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Abstract

Pressure-flow study (PFS) of micturition is the best method to quantitatively analyse voiding function. It allows us to distinguish voiding lower urinary tract symptoms and low urine flow rate caused by bladder outlet obstruction (BOO) from those caused by detrusor underactivity (DU). Voiding dynamics are significantly different in men and women and the established criteria for urody​namic diagnosis in men do not apply to women. Basic principles of voiding mechanics and voiding pat​terns in asymptomatic women are analyzed. Although att​empts have been made to establish a consensus for diagnosis of BOO in women with pressure-flow cutoff, video-urodynamics criteria and nomograms, currently there is no consensus. There is no standard urodynamic test to diagnose and quantify DU in women for which further investigations are needed. Modified projected isovolumetric pressure (to assess detrusor contraction strength) and pressure-flow cutoff criteria have been used. The diagnosis of voiding dysfunction in women is challenging, requiring PFS with very good quality control and often involves integrating clinical and radiographic data to make the final assessment.
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Core tip: Pressure-flow study of micturition is the best method to quantitatively analyze voiding function. Voiding dynamics differ significantly between men and women and the established criteria for urodynamic diag​nosis in men do not apply to women. Although attempts have been made to establish a consensus for diagnosis of bladder outlet obstruction in women with pressure-flow cutoff, video-urodynamics criteria and nomograms, currently there is no consensus. There is no standard urodynamic test to diagnose detrusor underactivity in women for which further investigations are needed. The diagnosis of voiding dysfunction in women is challenging and often involves consideration of clinical and radiographic data to make the final assessment.
INTRODUCTION

At present, the best method for quantitative analysis of voiding function is the pressure-flow study (PFS) of micturition, with concomitant recording of intravesical, abdominal, detrusor pressures (pdet = pves - pabd) and flow rate[1]. It is defined by the International Continence Society (ICS) as “the method by which the relationship between pressure in the bladder and urine flow is measured during bladder emptying”[2].

PFS is able to evaluate normal voiding as well as detrusor underactivity (DU) and bladder outlet obstruc​tion (BOO). BOO is the term employed for defining ob​struction during voiding and corresponds to increased detrusor pressure and reduced urine flow rate. DU is defined as a detrusor contraction “of reduced strength and/or duration, resulting in prolonged bladder empty​ing and/or failure to achieve complete bladder emptying within a normal time span”[2]. An acontractile detrusor is defined as the one “that cannot be observed to contract during a urodynamic studies resulting in prolonged bladder emptying and/or failure to achieve complete bladder emptying within a normal time span”[3]. Thus, acontractile detrusor may be considered as a more severe form of DU.

PFS is a well established diagnostic tool for evaluating voiding dysfunction in men. This is the result of extensive studies in patients with benign prostatic enlargement which has led to the development of normograms, such as de nomogram described by Abrams et al[4], the Passive Urethral Resistance Relation[5,6] and the ICS nomogram[1]. However, due to anatomic differences between men and women their voiding dynamics differ significantly. Women usually void at lower detrusor pressures than those observed in men. Therefore the established criteria for urodynamic diagnosis used in men are not well suited for women. Moreover, up to date there is no equivalent prevalent condition such as benign prostatic enlargement causing BOO in women, making the diagnosis more challenging.

In this article we will discuss the basic principles of voiding mechanics, the voiding patterns in asymptomatic women, the urodynamic criteria currently used to assess BOO and DU in women and some quality control issues of the pressure-flow studies in this gender.

BASIC PRINCIPLES OF VOIDING MECHANICS

The detrusor, as it occurs with other muscles, follows the Hill equation. This equation describes the relation between the muscle’s force of contraction and it’s shor​tening velocity[7]. For example, for a given muscle length and it’s activation degree, a shortening speed of zero will produce that tension attains its isometric value. As the muscle’s shortening speed increases, the tension falls and reaches zero at a maximum shortening velocity characteristic of that muscle (Figure 1)[7,8]. In the case of the bladder, the Hill equation becomes the bladder output relation (BOR). It relates the pressure of the detrusor to urinary flow rate (Figure 2)[8]. For a given detrusor contraction strength, given that there is no obstruction, the pressure needed to drive urine through the urethra is low meanwhile the flow rate is high. Contrarily, if outlet obstruction is present, the pressure required is high and flow rate low. If obstruction develops progressively, voiding conditions alter gradually from low pressure/high flow towards high pressure/low flow[9]. Moreover, the BOR curve is not fixed. When the detrusor decompensate and develops hipo-contractility, the curve shifts to lower pressures and flow rates and may cause urinary retention[9-11].

