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ABSTRACT 

 

 

 

 

Patent ductus arteriosus (PDA) is a condition in which the patent ductus 

arteriosus remain patent after birth, causing the blood to shunt through the ductus 

arteriosus. Thus it is very crucial to determine the flow conditions while the shunting 

process is outgoing. The objective of this research is to identify the abnormality of 

hemodynamic which includes the flow rate percentage in different PDA morphologies. 

Three patient-specific PDA morphologies have been identified and modelled using 

MIMICS and Solidworks. The blood flow inside the PDA morphologies are 

investigated numerically using ANSYS CFX 14.0. Four criteria have been identified 

which are the flow characteristic, time-averaged wall shear stress (TAWSS), 

oscillatory shear index and mass flow rate. Flow recirculation with low velocity and 

low TAWSS has been identified at the proximal wall of the aortic branches and PDA, 

and the region of the insertion of PDA at pulmonary artery. High velocity blood flow 

and high TAWSS mainly focused on the distal wall of the aortic branches and PDA, 

and the distal of pulmonary artery, after the insertion of PDA to the pulmonary artery. 

High OSI value is identified at outer wall of the ascending aorta, at the PDA wall and 

at the pulmonary artery, especially at the region of the insertion of PDA at the artery 

and the distal of the left pulmonary artery. DS LPA has the highest percentage of wall 

area covered by OSI larger than 0.2, approximately around 50%. Lastly the PDA 

morphologies simulated exhibit a left-to-right shunt, which diverts approximately 10% 

of blood flow from the aorta to the pulmonary artery. The highest shunted blood flow 

is found in TR LPA morphology. 
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ABSTRAK 

 

 

 

 

Ductus arteriosus terbuka (PDA) adalah keadaan di mana ductus arteriosus 

kekal terbuka apabila bayi sudah lahir, menyebabkan aliran darah dipintas dari aorta 

ke arteri pulmonari melalui ductus arteriosus. Oleh sebab itu, keaadan aliran darah 

perlu dikenalpasti sementara proses pintasan aliran darah ini berlaku. Objektif kajian 

ini adalah untuk mengenalpasti kesan aliran darah, termasuklah jumlah darah per unit 

masa yang melalui PDA bagi setiap geometri. Tiga geometri PDA dari pesakit telah 

dikenalpasti dan geometri tersebut dimodel menggunakan MIMICS dan Solidworks. 

Analisis kesan aliran darah ini menggunakan kaedah berangka melalui 

“Computational Fluid Dynamics” dengan menggunakan perisian ANSYS CFX 14.0. 

Empat kriteria telah dikenalpasti iaitu ciri aliran, purata masa tegasan ricih dinding 

(TAWSS), indeks ayunan ricih (OSI) dan kadar aliran darah. Aliran darah balik semula 

yang mempunyai nilai TAWSS rendah dikenalpasti di bahagian dinding proksimal 

cabang aorta dan PDA, dan kawasan di mana PDA dan arteri pulmonari bercantum. 

Aliran darah dengan halaju tinggi dan TAWSS yang tinggi tertumpu di bahagian 

dinding distal cabang aorta dan PDA, dan distal arteri pulmonari, selepas kawasan di 

mana PDA dan arteri pulmonari bercantum. Bacaan OSI yang tinggi tertumpu di 

dinding luar aorta menaik, dinding PDA dan di arteri pulmonari. Kawasan di arteri 

pulmonari tertumpu pada kawasan PDA dan arteri pulmonari bercantum, dan pada 

distal arteri pulmonari kiri. Peratusan luas kawasan pada dinding yang tertinggi untuk 

OSI lebih daripada 0.2 adalah pada DS LPA iaitu dalam lingkungan 50%. Semua 

geometri PDA dikenalpasti mempunyai pintasan dari kiri ke kanan, di mana aliran 

darah dipintas dari aorta ke arteri pulmonari adalah dalam lingkungan 10%. Aliran 

darah yang paling banyak dipintas adalah pada TR LPA. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

Ductus arteriosus is a normal fetal blood vessel which connecting the aorta to 

the pulmonary artery. Before birth, ductus arteriosus acts as a shunt to redirect blood 

from the fetal blood circulation, obtained from the umbilical cord, to the aorta in order 

to supply oxygenated blood to the fetal body, as the lungs is not functioning at this 

stage. Upon birth, the vessel is no longer needed, as the lungs are already functioning. 

