analysis and discussion of the UDS data, ideal options, such as IDO, ISO, DUA, SUI in LUTD, NDO, NSO (neurogenic sphincter overactivity, or detrusor-external sphincter dyssynergia, DESD), DUA in NLUTD, are produced. The process should be repeated more than one time if the curve is doubtful in order to gain a reproducible, stable and typical curve (Figures 9-11). 

The main difference between NDO and IDO, or between NSO and ISO, is whether they are related to neurogenic origin or not. Grossly looking the patients may be non-neurogenic, just in the majority of patients with OAB (those with IDO), however, if more meticulous image examination, for example, brain functional magnetic resonance imaging (fMRI), is undertaken, some positive findings could be found in patients with OAB or LUTD responsive to Interstim (sacral neuromodulation) treatment[29-31]. So many patients may be situated in the equivocal region between neurogenic and non-neurogenic LUTD.

There was some abnormal findings in fMRI in patients with Fowler’s syndrome who were responsive to the Interstim procedure[29]. The primary abnormality of the syndrome may be an overactive urethra[29]. This central reflex and sacral guarding reflex have the same nature.

As far as small-vessel diseases of the brain affecting the deep white matter were concerned, they may be associated with some bladder abnormalities. Generally speaking, when we cared for elderly OAB patients, both the brain and the bladder should be looked at[30,31].

IDO and NDO may be treated by monotherapy or combination therapy[32-35]. And now, baclofen, a GABA agonist, may also go into the regimen[17,23]. Combination therapies with 1-blocker plus antimuscarinic, α1-blocker plus 5-reductase inhibitor, 1-blocker plus PDE inhibitor, and 1-blocker plus 5-ARI have been attempted[32]. The pathophysiologic mechanisms and targets for pharmacotherapy for male LUTS, and nerve supply to the bladder and urethra are displayed below (Figures 12 and 13).

ISO and NSO are displayed by excellent EMG curves. Synonyms of ISO are dysfunctional voiding (DV), non-neurogenic neurogenic bladder, Fowler’s syndrome, and Hinman syndrome[38-40]. Chronic idiopathic intestinal pseudo-obstruction (CIPO)[41] may co-exist with ISO. 

In patients who complained of symptoms of frequency or urge may actually suffer from ISO, to which baclofen (a GABA-ergic receptor agonist) may be administered as a rational option and obtain good response shown by way of TL value[17,22]. 

Both storage and emptying symptoms may be caused by ISO. This double link could be explained by guarding reflex[8]. The storage symptom of the patient whose curve was shown in Figure 9 was resolved completely by administration of baclofen. Another female patient complained of urge incontinence for 10 yrs was also cured with baclofen after being confirmed as ISO (Figure 14). A woman aged 26 years complaining of poor-weak flow, voiding difficulty, intermittent or continuous catheterization for 18 years, and even receiving transurethral resection of the bladder neck twice, was also confirmed as ISO (Figure 15). She was eventually cured with baclofen too.   

