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DETRUSOR MUSCLE THICKNESS AND PROSTATE VOLUME IN THE DIAGNOSIS OF BLADDER OUTLET OBSTRUCTION
ABSTRACT

INTRODUCTION: Bladder outlet obstruction (BOO) is a common urological diagnosis and it is reported to be the most common urology problem of elderly male patients which can lead to detrusor instability in 50% to 70% of men with benign prostatic hyperplasia. This study aimed to determine the relationship between detrusor muscle thickness, prostate volume, and International Prostate Symptom Score [IPSS] in patients with BOO using ultrasound. METHODS: This is a prospective, descriptive comparative sonographic evaluation of the detrusor muscle thickness in participants with BOO using IPSS as a gold standard. RESULTS: The most frequent age group with BOO was 60 – 69 years 32[32%] subjects. IPSS score distribution showed mild in 17 [17%] subjects, moderate in 78 subjects [78%], and severe in 5 subjects [5%] in the BOO group.  The control group showed that 100 [100%] subjects fell within the mild score group. Statistical significance was a p-value of 0.000. Moderate and severe IPSS showed p- value of 0.006. Association between IPSS and DWT showed a value of 0.675, Association between IPSS and prostate volume had a value of 0.657, and association between DWT and Prostate volume had a value of 0.787. DWT and prostate volume each had sensitivity, NPV, and PPV of 52%, 0.53, and 0.51 for BWT and 59%, 0.63, and 0.56 for prostate volume respectively.  Both parameters also showed low specificity of 48% for DWT and 44% for prostate volume. Both parameters showed sensitivity of 52% for DWT and 59% for prostate volume. CONCLUSION: Sonographic measurement of BWT is a good tool in the assessment of BOO.
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INTRODUCTION

Bladder outlet obstruction (BOO) is a common urological diagnosis and it is reported to be the most common urological problem of elderly male patients which can lead to detrusor instability in 50% to 70% of men with benign prostatic hyperplasia. (1) It can lead to ascending infection which can culminate in renal failure if left undiagnosed. It can also lead to lower urinary tract symptoms (LUTS), upper and lower urinary tract dysfunction, infections, bladder stones, and decreased quality of life. (2)

The natural history of BOO spans both early and late phases. The early phase involves bladder wall thickening and bladder weight increase. Over time, as the obstruction becomes more severe, the detrusor muscle may lose some or all of its contractility. (2, 3) The varied etiology of BOO may be functional and anatomic. Functional obstructive symptoms include hesitancy, incomplete voiding sensation, decreased urinary stream, and post-void dribbling. Irritating complaints include; frequency, urgency, dysuria, and nocturia. (3) Anatomic obstruction in men usually occurs in benign prostatic enlargement or urethral stricture. BOO may be first recognized in a scenario of urinary retention
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. (1) Other prevalent conditions causing LUTS include Parkinson’s disease, cerebrovascular accident, prostate cancer, bladder cancer, urethral stricture, and overactive bladder. Nonetheless, LUTS in the presence of BPE is sufficient to establish a diagnosis of BPH.  These conditions thus represent variable causes of BOO. (5)
BOO ultimately causes resistance to the urine outflow channel which results in bladder remodeling, which may be dependent on the age of onset, duration, severity, and other clinical factors. These changes involve the entire bladder wall with the detrusor muscle/wall being the most sensitive marker. (6) Bladder compensation occurs through detrusor wall hypertrophy with an increase in contractility, to sustain effective bladder emptying despite the obstruction. (7) 

Urodynamic studies are considered the gold standard for the diagnosis of BOO, radiologists and urologists commonly rely on less invasive studies for evaluation of BOO. Due to the high cost, availability, invasiveness, and potential morbidity of urodynamic studies. (8)

Ultrasonographic assessment has proved useful and provides reliable and quick information on detrusor wall thickness (DWT) and Prostate volume. (8)   It also provides data on other significant features including intra-vesical protrusion, Doppler studies, complications like hydronephrosis, urinary tract infections, calculi, and other co-morbidities. (8) This study aimed to determine the relationship between detrusor muscle thickness, prostate volume, and International Prostate Symptom Score in patients [IPSS] with BOO using ultrasound scan.
METHODS

STUDY DESIGN
This is a prospective, descriptive comparative sonographic evaluation of the detrusor muscle thickness in participants with BOO at the University Teaching Hospital, Ituku-ozalla, Enugu. Ethical clearance was obtained from the ethical committee with reference number UNTH/CSA.329/VOL.5 before the commencement of the study. The study period was a total of 9 months. 

STUDY POPULATION
The study population was adult males of 40yrs and above with symptoms of BOO as determined by IPSS. The control group was adult males of 40yrs and above who had come to the radiology department for other reasons other than BOO and did not have any symptoms. The inclusion criteria were as follows; adult male Nigerians of 40yrs and above with clinical symptoms of BOO and as determined by IPSS. The exclusion criteria were as follows: Non-Nigerians, less than 40 years of age, patients on bouginage treatment, recent genital instrumentation or pelvic fractures, and patients with neuro-vesical dysfunction, acute urinary retention, on continuous bladder drainage, prior pelvic surgery, and known prostate cancer. 

SAMPLE SIZE
The sample size was calculated using this formula. (9)

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 was used (100 study subjects and 100 control subjects).

STUDY TECHNIQUE
The study objectives and procedure were explained to each participant and their questions were answered before they signed the consent form. Participation in the study was voluntary and anyone who did not consent was excluded without any prejudice. Each subject’s age, symptoms, duration of symptoms, and IPSS score were obtained and documented in the datasheet while maintaining confidentiality.

For the control subjects, consecutive recruitment of age matched patients without symptoms of BOO were used. These were patients who had come for an abdominopelvic scan and were amenable to the study but did not have symptoms of BOO. All the participants were scanned using an ALOKA ultrasound machine (Model SSD; SN 190605).

Each participant was asked to drink water to ensure the urinary bladder was appropriately distended. A urinary bladder volume of 150 -200 mls was considered adequate for evaluation of the detrusor muscle. (10) Participants were asked to lie supine on the couch with arms resting comfortably above their heads. Exposure was from the xiphisternum to just below the supra-pubic region. Acoustic gel was applied to the abdomen to obliterate the air interface between the probe and the skin. With the assistance of magnification and the probe in the transverse plane, adventitia, muscle, and mucosa were identified. Two measurements of BWT were obtained and averaged from the anterior bladder wall, 1cm from the midline. (10, 11).

With the probe in the transverse plane at the suprapubic region, an image of the largest circumference of the prostate was obtained and then rotated to the longitudinal plane to capture another image. The prostate volume was estimated from the diameters of the major and minor axis using an elliptical 3-axis volume formula. (12) The presence of findings like stones, sacculation, trabeculation, and diverticula were all noted in the datasheet and written up for the referring doctor for adequate management.
STATISTICAL ANALYSIS
Data obtained was entered and analyzed using IBM SPSS (Statistical Package for Social Sciences) version 20.0.  Armonk, NY, USA, 2011.  The results were expressed using tables for the descriptive statistics. Descriptive statistics (mean, mode, median, standard deviation, and percentages) were calculated for appropriate variables. Chi-square and Pearson’s correlation were used to evaluate associations between the IPSS, BWT, and Prostate volume. A p-value of ≤ 0.05 was considered statistically significant. Sensitivity, Specificity, Negative Predictive value [NPV], and Positive Predictive value [PPV] were calculated using Baye’s theorem [13]
RESULTS
The most frequent age group with BOO was 60 – 69 years [32] followed by 40 – 49 years, [27], the rest in descending order were as follows; 70 and above [21] and 50-59 years [20].  The control group was age-matched in number. Table 1
The distribution of radiological findings was as follows in the BOO group with the presence of trabeculations 21[10.5%], bladder stones 8 [4%], and mucosal sacculations 1 [0.5%].  While there was an absence of trabeculations of 79 [34.5%], bladder stones of 92 [46%], and mucosal sacculations of 99 [49.5%].  The control group showed no trabeculations, bladder stones, or mucosal sacculations. Table 2
IPSS score distribution that showed mild had 17 [17%] subjects, moderate had 78 subjects [78%], and severe had 5 subjects [5%] in the BOO group.  The control group showed that 100 [100%] subjects fell within the mild score group. There was a statistical significance with a p-value of 0.000. Table 3

Mild IPSS scores were seen in17 subjects while all 100 subjects in the control group had mild IPSS scores. Moderate IPSS scores were seen in 78 subjects with none in the control group. Severe IPSS scores were seen in only 5 subjects and none in the control group. Relationship between DWT with IPSS and Prostate volume with IPSS showed a p-value 0.006 Table 4 & 5
The association between IPSS and DWT showed a correlation coefficient of 0.675. The association between IPSS and prostate volume had a correlation coefficient of 0.657 while the association between DWT and Prostate volume had a correlation coefficient of 0.787. Table 6
DWT and prostate volume each had sensitivity, NPV, and PPV with values of 52%, 0.53, and 0.51 for DWT and 59%, 0.63, and 0.56 for prostate volume respectively.  Each parameter also showed low specificity with values of 48% for DWT and 44% for prostate volume respectively. Table 7
Table 1: Distribution of BOO and Non-BOO subjects
	Age group (years)
	BOO group
	Control group
	Total

