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ÜROLOJIDE YAPAY ZEKA VE DERIN 
ÖĞRENMENIN KULLANIMI

GIRIŞ

Yapay Zeka (YZ); insanın düşünme, öğrenme ve problem çözme gibi bi-
lişsel fonksiyonlarını taklit ederek, kompleks paternleri analiz etmeye ve zor-
lu problemleri çözmeye yarayan ve insan tarafından yapıldığında zeka olarak 
adlandırılan davranışların, bilgisayar ya da makinelerce taklit edilmesi olarak 
tanımlanabilir.

Bir makinenin, insan gibi düşünebilmesi zeki olduğuna karar verilebilmesi 
için, ünlü İngiliz matematikçi Alan Turing tarafından tanımlanan ve ‘Turing 
Testi’ olarak bilinen teste göre; bir makine ve bir insana aynı sorular sorularak, 
alınan cevapların makineye mi yoksa insana mı ait olduğu anlaşılamadığı du-
rumda, makinenin yapay zekaya sahip olduğu kabul edilir (1). Bu tanım teme-
linde bazı kusurlar içerse de, YZ konusundaki beklentiyi tanımlamak açısından 
belirleyici olmuştur.

Medikal teknolojideki ilerlemeler, bilgisayarların sağlık sistemi içerisinde 
vazgeçilmez bir yer edinmelerini sağlamıştır. Tıbbi kayıtların bilgisayarlar üze-
rinde saklanmaya başlanması, çok büyük miktarda verinin depolanması, bu ve-
rinin hastalıkları öngörme ve tedaviye karar vermede kullanılması, hastaların 
ve sağlık profesyonellerinin lehine önemli avantajlar sağlamıştır.

Yüksek miktarda veriye rağmen, bu veriler ile hızlı, verimli ve doğru çı-
karımların yapılması, YZ teknolojilerindeki gelişmeler ile mümkün olmuştur. 
Yapay zeka teknolojisi olarak adlandırılabilecek birçok farklı yaklaşım ve yön-
tem mevcuttur. Tüm bu yönetmler tek bir yapay zeka şemsiyesi altında top-
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konvansiyonel cerrahi işlemlerin yerine otonom ameliyathanelerin geçmesine 
neden olabilir (59).

Bu gelişmelerin ilk adımları hayvanlar üzerinde yapılan araştırmalar ile 
atılmaktadır. Deney hayvanı (domuz) üzerinde uygulanan Robotik parsiyel 
nefrektomi sırasında, böbrek sınırlarının belirlenmesi amacıyla geliştirilen YZ 
modelinde başarılı sonuçlar elde edilmiştir (60). Robotik cerrahiye entegre YZ 
modelinin, bir organın sınırlarını doğru şekilde belirlemesi, yeterli veri ve mo-
del eğitimi ile kendi başına ameliyat yapabilen algoritmaların çok uzakta olma-
dığının işareti sayılabilir.

SONUÇ

Sağlık sisteminin tüm alanlarında olduğu gibi, ürolojide de teknolojik ge-
lişmeler, günlük pratiğin değişmesine ve gelişmesine neden olmaktadır. Yapay 
zeka alanındaki baş döndürücü ilerlemeler, bireyselleştirilmiş tıbbın gelişmesi 
ve eğitimi oldukça zor olan insan gücüne bağımlılığın azalması anlamına gel-
mektedir. Yıkıcı yenilik olarak adlandırılan bu durumdan ürologların da etki-
leneceği aşikardır.

Yapay zeka alanındaki gelişmelerin ürologlarca takip edilmesi, bu konuda-
ki temel bilgilere hakimiyet ile mümkün olabilir. Üroloji pratiğinde, özellikle 
üro-onkolojideki yapay zeka araştırmalarının ilerleyen dönemde tüm alt bran-
şlarda yaygın olarak yapılacağı ve güncel pratikte uygulama alanları bulacağı 
bir gerçektir.