DUA and low compliance curve: DUA, either associated with NLUTS or LUTS, is known as detrusor underactivity, bladder underactivity, underactive bladder, or bladder underactivity/underactive bladder syndrome, either in analogy with the ICS definition of overactive bladder syndrome or not[42,43]. There are many different options as to its terminology, definition, and diagnostic methods. The approach is needed now to gain a consensus on these elements to allow standardisation of the literature and the development of optimal management[43]. No matter what the cause is, the main task of UDS is to show how the detrusor works: either unable to contract or relying on abdominal strain (Figure 16). DUA is associated with dysfunction of the sensory (afferent) nerve, the central nervous system (CNS), the efferent nerve and the target organ, the vesical detrusor itself. Furthermore, impaired voiding function has an age-associated prevalence[42] (Figure 17). As to the treatment of patients with DUA of any cause, the combination therapy (Chinese medicinal herbs, baclofen, and pyridostigmine) and continuous bladder drainage are proposed as feasible options[17]. After UDS, the patients with UDS patterns F and G could not pass urine at all and still needed catheterization, urinary diversion or even artificial urinary sphincter[44], but 56% and 12% of those with patterns F and G had their patterns changed into E or C, respectively, after such conservative treatment. The main function of Chinese medicinal herbs (common clubmoss herb, toothed achyranthes root, semen vaccariae, and so forth) were relaxing the urethral sphincter, decreasing outlet resistance, and promoting diuresis. Baclofen was used to relax the overactive sphincter, and pyridostigmine was used to strengthen the detrusor. And perhaps, the most important thing was absolute resting of the bladder without tube clamping for more than 4-6 wk[17]. Low frequency electrotherapy is also a rational option for selected female DUA patients suffering from neuromuscular deficiency[45].
Normal compliance is more than 10 mL/cmH2O[46]. Low compliance could co-exist with or without DUA in patients with LUTS or NLUTS. The low bladder compliance patterns in patients with NLUTD had three groups[46]: gradual increase, Group A; terminal increase, Group B; abrupt increase and plateau, Group C. Careful analysis seeking for dominant disorder of the detrusor or sphincter is vital for the patients. Little or no detrusor contraction is needed for complete voiding in some women in whom normal sphincter relaxation is enough to finish the micturition process. These patients are considered to be “normal”[47]. This occult modality of DUA should be considered as asymptomatic DUA (Figure 18 A and B). Furthermore, in male patients with DUA and low compliance potentially related to neurogenic lesions, this pattern of voiding could occur too (Figure 18C). 

Low compliance may lead to bilateral hydronephrosis in patients suffering from diabetes insipidus. We found that children with polyuria, nocturnal enuresis and MRI-confirmed pituitary abnormality (hypointensities on T1-weighted MRI) and diabetes insipidus usually had hydroureteronephrosis, enlarged bladder capacity and low bladder compliance at second-half storage phase. Their detrusor and sphincter function had to be evaluated carefully as the first procedure. If the detrusor could contract and sphincter could relax during the voiding phase, the prognosis is good (Figure 19), and vice versa. 

Different opinions existed about the newly constructed somatic-autonomic reflex for patients complaining of dysuria and incontinence after spinal cord injury or with tethered spinal cord[48,49]. Whether the operation succeeds or not depends upon the exhibition of detrusor contraction and sphincter dyssynergia or synergia. We have shown the detrusor contraction with or without sphincter overactivity in some patients suffering from SCI who received a successful artificial somatic-autonomic reflex for bladder control in this institution (Figure 20).

UPP curve: UPP examination is one of the UDS menus and cannot be omitted casually. The UPP curve gives us functional parameter of the urethra and its morphological evaluation, which is very useful for surgical selection of male BPH patients (Figure 21).  
LUTS and UDS findings inadequate to explain the disease 

UDS findings other than abnormality, in short, subnormal or equivocal UDS findings, may lead to further seeking for potential pathologic factors. At this stage, cystourethroscopic examination, mucus membrane biopsies or imaging study of the LUT, and consult of associated physicians are necessary. Acidophilic cystitis[50] (Figure 22), slight bladder neck contracture, and glandular cystitis may be the possible responsive factors. In female and young male patients, BOO may be associated with inflammation of the bladder neck. In these patients, bladder neck obstruction or contracture, primary or secondary to longstanding ISO, squamous metaplasia or glandular cystitis-like appearance of the bladder neck are always observed. The lining of the bladder neck demonstrates a nontransitional epithelial appearance with epidermoid (squamous metaplasia) or glandular (adenomatous metaplasia) development and later formation of von Brunn’s nests in the lamina propria. Squamous metaplasia or glandular cystitis-like lesions in the bladder neck may be responsible for primary bladder neck obstruction in female or young male patients. PFS data gained during emptying phase could reveal the nature of obstruction more precisely (Figure 23).  