In other words, voiding arises from the balance between an actively contracting detrusor as source of mechanical energy and the relaxed bladder outlet as a passive conduit with special hydrodynamic charac​teristics. The detrusor has a specific pattern of energy release in which the outlet determines how the energy provided is converted to attain voiding. Voiding power is proportional to detrusor pressure and to urine flow rate. The detrusor does not produce a particular pressure or flow during voiding. Instead, this muscle is able to provide mechanical power and it is the bladder outlet that dictates the way this power is splited into pressure and flow rate, following an inverse relationship (BOR). The maximum detrusor power is proportional to the filling volume of the bladder. This higher detrusor power explains why, for the same voiding pressure, the peak flow rate is higher at larger voiding volumes (therefore the outlet resistance is not lower at larger volumes). Moreover, the collapsed urethra differs from a rigid pipe in that an increase in intraluminal pressure is required to open the lumen before flow can occur. This urethral opening pressure must also be supplied by detrusor contraction and cannot be converted into flow. Conse​quently, flow rate will be lower than it could be in a rigid conduit of the same size. A special feature of flow in collapsible and distensible tubes is that the pressure-flow relation can be controlled by a small segment acting as a “flow controlling zone”. Under physiologic conditions, this zone is at the level of the pelvic floor. Under pathological outflow conditions, the obstruction itself takes over the role of the flow controlling zone[5].

VOIDING PATTERNS IN ASYMPTOMATIC WOMEN 

Most of our knowledge of voiding function has been extrapolated from studies of women with lower urinary tract dysfunction. However, women with and without lower urinary tract symptoms have different voiding patterns. In their work, Tanagho et al[12] studied the initiation of voiding by simultaneously using cineradiography and recording pressures in the urethra, bladder, rectum and anal sphincter. They described 5 different voiding patterns: (1) Decrease in urethral closure pressure followed by contraction of the detrusor; (2) detrusor contraction without decrease in urethral pressure; (3) decrease in urethral closure pressure and increase of intravesical pressure due to straining; (4) increase of intravesical pressure due to straining without decrease in urethral pressure; and (5) decrease in urethral closure pressure without straining or contraction of the detrusor. They stated that only patients with low urethral closure pressure voided with negligible or no detrusor contraction. This leads to question if these types of voiding are indeed normal[12]. Of notice, from our knowledge of the BOR we can asseverate that women with very low bladder outlet resistance who do not strain to void should be using their bladder detrusor to void even if no increase in detrusor pressure is detected. 

Few studies have described the voiding patterns of “healthy, continent and/or asymptomatic” women. Furthermore, definitions of what is considered detrusor contraction and straining to void vary between these stu​dies (Table 1)[13-16]. All women included in these reports voided with a measurable detrusor contraction and variable participation of abdominal muscles (0%-73%). Backman et al[17] studied 15 normal women of all ages and found that they all initiated voiding by increasing abdominal pressure. However, young women did not use straining during the whole micturition as often as elderly women did. Consequently, the authors argued that the detrusor muscle tends to lose some of its power with age[17]. 

BOO

BOO “is the generic term for obstruction during voiding and is characterized by increased detrusor pressure and reduced urine flow rate”[2]. Women typically void at lower detrusor pressures than men. Small increases in detrusor pressure or decreases in flow rate, probably considered insignificant in men, could correspond to BOO in women. BOO in women without neurological diseases can be classified as anatomic or functional. Anatomic causes of BOO include high grade pelvic organ prolapse, previous anti-incontinence surgery and urethral disease (stricture, diverticulum). Functional causes of BOO are primary bladder neck obstruction and dysfunctional voiding (also known as learned voiding dysfunction) among other less frequent causes[18]. Currently, no consensus exists regarding urodynamic criteria to define BOO in women. Attempts have been made to establish a standard for the diagnosis of BOO in women, grouping them into one of three categories: (1) Pressure-flow cutoff criteria; (2) video-urodynamics criteria; and (3) nomograms.