KAYNAKLAR
1. AM. T. Computing Machinery And Intelligence. Mind. 1950;LIX(236):433-60.
2. Chen J, Remulla D, Nguyen JH, Aastha D, Liu Y, Dasgupta P, et al. Current status of artificial 

intelligence applications in urology and their potential to influence clinical practice. BJU 
Int. 2019.

3. Shah M, Naik N, Somani BK, Hameed BMZ. Artificial intelligence (AI) in urology-Current 
use and future directions: An iTRUE study. Turk J Urol. 2020.

4. Checcucci E, De Cillis S, Granato S, Chang P, Afyouni AS, Okhunov Z, et al. Applications of 
neural networks in urology: a systematic review. Curr Opin Urol. 2020;30(6):788-807.

5. Perera M, Mirchandani R, Papa N, Breemer G, Effeindzourou A, Smith L, et al. PSA-based 
machine learning model improves prostate cancer risk stratification in a screening popula-
tion. World J Urol. 2020.

6. Suh J, Yoo S, Park J, Cho SY, Cho MC, Son H, et al. Development and validation of an exp-
lainable artificial intelligence-based decision-supporting tool for prostate biopsy. BJU Int. 
2020.

7. Bulten W, Pinckaers H, van Boven H, Vink R, de Bel T, van Ginneken B, et al. Automated 
deep-learning system for Gleason grading of prostate cancer using biopsies: a diagnostic 
study. Lancet Oncol. 2020;21(2):233-41.



Ürolojide Yapay Zeka ve Derin Öğrenmenin Kullanımı 257

8. Lucas M, Jansen I, Savci-Heijink CD, Meijer SL, de Boer OJ, van Leeuwen TG, et al. Deep 
learning for automatic Gleason pattern classification for grade group determination of pros-
tate biopsies. Virchows Arch. 2019;475(1):77-83.

9. Strom P, Kartasalo K, Olsson H, Solorzano L, Delahunt B, Berney DM, et al. Artificial intel-
ligence for diagnosis and grading of prostate cancer in biopsies: a population-based, diag-
nostic study. Lancet Oncol. 2020;21(2):222-32.

10. Madabhushi A, Feldman MD, Leo P. Deep-learning approaches for Gleason grading of pros-
tate biopsies. Lancet Oncol. 2020;21(2):187-9.

11. Ishioka J, Matsuoka Y, Uehara S, Yasuda Y, Kijima T, Yoshida S, et al. Computer-aided di-
agnosis of prostate cancer on magnetic resonance imaging using a convolutional neural 
network algorithm. BJU Int. 2018;122(3):411-7.

12. Schelb P, Wang X, Radtke JP, Wiesenfarth M, Kickingereder P, Stenzinger A, et al. Simulated 
clinical deployment of fully automatic deep learning for clinical prostate MRI assessment. 
Eur Radiol. 2020.

13. Woznicki P, Westhoff N, Huber T, Riffel P, Froelich MF, Gresser E, et al. Multiparametric 
MRI for Prostate Cancer Characterization: Combined Use of Radiomics Model with PI-RA-
DS and Clinical Parameters. Cancers (Basel). 2020;12(7).

14. Ellmann S, Schlicht M, Dietzel M, Janka R, Hammon M, Saake M, et al. Computer-Aided 
Diagnosis in Multiparametric MRI of the Prostate: An Open-Access Online Tool for Lesion 
Classification with High Accuracy. Cancers (Basel). 2020;12(9).

15. Rho MJ, Park J, Moon HW, Lee C, Nam S, Kim D, et al. Dr. Answer AI for prostate cancer: 
Clinical outcome prediction model and service. PLoS One. 2020;15(8):e0236553.

16. Hectors SJ, Cherny M, Yadav KK, Beksac AT, Thulasidass H, Lewis S, et al. Radiomics Featu-
res Measured with Multiparametric Magnetic Resonance Imaging Predict Prostate Cancer 
Aggressiveness. J Urol. 2019;202(3):498-505.