Thus the ductus arteriosus will close by itself within the first few days. 

 

 

However, there is condition which the ductus arteriosus does not close and 

remain patent after few days. This condition is called patent ductus arteriosus (PDA). 

If the ductus remain patent, the flow of blood reversed. Some of the blood flow is 

shunted from the aorta to the pulmonary artery and recirculated to the lungs. This 

condition may cause the heart to work harder in order to supply the blood to the whole 

body and may congested the lungs with blood. In the case of patient with complex 

cyanotic congenital heart disease (CHD) with duct-dependent pulmonary circulation, 

patenting the ductus arteriosus acts as a palliative measure before conduit 

cavopulmonary angioplasty takes place after 6 to 12 months after birth. Maintaining 

the patency of the ductus arteriosus using stent have been introduced and proven to be 

lifesaving.
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1.1 Problem Statement 

 

 

Since the morphology of PDA is different for each patient, the characteristic of 

flow inside the morphology and the effect of various geometry of PDA morphologies 

to the flow characteristic inside the PDA is not fully understood. Due to the 

complicated nature of the arterial geometry, researchers chose to use simplified model 

of the aorta, PDA and pulmonary arteries geometries in computational fluid dynamics 

(CFD) simulations. 

 

 

Since the PDA acts as a shunt which diverts the blood flow, there will be 

changes of blood flow rate inside the aorta and the pulmonary artery, thus changing 

the distribution of blood to the body and lungs. The changes of the flow distribution 

compared to normal may cause complications to the patient, such as cyanosis or lung 

congestion and the flow distribution is different with different type of morphology. 

 

 

 

 

1.2 Research Objectives 

 

 

1. To identify the hemodynamic effect due to the abnormality of flow in PDA for 

different morphologies 

2. To determine the percentages of blood flow rate in PDA for different 

morphologies. 

 

 

 

 

1.3 Significant of study 

 

 

The behavior of arterial hemodynamic on PDA is analyzed as a comparative 

study among all morphologies. This study will become a basis of designing a suitable 

medical devices that can be used for PDA applications. The study of flow rate inside 

the PDA morphologies will help medical practitioner to decide the suitable treatment 

of cyanotic congenital heart disease, which may reduce the morbidity and mortality to 

the patient. 
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1.4 Scope of research 

 

 

1. Only three morphologies of PDA are investigated  

2. Normal-structured PDA morphologies with no tortuosity are considered 

3. Transient flow is considered. 

 

 

 

 

1.5 Theoretical Framework 

 

 

 

Figure 1.1: Theoretical framework of the study 

 

 

 

 

1.6 Organization of thesis 

 

 

Chapter one consists of the introduction and the background of the study, 

followed by chapter two which discusses on the relevant literature review. Chapter 

three details on the research methodology that will be used for this study, followed by 

chapter four presents the result obtained from the completed simulation runs and 

several discussions related to the results are made. Chapter five concludes the study 

and recommendation for future improvements are identified.

  



52 
 

REFERENCES 

 

1. D. J. Schneider and J. W. Moore, “Patent ductus arteriosus.,” Circulation, 

vol. 114, no. 17, pp. 1873–82, Oct. 2006. 

 

2. D. J. Schneider, “The patent ductus arteriosus in term infants, children, and 

adults.,” Semin. Perinatol., vol. 36, no. 2, pp. 146–53, Apr. 2012. 

 

3. V. Gournay, “The ductus arteriosus: physiology, regulation, and functional 

and congenital anomalies.,” Arch. Cardiovasc. Dis., vol. 104, no. 11, pp. 

578–85, Nov. 2011. 

 

4. Ductus arteriosus definition - Medical Dictionary: Definitions of Popular 

Terms Defined on MedTerms.” [Online]. Available: 

http://www.medterms.com/script/main/art.asp?articlekey=3128. [Accessed: 

25-Aug-2014]. 

 

5. M. S. LeRoy RN, “Patent Ductus Arteriosus | CS Mott Children’s Hospital: 

University of Michigan Health System,” 2012. [Online]. Available: 

http://www.mottchildren.org/medical-services/ped-heart/conditions/patent-

ductus-arteriosus. [Accessed: 17-Aug-2014]. 

 

6. K. J. Crossley, B. J. Allison, G. R. Polglase, C. J. Morley, P. G. Davis, and S. 

B. Hooper, “Dynamic changes in the direction of blood flow through the 

ductus arteriosus at birth.,” J. Physiol., vol. 587, no. Pt 19, pp. 4695–704, 

Oct. 2009. 

 

7. J. Murphy, “Comparison of Stent Designs using Computational Fluid 

Dynamics Comparison of Stent Designs Using Computational,” 2007. 

 

8. P. J. Murphy, “The fetal circulation,” Contin. Educ. Anaesthesia, Crit. Care 

Pain, vol. 5, no. 4, pp. 107–112, Aug. 2005. 

 

9. M. A. Bakhshali, M. Mafi, and S. Daneshvar, “Mathematical modelling of 

the patent ductus arteriosus (PDA),” Math. Comput. Model. Dyn. Syst., vol. 

19, no. 3, pp. 238–249, Jun. 2013. 

 

10. V. L. Vida, S. Speggiorin, N. Maschietto, M. a Padalino, C. Tessari, R. 

Biffanti, A. Cerutti, O. Milanesi, and G. Stellin, “Cardiac operations after 

patent ductus arteriosus stenting in duct-dependent pulmonary circulation.,” 

Ann. Thorac. Surg., vol. 90, no. 2, pp. 605–9, Aug. 2010. 



53 
 

11. M. Alwi, “Stenting the patent ductus arteriosus in duct-dependent pulmonary 

circulation: techniques, complications and follow-up issues,” Future Cardiol., 

vol. 8, no. 2, pp. 237–250, 2012. 

 

12. D. E. Boshoff, I. Michel-behnke, and D. Schranz, “Stenting the neonatal 

arterial duct,” pp. 893–901, 2007. 

 

13. M. Alwi and M. Che Mood, “Stenting of Lesions in Patent Ductus Arteriosus 

with Duct-Dependent Pulmonary Blood Flow: Focus on Case Selection, 

Techniques and Outcome,” Interv. Cardiol. Clin., vol. 2, no. 1, pp. 93–113, 

2013. 

 

14. K. Pekkan, L. P. Dasi, P. Nourparvar, S. Yerneni, K. Tobita, M. a Fogel, B. 

Keller, and A. Yoganathan, “In vitro hemodynamic investigation of the 

embryonic aortic arch at late gestation.,” J. Biomech., vol. 41, no. 8, pp. 

1697–706, Jan. 2008. 

 

15. A. T. Setchi, J. H. Siggers, K. H. Parker, and A. J. Mestel, “Mathematical 

Modeling of Two-Dimensional Flow through Patent Ductus 

 

16. A. Setchi, a J. Mestel, J. H. Siggers, K. H. Parker, M. W. Tan, and K. Wong, 

“Mathematical model of flow through the patent ductus arteriosus.,” J. Math. 

Biol., vol. 67, no. 6–7, pp. 1487–506, Dec. 2013. 

 

17. M. S. Spach, G. a. Serwer, P. a. Anderson, R. V. Canent, and a. R. Levin, 

“Pulsatile aortopulmonary pressure-flow dynamics of patent ductus arteriosus 

in patients with various hemodynamic states,” Circulation, vol. 61, no. 1, pp. 

110–122, Jan. 1980. 

 

18. L. Morris, P. Delassus, a. Callanan, M. Walsh, F. Wallis, P. Grace, and T. 

McGloughlin, “3-D Numerical Simulation of Blood Flow Through Models of 

the Human Aorta,” J. Biomech. Eng., vol. 127, no. 5, p. 767, 2005. 

 

19. a. D. Caballero and S. Laín, “A Review on Computational Fluid Dynamics 

Modelling in Human Thoracic Aorta,” Cardiovasc. Eng. Technol., vol. 4, no. 

2, pp. 103–130, Apr. 2013. 

 

20. I. Taib, M. R. A. Kadir, M. H. S. A. Azis, A. Z. Md Khudzari, and K. Osman, 

“Analysis of Hemodynamic Differences for Stenting Patent Ductus 

Arteriosus,” J. Med. Imaging Heal. Informatics, vol. 3, no. 4, pp. 555–560, 

Dec. 2013. 

 

21. N. Duraiswamy, R. T. Schoephoerster, and J. E. Moore Jr., “Comparison of 

Near-Wall Hemodynamic Parameters in Stented Artery Models,” vol. 131, 

no. 6, pp. 1–22, 2010. 