The major studies of pressure-flow cutoff criteria for the diagnosis of BOO in women have been reported by the Department of Urology of the University of Texas Southwestern Medical Center. This group published three articles in which they calculated the best combination of maximum flow rate (Qmax) and detrusor pressure at maximum flow rate (pdetQmax) using receiver operating characteristic curves in women who had a cli​nical diag​nosis of BOO[19-21]. In two of their studies, control groups included women suffering stress urinary incontinence, whereas a third study included healthy volunteers to correct for effects of low outlet resistance. Their last study included 169 consecutive women with clinically diagnosed obstruction. That is to say, a history of urethral or bladder neck surgery, pelvic exa​mination revealing urethral hyper-elevation or high grade anterior vaginal wall prolapse and altered voiding cystourethrography and/or endorectal coil magnetic resonance imaging. The study reported high-stage anterior vaginal wall prolapse, previous anti-incontinence surgery and documented distal urethral obstruction/periurethral fibrosis as causes of anatomic BOO. They excluded patients with neurologic conditions that could affect bladder function, patients with bladder capacity under 100 mL, abdominal strain during voiding greater than 10 cm H2O, absence of urethral sphincter or pelvic floor relaxation during voiding (evidenced by patch electrode electromyography) together with inability to void for the PFS. Their results showed that “the pdetQmax value with a specificity of at least 60% and the greatest sensitivity for the detection of BOO was 25 cm H2O, and that Qmax value resulting in equal sensitivity, specificity, and accuracy (68%) for predicting BOO was close to 12 mL/s” (cutoff criteria: pdetQmax ≥ 25 cm H2O + Qmax ≤ 12 mL/s)[21]. It is worth remembering that with voided volumes greater than 140 mL a Qmax ≤ 12 mL/s falls under the 5th percentile of the Liverpool nomogram, and over 110 mL of voided volume a Qmax ≤ 12 mL/s falls under the 10th percentile[22]. 

In a retrospective work, Nitti et al[23] described the video-urodynamic criteria used to diagnose BOO in 261 women with non-neurogenic voiding dysfunction, who were able to void during the PFS. They argued that if physological voiding in women take place at low detrusor pressure the bladder response to obstruction by producing higher voiding pressures might be difficult to notice. BOO was characterized as radiographic proof of obstruction from the bladder neck to the distal urethra when observing a sustained contraction the detrusor of any magnitude. This was generally associated with decrease or delay in urinary flow rate. The authors define radiographic obstruction at the bladder neck when it was either closed or narrow during voiding. Ra​diographic obstruction of the urethra was diagnosed when they detected a distinct area of narrowing with proximal dilatation. This method allows for diagnosis of the zone of obstruction. In this study 67 patients were considered obstructed and 185 patients unobstructed. Patients with BOO had anatomical (cystocele, urethral stricture, urethral diverticulum, iatrogenic obstruction from incontinence surgery, uterine prolapse and rectocele) and functional causes (dysfunctional voiding and primary bladder neck obstruction). When urodynamic parameters were compared, the obstructed cases had significantly higher mean pdetQmax (42.8 ± 22.8 cm H2O vs 22.1 ± 11.3 cm H2O), lower mean Qmax (9.0 ± 6.2 mL/s vs 20.2 ± 10 mL/s), and higher mean postvoid residual urine (157 ± 183 mL vs 33 ± 91 mL) than unobstructed cases. However, given that both groups presented wide intervals for each parameter, it was difficult to assign specific cutoff values[23].