17. Hung AJ, Chen J, Che Z, Nilanon T, Jarc A, Titus M, et al. Utilizing Machine Learning and 
Automated Performance Metrics to Evaluate Robot-Assisted Radical Prostatectomy Perfor-
mance and Predict Outcomes. J Endourol. 2018;32(5):438-44.

18. Hung AJ, Chen J, Ghodoussipour S, Oh PJ, Liu Z, Nguyen J, et al. A deep-learning model 
using automated performance metrics and clinical features to predict urinary continence 
recovery after robot-assisted radical prostatectomy. BJU Int. 2019;124(3):487-95.

19. Koo KC, Lee KS, Kim S, Min C, Min GR, Lee YH, et al. Long short-term memory artificial 
neural network model for prediction of prostate cancer survival outcomes according to ini-
tial treatment strategy: development of an online decision-making support system. World J 
Urol. 2020;38(10):2469-76.

20. Wong NC, Lam C, Patterson L, Shayegan B. Use of machine learning to predict early bioc-
hemical recurrence after robot-assisted prostatectomy. BJU Int. 2019;123(1):51-7.

21. Yu SH, Kim MS, Chung HS, Hwang EC, Jung SI, Kang TW, et al. Early experience with 
Watson for Oncology: a clinical decision-support system for prostate cancer treatment re-
commendations. World J Urol. 2020.

22. Auffenberg GB, Ghani KR, Ramani S, Usoro E, Denton B, Rogers C, et al. askMUSIC: Leve-
raging a Clinical Registry to Develop a New Machine Learning Model to Inform Patients of 
Prostate Cancer Treatments Chosen by Similar Men. Eur Urol. 2019;75(6):901-7.

23. Kunapuli G, Varghese BA, Ganapathy P, Desai B, Cen S, Aron M, et al. A Decision-Support 
Tool for Renal Mass Classification. J Digit Imaging. 2018;31(6):929-39.

24. Sun XY, Feng QX, Xu X, Zhang J, Zhu FP, Yang YH, et al. Radiologic-Radiomic Machine 
Learning Models for Differentiation of Benign and Malignant Solid Renal Masses: Compa-
rison With Expert-Level Radiologists. AJR Am J Roentgenol. 2020;214(1):W44-W54.

25. Oberai A, Varghese B, Cen S, Angelini T, Hwang D, Gill I, et al. Deep learning based classi-
fication of solid lipid-poor contrast enhancing renal masses using contrast enhanced CT. Br 
J Radiol. 2020;93(1111):20200002.



Sağlıkta Yapay Zeka ve Uygulamaları258

26. Kocak B, Yardimci AH, Bektas CT, Turkcanoglu MH, Erdim C, Yucetas U, et al. Textural 
differences between renal cell carcinoma subtypes: Machine learning-based quantitative 
computed tomography texture analysis with independent external validation. Eur J Radiol. 
2018;107:149-57.

27. Li Q, Liu YJ, Dong D, Bai X, Huang QB, Guo AT, et al. Multiparametric MRI Radiomic 
Model for Preoperative Predicting WHO/ISUP Nuclear Grade of Clear Cell Renal Cell Car-
cinoma. J Magn Reson Imaging. 2020.

28. Lin F, Ma C, Xu J, Lei Y, Li Q, Lan Y, et al. A CT-based deep learning model for predicting 
the nuclear grade of clear cell renal cell carcinoma. Eur J Radiol. 2020;129:109079.

29. Khene ZE, Mathieu R, Peyronnet B, Kokorian R, Gasmi A, Khene F, et al. Radiomics can 
predict tumour response in patients treated with Nivolumab for a metastatic renal cell car-
cinoma: an artificial intelligence concept. World J Urol. 2020.

30. Shkolyar E, Jia X, Chang TC, Trivedi D, Mach KE, Meng MQ, et al. Augmented Bladder 
Tumor Detection Using Deep Learning. Eur Urol. 2019;76(6):714-8.

31. Ikeda A, Nosato H, Kochi Y, Kojima T, Kawai K, Sakanashi H, et al. Support System of 
Cystoscopic Diagnosis for Bladder Cancer Based on Artificial Intelligence. J Endourol. 
2020;34(3):352-8.

32. Sokolov I, Dokukin ME, Kalaparthi V, Miljkovic M, Wang A, Seigne JD, et al. Noninvasive 
diagnostic imaging using machine-learning analysis of nanoresolution images of cell surfa-
ces: Detection of bladder cancer. Proc Natl Acad Sci U S A. 2018;115(51):12920-5.

33. Hasnain Z, Mason J, Gill K, Miranda G, Gill IS, Kuhn P, et al. Machine learning models for 
predicting post-cystectomy recurrence and survival in bladder cancer patients. PLoS One. 
2019;14(2):e0210976.

34. Klen R, Salminen AP, Mahmoudian M, Syvanen KT, Elo LL, Bostrom PJ. Prediction of 
complication related death after radical cystectomy for bladder cancer with machine lear-
ning methodology. Scand J Urol. 2019;53(5):325-31.

35. Baessler B, Nestler T, Pinto Dos Santos D, Paffenholz P, Zeuch V, Pfister D, et al. Radiomics 
allows for detection of benign and malignant histopathology in patients with metastatic tes-
ticular germ cell tumors prior to post-chemotherapy retroperitoneal lymph node dissection. 
Eur Radiol. 2020;30(4):2334-45.

36. Wu DJ, Badamjav O, Reddy VV, Eisenberg M, Behr B. A preliminary study of sperm iden-
tification in microdissection testicular sperm extraction samples with deep convolutional 
neural networks. Asian J Androl. 2020.

37. McCallum C, Riordon J, Wang Y, Kong T, You JB, Sanner S, et al. Deep learning-based sele-
ction of human sperm with high DNA integrity. Commun Biol. 2019;2:250.

38. Akinsal EC, Haznedar B, Baydilli N, Kalinli A, Ozturk A, Ekmekcioglu O. Artificial Neural 
Network for the Prediction of Chromosomal Abnormalities in Azoospermic Males. Urol J. 
2018;15(3):122-5.

39. Vickram AS, Kamini AR, Das R, Pathy MR, Parameswari R, Archana K, et al. Validation of 
artificial neural network models for predicting biochemical markers associated with male 
infertility. Syst Biol Reprod Med. 2016;62(4):258-65.

40. Riordon J, McCallum C, Sinton D. Deep learning for the classification of human sperm. 
Comput Biol Med. 2019;111:103342.

41. Javadi S, Mirroshandel SA. A novel deep learning method for automatic assessment of hu-
man sperm images. Comput Biol Med. 2019;109:182-94.

42. Agarwal A, Henkel R, Huang CC, Lee MS. Automation of human semen analysis using a no-
vel artificial intelligence optical microscopic technology. Andrologia. 2019;51(11):e13440.

43. Perruzza D, Bernabo N, Rapino C, Valbonetti L, Falanga I, Russo V, et al. Artificial Neural 
Network to Predict Varicocele Impact on Male Fertility through Testicular Endocannabino-
id Gene Expression Profiles. Biomed Res Int. 2018;2018:3591086.

44. Chu KY, Nassau DE, Arora H, Lokeshwar SD, Madhusoodanan V, Ramasamy R. Artificial 
Intelligence in Reproductive Urology. Curr Urol Rep. 2019;20(9):52.



Ürolojide Yapay Zeka ve Derin Öğrenmenin Kullanımı 259

45. Masterson TA, Parmar M, Tradewell MB, Nackeeran S, Rainer Q, Blachman-Braun R, et al. 
Using Artificial Intelligence to Predict Surgical Shunts in Men with Ischemic Priapism. J 
Urol. 2020;204(5):1033-8.

46. Langkvist M, Jendeberg J, Thunberg P, Loutfi A, Liden M. Computer aided detection of 
ureteral stones in thin slice computed tomography volumes using Convolutional Neural 
Networks. Comput Biol Med. 2018;97:153-60.