Extra or intra-LUT symptoms and UDS findings precede pathological findings

LUTS may display ahead of schedule in some disease related or not related with LUT. Multiple system atrophy (MSA), multiple sclerosis (MS), spinal cord tumors, idiopathic normal pressure hydrocephalus (iNPH)[51,52] and other occult neurogenic lesions may be responsible for slight degree of DUA or incontinence in some patients (Figure 24). Two patients presented in Figure 23 showed extra or intra-LUT symptoms: incontinence (A) and hydronephrosis (B). The former was proved as MSA two years later after our first consultation, and the potential neurogenic lesion of the latter has not been found so far. Perhaps functional MRI of the nervous system or some forthcoming techniques may aid diagnosis. Whether or not the patients complained of incontinence or hydronephrosis depends on the safe volume of the bladder (bladder volume before Pdet reaches 40 cmH2O) irrespective of the existence of vesico-ureteral reflux. If the functional bladder capacity exceeds it, both conditions will occur. If the functional capacity is less than the safe volume, distention of the upper urinary tract will not emerge. The latter patient had no imaging confirmed vesico-ureteral reflux indeed. However, bilateral nephrostomies were undertaken because of severe hydronephrosis at our first consultation.

CONCLUSION

Clear definition of UDS entities by means of cutoff values is ideal; however, descriptive recording is often more preferable in practice. TL value is a clear cutoff value for diagnosis of ISO or NSO. By overall view of the whole performance process of micturition (i.e., both the detrusor and sphincter during storage and emptying phases), normal or abnormal UDS findings give us concrete and demonstrable contour of LUTS entities, such as NA, IDO, ISO, DUA, NDO, NSO, BOO and SUI, guide the further option if LUTS and UDS findings are inadequate to explain the disease, and make us be convinced of the present medical state since in some cases extra or intra-LUT symptoms and UDS findings precede pathological abnormality. 
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Figure 1  Visual prostate symptom score consisting of pictograms to evaluate (A) force of the urinary stream, (B) daytime frequency, (C) nocturia, and (D) quality of life[9]. 
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Figure 2  The European Association of Urology-Madersbacher classification system[15]. EAU: European Association of Urology.
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Figure 3  Study design, flow diagram and final outcome of male patients above 45 years neurologically intact with symptoms suggestive of male symptoms of lower urinary tract and bladder outlet obstruction[17]. UDS: Urodynamics; DUA: Detrusor underactivity; BOO: Bladder outlet obstruction.
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Figure 4  Urodynamic patterns of male patients older than 45 years neurologically intact with symptoms of lower urinary tract/bladder outlet obstruction[17]. A: Pattern A [equivocal or mild bladder outlet obstruction (BOO) with sphincter synergia with or without idiopathic detrusor overactivity]; B: Pattern B (equivocal or mild BOO with idiopathic sphincter overactivity); C: Pattern C (classic BOO with sphincter synergia); D: Pattern D (classic BOO with idiopathic sphincter overactivity); E: Pattern E (BOO with only detrusor low compliance); F: Pattern F (BOO with both detrusor underactivity and low compliance); G: Pattern G (equivocal BOO with detrusor underactivity); H: Urodynamic study of a patient with pattern F; I: The same patient with pattern F as in H after 4 wk urinary draining, whose detrusor contraction recovered and urodynamic study pattern was transformed into pattern E. 
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Figure 5  A proposed supplement to the guideline of male symptoms of lower urinary tract/bladder outlet obstruction[17]. BOO: Bladder outlet obstruction ; LUTS: Symptoms of the lower urinary tract.
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Figure 6  Perineal view of a female patient with urethral external sphincter agenesis before urodynamic evaluation. A: Urethral orifice and hymen as the urethral orifice was dried with gauze; B: Urine expelled out as solid arrow indicated.
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Figure 7  Comprehensive urodynamic evaluation of a patient with urethral sphincter agenesis. A: As saline was infused into the bladder, saline and her urine were expelled steadily (solid arrows) in the initial examination, however, during this phase, anal sphincter electromyogram showed synergia (as dotted arrows indicated); B: The storage and voiding function was recovered to normal and incontinence cured 4 mo after sphincteroplasty.
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Figure 8  Low-smooth uroflowmetry curve in a female patient confirmed with urethral stricture, constrictive bladder outlet obstruction and compressive bladder outlet obstruction. A: Low-smooth uroflowmetry curve in a female patient confirmed with urethral stricture; B: Constrictive bladder outlet obstruction (BOO) produces a decreased slope of the passive urethral resistance relation (PURR) curve and a normal minimal opening pressure (Pmuo); C: Compressive BOO produces a steep slope of PURR curve and a higher Pmuo[25].
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Figure 9  Repeated urodynamic curve of a female patient aged 69 years with urinary urgency and frequency for more than 20 years, proved as idiopathic sphincter overactivity with a functional bladder capacity of 80 mL and cured by baclofen 10 mg, tid. The characteristic findings of idiopathic sphincter overactivity were equivocal in the first and fourth urodynamic evaluations and obvious in the remaining ones.
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Figure 10  Repeated urodynamic curve of a male patient aged 80 years with urinary urgency and incontinence associated with acute myelitis for more than 11 years, proved as NDO, which had full response to administration of muscarinic blocker.
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Figure 11  Repeated urodynamic curve of a male patient aged 37 years with urinary retention after lumbar tumor resection for one month, proved as neurogenic detrusor overactivity (i.e., neurogenic detrusor hyperreflexia) and non-sympathetic overactivity (i.e., detrusor-external sphincter dyssynergia).
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Figure 12  Nerve supply to the bladder and urethra and nerve signal transduction during storage and emptying phase[36]. PAG: Periaqueductal gray. 