Blaivas et al[24] developed a nomogram to asses BOO in women. They analyzed a database of 600 consecutive women referred for evaluation with urodynamic study. They found BOO in 50 patients when using the following criteria: (1) Free Qmax ≤ 12 mL/s in at least two free-flow studies, combined with a main​tained contraction of the detrusor and pdetQmax ≥ 20 cm H2O in the PFS; (2) evident radiographic proof of BOO with a sustained detrusor contraction ≥ 20 cm H2O and poor Qmax, regardless of free Qmax; and (3) incapacity to void using a transurethral catheter despite maintained detrusor contraction ≥ 20 cm H2O. This group of patients was compared to 50 age-matched controls with no evidence of obstruction, 20 with normal urodynamic study and 30 patients presenting sphinteric-incontinence. They used two parameters to assess BOO: (1) Free Qmax (noninvasive maximum flow rate) instead of invasive Qmax, given that many unobstructed patients presented low Qmax because of the adverse effect of the transurethral catheter on Qmax; and (2) pdetmax (maximum detrusor pressure during voiding) instead of pdetQmax, because isolated test of the parameters did not reveal a difference considered statistically significant. Also because pdetQmax cannot be assesed in presence of urinary retention since there is no measurable flow regardless of the possible presence of a detrusor contraction (whereas pdetmax may enable analysis). The analysis reported that the data was distributed in three clusters: (1) Unob​structed group of patients presenting low pressure and high flow; (2) obstructed patients presenting high pressure and low flow; and (3) a group with low-to-intermediate pressure and flow rates, which was subdivided into two categories. A four-zone nomogram was developed (Figure 3). The boundaries between the four zones were: Between unobstructed and minimally obstructed: (1) A line with slope 1.0 and intercept 7 cm H2O; i.e., running through the point (0,7) and (50,57); (2) between minimally and moderately obstructed: A horizontal line at pdetmax of 57 cm H2O; and (3) between moderately and severely obstructed: A horizontal line at pdetmax of 107 cm H2O. Using this nomogram, all women with obstruction were correctly classified and further subclassified as mildly obstructed (68%), moderately obstructed (24%), and severely obstructed (8%). The authors found that subjective severity of symptoms (assessed by American Urological Association Symptom Score) was positively correlated to the zones of the nomogram. Of the patients classified as unobstructed, the nomogram correctly identified 80% as unobstructed, 8% as mildly obstructed, and 12% on the borderline between no obstruction and mild obstruction[24].

DU

DU is defined as a “detrusor contraction of reduced strength and/or duration, resulting in prolonged bladder emptying and/or a failure to achieve complete bladder emptying within a normal time span”[2]. This definition has remained unchanged through the last terminology report[3] and is based on two characteristics: (1) A weak strength of detrusor contraction; and (2) a short duration of the detrusor contraction. Both aspects of detrusor contractility seem to be independent. If the detrusor contraction is not adequately sustained, there will be postvoid residual urine[25].

The diagnosis of DU is based on pressure-flow studies and encompasses low-pressure, and poorly sustained contraction of the detrusor associated to low urinary flow[26]. There is no standard urodynamic test for diagnos​ing and quantifying DU and most measures only assess detrusor contraction strength and not duration[26,27]. It is challenging to make a correct diagnosis since measuring detrusor contraction strength is not easy and the criteria used for men are not applicable to women. 

The presence of DU in several clinical groups suggests that its ethiopathogenesis tends to be multifactorial. Among non-neurogenic etiological factors leading to DU in women are: (1) Idiopathic cause due to physi​ological ageing, unknown causes in younger subjects; (2) myogenic: Long term BOO, overdistension injury, diabetes; (3) iatrogenic: Radical hysterectomy and pelvic surgery, abdominoperineal resection or anterior rectal resection; and (4) pharmacologic: Anticolinergic medication, tricyclic antidepressants[18,26].

According to the principles of voiding mechanics, detrusor contraction strength is expressed partially as pressure and partially as flow. Therefore the contraction strength is not the same as the pressure of the detrusor. In theory, the isovolumetric detrusor pressure obtained when there is interruption in flow or by continuous occluding with a balloon catheter, provides a good app​raisal of detrusor contraction strength[28]. It also gives more reliable results than those obtained interrupting flow by voluntary contraction of the urethral sphincter due to reflex bladder contraction inhibition[29]. Because producing mechanical interruption of flow or continuous occlusion with a balloon catheter alters voiding, is difficult to perform and produces discomfort, other methods to estimate detrusor contraction strength have been developed based on the BOR. For example, if we know the slope and curvature of the BOR, we can estimate the isovolumetric detrusor pressure by extrapolating the pressure where it intersects the pressure axis[30]. 

Schafer simplified the BOR by using a straight line with a fixed slope of 5 cm H2O/mL per second, not considering bladder volume, and obtaining the projected isovolumetric pressure (PIP) in men[5,6,30]. For a given void, PIP is assesed at the point of maximum flow rate. This was done using the following equation: PIP = pdetQmax + 5 Qmax. Schafer proposed that PIP values over 150 cm H2O meant strong contractions; values from 100 to 150 cm H2O, normal contractions; values from 50 to 100 cm H2O, weak contractions; and values below 50 cm H2O very weak contractions. He developed a contractility nomogram by drawing the corresponding BORs on a pressure-flow diagram, allowing the contraction strength to be classified in four groups[5,6,30]. Since 100 cm H2O is a normal PIP value, the ratio PIP/(100 cm H2O) is a coefficient with no dimension for which values over 1 represent normal or strong contractions, and values under 1, weak contractions. The ratio was nominated detrusor coefficient (DECO), and if it is expressed as a percentage it is numerically equal to PIP (in cm H2O) and identical to the bladder contractility index (BCI) described later by Abrams[31].

