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ABSTRACT

Introduction and methods

Artificial Intelligence(AI) is a relatively new branch of science that studies the display of

intelligent behavior by machines and its use in advanced analysis and computation. Due to

the potential use of AI, it has also been introduced into medicine and nephrology.
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The following article is an analysis of the current knowledge on the potential of AI in

nephrology and its relevance to clinicians based on the latest publications contained in the

PubMed and Google Scholar databases.

Stage of knowledge

AI found its application in the prognosis of the development of IgA nephropathy thanks to

the use of a neural network, which by analyzing the results of research and the drugs used in

a large group of patients has learned to detect patients at high risk of developing severe

complications at the beginning of the disease. What is more, AI makes it possible to detect

DKD earlier and delay renal replacement therapy. In patients undergoing hemodialysis,

artificial intelligence developed a model that calculated the appropriate duration of the

procedure and adjusted drugs to control blood pressure. Another example of the use of AI is

its use in relation to patients undergoing kidney transplantation. The AI calculates the

beneficial concentration of an immunosuppressive drug specifically for a given patient,

which allows clinicians to limit adverse effects.

Summary

AI is a breakthrough technology that is constantly being developed. Despite the high cost of

implementing this technology, it is believed that it could represent the future of medicine

and be a new way in treatment techniques and in the early detection of diseases in

nephrology.
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INTRODUCTION

The term “Artificial Intelligence” (AI) was first introduced in 1956 by John McCarthy,

although its topic had been discussed somewhat earlier. This field has found wide

application in everyday life, and over time has become one of the most promising tools of

today. The possibilities of artificial intelligence are used in transport, aviation, agriculture,

information technology and in many other disciplines, including, of course, medicine.
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Kidney disease is one of the most common problems facing our society. This is due to the

presence of many etiological factors such as diabetes, hypertension, obesity, which are more

and more common today. Both acute and chronic kidney disease are a serious problem that

more and more people around the world have to contend with. That is why it is so important

to search for new aids and methods that could improve the recognition process and enable

predicting the progress of various pathological processes.

One of the newest ideas is the use of artificial intelligence in nephrology. Research has

commenced on the possibilities of using AI techniques in the diagnosis, treatment and

assessment of the advancement of kidney diseases. Due to the large number of

nephrological patients, this is one of the most promising aid ideas on a global scale. Given

that many kidney diseases are painless, more and more warning technologies are needed to

prevent kidney failure [1,2].

Due to the growing interest in AI, we looked at the potential of AI in nephrology and its

relevance to clinicians. For this purpose, we used the latest publications contained in the

PubMed and Google Scholar databases using the following keywords: artificial intelligence;

nephrology; AI; dialysis.

WHAT IS ARTIFICIAL INTELLIGENCE?

The concept of artificial intelligence is characterized by a huge variety of definitions. One of

the most common describes it as the field of science and engineering related to the

computation and understanding of what is called intelligent behavior, and the field

concerned with the creation of artifacts that display this behavior. For a better understanding

of the issue, it can also be defined as the intelligence displayed by artificial devices. In

recent times, a significant increase in interest in this field of science has been observed,

which is primarily related to the development of new technologies and the world's demand

for newer and newer solutions to facilitate the functioning in the 21st century. The

techniques used by artificial intelligence can have an impact on many areas of science,

especially medical sciences. Thanks to the ability to analyze complex medical data, it has

become a potential device for, among others to make accurate diagnoses and search for the

most appropriate methods of treatment, and thus ultimately to solve various problems and

clinical dilemmas [3].
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The constant evolution of artificial intelligence, research and continuous improvement have

made it a great opportunity to improve healthcare, especially in terms of its digitization. The

use of artificial intelligence brings great prospects not only for the medical arts, but also for

every field of medical science. Despite the high costs associated with the introduction of

new technologies to medicine, it may turn out to be a breakthrough in the effectiveness of

the diagnostic and therapeutic process and in increasing the safety and efficiency of

healthcare around the world [4].

THE USE OF AI IN NEPHROLOGY

THE USE OF AI IN THE DIAGNOSIS OF PROGRESSIVE IGA NEPHROPATHY

IgA nephropathy, formerly known as Berger's disease, is a chronic autoimmune kidney

disease first discovered in France 50 years ago. It is the most common primary nephritis

globally. The pathogenesis of this disease is based on the deposition of IgA in the

glomerular mesangium, resulting in the development of chronic kidney disease, which in

10%-60% after 10 years, and in 20% of patients within 40 years, leads to end-stage renal

failure [5,6]. Epidemiologically, nephropathy develops most frequently in the Asian

population, and the majority of the disease is sporadic, although some families with a

familial occurrence have been registered. It should be remembered that the course of IgA

nephropathy is highly variable, both in terms of clinical symptoms and disease progression.