47. Parakh A, Lee H, Lee JH, Eisner BH, Sahani DV, Do S. Urinary Stone Detection on CT 
Images Using Deep Convolutional Neural Networks: Evaluation of Model Performance and 
Generalization. Radiology: Artificial Intelligence. 2019;1(4).

48. De Perrot T, Hofmeister J, Burgermeister S, Martin SP, Feutry G, Klein J, et al. Differentia-
ting kidney stones from phleboliths in unenhanced low-dose computed tomography using 
radiomics and machine learning. Eur Radiol. 2019;29(9):4776-82.

49. Yang SW, Hyon YK, Na HS, Jin L, Lee JG, Park JM, et al. Machine learning prediction of 
stone-free success in patients with urinary stone after treatment of shock wave lithotripsy. 
BMC Urol. 2020;20(1):88.

50. Choo MS, Uhmn S, Kim JK, Han JH, Kim DH, Kim J, et al. A Prediction Model Using Ma-
chine Learning Algorithm for Assessing Stone-Free Status after Single Session Shock Wave 
Lithotripsy to Treat Ureteral Stones. J Urol. 2018;200(6):1371-7.

51. Mannil M, von Spiczak J, Hermanns T, Poyet C, Alkadhi H, Fankhauser CD. Three-Di-
mensional Texture Analysis with Machine Learning Provides Incremental Predictive In-
formation for Successful Shock Wave Lithotripsy in Patients with Kidney Stones. J Urol. 
2018;200(4):829-36.

52. Black KM, Law H, Aldoukhi A, Deng J, Ghani KR. Deep learning computer vision algorit-
hm for detecting kidney stone composition. BJU Int. 2020;125(6):920-4.

53. Grosse Hokamp N, Lennartz S, Salem J, Pinto Dos Santos D, Heidenreich A, Maintz D, et 
al. Dose independent characterization of renal stones by means of dual energy computed 
tomography and machine learning: an ex-vivo study. Eur Radiol. 2020;30(3):1397-404.

54. Fernandez N, Lorenzo AJ, Rickard M, Chua M, Pippi-Salle JL, Perez J, et al. Digital Pattern 
Recognition for the Identification and Classification of Hypospadias Using Artificial Intel-
ligence vs Experienced Pediatric Urologist. Urology. 2020.

55. Smail LC, Dhindsa K, Braga LH, Becker S, Sonnadara RR. Using Deep Learning Algorithms 
to Grade Hydronephrosis Severity: Toward a Clinical Adjunct. Front Pediatr. 2020;8:1.

56. Lorenzo AJ, Rickard M, Braga LH, Guo Y, Oliveria JP. Predictive Analytics and Modeling 
Employing Machine Learning Technology: The Next Step in Data Sharing, Analysis, and 
Individualized Counseling Explored With a Large, Prospective Prenatal Hydronephrosis 
Database. Urology. 2019;123:204-9.

57. Blum ES, Porras AR, Biggs E, Tabrizi PR, Sussman RD, Sprague BM, et al. Early Detection 
of Ureteropelvic Junction Obstruction Using Signal Analysis and Machine Learning: A Dy-
namic Solution to a Dynamic Problem. J Urol. 2018;199(3):847-52.

58. Abdovic S, Cuk M, Cekada N, Milosevic M, Geljic A, Fusic S, et al. Predicting posterior 
urethral obstruction in boys with lower urinary tract symptoms using deep artificial neural 
network. World J Urol. 2019;37(9):1973-9.

59. Andras I, Mazzone E, van Leeuwen FWB, De Naeyer G, van Oosterom MN, Beato S, et 
al. Artificial intelligence and robotics: a combination that is changing the operating room. 
World J Urol. 2020;38(10):2359-66.

60. Hattab G, Arnold M, Strenger L, Allan M, Arsentjeva D, Gold O, et al. Kidney edge detecti-
on in laparoscopic image data for computer-assisted surgery : Kidney edge detection. Int J 
Comput Assist Radiol Surg. 2020;15(3):379-87.