 



54 
 

22. G. Pennati, M. Bellotti, and R. Fumero, “Mathematical modelling of the 

human foetal cardiovascular system based on Doppler ultrasound data.,” 

Med. Eng. Phys., vol. 19, no. 4, pp. 327–35, Jun. 1997. 

 

23. C. Cheng, F. Helderman, D. Tempel, D. Segers, B. Hierck, R. Poelmann, A. 

van Tol, D. J. Duncker, D. Robbers-Visser, N. T. C. Ursem, R. van Haperen, 

J. J. Wentzel, F. Gijsen, A. F. W. van der Steen, R. de Crom, and R. Krams, 

“Large variations in absolute wall shear stress levels within one species and 

between species.,” Atherosclerosis, vol. 195, no. 2, pp. 225–35, Dec. 2007. 

 

24. J. Murphy and F. Boyle, “Predicting neointimal hyperplasia in stented arteries 

using time-dependant computational fluid dynamics: a review.,” Comput. 

Biol. Med., vol. 40, no. 4, pp. 408–18, Apr. 2010. 

 

25. F. P. Glor, B. Ariff, a D. Hughes, L. a Crowe, P. R. Verdonck, D. C. Barratt, 

S. a M. Thom, D. N. Firmin, and X. Y. Xu, “Image-based carotid flow 

reconstruction: a comparison between MRI and ultrasound,” Physiol. Meas., 

vol. 25, no. 6, pp. 1495–1509, Dec. 2004. 

 

26. A. Ceballos, A. J. Kassab, E. A. Divo, R. D. Osorio, R. A.- Morales, and W. 

M. Decampli, “A Multiscale Model of the Neonatal Circulatory System 

Following Hybrid Norwood Palliation,” pp. 3–10. 

 

27. J. F. LaDisa, L. E. Olson, I. Guler, D. a Hettrick, S. H. Audi, J. R. Kersten, D. 

C. Warltier, and P. S. Pagel, “Stent design properties and deployment ratio 

influence indexes of wall shear stress: a three-dimensional computational 

fluid dynamics investigation within a normal artery.,” J. Appl. Physiol., vol. 

97, no. 1, pp. 424–30; discussion 416, Jul. 2004. 

 

28. J. Lantz, J. Renner, and M. Karlsson, “Wall shear stress in a subject specific 

human aorta - Influence of fluid-structure interaction,” no. 3, pp. 759–778, 

2011. 

 

29. X. Liu, A. Sun, Y. Fan, and X. Deng, “Physiological Significance of Helical 

Flow in the Arterial System and its Potential Clinical Applications.,” Ann. 

Biomed. Eng., Aug. 2014. 

 

30. P. Vasava, P. Jalali, M. Dabagh, and P. J. Kolari, “Finite element modelling 

of pulsatile blood flow in idealized model of human aortic arch: study of 

hypotension and hypertension.,” Comput. Math. Methods Med., vol. 2012, p. 

861837, Jan. 2012. 

 

31. K. W. Olsson, A. Jonzon, and R. Sindelar, “A high ductal flow velocity is 

associated with successful pharmacological closure of patent ductus 

arteriosus in infants 22-27 weeks gestational age.,” Crit. Care Res. Pract., 

vol. 2012, no. January 2006, p. 715265, Jan. 2012. 

 



55 
 

32. D. Fytanidis, J. Soulis, and G. Giannoglou, “Patient-specific arterial system 

flow oscillation,” Hippokratia, pp. 162–165, 2014. 

 

33. A. Gnasso, C. Irace, C. Carallo, M. S. De Franceschi, C. Motti, P. L. Mattioli, 

and A. Pujia, “In Vivo Association Between Low Wall Shear Stress and 

Plaque in Subjects With Asymmetrical Carotid Atherosclerosis,” Stroke, vol. 

28, no. 5, pp. 993–998, May 1997. 

 

34. J. Murphy and F. Boyle, “Predicting neointimal hyperplasia in stented arteries 

using time-dependant computational fluid dynamics: a review.,” Comput. 

Biol. Med., vol. 40, no. 4, pp. 408–18, Apr. 2010. 

 

35. “Patent Ductus Arteriosus. PDA information | Patient.co.uk.” [Online]. 

Available: http://www.patient.co.uk/doctor/patent-ductus-arteriosus. 

[Accessed: 19-Dec-2014]. 

 

36. A. How, “Patent Ductus Arteriosus ( PDA ) Patent Ductus Arteriosus 

( PDA ),” pp. 1–2, 2009.  

 

  