There are patients who will develop a mild course of the disease, while others will

experience deterioration of renal function requiring renal replacement therapy. In many

cases, nephropathy is subclinical, and patients are diagnosed only after long-term effects of

the disease such as hematuria, proteinuria, or even kidney failure [7].

It is the unpredictability of IgA nephropathy that makes it difficult for physicians to predict

the course of individual patients. It is difficult to judge whether a patient will develop

disease progression and how quickly, or whether the course will be mild and not lead to

kidney failure. This created an opportunity to search for modern methods of predicting and

assessing the progress of this disease. Artificial intelligence has just found application here

[8].

An artificial neural network has been developed that can predict the progression of IgA

nephropathy using specific patient data. A specific group of patients was tested, in which the

input data of the network were: age, sex, systolic and diastolic blood pressure, the amount of
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prescribed antihypertensive drugs, proteinuria and serum creatinine concentration. Then, the

network was trained using the "pocket knife" method, which resulted in the identification of

patients at high risk of progressing IgA nephropathy. Until now, the physician has not been

able to determine at the beginning of the diagnosis which patient will develop progressive

IgA nephropathy and which will not. Thanks to the creation of this neural network, it

became possible. To prove the plausibility of the new invention, these results were then

compared to the predictions of several experienced nephrologists. It has been proven that

artificial intelligence is able to predict disease progression in more patients than specialists

[9].

AI AND DIABETIC KIDNEY DISEASE

Diabetic Kidney Disease (DKD) is a complication of diabetes mellitus leading to kidney

damage as a result of chronic hyperglycemia. The prevalence of DKD increases with the

prevalence of diabetes in society [10,11]. Unfortunately, this ailment has become a disease

of civilization, and the obesity epidemic, which is one of the most serious problems of the

21st century, also played its part in it. [10]. DKD develops in 30% of people with type 1

diabetes and in 40% of people with type 2 diabetes [12,13]. What is more, It is the most

common cause of hemodialysis [14].

To date, the most important prognostic factor for the progression of DKD is

microalbuminuria. However, efforts are being made to develop a method that would allow

faster and more accurate detection of disease progression. It was for this purpose that the

possibilities of artificial intelligence and machine learning Big Data were used. Based on

electronic medical records, a study was conducted on patients with diabetes, in which, using

various clinical features, data from documentation and the possibilities of Big Data, AI

determined which patients are stable and who will deteriorate. The more parameters were

introduced, the more precise the predictive model turned out to be. This discovery made it

possible to intervene earlier in the disease progression and it gave a chance to postpone

renal replacement therapy in patients with DKD [15].
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THE IMPACT OF AI ON DIALYSIS:

a) HEMODIALYSIS

Hemodialysis is a procedure whose main goal is to "purify the blood". It consists in

removing unnecessary substances from the blood, i.e. metabolic products and excess water.

All this is possible thanks to hemodialysis machines, commonly referred to as "artificial

kidneys". They have become the point of many studies and improvements because they are

devices that save human life [16,17]. The hemodialysis process is quite complicated and has

many consequences, therefore artificial intelligence has proved to be useful here in many

ways.

Blood pressure and fluid volume monitoring are the primary tools for a physician to assess

the effectiveness of dialysis. However, this is not the simplest of tasks, and even a challenge

for nephrologists. Hypertension is common in dialysis patients and is more often seen when

starting dialysis treatment [18]. Unfortunately, high blood pressure and fluid overload

significantly increase cardiovascular risk and mortality in these patients [19]. The control of

these parameters is possible in many ways, such as an appropriately selected dialysis

prescription, dietary recommendations or the inclusion of appropriate medications. However,

when used alone, neither of these methods gives the expected results. It is still very difficult

for a nephrologist to adjust all these elements so that the dialysis efficiency parameters are

correct. Therefore, hope for the precise refinement of all elements is brought by the

possibilities of artificial intelligence. For this purpose, an artificial neural network was

developed, which with the participation of 60 variables can predict the SBP patient's heart

rate and weight after dialysis for each dialysis session. With this invention, it is possible to

reduce the risk of cardiovascular events and mortality in hemodialysis patients [20].

One of the most serious problems that hemodialysis patients with end-stage renal disease

have to deal with is anemia. Treatment of anemia in these patients remains a major

challenge for the nephrologist. Therefore, the possibilities of artificial intelligence were used

here and the Anemia Control Model (ACM) was developed using an artificial neural

network with clinical data of patients. In this way, hemoglobin values   in patients were

predicted with greater accuracy, which allowed for a more precise determination of the

doses of erythropoiesis-stimulating agents (ESAs). This is a significant discovery due to the

significant side effects of these drugs. Thanks to AI, it is possible to reduce the doses of
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ESA in order to reduce their adverse effects, but also to reduce the cost of purchasing these

drugs [21].

b) PERITONEAL DIALYSIS

Peritoneal dialysis is one of the methods of renal replacement therapy in which dialysis fluid

is introduced into the peritoneum, thanks to which, by diffusion, substances are exchanged

between the blood and the dialysate [22]. After all, the fluid is expelled. Peritoneal dialysis

affects approximately 11% of dialysis patients [23]. This method is unfortunately burdened

with complications. One of them is peritonitis, which often causes dialysis discontinuation

and is also characterized by high mortality [24,25].This condition can be caused by a wide

range of both gram-positive and gram-negative bacteria. Unfortunately, the waiting time for

the results of microbiological tests is often long and it is necessary to initiate empiric

antibiotic therapy in these patients [24,25].

That is why we are looking for better and better methods to improve the diagnosis of

peritonitis, which would enable precise and specific selection of the appropriate treatment.

Artificial intelligence methods have been applied here, which, using the potential of the

immune system, allowed to create an immune fingerprint. A study was carried out which

found that individual groups of microorganisms induce specific and specific immune

responses in humans, which can be described as a type of biomarker. Using artificial

intelligence tools we are able to find biomarkers specific to a specific inflammatory reaction

and estimate which specific pathogens are involved in peritonitis, and thus select the

appropriate antibiotic therapy much faster [26]. Artificial intelligence has an advantage over

traditional diagnostic methods because they take more time and additionally carry the risk of

errors[27].

AI AND KIDNEY TRANSPLANTATION

Artificial intelligence has also found application in kidney transplantation. Tacrolimus is a

known and common drug used in the immunosuppressive treatment of patients after kidney

and other organ transplants [28]. Unfortunately, it is a drug with a very narrow dosage range.

Too low doses may cause transplant rejection, while too high doses are toxic to the

organism [29,30]. Caution should be exercised and patients should be monitored regularly

for tacrolimus levels as there is a large variability in the tolerance of each individual.That is

why an artificial neural network has been developed to predict the appropriate dose of
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tacrolimus individually for a patient. A study was conducted in which the network inputs

were age, gender, BMI, creatinine, CYP3A5 * 3 and others, while the starting data was the

bioavailability of tacrolimus. It has been proven that women have greater bioavailability

than men, and it tends to increase with age [31]. Literature reports that the use of artificial

intelligence in transplantation will bring many benefits. This will certainly allow for more

efficient and accurate monitoring of patients after kidney transplantation, especially those at

a higher risk of incorrect dosing of tacrolimus. In this way, it will also have a positive effect

on reducing the incidence of acute transplant rejection. In addition, it is a relatively cheap

method compared to the AUC calculations used so far [32].

SUMMARY

Artificial intelligence has found many applications in the modern world. It has become a

breakthrough tool for medicine. AI techniques offer great opportunities in nephrology. It

was used in the diagnosis and treatment of, inter alia, IgA nephropathy, diabetic kidney

disease, and in dialysis and kidney transplantation. Thanks to AI, it is possible to more

accurately predict the progression of certain diseases or to implement antibiotic therapy

faster and more precisely in order to prevent complications caused by dialysis. It is also of

utmost importance to be able to closely monitor kidney transplant patients and prevent

transplant rejection. The literature on which we were based in our work proved that artificial

intelligence is only just developing in nephrology. The potential of this invention has so far

been known only to a small extent. This field still hides many secrets that will undeniably

still surprise us.

REFERENCES:

1. Yuan Q, Zhang H, Deng T, Tang S, Yuan X, Tang W, Xie Y, Ge H, Wang X, Zhou Q,

Xiao X. Role of Artificial Intelligence in Kidney Disease. Int J Med Sci. 2020 Apr

6;17(7):970-984. doi: 10.7150/ijms.42078.

2. Rashidi P, Bihorac A. Artificial intelligence approaches to improve kidney care. Nat

Rev Nephrol. 2020 Feb;16(2):71-72. doi: 10.1038/s41581-019-0243-3.

3. Ramesh AN, Kambhampati C, Monson JR, Drew PJ. Artificial intelligence in

medicine. Ann R Coll Surg Engl. 2004 Sep;86(5):334-8. doi: 10.1308/147870804290.



709

4. Chen M, Decary M. Artificial intelligence in healthcare: An essential guide for health

leaders. Healthc Manage Forum. 2020 Jan;33(1):10-18. doi: 10.1177/0840470419873123.

5. Rajasekaran A, Julian BA, Rizk DV. IgA Nephropathy: An Interesting Autoimmune

Kidney Disease. Am J Med Sci. 2021 Feb;361(2):176-194. doi:

10.1016/j.amjms.2020.10.003.

6. Coppo R. Treatment of IgA nephropathy: Recent advances and prospects. Nephrol

Ther. 2018 Apr;14 Suppl 1:S13-S21. doi: 10.1016/j.nephro.2018.02.010.

7. Lafayette RA, Kelepouris E. Immunoglobulin A Nephropathy: Advances in

Understanding of Pathogenesis and Treatment. Am J Nephrol. 2018;47 Suppl 1:43-52. doi:

10.1159/000481636.

8. Niel O, Bastard P. Artificial Intelligence in Nephrology: Core Concepts, Clinical

Applications, and Perspectives. Am J Kidney Dis. 2019 Dec;74(6):803-810. doi:

10.1053/j.ajkd.2019.05.020

9. Geddes CC, Fox JG, Allison ME, Boulton-Jones JM, Simpson K. An artificial neural

network can select patients at high risk of developing progressive IgA nephropathy more

accurately than experienced nephrologists. Nephrol Dial Transplant. 1998 Jan;13(1):67-71.

doi: 10.1093/ndt/13.1.67.

10. World Health Organization. Global status report on noncommunicable diseases 2014.

No. WHO/NMH/NVI/15.1. World Health Organization, 2014.

11. de Boer IH, Rue TC, Hall YN, Heagerty PJ, Weiss NS, Himmelfarb J. Temporal

trends in the prevalence of diabetic kidney disease in the United States. JAMA. 2011 Jun

22;305(24):2532-9. doi: 10.1001/jama.2011.861.

12. Saran R, Robinson B, Abbott KC, et al. US Renal Data System 2017 Annual Data

Report: Epidemiology of Kidney Disease in the United States. Am J Kidney Dis. 2018

Mar;71(3 Suppl 1):A7. doi: 10.1053/j.ajkd.2018.01.002. Erratum in: Am J Kidney Dis. 2018

Apr;71(4):501.

13. Reutens AT. Epidemiology of diabetic kidney disease. Med Clin North Am. 2013

Jan;97(1):1-18. doi: 10.1016/j.mcna.2012.10.001.

14. Thomas MC, Brownlee M, Susztak K, Sharma K, Jandeleit-Dahm KA, Zoungas S,

Rossing P, Groop PH, Cooper ME. Diabetic kidney disease. Nat Rev Dis Primers. 2015 Jul

30;1:15018. doi: 10.1038/nrdp.2015.18.

15. Makino M, Yoshimoto R, Ono M, Itoko T, Katsuki T, Koseki A, Kudo M, Haida K,

Kuroda J, Yanagiya R, Saitoh E, Hoshinaga K, Yuzawa Y, Suzuki A. Artificial intelligence

predicts the progression of diabetic kidney disease using big data machine learning. Sci Rep.



710

2019 Aug 14;9(1):11862. doi: 10.1038/s41598-019-48263-5. PMID: 31413285; PMCID:

PMC6694113.

16. Hueso M, Vellido A. Artificial Intelligence and Dialysis. Kidney Dis (Basel). 2019

Feb;5(1):1-2. doi: 10.1159/000493933.

17. Hueso M, Navarro E, Sandoval D, Cruzado JM. Progress in the development and

challenges for the use of artificial kidneys and wearable dialysis devices. Kidney Dis.

2019;5:3–10.

18. Davenport A, Cox C, Thuraisingham R. Achieving blood pressure targets during

dialysis improves control but increases intradialytic hypotension. Kidney Int. 2008

Mar;73(6):759-64. doi: 10.1038/sj.ki.5002745.

19. Chou JA, Streja E, Nguyen DV, Rhee CM, Obi Y, Inrig JK, Amin A, Kovesdy CP,

Sim JJ, Kalantar-Zadeh K. Intradialytic hypotension, blood pressure changes and mortality

risk in incident hemodialysis patients. Nephrol Dial Transplant. 2018 Jan 1;33(1):149-159.

doi: 10.1093/ndt/gfx037.

20. Barbieri C, Cattinelli I, Neri L, Mari F, Ramos R, Brancaccio D, Canaud B, Stuard S.

Development of an Artificial Intelligence Model to Guide the Management of Blood

Pressure, Fluid Volume, and Dialysis Dose in End-Stage Kidney Disease Patients: Proof of

Concept and First Clinical Assessment. Kidney Dis (Basel). 2019 Feb;5(1):28-33. doi:

10.1159/000493479.

21. Barbieri C, Molina M, Ponce P, Tothova M, Cattinelli I, Ion Titapiccolo J, Mari F,

Amato C, Leipold F, Wehmeyer W, Stuard S, Stopper A, Canaud B. An international

observational study suggests that artificial intelligence for clinical decision support

optimizes anemia management in hemodialysis patients. Kidney Int. 2016 Aug;90(2):422-

429. doi: 10.1016/j.kint.2016.03.036.

22. Teitelbaum I. Peritoneal Dialysis. N Engl J Med. 2021 Nov 4;385(19):1786-1795. doi:

10.1056/NEJMra2100152.

23. Cho Y, Bello AK, Levin A, et al. Peritoneal dialysis use and practice patterns: an

international survey study. Am J Kidney Dis 2021;77:315-325.

24. Cho Y, Johnson DW. Peritoneal dialysis-related peritonitis: towards improving

evidence, practices, and outcomes. Am J Kidney Dis. 2014 Aug;64(2):278-89. doi:

10.1053/j.ajkd.2014.02.025.

25. Li PK, Szeto CC, Piraino B, de Arteaga J, Fan S, Figueiredo AE, Fish DN, Goffin E,

Kim YL, Salzer W, Struijk DG, Teitelbaum I, Johnson DW. ISPD Peritonitis

Recommendations: 2016 Update on Prevention and Treatment. Perit Dial Int. 2016 Sep



711

10;36(5):481-508. doi: 10.3747/pdi.2016.00078. Epub 2016 Jun 9. Erratum in: Perit Dial Int.

2018 Jul-Aug;38(4):313..

26. Zhang J, Friberg IM, Kift-Morgan A, Parekh G, Morgan MP, Liuzzi AR, Lin CY,

Donovan KL, Colmont CS, Morgan PH, Davis P, Weeks I, Fraser DJ, Topley N, Eberl M.

Machine-learning algorithms define pathogen-specific local immune fingerprints in

peritoneal dialysis patients with bacterial infections. Kidney Int. 2017 Jul;92(1):179-191.

doi: 10.1016/j.kint.2017.01.017.

27. Bieber SD, Anderson AE, Mehrotra R. Diagnostic testing for peritonitis in patients

undergoing peritoneal dialysis. Semin Dial. 2014 Nov-Dec;27(6):602-6. doi:

10.1111/sdi.12270..

28. Plosker GL, Foster RH. Tacrolimus: a further update of its pharmacology and

therapeutic use in the management of organ transplantation. Drugs. 2000 Feb;59(2):323-89.

doi: 10.2165/00003495-200059020-00021.

29. Staatz C, Taylor P, Tett S. Low tacrolimus concentrations and increased risk of early

acute rejection in adult renal transplantation. Nephrol Dial Transplant. 2001

Sep;16(9):1905-9. doi: 10.1093/ndt/16.9.1905.

30. Undre NA, van Hooff J, Christiaans M, Vanrenterghem Y, Donck J, Heeman U,

Kohnle M, Zanker B, Land W, Morales JM, Andrés A, Schäfer A, Stevenson P. Low

systemic exposure to tacrolimus correlates with acute rejection. Transplant Proc. 1999 Feb-

Mar;31(1-2):296-8. doi: 10.1016/s0041-1345(98)01633-9.

31. Thishya K, Vattam KK, Naushad SM, Raju SB, Kutala VK. Artificial neural network

model for predicting the bioavailability of tacrolimus in patients with renal transplantation.

PLoS One. 2018 Apr 5;13(4):e0191921. doi: 10.1371/journal.pone.0191921.

32. Niel O, Bastard P. Artificial intelligence improves estimation of tacrolimus area under

the concentration over time curve in renal transplant recipients. Transpl Int. 2018

Aug;31(8):940-941. doi: 10.1111/tri.13271.