[image: image13.png]Detrusor
fibrosis

ilnterstitial cells

Pelvic ischemia

Increased Rho-kinase

activity BPH/BPE

Inflammation Androgen signaling




Figure 13  Various autonomic receptors of the bladder and urethra associated with pharmacotherapy for male symptoms of the lower urinary tract[37].
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Figure 14  Severe urge incontinence caused by idiopathic sphincter overactivity was cured with baclofen. A: A 39-year-old woman presented with urge incontinence for 10 year. Urodynamics (UDS) showed that she had idiopathic sphincter overactivity (ISO); B: The ISO improved obviously after administration of baclofen for 2 wk; C: Six weeks after the first consultation, her ISO appearance disappeared absolutely.
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Figure 15  Refractory idiopathic sphincter overactivity-induced bladder outlet obstruction for 18 years cured with baclofen within three weeks. A: Urodynamic (UDS) curve of the woman aged 26 years whose complaints were poor-weak flow and voiding difficulty, undertaken before consultation; B: UDS curve undertaken four years ago. 
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Figure 16  Various detrusor underactivity manifestations coupled with idiopathic sphincter overactivity and abdominal straining. A: A woman complaining of urinary incontinence was confirmed with detrusor underactivity (DUA) and idiopathic sphincter overactivity (ISO); B: A male patient aged 86 years complaining of poor-weak flow after benign prostatic hyperplasia (BPH) operation was confirmed with DUA and abdominal straining with detrusor-sphincter synergia; C: A female patient suffering from bladder overdistention was confirmed with DUA and ISO; D: A female aged 55 years suffering from incontinence was proved with DUA, ISO and nearly normal Qmax. 
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Figure 17  Mechanisms involved in bladder underactivity[42]. CNS: Central nervous system. 
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Figure 18  By means of efficient relaxation of the sphincter, satisfactory micturition fulfilled even without detrusor contraction in patients with symptoms of the lower urinary tract or neurogenic symptoms of the lower urinary tract. A: A female patient suffering from stress urinary incontinence had a satisfactory pressure-flow study; B: A woman passed urine fluently without action of the detrusor; C: A male patient with detrusor underactivity and low compliance voided by efficient sphincter relaxation. 
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Figure 19  Bilateral hydroureteronephrosis due to bladder low compliance associated with diabetes insipidus and pituitary disorder. A: A male patient aged 42 years complaining of polyuria had low compliance and intact detrusor and sphincter. The residual urine reached 1550 mL after 700 mL saline voided out; B: A male patient aged 23 years had low compliance and no detrusor underactivity or detrusor-external sphincter dyssynergia. His detrusor could contract violently based on raised detrusor pressure and void 900 mL urine.
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Figure 20  Effective neuroanastomosis resulting in recovery of micturition reflex and the patients getting rid of catheter-dependent state. A female patient aged 46 years had her new reflex succeeded 5 and 9 years after the anastomosis (B and C) as compared with preoperation (A); D: A male patient aged 39 years gained satisfying lower urinary tract function 2 years after the anastomosis, especially with detrusor-sphincter synergia now. 
