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Computational Analysis of Urine Bolus Flow in the Ureter and Bladder
and Experimental Validation Using Sonographic Images

B. Vahidi' and N. Fatouraee’

1. Department of Life Science Engineering, Faculty of New Sciences & Technologies, University of Tehran, Tehran, Iran
2. Biological Fluid Mechanics Research Laboratory, Biomedical Engineering Faculty, Amirkabir University of
Technology, Tehran 15194, Iran

Abstract: 4 computational model was presented to simulate peristaltic transportation of urine isolated bolus through the
ureter. In this model, muscular stimulation was implemented using fluid-structure interaction and contact analysis. Urine
drainage to the bladder was analyzed using two methods of numerical simulation and sonographic imaging in the region of
bladder near the ureteral orifice. Moreover, pressure distribution in the ureter and dynamic variations of urine back flow during
peristalsis were investigated. The results indicated that when urine bolus reached near the bladder, the maximum magnitude of
urine pressure in the ureter increased up to nearly 5 times the ureteral inlet pressure. The average magnitude of urine flow rate
computed from velocity profile in ureteral outlet during urine drainage was 2.267 ml/min.

Keywords: Peristalsis, Urine bolus, Reflux, Hyperelastic model, Computational fluid dynamics, Sonography.
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pace maker 23. smooth
reflux 24. constraint function

isolated urine bolus
boluses in contact
leaky-bolus
open-tube flow

25. segment method
26. penetration
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collapsed 29. adaptive mesh
morphometric 30. freeform meshing
10. luminal 31. convective velocity

11. arruda-boyce

12. non-gaussian

13. rubber

14. statistical mechanics
15. chain density

32.relative velocity
34, sparse matrix solver

36. iterated solution

27.linear contact segments
28. nodal coincidence checking

33. arbitrary- langrangian-eulerian

35. simultaneous solution

OOl 5 dsleds (K5 jala olal 5 Slej slewlitn
Sorb s S g3 3 Shase (51 T sl 13
35S Ol Css o 658 e 4 5L ol ol
el e s el Olwdige 5 (63 ,LS f)—l““ Oldaisls
ber OSen opl sl L o glab (olwand 5 3ledde
3 el S il o gd 53 (653 ol s el ala
AS V.a\fe oL,
Jlow RIS 5 G ol Sl edel sy il
2 Sl S8k e Sos s bl 5 Jlw iSen
S5l Ol (Soolun &l s ooy o boayls IS (U
a5 S5 80 SHLS el IS 4 GUse 5110
Sl Dl a8 ISl g3ss S 550w lal ) o 540 UPJ

4l aj‘j

43. wall filter

44. transverse plane

45. trigone

46. smooth triangular region
47. ureteral orifice

48. internal urethral orifice
49. matlab

50. ureteropelvic reflux
51. ureterovesical reflux
52. intrinsic upper limit
53.renal scar formation
54. ureteropelvic junction
55. simple papillae

56. convexity

57. slitlike opening

16. boltzmann’s constant
17. locking stretch

18. slightly compressible
19. unit tensor

20. second viscosity

37. colour doppler ultrasound sonography
38. color doppler sonography

39. phased-array transducer

40. pulse-repetition

41. moderate receiver gain

58. flat

59. concave

60. immersed boundary method
61. dynamic MRU

21. equilibrium 42. moderate output
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