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Abbreviations and acronyms

ADC – Apparent diffusion coefficient 
DCE – Dynamic contrast-enhanced
DWI – Diffusion-weighted Imaging
EPI – Echo planar imaging 
ERC – endorectal coil
FSE – Fast spin-echo
HBB – hyoscine butylbromide 
mpMRI – multiparametric magnetic resonance imaging
PI –RADS – Prostate Imaging-Reporting and Data System
PSA – prostate specific antigen
T2WI – T2 weighted imaging
TR – repetition time

Abstract

Purpose: To evaluate the effect of the spasmolytic agent hyoscine butylbromide (HBB) on the quality of anatomical and functional imaging of the prostate.

Materials and Methods: 173 patients were included in this retrospective study. 87 patients received intravenous HBB prior to scanning (HBB group) and 86 patients did not (non-HBB group). Multiparametric (mp) 3T-MRI was performed using a 32-channel body coil. Two radiologists independently evaluated image quality of T2WI, diffusion-weighted imaging (DWI) and ADC maps, using a 5-point Likert scale. DWI was further assessed for distortion and artefact (4-point Likert scale), and T2WI for the presence of motion artefact or blurring. DCE image quality was assessed by recording the number of corrupt contrast curve data points. 

Results: T2W image quality in the HBB group was significantly higher than in the non-HBB group (3.63 ± 1.11 versus 2.84 ± 0.899); p = <0.001. The HBB group also showed significantly less T2W motion and T2W blur than the non-HBB group (23.0% and 51.7% versus 53.5% and 83.7%, respectively; p = <0.001). However, there was no significant improvement in DWI or ADC image quality, or DWI degree of distortion or artefact. There was a trend towards a lower number of corrupted data points from the contrast curve (2.47 ± 2.44 versus 3.68 ± 2.64), but this did not reach significance (p = 0.052).
[bookmark: _GoBack]
Conclusion: Administration of HBB significantly improves the image quality of T2-weighted images. These results provide evidence for the use of HBB in routine patient preparation prior to prostate mpMRI. 




Introduction
Multiparametric magnetic resonance imaging (mpMRI) has become established in the work-up of prostate cancer. Increasingly, magnetic resonance imaging (MRI) is being used for lesion detection, staging, and biopsy-targeting, emphasizing the importance of good quality imaging to aid interpretation. The recently updated Prostate Imaging-Reporting and Data System (PI-RADS) guidelines are aimed at standardizing MRI acquisition and interpretation, but highlight the current lack of consensus on issues of patient preparation [1, 2]. 

Anti-spasmodic agents such as glucagon and hyoscine butylbromide (HBB) have been recommended in pelvic MRI examinations in order to reduce motion artefact due to bowel peristalsis [3, 4]. Although these initial studies demonstrated benefit for their routine use, subsequent studies have shown only a small, non-significant improvement in image quality, with the authors attributing this to the low position of the prostate in the pelvis, remote from loops of small bowel [5, 6]. 
These conflicting results also need to be considered in the light of additional drawbacks to administration of HBB. The most common side effects of HBB are blurred vision, tachycardia, palpitations, constipation and urinary retention and are mainly attributable to its anticholinergic properties [7, 8]. In addition, together with extra cost, the administration of HBB often requires allocation of longer MRI slots and, depending on local operating procedures, typically necessitates physician cover, which restricts the scheduling of examinations and may reduce the overall cost-effectiveness.

Furthermore, no study to our knowledge has assessed the effect of anti-spasmodic agents on non-anatomical, functional sequences such as diffusion-weighted imaging (DWI) and dynamic contrast-enhanced (DCE) MRI, which now form an essential component of mp-MRI of the prostate [1]. We therefore aimed to assess the effect of the spasmolytic agent hyoscine butylbromide on the quality of anatomical and functional imaging of the prostate.




Methods
Study population
This single-institution retrospective study was approved as part of a prostate MRI service evaluation, with the need for informed consent for data analysis waived by the local ethics committee. The study incorporated patients undergoing 3T mpMRI of the prostate for any indication during a 1-year period from March 2015 – February 2016. Exclusion criteria included previous treatment for prostate cancer and presence of any pelvic metalwork. Gleason grades higher than 7 were not a reason for exclusion; the majority of patients included were of Gleason Grade 3+3, 3+4 or no grade (Table 1). The standard local protocol includes administration of HBB unless contraindicated. Reasons for non-administration during the period included previously documented urinary retention, cardiac/arrhythmia, patient declined, no intravenous access obtainable, and lack of clinician cover. There were approximately four times as many patients in the HBB group, therefore every fourth patient in chronological order, was selected for analysis to match numbers, with a final number of 87 in the HBB group and 86 in the non-HBB group.

Magnetic Resonance Imaging 
Patients in the HBB group were administered 20 mg of intravenous hyoscine butylbromide (Buscopan®, Boehringer, Ingelheim, Germany) on the table, immediately prior to scanning. All patients underwent 3T MRI (MR750, GE Healthcare) using a 32-channel phased-array body coil. The protocol included axial T1-weighted fast spin-echo (FSE) images of the pelvis and high-resolution T2-weighted fast recovery FSE images of the prostate in axial, coronal and sagittal planes. T2-weighted axial imaging parameters were as follows: TR/TE, 4273/102; FOV 22x22 cm; slice thickness 3 mm / 0 mm gap; resolution 0.8x0.7; 1.5 signal averages; time 5:59 min. Axial DWI was performed using a dual spin-echo planar imaging pulse sequence: TR/TE, 3775/70ms; FOV 28×28 cm; slice thickness 3 mm / 0 mm gap; resolution 2.2x2.2mm, with 6 signal averages; time 2:58 min. Isotropic DW images were obtained with b values of 150, 750, 1400 and 2000 s/mm2 with apparent diffusion coefficient (ADC) maps automatically generated. T1-weighted imaging was performed after T2 and DWI, with parameters of TR/TE, 561/11ms; FOV 24×24 cm; resolution 1.1x1.0mm; time 3:47 min. DCE-MRI was acquired as an axial 3D fast spoiled gradient echo sequence (TR/TE 4.088/1.788ms, slice thickness 3 mm / 0 mm gap, FOV 24x24 cm) following bolus injection of Gadobutrol (Gadovist, Schering AG) via a power injector at a rate of 3 mL/s (dose 0.1 mmol/kg) followed by a 25 mL saline flush at 3ml/s, injection at 28s, temporal resolution 7s; time 5:57 min. 

Image analysis 
All images were reviewed by two radiologists blinded to clinical information in a random order, with 7-years (XX) and 2-years experience (XX) in reading prostate MRI. Image quality was rated for the T2WI, and for the DWI (using the b=2000 series) and ADC maps according to a 5-point Likert scale: 1 = poor, 2 = suboptimal, 3 = adequate, 4 = above average, 5 = excellent. T2-weighted imaging was also assessed for the presence or absence of motion artefact (movement or ghosting) and blurring (based on sharpness of the prostatic capsule, neurovascular bundle, and seminal vesicles compared to the peri-prostatic fat). DWI was further assessed for distortion and artefact using 4-point Likert scales; distortion: 1 = none, 2 = <5mm mismatch to T2WI, 3 = ≥5 mm mismatch to T2WI or mild warping, 4 = significant warping; mismatch was evaluated by cross referencing to T2 and measuring distance at the point of maximal difference. Artefact scores: 1 = none, 2 = mild, not or mildly impacting diagnosis, 3 = artefact moderately impacting diagnosis, 4 = marked artefact, non-diagnostic [9]. The quality of DCE images was assessed by the number of corrupt data points, based on previously defined criteria [10]. A region-of-interest of at least 0.2cm3 was placed in normal appearing peripheral zone, and the number of corrupted data points from the contrast curve was recorded (defined as a >10% signal intensity change in any time point during the wash-out phase). Prostate volumes were derived by planimetry measurements in 3 planes as recommended in PI-RADS version 2 [1].

Statistics 
The Shapiro-Wilks test was used to assess distributional normality. Non-parametric distributions were reported using median and inter-quartiles (IQ). Chi-square test (Χ2) was performed to compare MRI indications against HBB grouping. Wilcoxon signed ranked test was performed to assess differences between the ordinal variables. Fisher’s exact test was performed to compare proportions. A p-value <0.05 was defined as statistically significant. Weighted Cohen’s Kappa was performed to assess inter-rater agreement, where 0–0.20 = slight, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 substantial, and 0.81–1 almost perfect agreement [11]. All the statistical analysis was performed using in R (version 3.1.1, The R Foundation for Statistical Computing, Vienna, Austria). 




Results
In total 173 patients were included in the study. There were 87 patients in the HBB group and 86 in the non-HBB group, with a median age of 63 (range 38-77) and 65 years (48-77), respectively, p = 0.338. There was no significant difference in PSA between the HBB group with a median of 6.21 ng/ml [IQ 4.17 - 8.85] and the non-HBB group, median 6.92 ng/ml [IQ 4.18 - 10.02]; p = 0.423 (Table 1). There was no difference in the volume between each group, median volume in patients receiving HBB was 49.4 cm3 [IQ 34.8 – 67.6] and non-HBB group 50.5 cm3 [IQ 36.5 – 70.8]; p = 0.309. A comparison of indications for MRI against HBB grouping was not statistically significant (Χ2 = 6.201, p=0.401). MRI indications were mainly for raised prostate specific antigen (PSA), active surveillance or previous negative systematic transrectal biopsy, with no difference between the groups (Χ2 = 3.421, p=0.755); (Table 2).

Effect of HBB on T2W images
T2W image quality in the HBB group (3.63 ± 1.11;) was significantly higher than in the non-HBB group (2.84 ± 0.899); p<0.001; (Figure 1). The HBB group also showed significantly less T2W motion and T2W blur than the non-HBB group at 23.0% (20/87) and 51.7% (45/87), compared with 53.5% (46/86) and 83.7% (72/86), respectively; p<0.001 (Table 3; Figure 2, 3).

Effect of HBB on DWI and ADC images
DW image quality was good in both groups, being slightly higher in the HBB group (3.53 ± 1.03) than in the non-HBB group (3.27 ± 0.91), however, this was not significant; p = 0.091. There was no significant difference in the degree of distortion (2.20 ± 0.93) and artefact (1.60 ± 0.56) in the HBB group compared to the non-HBB group (2.43 ± 0.90 and 1.64 ± 0.59, respectively).  ADC image quality was similar with a score of 3.74 ± 1.07 in HBB group compared to 3.57 ± 0.98 in the non-HBB group; p = 0.220 (Table 3).

Effect of HBB on DCE images
There was a trend towards a lower number of corrupted data points in the HBB group at 2.47 ± 2.44 compared to 3.68 ± 2.64 in the non-HBB, but the difference was not statistically significant; p = 0.052 (Figure 4).

Inter-observer agreement
Substantial agreements were achieved for T2W Image Quality (k = 0.670), DWI distortion (0.741) and ADC Image Quality (0.630). There was moderate agreement for T2W Motion (k = 0.514), DWI Image Quality (0.441) and DWI artefact (0.427), with agreement being fair for T2W Blur, k = 0.340 (Table 4).




Discussion
The results of our study show that the quality of T2W images was significantly better for patients receiving hyoscine butylbromide. T2W image quality in the HBB group was substantially superior in all three subcategories: an average Likert score for overall image quality rose from an average score of below “adequate” (2.84) to between “adequate” and “above average” (3.63); the percentage of motion reduced from 53.5% to 23% and the blur was reduced from 83.7% to 51.7%. In contrast, the effect of HBB administration on the image quality of functional sequences did not reach statistical significance.

Four previous studies have investigated the use of antispasmodic agents on the quality of prostate MR images [3-6]. Our results regarding T2W image quality at 3.0T are concordant with the study by Kier et al at 1.5T showing significantly less artefacts when the glucagon was given as an anti-spasmotic agent (7% vs. 45%) [4]. Similarly, Johnson et al reported better visualization of the prostate in approximately 45% of patients after HBB administration at 1T [3]. Conversely, a study by Wagner et al did not demonstrate a significantly improved visualization of the prostate at 1.5T MRI using an endorectal coil (ERC), and argued the low position of the prostate, remote from the small bowel, reduced the effects of peristalsis [5]. However, administration of HBB significantly improved delineation of the bowel wall on proton density images, suggesting the ERC may have served as a mechanical barrier to movement of the rectum and prostate, similar to the effects of endorectal balloon placement for prostatic radiotherapy [12]. Indeed, in the absence of an ERC it has been shown that the rectal movements occur in a lower percentage of patients receiving bowel relaxants compared to those not [13], suggesting rectal contractions additionally contribute to movement of the prostate (Supplemental Movies 1, 2). More recently, Roethke et al demonstrated a non-significant effect of HBB on the quality of T2W images in 70 patients, scanned at 3T without an ERC [6]. However, despite not reaching significance, they demonstrated an improvement for all image quality categories and a reduction in artefacts with HBB administration. Consequently, the authors recommended administration of HBB in patients with hyper-motile intestine or flatulence. 

Interestingly, our study shows that HBB has a significant effect on the anatomical but not on the functional sequences. Motion artefact is dependent on how k-space is sampled, conventional fast spin-echo readouts tend to be more sensitive to movement. FSE sequences sample multiple lines in a given repetition time (TR), as defined by the echo train length, but ultimately different lines of k-space are effectively acquired at subtlety different anatomical positions, making the effects of motion more pronounced. Additionally, the higher spatial resolution of T2WI compared to DW images means even a relatively small difference in image quality will become more apparent. The effect of DCE acquisition is likely to be more complicated, but the lower TR employed will help reduce intra-acquisition motion artefact. However, the timing of the DCE acquisition, approximately 30 mins post HBB injection, means the effects of HBB may well have worn off, negating any HBB-related differences between the groups. Gutzeit et al [14] demonstrated that the anti-peristaltic effect after 40mg i.v. hyoscine N-butybromide lasted for approximately 21 minutes, whilst a systematic review by Tygat [15] suggests the effect of 10–20mg HBB i.v. had completely dissipated by 30–40 minutes. 

There are several potential solutions to achieving better spasmolytic effect of HBB during the acquisition on the last sequences performed, particularly DCE. Firstly, a second bolus of HBB prior to DCE may be administered, similar to the technique employed in MR enterography [16], or secondly, combining i.v. bolus with s.c or i.m. application as the latter have been shown to have longer onset and duration of action [15]. Lastly, a combination of i.v. HBB with another slower acting anti-peristaltic agent such as i.m. Glucagon may be most beneficial in achieving a quick, efficient and longest spasmolytic effect [14].

PI-RADS- version 2 incorporates T2W, DWI, ADC and DCE sequences, with T2WI being the dominant sequence for assessment of the transition zone (TZ) [1, 2]. In particular, good quality T2W images are essential for visualization of a hypointense rim of a BPH nodule. Although T2W images are less important for the assessment of the peripheral zone, a lack of distortion or blurring of anatomic details of the prostatic capsule, seminal vesicles and fat planes is of uttermost importance in staging when assessing for extracapsular extension and invasion in the adjacent structures. 

The strength of our study is its sample size, which is the largest to date and that we separately evaluated the effect of HBB on functional sequences, which form a key component of prostate MRI. To our knowledge, this is the first time that comparative results have been reported on each of the sequences comprising mpMRI. Furthermore, inter-observer agreement was strong, being moderate to substantial in 6 of the 7 categories assessed.

Our study has some limitations, including its retrospective nature. Future prospective studies would ideally allow paired analysis comparing patients pre- and post-HBB, for direct comparison. Consideration could be given to maximizing the spasmolytic effect by administering a second dose of HBB prior to DCE or even combining HBB with another spasmolytic agent as discussed above.

Conclusion
In conclusion, the administration of HBB significantly improves the image quality of T2-weighted images. These results provide evidence for the use of HBB in routine patient preparation prior to prostate mpMRI. 
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Tables
Table 1: Demographics

	
	HBB 
(n=87)
	No HBB 
(n=86)
	p-value

	
	
	
	

	Age (median, IQR)
	63 [59 - 69]
	65 [59 - 69]
	0.338

	PSA (median, IQR)
	6.21 [4.17 - 8.85]
	6.92 [4.18-10.02]
	0.423

	Prostate Volume (median, IQR)
Gleason Grade
	49.4 [34.8 - 67.6]
	50.5 [36.5 - 70.8]
	

	None
	33
	39
	0.755*

	3+3
	32
	27
	

	3+4
	13
	10
	

	4+3
	5
	4
	

	4+4
	0
	2
	

	3+5
	1
	1
	

	9-10
	3
	3
	


*A comparison of Gleason grading against HBB groupings was not statistically significant (Χ2 = 3.421, p = 0.755). IQR = interquartile range

Table 2: Indication for MRI
	Description of indication
	HBB
	No HBB

	MRI pre-biopsy
	35
	32

	Previous TRUS biopsy negative
	11
	12

	Previous TRUS biopsy: suspicious changes
	1
	3

	Active Surveillance
	37
	32

	BRCA-2 mutation
	1
	0

	Staging
	2
	4

	Other
	0
	3


A comparison of MRI indications against HBB grouping was not statistically significant (Χ2 = 6.201, p = 0.401). TRUS = transrectal ultrasound guided



Table 3: Image Quality 
	
	HBB
	No HBB
	p-value

	
	
	
	

	T2W Imaging
	(n=87)
	(n=86)
	

	
	
	
	

	Image Quality (± SD)
	3.63±1.11
	2.84±0.89
	<0.001*

	Motion Present 
	20 (23.0%)
	46 (53.5%)
	<0.001*

	Blur Present
	45 (51.7%)
	72 (83.7%)
	<0.001*

	
	
	
	

	DWI
	(n=87)
	(n=86)
	

	
	
	
	

	Image Quality (± SD)
	3.53±1.03
	3.27±0.91
	0.091

	Distortion (± SD)
	2.20±0.93
	2.43±0.90
	0.078

	Artefact (± SD)
	1.60±0.56
	1.64±0.59
	0.692

	
	
	
	

	ADC
	
	
	

	
	
	
	

	Image Quality (± SD)
	3.74±1.07
	3.57±0.98
	0.220

	
	
	
	

	DCE
	(n=34)
	(n=33)
	

	
	
	
	

	Corrupt data points (± SD)
	2.47±2.44
	3.68±2.64
	0.052

	
	
	
	


* Denotes a significant difference. SD = standard deviation.


Table 4: Inter-rater Agreement
	
	Kappa

	
	

	T2W Image Quality
	0.670

	T2W Motion
	0.514

	T2W Blur
	0.340

	DWI Image Quality
	0.441

	DWI Distortion
	0.741

	DWI Artefact
	0.427

	ADC Image Quality
	0.630

	
	






Figures
[image: C:\Users\Tristan Barrett\Desktop\Buscopan\Final Submitted Clin RAd\Figure_1.tif]
Figure 1. T2W image of good quality. 
64 year old, PSA 5.1, MRI performed pre-biopsy, HBB given. T2W image quality rated by both readers as 5, with no blur and no motion.

[image: C:\Users\Tristan Barrett\Desktop\Buscopan\Final Submitted Clin RAd\Figure_2.tif]
Figure 2. Image motion on T2WI 
A: 74 year old, Gleason 3+3 on active surveillance, PSA 10.4 ng/ml, no HBB given due to previous retention. Motion artefact affecting the prostate, with ghosting seen in the rectum in the direction of phase encoding. B: 58 year old, PSA 5.3, MRI pre-biopsy. HBB not given due to lack of medical cover. Ghosting artefact noted within the bladder.
[image: C:\Users\Tristan Barrett\Desktop\Buscopan\Final Submitted Clin RAd\Figure_3.tif]Figure 3. Image blur on T2WI
A: 57 year old, Gleason 3+3 disease on active surveillance, PSA 2.7 ng/ml. Indistinct capsule and prostatic zone interface. B: 68 year old, MRI pre-biopsy, PSA 4.1. Indistinct prostatic capsule, neurovascular bundle and peri-prostatic vessels. No HBB given in either case due to history of cardiac arrhythmia.


[image: C:\Users\Tristan Barrett\Desktop\Buscopan\Final Submitted Clin RAd\Figure_4.tif]Figure 4. Corrupt data points on DCE.
A: 67 year old, PSA 8.62 ng/ml, MRI pre-biopsy, HBB given. DCE curve from normal peripheral zone shows no corrupt data points. B: 62 year old on active surveillance, PSA 5.6, HBB not given due to cardiac history. DCE curve shows 11 corrupt data points, defined as >10% signal intensity change in any time point during wash-out phase.




Supplemental Material
Supplemental Movie 1. Image motion on DCE cine. 
57 year old, PSA 5.3 ng/ml, MRI performed pre-biopsy, no HBB given.

 
Supplemental Movie 2. No motion on DCE cine. 
72 year old, PSA 5.11 ng/ml, MRI performed pre-biopsy, HBB given. 
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