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Figure 21  Typical urethral pressure profilometry curves in male patients suffering from benign prostatic hyperplasia. A: Classic urethral pressure profilometry (UPP) curve of male patients with benign prostatic hyperplasia induced bladder outlet obstruction; B: Bimodal UPP curve of patients with enlarged middle lobe; C: Severely big prostate possesses a long functional profile length. 
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Figure 22  Acidophilic cystitis resulting in poor-weak flow and vomiting in a 15-year-boy was proved as normal detrusor and sphincter function, low compliance, and cured with steroid[50]. A: Although there was neither bladder outlet obstruction (BOO) nor idiopathic sphincter overactivity (ISO), his compliance was low; B: Bladder computed tomography (CT); C: Bladder CT with 3D imaging; D-F: Bladder biopsy specimen: eosinophilic cell suffusion infiltration and proliferation of spindle cells (HE staining).
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Figure 23  Squamous metaplasia or glandular cystitis of the bladder neck may be caused by longstanding idiopathic sphincter overactivity and produces bladder outlet obstruction-like symptoms. A: A 58-year-old woman presented with urinary obstruction and idiopathic sphincter overactivity and transurethral resection of bladder neck was performed with satisfactory results; B: The bladder transitional epithelium had entered the process of metaplasia, and Brunn nest was forming; C: A Brunn’s nest was evident and cavity was in the nest core.
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Figure 24  Extra or intra-lower urinary tract symptoms and urodynamic findings in some cases precede pathological abnormality. This phenomenon makes us be convinced of the present medical state. A: A 60-year-old male patient complaining of poor-weak flow and nocturia was proved as having detrusor underactivity (DUA) and low compliance, not responding to TURP, and was proved as having multiple system atrophy 2 years after the first consultation; B: A 52-year-old male patient having received bilateral nephrostomy because of hydronephrosis, was proved as having DUA and low compliance. He could void by efficient sphincter relaxation. However, no abnormal image sign was found at time of consultation.  
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Table 1  Expanded functional classification[16]


Failure to restore �
�
  Because of bladder �
�
    Detrusor hyperactivity �
�
      Involuntary contractions �
�
        Neurogenic diseases, injury, or degeneration �
�
        Bladder outlet obstruction �
�
        Inflammation �
�
        Idiopathic �
�
      Decreased compliance �
�
        Neurogenic disease �
�
        Fibrosis �
�
        Idiopathic �
�
    Detrusor hypersensitivity �
�
      Inflammatory �
�
      Infectious �
�
      Neurogenic �
�
      Psycologic �
�
      Idiopathic �
�
  Because of outlet �
�
    Stress incontinence (hypermobility related)�
�
    Nonfunctional bladder neck-proximal urethra (intrinsic sphincter dysfunction)�
�
Failure to empty �
�
  Because of bladder �
�
    Neurogenic   �
�
    Myogenic �
�
    Psycogenic�
�
    Idiopathic�
�
  Because of outlet�
�
    Anatomic�
�
      Prostatic obstruction�
�
      Bladder neck contracture�
�
      Urethral stricture�
�
      Urethral compression�
�
    Functional �
�
      Smooth sphincter dyssynergia�
�
      Striated sphincter dyssynergia�
�












