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Abstract
INTRODUCTION: Bladder outlet obstruction (BOO) can lead to ascending infection, which may result in renal failure if left undiagnosed. BOO may also occur in the complete absence of symptoms and be identified first as a case of urinary retention. AIM: To determine the relationship between bladder wall thickness, prostate volume, and post-void urine volume with IPSS. METHODS: A prospective study of 100 participants using ultrasound to evaluate post-void residual volume [PVR], Bladder wall thickness [BWT], and prostate volume with IPPS as the Gold standard. RESULTS:  Mean age of participants with BOO was 62.6 years. Mean values were prostate volume 75.2 cm³, BWT 0.46cm, and PVR 61.02cm3. Association between PVR, BWT, and Prostate volume was 0.000, 0.006, and 0.006, respectively. Relationship between all three parametres and IPPS was significant [0.000]. Correlation coefficient between variables and IPPS was significant. Logistic regression analysis between parametres and mild IPPS showed BWT with a significance of 0.005. Logistic regression analysis between parametres and moderate IPPS showed BWT with a significance of 0.000. PVR had the highest sensitivity [68%] of the three parametres but the least specificity [42%]. ROC showed BWT with the largest area of 0.314 and PVR with the smallest [0.246]. CONCLUSION: Combined use of BWT and PVR can better distinguish moderate to severe symptomatic men from mildly symptomatic cases. 
Keywords: BWT, BOO, logistic regression, IPPS, Participants, PVR.                   

INTRODUCTION
Bladder outlet obstruction (BOO) can lead to ascending infection, which may result in renal failure if left undiagnosed [1]. It has many varied aetiologies and is frequently associated with an enlarged prostatic gland. It can lead to lower urinary tract symptoms (LUTS), upper and lower urinary tract dysfunction, infections, bladder stones, and decreased quality of life [1].  	
Bladder outlet obstruction (BOO) is a common urologic diagnosis, and it is reported to be the most common urologic problem of elderly male patients, which can lead to detrusor instability in 50% to 70% of men with benign prostatic hyperplasia [2]. The history of BOO involves bladder wall thickening and weight increase. Over time, as the severity of the obstruction increases, the detrusor muscle may lose some or all of its contractility [1, 3].   
The role of physicians is to identify patients with BOO before they enter these widely variable and sometimes irreversible alterations in contractility and/or compliance. The symptoms of BOO are rarely isolated; often, the individual experiencing lower urinary tract symptoms [LUTS] presents with a variety of mixed symptoms of obstruction and irritation. BOO may also occur in the complete absence of symptoms and be identified first as a case of urinary retention. Anatomic obstruction in men results most commonly from benign prostatic enlargement or urethral stricture [3]. Benign prostatic hyperplasia is an important cause of bladder outlet obstruction, resulting in LUTS [4].  In the aging male population, LUTS are usually attributed to benign prostatic enlargement (BPE); however, it is now widely recognized that LUTS can be attributed to urological and neurological conditions.      
The gold-standard for diagnosing BOO, dynamically, is the pressure-flow study (PFS) [5,6] Researchers are investigating alternatives to this technique because of several drawbacks, such as its invasiveness, stressful nature for most patients, messiness, time-consuming nature, and it requires a trained professional [urodynamist] to perform and interpret the study meaningfully [5,6]. The need for a non-invasive diagnosis of BOO has been ongoing for many years, and ultrasound has emerged as a safe, repeatable, non-invasive, and easiest option in measuring bladder wall thickness [3, 5, 6]. Ultrasonographic assessment has proved useful and provides reliable and quick information [7]. It also provides data on other significant features, such as intravesical protrusion, Doppler studies, complications like hydronephrosis, urinary tract infections, calculi, and other comorbidities. It is imperative that BOO is appropriately investigated and an early diagnosis made to enable prompt and appropriate management of the disease by the urologist. An ideal assessment tool for BOO must be non-invasive, quick, inexpensive, reproducible, and have high diagnostic accuracy [5, 6, 8, 9].  The study aimed to determine the relationship between bladder wall thickness, prostate volume, and post-void urine volume with IPSS.
METHODS AND MATERIALS
STUDY DESIGN
A prospective, descriptive, and comparative ultrasonographic evaluation of the urinary bladder of adult male patients with bladder outlet obstruction (BOO) was done at the Radiology department of the University of Nigeria Teaching Hospital, Ituku-Ozalla, Enugu, over 9 months. Ethical clearance was obtained from the above institution with reference number UNTH/CSA.329/VOL.5.


STUDY POPULATION 
The study population was males aged 40 years and above with symptoms of BOO as determined by the International Prostate Symptom Score [IPSS] for the BOO group.  The control group consisted of adult males aged 40 years and above who came to the Radiology Department for other reasons other than BOO and had no symptoms of BOO. The inclusion criteria for the BOO group were adult male Nigerians aged 40 years and above, with clinical symptoms of BOO/LUTS who were evaluated using the International Prostate Symptom Score (IPSS) questionnaire and by examination. The exclusion criteria were non-Nigerian subjects less than 40 years, subjects undergoing bouginage therapy, recent genital instrumentation, recent pelvic fractures, acute urinary retention, on continuous bladder drainage, prior pelvic surgery, neuro-vesical dysfunction, and confirmed prostate cancer subjects.
The inclusion criteria for the non-BOO group were age-matched subjects without BOO.
SAMPLE SIZE 
The sample size was calculated using the formula [10].
n = (u + v)2  (r12+ r2 2) / (u1 –u2) where n = sample size, u1 = 4.54mm5 (subject mean BWT), u2 = 3mm17 (control mean BWT), r1 = 1.1, r2 = 1.1, u = one-side percentage point of normal distribution corresponding to 100%, if power = 90%, u = 1.28, and v =percentage point of the normal distribution corresponding to the [two- sided] significance of level. e.g, If the significance level is 5%, then v = 1.96.
(1.28 +1.96)2 (1.12 +1.12) / (4.54 -3) = (10.4976) (2.42) / 2.3716 = 10.7 approximate of 11. A sample size of 200 subjects was used (100 study subjects and 100 control subjects).


STUDY TECHNIQUE
The study procedure and full implications of participation were discussed with each participant, and their questions were answered before the consent form was signed. The participation of the patients was voluntary. Scanning was carried out using a real-time, greyscale “ALOKA" ultrasound machine (Model SSD-500; SN 190605) fitted with 3.5 – 5.0 mHz linear array probes.  
During the initial assessment, all patients were evaluated using the IPSS questionnaire and then divided into three groups according to their IPSS results. Group 1 showed IPSS 0-7 (mild) [11, 12], group 2 showed IPSS 8-19 (moderate), and group 3 showed IPSS 20-35 (severe).
The subject’s age, duration of symptoms, and IPSS score were documented in the data sheet. Those who met the inclusion criteria were then asked to drink some water. Scanning was done when the urge to void was felt. BWT decreases continuously as the bladder fills to 50% of its capacity and then remains constant until 100% [9, 11]. A bladder volume of 150-200 mls was considered adequate for BWT measurement [11].  Bladder volume was calculated by measuring the intravesical diameters of bladder height, depth, and width, and was automatically calculated by the ultrasound machine. 
 Each subject was comfortably positioned supine on the examination couch with arms above their heads. The abdomen was then exposed from the xiphisternum to the suprapubic area. Acoustic gel was applied to the abdomen to obliterate the air interface between the probe and the skin surface. Bladder wall thickness was measured at the anterior bladder wall, 1cm from the midline, using a 3.5 – 5.0 mHz linear array probe [11]. With the assistance of magnification, the adventitia, detrusor, and mucosa were identified. Two sonographic measurements of the anterior bladder wall on a transverse scan were recorded and averaged in centimetres [9]. With the probe parallel to just above the symphysis pubis of the patient, an image of the largest circumference of the prostate was captured on the screen. The prostate volume was estimated from diameters of the minor and major axes using an elliptical 3-axis volume formula [13]. Post-void residual volume (PVR) was measured immediately after voiding and was considered significant when greater than 30mls [13]. 
DATA ANALYSIS
Statistical Package for the Social Sciences (SPSS) Version 18.0 for Windows software was used for analysis of the data and comparison using Chi-square to find any statistically significant differences between the variables. Correlation analysis for both continuous and categorical variables was done; p < 0.05 was considered statistically significant. The relationship of individual variables was examined using the multivariate logistic regression analysis.
Sensitivity, Specificity (SP), Negative predictive value (NPV), and the Positive predictive value (PPV) for each parameter (BWT, prostate volume, and post-void urine) were done.
RESULTS 
The most frequent age group was 60-69years [32], followed by 40-49years [27], then 60-69years [21], and lastly 50-59years [20] for the BOO group. For the non-BOO group, the most frequent age group was 40-49 years [33]. Figure 1 IPPS score distribution was as follows: 17, 78, and 5 for mild, moderate, and severe for the study group.  All the participants in the control group were within the mild category. Figure 2
 The mean age for the study group was 62.6 years, while that for the control group was 63.6years. Mean prostate volume in the BOO group was 75.2cm3 while that for the non-BOO group was 21.4cm3.  The mean bladder wall thickness for the study group was 0.46cm, and that for the control group was 0.20cm. The mean IPPS in the BOO group was 10.35, and that for the non-BOO group was 0.34.  The PVR in the study group was 61.02cm3, and that for the control was 16.23cm3. Table 1
Association between BWT, PVR, and Prostate volume with IPSS showed statistical significance with p values of 0.006, 0.000, and 0.006, respectively.  Table 2
The relationship between the three parametres and IPPS in the study group showed a significance of 0.000. Table 3
Pearson’s correlation showing the relationship between the variables and IPSS indicates that BWT and PVR, prostate volume and BWT, and prostate volume and PVR were the most significant. Table 4 
Multivariate logistic analysis in mild IPPS showed that only BWT had a significance of 0.005. Table 5 Multivariate logistic analysis in moderate IPPS showed BWT with a significance of 0.00. Table 6
PVR showed the highest sensitivity [68%] and the lowest specificity [42%]. BWT showed a sensitivity of 52% and a specificity of 48% while Prostate volume had a sensitivity of 59% and a specificity of 44%. Table 8  Receiver operating curve showed BWT, Prostate volume, and PVR with values of 0.314, 0.249, and 0.246. Figure 3
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FIGURE 1: Histogram representation of the age distribution of subjects. 
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FIGURE 2: Bar chart showing IPPS scores of the participants.
TABLE 1: Mean values for the clinico-radiological findings in BOO and control subjects.
	

Variables
	Groups
	N
	Mean
	
	

	Age 
(yrs)
	BOO 
	100
	62.60
	
	

	
	Non-BOO
	100
	63.61
	
	

	Duration of
symptoms (weeks)
	BOO 
	100
	7.88
	
	

	
	Non-BOO
	100
	0.00
	
	

	Prostatic volume 
(cm3)
	BOO 
	100
	75.1539
	
	

	
	Non-BOO
	100
	21.4090
	
	

	Bladder wall
thickness (cm)
	BOO 
	100
	0.4645
	
	

	
	Non-BOO
	100
	0.2034
	
	

	IPSS
	BOO 
	100
	10.35
	
	

	
	Non-BOO 
	100
	0.34
	
	

	Post-void urine 
volume (mls)
	BOO 
	100
	61.0252
	
	

	
	Non-BOO 
	100
	16.2300
	
	



TABLE 2: Association between IPPS and all three parametres 
	Parametres 
	IPPS 
	Chi square

	BWT
	Mild
	Moderate
	Severe
	0.006*

	PVR
	Mild
	Moderate
	Severe
	0.000*

	Prostate volume
	Mild
	Moderate
	Severe
	0.006*


   *statistically significant p-values

TABLE 3: ANOVA demonstrating the relationship between all 3 parametres and IPPS of BOO subjects.   
	
	
	
	Sum of Squares
	
	Df
	Mean Square
	
	F
	
	Sig.

	Bladder wall thickness (cm)
	

	Between Groups
	

	1.033
	
	2
	0.517
	
	20.388
	
	0.000

	
	
	Within Groups
	
	2.458
	
	97
	0.025
	
	
	
	

	
	
	Total
	
	3.491
	
	99
	
	
	
	
	

	Prostatic volume (mls)
	
	Between Groups
	

	52136.893
	
	2
	26068.447
	
	25.849
	
	0.000

	
	
	Within Groups
	
	97824.760
	
	97
	1008.503
	
	
	
	

	
	
	Total
	
	149961.653
	
	99
	
	
	
	
	

	Post-void urine volume (mls)
	

	Between Groups
	

	32937.728
	
	2
	16468.864
	
	17.077
	
	0.000

	
	
	Within Groups
	
	93544.549
	
	97
	964.377
	
	
	
	

	
	
	Total
	
	126482.276
	
	99
	
	
	
	
	


Where; df = degree of freedom, sig = significance

TABLE 4: PEARSON’s correlation showing the correlation coefficient between the variables and IPPS.    
	VARIABLES
	IPSS
	BLADDER WALL THICKNESS (BWT)
	PROSTATE VOLUME
	POST-VOIDAL URINE (PVR)

	BLADDER WALL THICKNESS (BWT)
	0.675**
	1
	0.787***
	0.738***

	PROSTATE VOLUME
	0.657**
	0.787***
	1
	0.854***

	POST-VOIDAL URINE (PVR)
	0.533**
	0.738***
	0.854***
	1


** Correlation is significant at the 0.01 level (2-tailed), ***Correlation is significant at the 0.001 level. BWT showed a significant correlation with IPSS. PVR and Prostate volume showed the most significance amongst the parameters.

TABLE 5: Multivariate logistic regression analysis of the relationship between all 3 parametres and subjects with mild IPSS subjects.

	PARAMETER
	B
	Odd’s Ratio
	Sig.

	
	
	
	

	BLADDER WALL THICKNESS
	8.371
	3.000
	0.005**

	PROSTATIC VOLUME
	2.27
	3.71
	0.542

	POST-VOID URINE VOLUME
	2.56
	11.54
	0.825


**. Correlation is significant at the 0.01 level (2-tailed). BWT is shown to be significant. 
Where; B = rate of change, Sig = significance





TABLE 6: Multivariate logistic regression analysis of the relationship between all 3 parametres and subjects with moderate IPSS scores.
	PARAMETER
	B
	ODD’s RATIO
	Sig.

	
	
	
	

	BLADDER WALL THICKNESS
	-20.44
	2.78
	0.00**

	PROSTATIC VOLUME
	0.67
	3.625
	0.852

	POST-VOID URINE VOLUME
	-2.44
	3.714
	0.510


** Correlation is significant at the 0.01 level   (2-tailed).

TABLE 7: Calculation of sensitivity, specificity, PPV, and NPV using Baye’s theorem.

	PARAMETRES
	NPV
	PPV
	SENSITIVITY
	SPECIFICITY

	BWT
	0.53
	0.51
	52%
	48%

	PROSTATE VOLUME
	0.63
	0.56
	59%
	44%

	PVR
	0.62
	0.59
	68%
	42%

	


NPV = NEGATIVE Predictive value, PPV = Positive Predictive value.
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FIGURE 3: Combined ROC curves for all 3 parametres in comparison with the Gold standard (IPPS).  
	
List 1-Area Under the Curve

	Test Result Variable(s)
	Area

	Prostatic volume (cm3)
	0.249

	Bladder wall thickness (cm)
	0.314

	Post-void urine volume (m/s)
	0.246



DISCUSSION
The mean age for the study group in our study was 62.6 years, which is comparable to that reported by Ahuizechukwu et al [14], Apata et al [15], and Bhattarai et al [16]. 
Bladder wall thickness
The mean BWT in this study was 0.5cm, which is similar to that reported by Ahuizechukwu et al [14], Apata al [15], and Park et al [17]. The thickening of the detrusor muscle results from increased workload against an outlet obstruction. The present study, BWT distinguished between two grades of BOO.  The thickness of the mucosa and adventitia may be affected by infection or cancer and may account for the inability to differentiate between the three grades of BOO.  Bladder wall thickness sensitivity in this study was higher than that reported by Park et al [17], and the specificity was lower. With a progressive increase in obstruction, the bladder compensates with hypertrophy of smooth muscle. There is maintenance of muscle contractility and bladder emptying initially; however, if the obstruction is not relieved, the bladder decompensates with subsequent risk of complications [18, 19].
ROC Curve analysis
The area under the curve (AUC) of the Receiver operating characteristic (ROC) curve analysis varied between 0.246 and 0.314.  Those by Oelke et al [18] and Kessler et al [19]   showed AUC varying between 0.88 and 0.93.  The other two indices (PVR and prostate volume) used to diagnose BOO non-invasively were less accurate in detecting BOO, and this is in keeping with the findings by Oelke et al [18] and Kessler et al [19], who obtained less accurate results as well.
Post-void residual volume
The present study showed that post-void urine had the highest sensitivity (68%) of the three indices but had the lowest specificity (42%). The low specificity may be because of the varying causes of an increase in PVR, such as BOO, detrusor under-/over-activity, or a combination of the two.[19]  There was also a significant association between IPSS score and PVR, which is in keeping with that reported by Oelke et al [5].   Levin et al [20] and Anderson et al [21] have shown that PVR can detect voiding dysfunction without indicating BOO.  High residual urine indicates an abnormality of bladder function rather than the result of urethral obstruction [11, 19, 20]. Due to impaired contractility, the decompensated bladder can no longer empty, and the residual urine volume is increased, resulting in urinary tract infections, bladder stones, acute and chronic retention, and renal failure [20, 21].
IPPS
Our study showed a mean IPPS of 10.35, which is similar to that reported by Bhattarai et al [16] and contrary to that demonstrated by Apata et al [15]. This present study showed a significant correlation between IPSS results and BWT, PVR, and prostate volume.  This is contrary to that reported by Apata et al [15] and Yilmaz et al [22], who demonstrated a weak correlation between the parametres and IPPS. Post-void urine showed the strongest association with 0.000, which was comparable to that reported by Ozlem et al [9].  
Prostate volume
The mean prostate volume in our study was 75.2cm3, which is comparable to that reported by Apata et al [15] and lower than that demonstrated by Ahuizechukwu et al [14]. The differences in the mean values may be a result of differences in methodology.  
Correlation analysis
The present study noted a correlation coefficient of 0.533, 0.637, and 0.675 for PVR, prostate volume, and BWT. Oelke et al [23] reported 0.432, 0.463, and 0.623 for PVR, prostate volume, and BWT, which is slightly lower. It is well known that intravesical obstruction is followed by compensatory hypertrophy of the bladder detrusor in men. Multivariate logistic regression analysis, BWT was significant in both the mild and moderate IPSS categories with 0.005 and 0.00.  It also noted that the rate of change of BWT in subjects with mild IPSS was positive, while that of subjects with moderate IPSS was negative. This implies that as IPSS increases, BWT will increase for subjects in the mild category. While the rate of change of BWT in subjects with moderate IPSS was negative, it implies that as IPSS increases, BWT does not increase exponentially, and it is similar to that reported by Hakenberg et al [24]. 
Findings in the present study show that post-void urine had the highest sensitivity, while BWT had the highest specificity in BOO assessment. Ultrasound measurement of BWT, PVR, and prostate volume measurements are non-invasive diagnostic tools in the diagnosis of BOO and can be used to assess the progression of symptoms. Ultrasound could be used to assess the effects of treatment on the progression of bladder wall hypertrophy [25].
CONCLUSION
Bladder wall thickness showed an overall highest accuracy for BOO when compared with prostate volume and post-void residual urine, and it can differentiate between moderate and severe grades of BOO.  Even though prostate volume and PVR could not distinguish between the grades of BOO, they assist in its assessment. The combined use of BWT and PVR may be useful in screening, monitoring symptoms, and post-therapy.
 RECOMMENDATION: 
Bladder wall thickness and PVR are two parameters that can be useful in screening and diagnosing bladder outlet obstruction. A combination of these two parameters is recommended in assessing the therapeutic response of patients.
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