Tan et al[30] compared stop-test isovolumetric pres​sures with approximate calculations based on pressure flow studies in a cohort of 100 women (mean age 70.1 years; range 53-89) suffering from urgency incon​tinence. Measurements were documented both pre- and post-treatment with placebo or oxybutynin. This allowed for investigation of test- retest reliability and responsiveness to small changes in contractility. They reported that the Schafer contractility nomogram and related parameters (DECO and BCI) used in men tend to greatly overestimate isovolumetric pressures in women. They suggested a modification called projected isovolumetric pressure 1 (PIP1) which provided a more reliable estimate. This was based on the formula: PIP1 = pdetQmax + Qmax (Figure 4). PIP1 responded less to small changes in contraction strength than those observed for isovolumetric pressures measured using mechanical interference. Table 2 presents a comparison between the three variables. They concluded that in the group of elderly women with urgency incontinence, 90% of baseline PIP1 values were observed between 29 and 78 cm H2O. Thus, “contractions with PIP1 smaller than about 30 cm H2O might be considered unusually weak”[30].

Gotoh et al[32] studied the pathophysiology and sub​jective symptoms in 83 women with postvoid residual urine over 100 mL, most of whom had neurological diseases and postoperative problems after pelvic surgery. They defined impaired detrusor contraction in women who had Qmax less than 12 mL/s associated to pdetQmax less than 10 cm H2O and significant rise in abdominal pressure[32]. In this study, the projected isovolumetric pressure to diagnose low detrusor contraction strength would be 20 cm H2O, quite lower than the 30 cm H2O proposed by Tan et al[30].

QUALITY CONTROL FOR PRESSURE-FLOW STUDIES IN WOMEN

The success of urodynamic studies depends on careful tuning of the equipment and strict quality control over each of the procedures. The ICS recommends using external transducers connected to fluid-filled tubings and catheters for intravesical and abdominal pressure recording. It also recommends circumspect and continuous observation of the signals as they are obtained and an ongoing assessment of their credibility to avoid artifacts which need to be corrected imme​diately, since they are difficult and often impossible to correct retrospectively[33]. This is especially true in women if we consider that relatively small changes in detrusor pressure (i.e., 15 cm H2O) can change the diagnosis from BOO to DU. The urodynamicists needs to avoid: (1) Damping of the abdominal pressure measure​ment specially during straining to void because it can create false high detrusor pressures; and (2) the use of catheter-mounted transducers or air-filled catheters, in which case the detrusor pressure measured depends on the position of the tip of the catheter within the bladder, with up to 8-10 cm H2O differences if the tip of the catheter is at the top or at the bottom of the bladder[34,35]. Finally, it is important to remember that voluntary straining in healthy women can increase free Qmax by an average of 30%[36], making diagnosis of voiding dysfunction even more challenging.

Table 3 summarizes the urodynamic criteria used to define BOO and DU in women.

CONCLUSION

PFS of micturition is the best method to quantitatively analyze voiding function. Voiding dynamics differ signifi​cantly between men and women and the established criteria for urodynamic diagnosis in men do not apply to women. Although attempts have been made to stand​ardize the diagnosis BOO in women, currently there is no consensus. There is no standard urodynamic test to diagnose DU in women for which further investigations are needed. The diagnosis of voiding dysfunction in women is challenging and often involves consideration of clinical and radiographic data to make the final assess​ment.
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Figure Legends
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Figure 1  Hill curves relating active force to velocity of shortening at a given muscle length. Curves are shown for two different muscle lengths, corresponding to the same bladder when full (upper curve) and when nearly empty (lower curve: Volume approximately 12.5% of capacity). (From Griffiths[8]. Assessment of detrusor contraction strength or contractility. Neurourol Urodyn 1991; 10: 1; with permission).
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Figure 2  Bladder output relations relating active detrusor pressure to rate of urine flow at a given bladder volume. Curves show Bladder output relations for the same two situations as in Figure 1, corresponding to a full bladder (curve with higher maximum possible flow rate) and a nearly empty bladder (lower maximum possible flow rate; volume approximately 12.5% of capacity). (From Griffiths[8]. Assessment of detrusor contraction strength or contractility. Neurourol Urodyn 1991; 10: 1; with permission).
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Figure 3  Bladder outlet obstruction nomogram for women. (From Blaivas et al[24]. Bladder outlet obstruction nomogram for women with lower urinary tract symptomatology. Neurourol Urodyn 2000; 19: 553; with permission).
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Figure 4  To determine projected isovolumetric pressure 1 the point representing the pressure and flow rate measured during uninterrupted voiding is projected back to the axis with a line of slope -1 cm H2O/mL per second. (Note that the value of original PIP would be much larger). For this void, the value of PIP1 is about 60 cm H2O, and the void falls in the band of typical values (unshaded). Values in the regions shaded gray would represent either ST or W contractions than those typical of the subjects in this group. (From Tan et al[30]. Stop test or pressure-flow study? Measuring detrusor contractility in older females. Neurourol Urodyn 2004: 23: 184 with permission). PIP: Projected isovolumetric pressure; ST: Stronger; W: Weaker.
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Table 1  Voiding patterns of “healthy, continent or asymptomatic” women