	40 -49
	27
	27
	54

	50 -59
	20
	20
	40

	60-69
	32
	32
	64

	70 and above
	21
	21
	42

	Total
	100
	100
	200


Table 2:  Distribution of Radiological findings

	Radiological findings
	BOO group
	Control group

	
	YES N[%]           NO N[%]
	YES  N[%]      NO   N[%]

	Bladder stones
	8   [4]                    92  [46]
	0  [0]                  0 [0]

	Trabeculations
	21 [10.5]               79  [34.5]
	0 [0]                   0 [0]

	Mucosal sacculations
	1   [0.5]                  99 [49.5]
	0 [0]                    0[0]


Table 3: IPSS score distribution 
	IPSS
	BOO group

N (%)
	Control group

N (%)
	Chi-square
    (X2)
	P value

	Mild
	17   (17.0)
	100 (100.0)
	141.9
	0.000

	Moderate
	78  (78.0)
	0     (0)
	
	

	Severe
	5     (5.0)
	0     (0)
	
	

	Total N (%)
	100 (100)
	100 (100)
	
	


Table 4: Association between IPSS and BWT in BOO and Control subjects.
	Detrusor muscle
Thickness (cm)
	                               IPSS
	Chi-square
    (X2)
	P value

	
	MILD
	MODERATE


	SEVERE


	
	

	
	BOO
	Control
	BOO
	Control
	BOO   
	Control
	10.113
	0.006

	0.10-0.39
	6(35.3)
	73(73)
	1(1.3)
	0(0)
	0(0)
	0(0)
	
	

	0.30-0.49
	11(64.7)
	26(26)
	39(50)
	0(0)
	0(0
	0(0)
	
	

	0.50-0.69
	0(0)
	1(1.0)
	26(33.3)
	0(0)
	2(40)
	0(0)
	
	

	0.70-0.89
	0(0)
	0(0)
	9(11.5)
	0(0)
	1(20)
	0(0)
	
	

	>0.90
	0(0)
	0(0)
	3(3.8)
	0(0)
	2(40)
	0(0)
	
	

	TOTAL
	17(100) 
	100(100)
	78(100)  
	0(0)
	5(100)
	0(0)
	
	


Table 5: Association between IPSS and Prostatic volume of BOO and Control subjects.

	Prostatic 

Volume

(cm3)
	                                  IPPS


	Chi-square
(X2)
	p-value

	
	MILD
	MODERATE
	SEVERE
	
	

	
	BOO
	Control
	BOO
	Control
	BOO
	Control
	
	

	10.0-29.9
	6(35.3)
	73(73.0)
	1(1.3)
	0.(0.0)
	0(0.0)
	0(0.0)
	10.113
	0.006

	30.0-49.9
	11(64.7)
	26(26.0)
	39(50.0)
	0(0.0)
	0(0.0)
	0(0.0)
	
	

	50.0-69.9
	0(0.0)
	1(1.0)
	26(33.3)
	0(0.0)
	2(40)
	0(0.0)
	
	

	70.0-89.9
	0(0.0)
	0(0.0)
	16(20.5)
	0(0.0)
	0(0.0)
	0(0.0)
	
	

	>90 
	0(0.0)
	0(0.0)
	30(38.5)
	0(0.0)
	5(100.0)
	0(0.0)
	
	

	TOTAL
	17(100.0)
	100(100.0)
	78(100.0)
	0(0.0)
	5(100.0)
	0(0.0)
	
	


Table 6: Pearson’s correlation between IPSS, BWT, and prostate volume
	VARIABLES
	IPSS
	BLADDER WALL THICKNESS (BWT)
	PROSTATE VOLUME

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

	PROSTATE VOLUME
	0.657**
	0.787***
	1


** Correlation is significant at the 0.01 level (2 – tailed)
***Correlation is significant at the 0.001 level 
Table 7: Sensitivity, Specificity, Negative Predictive Value (NPV), and Positive Predictive Values (PPV). 
	Parametres
	NPV
	PPV
	Sensitivity
	Specificity

	Prostate volume
	O.63
	0.56
	59%
	44%

	BWT
	0.53
	0.51
	52%
	48%


DISCUSSION
Bladder outlet obstruction is a common health issue affecting men, particularly as they age, and it is often associated with benign prostatic hyperplasia [14, 15].  The severity of these symptoms can be evaluated using the IPSS, a standardized tool that assesses the impact of urinary difficulties on quality of life. Detrusor wall thickness (DWT) is an important sonographic parameter used to evaluate bladder function and frequently correlates with the severity of the disease {16]
The mean age group of 60-69 years (32%) falling between 56-65 years, aligns with typical demographic patterns for conditions related to aging. The distribution across this age range suggested a correlation with age-related factors.  The mean age for the BOO group was 63 years while that for the control group was 64 years.
Bladder wall thickness

Bladder wall thickening results from an increased workload against an outlet obstruction and is similar to the heart where the muscular wall thickens  emanates from valvular stenosis [17]. DWT may be affected by infection, inflammation, or tumors. The mean DWT value obtained in our study was 4.6mm and was collaborated by that reported by Matthew et al [18]. Bladder wall thickness correlates with gender, bladder filling, and BOO grade. This study showed the control group with BWT of 2.1mm and it corresponded with that reported by Blatt et al [19]. The findings of Ozdedeli et al [20] and Sabri et al [21] were also comparable with that reported in the present study. Anwar et al [22] reported a significant correlation between mean DWT and IPSS in patients with benign prostatic hyperplasia. 
Positive predictive value
Our study demonstrated a PPV of 51% which is lower than the PPV of 95.5% and 89% obtained by Oelke et al [23] and Kessler et al [24] respectively.  These authors also demonstrated that the diagnostic accuracy of BOO detection was higher with DWT than with prostate volume which is contrary to that observed in our study.  The prevalence rates obtained in Africa are lower than those in the Asian continent and may account for the variation in the PPV obtained in our study. 

Correlation co-efficient

Our study noted a correlation coefficient of 0.637 and 0.675 for prostate volume and BWT respectively whereas Oelke et al [23] reported values of 0.463 and 0.623 respectively. It is well known that intra-vesical obstruction is followed by compensatory hypertrophy of the bladder detrusor wall.  
Sensitivity and specificity

Our study showed sensitivity of 59% and 52% for prostate volume and DWT but it is lower than that reported by Peedikayil et al [25] and Elsaied et al [7]. Peedikayl reported a sensitivity and specificity of 80% and 92% respectively for DWT [25]. These values are higher than 52% and 48% obtained in our study. The variations in the sensitivity and specificity may be because of differences in the prevalence rates across regions, racial differences, social habits (tobacco intake), and parasitic infestations localized to geographical regions. 
Elsaied et al [7] found that DWT had an accuracy of (88.0%), specificity (92.6%), and positive predictive value (90.5%) among non-invasive tests. Similarly, Prakash et al [26] also noted that while DWT had the highest specificity (96.43%) and accuracy (90.57%), concluding that incorporating DWT would significantly increase the accuracy of diagnosing bladder outlet obstruction.
IPSS Patterns
The mean IPSS in the BOO group was 10.35 while that of the control was 0.34. The severity of clinical symptoms using the International Prostate Symptom Score (IPSS) in this study showed that a majority of participants fell into the moderate category (78%). These results indicate that a significant portion of the patients experienced moderate symptoms, which is consistent with the nature of lower urinary tract symptoms typically associated with benign prostatic hyperplasia [14]. Anilkumar et al [27] reported that IPSS has been recognized for its ability to guide treatment decisions and assess patient outcomes. Amu et al [28] recommended that IPSS be routinely employed for BPH management due to its ability to categorize symptoms. Whereas, Bassey et al [29], Ulebe et al [30], and Jindal et al [31], all showed reservations about the use of IPPS as a tool to monitor the severity of symptoms. Bassey et al [29] showed that prostatic enlargement does not correlate positively with symptom severity. The present study, Ulebe et al [30], and Jindal et al [31] agreed that comprehension of the IPSS among less educated subjects will influence the accuracy of the results. 
This study has explored the relationship between DWT and IPSS in men with BOO, aiming to add to the body of work and increase the understanding of how these factors influence the clinical presentation and management of urinary symptoms. By examining the correlation of these variables, this study has provided insights into the pathophysiology and may assist in more effective treatment strategies. A combination of clinical, sonographic, and demographic data will provide a more holistic approach to understanding and managing lower urinary tract symptoms in aging male populations.
CONCLUSION
Sonographic measurement of BWT is a good tool in the assessment of BOO. It showed a better accuracy for BOO when compared with Prostatic volume.

RECOMMENDATION
Addressing the role of sociodemographic factors in symptom progression could make for a more targeted and efficient healthcare intervention, especially in the elderly.
Data: Anonymized data could be made available upon request by the corresponding author. 
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