�
Rud et al[13]


�
Rud et al[14]


�
Karram et al[15]


�
Pauwels et al[16]


�
�
No. of patients


�
16


�
6


�
30


�
26


�
�
Patients condition


�
Healthy


�
Healthy


�
Asymptomatic, continent


�
Healthy, history free, continent


�
�
Age, yr (range)


�
33 (23-73)


�
42 (37–54)


�
34


�
26


�
�
Definitions


�
�
�
�
�
�
   Detrusor contraction


�
Not defined


�
Not defined


�
Increase in detrusor pressure of 5 cm H2O above resting pressure


�
Increase in detrusor pressure of 15 cm H2O above resting pressure1


�
�
   Strain to void


�
Not defined


�
Not defined


�
Increase in abdominal pressure of at least 10 cm H2O above baseline


�
Increase in abdominal pressure of at least 10 cm H2O above baseline during the entire voiding phase


�
�
Voiding pattern


�
�
�
�
�
�
   Drop in urethral pressure


�
  16/16 (100%)


�
    6/6 (100%)


�
Not studied


�
Not studied


�
�
   Detrusor contraction


�
  16/16 (100%)


�
    6/6 (100%)


�
  30/30 (100%)


�
  26/26 (100%)


�
�
   Strain to void


�
0/16 (0%)


�
0/6 (0%)


�
22/30 (73%)


�
11/26 (42%)


�
�
1There was no definition of detrusor contraction but increase in detrusor pressures of at least 15 cm H2O developed in all women.





Table 2  Comparison of the reference isovolumetric pressure with estimates given by detrusor coefficient/bladder contractility index and projected isovolumetric pressure 11


�
Reference isovolumetric pressure (cm H2O)


�
DECO/BCI (pdetQmax + 5 Qmax)


�
PIP1 (pdetQmax + Qmax)


�
�
Mean ± SD (mean)


�
50 ± 25 (45)


�
133 ± 45 (128)


�
49 ± 17 (48)


�
�
5 and 95 percentiles


�
20/112


�
60/215


�
29/78


�
�
Mean difference (cm H2O) from reference (95%CI: Wilcoxon signed ranks test)


�
-


�
86 (76-96; P < 0.05)


�
0.2 (-5 to 5; P = 0.98)


�
�
Spearman’s coefficient of correlation with reference


�
-


�
0.21 (P = 0.06)


�
0.52 (P < 0.01)


�
�
1Modified from Tan et al[30]. DECO: Detrusor coefficient; BCI: Bladder contractility index; PIP1: Projected isovolumetric pressure 1.





Table 3  Urodynamic criteria to define bladder outlet obstruction and detrusor underactivity in women


Bladder outlet obstruction


�
�
�
   Cutoff criteria[21]


�
pdetQmax ≥ 25 cm H2O + Qmax ≤ 12 mL/s  


�
�
   Video-urodynamic criteria[23]


�
Radiographic evidence of obstruction between the bladder neck and distal urethra in the presence of a sustained detrusor contraction of any magnitude, usually associated with reduced or delayed urinary flow rate


�
�
   Nomogram[24]


�
 See Figure 3


�
�
Detrusor underactivity


�
�
�
   Projected isovolumetric pressure 1[30]


�
pdetQmax + Qmax < 30 cm H2O


�
�
   Cutoff criteria[32]


�
pdetQmax < 10 cm H2O + Qmax < 12 mL/s “and significant rise in abdominal pressure”


�
�









