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ARTICLE INFO ABSTRACT

Article type: Contrast-related acute renal failure is a multifactorial condition that involves oxidative stress,
Review inflammation, and direct tubular toxicity. Risk factors for contrast-induced nephropathy comprise

pre-existing kidney dysfunction, diabetes mellitus, advanced age, congestive heart failure,
Article history: hypotension, anemia, and volume depletion. Preventive measures include identifying high-risk
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patients and implementing preventive measures such as adequate hydration, minimizing contrast
use, and avoiding using contrast media in patients with pre-existing renal dysfunction. The systemic

inflammation score is a promising tool for predicting contrast-associated acute kidney injury (CA-
AKI) in patients undergoing contrast-enhanced imaging procedures. Further studies are needed to
validate the use of SIS in clinical practice and to better understand the underlying mechanisms of
inflammation in (CA-AKI).

Keywords: Contrast-associated acute kidney injury, Acute kidney injury, Contrast media, Systemic
inflammation score, Contrast nephropathy, Tubular cytotoxicity, Renal vasoconstriction, Oxidative
stress, Renal dysfunction

Implication for health policy/practicelresearch/medical education:

Contrast-associated acute kidney injury (CA-AKI) is a specific form of acute kidney injury caused by the administration of contrast agents
during medical imaging procedures. The morphologic lesions associated with CA-AKI are characterized by tubular injury, interstitial
inflammation, and vascular damage. The severity of these lesions is correlated with the degree of renal dysfunction. While CA-AKI shares
similarities with other types of acute kidney injury regarding symptoms and treatments, its unique association with contrast agents sets it
apart regarding cause, risk factors, and prevention strategies.

Please cite this paper as: Mirfendereski S, Taghipour M, Yadollahi E Taghavinejad H, Ahmadnia M. Application of systemic inflammation score
for the assessment of contrast-induced acute kidney injury; a review. ] Nephropathol. 2024;13(1):¢21525. DOI: 10.34172/jnp.2023.21525.

Introduction
Contrast-associated acute kidney injury (CA-AKI) is a
common iatrogenic complication encountered in patients

summarize the current state of knowledge regarding novel
treatment modalities for CA-AKI.

undergoing contrast-enhanced imaging procedures. The
condition is considered by a sudden decline in kidney
function following the administration of contrast agents
(1). Although the exact pathophysiological mechanisms of
CA-AKI remain incompletely understood, it is thought to
involve a combination of direct renal tubular cytotoxicity,
renal vasoconstriction, and oxidative stress (2). In this
review paper, we discuss the use of systemic inflammation

score (SIS) as a predictor of CA-AKI. We also sought to
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Search strategy

For this review, we searched PubMed, Web of Science,
EBSCO, Scopus, Google Scholar, Directory of Open
Access Journals (DOAJ), and Embase using different
keywords including contrast-associated acute kidney
injury, acute kidney injury, contrast media, systemic
inflammation score, contrast nephropathy, tubular
cytotoxicity, renal vasoconstriction, oxidative stress, and
renal dysfunction.
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A short look at systemic inflammation score

The SIS isa measure used to assess the level of inflammation
in the body. It is calculated by measuring the levels of
various inflammatory markers, such as C-reactive protein
(CRP), interleukin-6 (IL-6), white blood cell (WBC)
count, and erythrocyte sedimentation rate (ESR), and
tumor necrosis factor-alpha (TNF-alpha), in the blood
(3). The score is calculated by considering various markers
of inflammation, as mentioned. Each marker is assigned
a specific value based on its level, and these values are
then summed up to obtain the overall score. This score
is conducted in clinical settings to help diagnose and
monitor inflammatory diseases, such as rheumatoid
arthritis, inflammatory bowel disease, and sepsis (4,5). The
SIS has also been studied in COVID-19 patients, where it
was used to assess the inflammatory response and monitor
changes in inflammatory indices over time. A higher SIS
score indicates a higher level of inflammation in the body,
which can indicate disease severity and a predictor of poor
outcomes. Hence, this score helps healthcare professionals
in diagnosing and monitoring inflammatory conditions.
It can also be used to assess the effectiveness of treatments
aimed at reducing inflammation (6,7).

Systemic inflammation score for CA-AKI

The pathophysiology of CA-AKI is complex and involves
multiple factors, including oxidative stress, inflammation,
and vasoconstriction. Systemic inflammation is an
important contributor to the development of CA-AKI
(6,7). The SIS is a simple and objective tool that measures
the degree of systemic inflammation based on the levels
of CRP and WBC count. The SIS has been detected to
be a reliable predictor of adverse outcomes in various
clinical settings, including sepsis, acute pancreatitis, and
cardiovascular disease (8).

The mechanisms by which systemic inflammation
contributes to CA-AKI are not fully understood. However,
it is thought that inflaimmation leads to endothelial
dysfunction and impaired renal blood flow, which can
result in renal tubular injury and impaired renal function
9).

The use of SIS as a predictor of CA-AKI has several
potential benefits. First, SIS is a simple and inexpensive
tool that can be easily incorporated into routine clinical
practice. Second, SIS can help identify patients at high
risk for CA-AKI, allowing for early intervention and
preventing this complication. Third, SIS can be used
to monitor the response to treatment and guide further
management (9,10).

Recently, Zeng et al studied 5726 patients who
underwent elective percutaneous coronary intervention
to verify whether SIS can assess contrast nephropathy
in a group of cases undergoing percutancous coronary
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intervention. This study showed SIS was tightly
correlated with contrast nephropathy and long-term
mortality in individuals following percutaneous coronary
intervention. They concluded on the potential benefits
of anti-inflammatory treatments in preventing contrast
nephropathy and ameliorating the prognosis of cases
undergoing percutaneous coronary intervention (11).

Renal pathology of CA-AKI

The pathophysiology of contrast nephropathy is not fully
understood, but it is thought to be a sequence of direct
toxic effects, vasoconstriction, hypoxia, and ischemia
on renal tubular cells (12,13). Therefore, contrast
nephropathy is a complex disorder that is characterized by
morphologic lesions and systemic inflammation. Contrast
media can cause a straightforward cytotoxic consequence
on the kidney’s proximal tubular cells. This condition
will proceed along with enhancing cellular damage by
reactive oxygen species, along with increasing resistance to
renal blood flow. Contrast media also exacerbates kidney
vasoconstriction, principally in the deeper segments of
the outer medulla, which can contribute to deteriorating
medullary hypoxemia and kidney vasoconstriction in
cases that are previously volume-depleted (14,15).

Direct effects

Contrast media can directly damage the renal tubular
cells. This is thought to occur through oxidative stress
and direct cytotoxic effects. The damage can lead to
tubular cell death, detachment, and dysfunction (16,17).
Moreover, contrast media can cause vasoconstriction of
the renal blood vessels, including the afferent arterioles.
This reduces renal blood flow and impairs oxygen delivery
to the renal tubules, leading to ischemic injury (18,19).

Indirect effects

Contrast media can induce the production of reactive
oxygen species, including free radicals and reactive oxygen/
nitrogen species. These reactive oxygen species can cause
oxidative stress, leading to cellular damage and dysfunction
(20,21). Furthermore, contrast media can stimulate an
inflammatory response within the kidney. This involves
the activation of immune cells, release of cytokines and
chemokines, and recruitment of inflammatory cells to the
site of injury. The inflammation can further contribute to
renal injury and dysfunction (22,23).

The renal pathology associated with CA-AKI can manifest
in various ways:

Acute tubular necrosis
Contrast-associated acute kidney injury is often
characterized by ATN, which is the death of renal tubular

cells. This can lead to a reduction in urine production,
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electrolyte imbalances, and accumulation of waste

products  (24,25).

Interstitial edema and inflammatory infiltrates

Inflammation and tubular injury can lead to interstitial
edema, which is the accumulation of fluid in the tissue
spaces between the tubules. Inflammatory infiltrates
consisting of immune cells may also be present (10,26).

Acute glomerular injury

In some cases, CA-AKI can result in acute glomerular
injury, such as glomerular endothelial cell damage or
disruption of the glomerular basement membrane. This
can contribute to proteinuria and impaired filtration
function (10,27).

In addition to morphologic lesions, systemic
inflammation has also been implicated in the pathogenesis
of contrast nephropathy. Inflammatory markers such
as CRP, IL-6, and TNF-alpha are elevated in patients
with contrast nephropathy. These markers are thought
to contribute to the development of renal injury by
promoting oxidative stress, endothelial dysfunction, and
tubular apoptosis (28,29).

Diagnostic criteria for CA-AKI

The diagnostic criteria for CA-AKI typically involve
increased serum creatinine levels after contrast exposure.
Here are the commonly used diagnostic criteria for CA-
AKI (30,31).

Kidney Disease Improving Global Outcomes (KDIGO)
criteria: KDIGO defines CA-AKI as a rise in serum
creatinine to more than 1.5 times the baseline serum
creatinine concentration along seven days following
contrast media administration or a rise of 20.3 mg/dL
(26.5 pmol/L) (32,33).

Follow-up creatinine levels: CA-AKI can be diagnosed
by monitoring creatinine levels two to three days after
contrast exposure (12).

It is important to note that the diagnosis of CA-AKI is
clinical and should also involve ruling out other potential
causes of AKI.

These diagnostic criteria help identify patients who
have experienced kidney injury following contrast
administration.  Early detection and appropriate
management are crucial in preventing further kidney
damage and improving patient outcomes (34,35).
Risk factors for CA-AKI
Previous studies show the Risk factors for developing
contrast-related acute renal failure are older age, Pre-
existing renal failure, presence of hypertension, diabetes
mellitus, and metabolic syndrome. Additionally, the
presence of anemia, multiple myeloma, hypoalbuminemia,
and kidney transplantation was detected as the risk of
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developing CA-AKI (36,37).

Clinical presentation

Patients suffering from contrast-related acute renal
failure frequently have a previous history of contrast
administration 24-48 hours before the presentation while
undergoing a diagnostic or therapeutic procedure, like
percutaneous coronary intervention. In this condition,
acute renal failure is mainly non-oliguric. Following
contrast exposure, serum creatinine levels peak between
2 and 5 days and usually return to normal in 14 days.
The primary goal of treatment is to prevent contrast-
induced nephropathy by identifying high-risk patients

and implementing preventive measures (12,38).

General treatment strategies for CA-AKI
Discontinuation of nephrotoxic medications: If you take
any medications that could harm your kidneys, your
healthcare provider may temporarily stop them until your
kidney function improves (39,40).

Fluid management: Adequate hydration is essential
for maintaining kidney function and preventing further
damage. Your healthcare provider may recommend
increasing your fluid intake, especially if you have no
contraindications to fluids (41,42).

Monitoring kidney function: Regular monitoring of
serum creatinine and urine output is necessary to assess
kidney function and guide treatment decisions (43).

Medications: Several strategies have been proposed to
prevent or mitigate the effects of contrast nephropathy.
These include the use of low-osmolar contrast media,
hydration before and after the procedure, and the
administration of N-acetylcysteine and other antioxidants.
However, the efficacy of these interventions remains
controversial (44,45).

Avoidance of nephrotoxic agents: It is crucial to stay
away from substances that can further damage your
kidneys. These may include certain medications, illicit
drugs, excessive alcohol, and certain herbal supplements.
Your healthcare provider can give you a comprehensive list

of such substances (46,47).

Conclusion

Contrast-associated acute kidney injury, also known as
contrast-induced nephropathy, is a condition that refers
to damage to the kidneys due to the administration of
contrast agents used during medical imaging procedures,
such as computed tomography (CT) scans or angiograms.
It is considered a common cause of hospital-acquired AKI.
Overall, the SIS is a valuable tool for assessing systemic
inflammation and has shown potential in predicting and
monitoring various medical conditions. Further research is
needed to fully understand its clinical utility and establish
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standardized guidelines for its application.

Authors’ contribution 8.
Conceptualization: Sam Mirfendereski, Hadi Taghavinejad.
Validation: Hadi Taghavinejad, Sam Mirfendereski.
Investigation: Hadi Taghavinejad.

Resources: Mahdieh Ahmadnia, Sam Mirfendereski. 9.

Data Curation: Hadi Taghavinejad.

Visualization: Hadi Taghavinejad.

Supervision: Hadi Taghavinejad. 10.

Writing—original draft: Hadi Taghavinejad, Sam

Mirfendereski.

Writing—review & editing: Mahboobe Taghipour, Farshad 1.

Yadollahi.

Conlflicts of interest

The authors declare that they have no competing interests.

12.

Ethical issues

Ethical issues (including plagiarism, data fabrication, and

double publication) have been completely observed by the

authors. 13.

Funding/Support

None. 14.

References

1. Everson M, Sukcharoen K, Milner Q. Contrast-associated
acute kidney injury. BJA Educ. 2020;20:417-423. doi: 15.
10.1016/j.bjae.2020.07.006.

2. McSweeney KR, Gadanec LK, Qaradakhi T, Ali BA, Zulli A,
Apostolopoulos V. Mechanisms of Cisplatin-Induced Acute
Kidney Injury: Pathological Mechanisms, Pharmacological 16.
Interventions, and Genetic Mitigations. Cancers (Basel).
2021;13:1572. doi: 10.3390/cancers13071572.

3. Giovannini S, Onder G, Liperoti R, Russo A, Carter C, 17.
Capoluongo E, et al. Interleukin-6, C-reactive protein, and
tumor necrosis factor-alpha as predictors of mortality in frail,
community-living elderly individuals. ] Am Geriatr Soc.
2011;59:1679-85. doi: 10.1111/j.1532-5415.2011.03570.x.

4. Watson J, Jones HE, Banks J, Whiting P Salisbury C,
Hamilton W. Use of multiple inflammatory marker tests in 18.
primary care: using Clinical Practice Research Datalink to
evaluate accuracy. Br ] Gen Pract. 2019;69:¢462-¢469. doi:
10.3399/bjgp19X704309. 19.

5. Menzel A, Samouda H, Dohet F, Loap S, Ellulu MS, Bohn T.

Common and Novel Markers for Measuring Inflammation

and Oxidative Stress Ex Vivo in Research and Clinical Practice- 20.
Which to Use Regarding Disease Outcomes? Antioxidants

(Basel). 2021;10:414. doi: 10.3390/antiox10030414.

6. Chakraborty RK, Burns B. Systemic Inflammatory Response
Syndrome. [Updated 2023 May 29]. In: StatPearls [Internet]. 21.
Treasure Island (FL): StatPearls Publishing; 2023 Jan.
https://www.ncbi.nlm.nih.gov/books/NBK547669/.

7. Silva MJA, Ribeiro LR, Gouveia MIM, Marcelino BDR, 22.
Santos CSD, Lima KVB, et al. Hyperinflammatory Response

4 Journal of Nephropathology, Vol 13, No 1, January 2024

in COVID-19: A Systematic Review. Viruses. 2023;15:553.
doi: 10.3390/v15020553.

Ansar W, Ghosh S. Inflammation and Inflammatory
Diseases, Markers, and Mediators: Role of CRP in Some
Inflammatory Diseases. Biology of C Reactive Protein in
Health and Disease. 2016:67-107. doi: 10.1007/978-81-
322-2680-2_4.

LiX, Yuan F Zhou L. Organ Crosstalk in Acute Kidney Injury:
Evidence and Mechanisms. ] Clin Med. 2022;11:6637. doi:
10.3390/jem11226637.

Basile DP, Anderson MD, Sutton TA. Pathophysiology of
acute kidney injury. Compr Physiol. 2012;2:1303-53. doi:
10.1002/cphy.c110041.

Zeng JL, Xiang YF, Zhang LW, Chen LC, Chen JH, Liang
WJ, et al. Predictive Value of Systemic Inflammation Score
for Contrast-Associated Acute Kidney Injury and Adverse
Outcomes Among Patients Undergoing Elective Percutaneous
Coronary Intervention. J Inflamm Res. 2023;16:2845-2854.
doi: 10.2147/JIR.S419831.

Modi K, Padala SA, Gupta M. Contrast-Induced
Nephropathy. [Updated 2022 Jul 25]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2023
Jan.  https://www.ncbi.nlm.nih.gov/books/NBK448066/.
Geenen RW, Kingma HJ, van der Molen AJ. Contrast-
induced nephropathy: pharmacology, pathophysiology and
prevention. Insights Imaging. 2013;4:811-20. doi: 10.1007/
s13244-013-0291-3.

Efstratiadis G, Pateinakis P, Tambakoudis G, Pantzaki A,
Economidou D, Memmos D. Contrast media-induced
nephropathy: case report and review of the literature focusing
on pathogenesis. Hippokratia. 2008;12:87-93.

Kusirisin B Chattipakorn SC, Chattipakorn N. Contrast-
induced nephropathy and oxidative stress: mechanistic
insights for better interventional approaches. J Transl Med.
2020;18:400. doi: 10.1186/512967-020-02574-8.
Havasi A, Dong Z. Autophagy and Tubular Cell Death in the
Kidney. Semin Nephrol. 2016;36:174-88. doi: 10.1016/j.
semnephrol.2016.03.005.

Liu ZZ, Schmerbach K, Lu Y, Perlewitz A, Nikitina T,
Cantow K, et al. Iodinated contrast media cause direct
tubular cell damage, leading to oxidative stress, low nitric
oxide, and impairment of tubuloglomerular feedback. Am
J Physiol Renal Physiol. 2014;306:F864-72. doi: 10.1152/
ajprenal.00302.2013.

Vallon V, Osswald H. Adenosine receptors and the
kidney. Handb Exp Pharmacol. 2009;(193):443-70. doi:
10.1007/978-3-540-89615-9_15.

Caiazza A, Russo L, Sabbatini M, Russo D. Hemodynamic
and tubular changes induced by contrast media. Biomed Res
Int. 2014;2014:578974. doi: 10.1155/2014/578974.
Mittal M, Siddiqui MR, Tran K, Reddy SP Malik AB.
Reactive oxygen species in inflammation and tissue injury.
Antioxid Redox Signal. 2014;20:1126-67. doi: 10.1089/
ars.2012.5149.

Nakai K, Tsuruta D. What Are Reactive Oxygen Species, Free
Radicals, and Oxidative Stress in Skin Diseases? Int ] Mol Sci.
2021;22:10799.doi: 10.3390/ijms221910799.

Imig JD, Ryan M]J. Immune and inflammatory role in renal

disease. Compr Physiol. 2013;3:957-76. doi: 10.1002/cphy.

https:/ /nephropathol.com


https://nephropathol.com
http://Conflicts of interest
The authors declare that they have no competing interests. 

https://www.ncbi.nlm.nih.gov/books/NBK448066/ 

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

c120028.

Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng ], et al.
Inflammatory  responses and  inflammation-associated
diseases in organs. Oncotarget. 2017 4;9:7204-7218. doi:
10.18632/oncotarget.23208.

Goyal A, Daneshpajouhnejad P, Hashmi ME et al. Acute
Kidney Injury. [Updated 2023 Feb 19]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2023
Jan.  hetps://www.ncbi.nlm.nih.gov/books/NBK441896/.
Makris K, Spanou L. Acute Kidney Injury: Definition,
Pathophysiology and Clinical Phenotypes. Clin Biochem
Rev. 2016;3:85-98.

Bhandari J, Thada PK, Arif H. Tubulointerstitial Nephritis.
[Updated 2023 Apr 8]. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing; 2023 Jan.
ncbi.nlm.nih.gov/books/NBK557537/.
Turgut F Awad AS, Abdel-Rahman EM. Acute Kidney
Injury: Medical Causes and Pathogenesis. ] Clin Med. 2023
Jan 3;12:375. doi: 10.3390/jcm12010375.

Cepaityte D, Leivaditis K, Varouktsi G, Roumeliotis A,

heeps:/ [www.

Roumeliotis S, Liakopoulos V. N-Acetylcysteine: more than
preventing contrast-induced nephropathy in uremic patients-
focus on the antioxidant and anti-inflammatory properties.
Int Urol Nephrol. 2023;55:1481-1492. doi: 10.1007/
s11255-022-03455-3.

Winiarska A, Knysak M, Nabrdalik K, Gumprecht ]J,
Stompér T. Inflammation and Oxidative Stress in Diabetic
Kidney Disease: The Targets for SGLT?2 Inhibitors and GLP-
1 Receptor Agonists. Int J Mol Sci. 2021;22:10822. doi:
10.3390/ijms221910822.

Mandurino-Mirizzi A, Munafd A, Crimi G. Contrast-
Associated Acute Kidney Injury. ] Clin Med. 2022;11:2167.
doi:  10.3390/jem11082167.

Li Q, Pan S. Contrast-Associated Acute Kidney Injury:
Advances and Challenges. Int ] Gen Med. 2022;15:1537-
1546. doi: 10.2147/1JGM.S341072.

Ostermann M, Joannidis M. Acute kidney injury 2016:
diagnosis and diagnostic workup. Crit Care. 2016;20:299.
doi:  10.1186/s13054-016-1478-z.

Machado MN, Nakazone MA, Maia LN. Acute kidney
injury based on KDIGO (Kidney Disease Improving
Global Outcomes) criteria in patients with elevated baseline
serum creatinine undergoing cardiac surgery. Rev Bras
Cir Cardiovasc. 2014;29:299-307. doi: 10.5935/1678-
9741.20140049.

Braet B, Sartd GVR, Pirovano M, Sprangers B, Cosmai L.
Treatment of acute kidney injury in cancer patients. Clin
Kidney J. 2021;15:873-884. doi: 10.1093/ckj/sfab292.
Kellum JA, Lameire N; KDIGO AKI Guideline Work

Group. Diagnosis, evaluation, and management of acute

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Systemic inflammation score for CA-AKI

kidney injury: a KDIGO summary (Part 1). Crit Care.
2013;17:204. doi: 10.1186/cc11454.

Kane-Gill SL, Sileanu FE, Murugan R, Trietley GS, Handler
SM, Kellum JA. Risk factors for acute kidney injury in
older adults with critical illness: a retrospective cohort
study. Am ] Kidney Dis. 2015;65:860-9. doi: 10.1053/j.
ajkd.2014.10.018.

Thongprayoon C, Hansrivijit B, Kovvuru K, Kanduri SR,
Torres-Ortiz A, Acharya P, et al. Diagnostics, Risk Factors,
Treatment and Outcomes of Acute Kidney Injury in a
New Paradigm. ] Clin Med. 2020;9:1104. doi: 10.3390/
jcm9041104.

Mohammed NM, Mahfouz A, Achkar K, Rafie IM, Hajar R.
Contrast-induced Nephropathy. Heart Views. 2013;14:106-
16. doi: 10.4103/1995-705X.125926.

Alhassani RY, Bagadood RM, Balubaid RN, Barno HI,
Alahmadi MO, Ayoub NA. Drug Therapies Affecting Renal
Function: An Overview. Cureus. 2021;13:¢19924. doi:
10.7759/cureus.19924.

Al-Naimi MS, Rasheed HA, Hussien NR, Al-Kuraishy HM,
Al-Gareeb Al Nephrotoxicity: Role and significance of renal
biomarkers in the early detection of acute renal injury. J
Adv Pharm Technol Res. 2019;1:95-99. doi: 10.4103/japtr.
JAPTR_336_18.

Castera MR, Borhade MB. Fluid Management. [Updated
2022 Sep 5]. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2023 Jan-. https://www.ncbi.nlm.nih.
gov/books/NBK532305/.

Kight BE, Waseem M. Pediatric Fluid Management. [Updated
2023 Jan 16]. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2023 Jan-. https://www.ncbi.nlm.nih.
gov/books/NBK560540/.

Sandilands EA, Dhaun N, Dear JW, Webb DJ. Measurement
of renal function in patients with chronic kidney disease. Br J
Clin Pharmacol. 2013;76:504-15. doi: 10.1111/bcp.12198.
Ali A, Bhan C, Malik MB, Ahmad MQ, Sami SA. The
Prevention and Management of Contrast-induced Acute
Kidney Injury: A Mini-review of the Literature. Cureus.
2018 Sep 11;10:¢3284. doi: 10.7759/cureus.3284.
Gupta RK, Bang TJ. Prevention of Contrast-Induced
Nephropathy (CIN) in Interventional Radiology Practice.
Semin Intervent Radiol. 2010;27:348-59. doi: 10.1055/s-
0030-1267860.

Petejova N, Martinek A, Zadrazil J, Teplan V. Acute
toxic kidney injury. Ren Fail. 2019;41:576-594. doi:
10.1080/0886022X.2019.1628780.

Pendergraft WF 3rd, Herlitz LC, Thornley-Brown D, Rosner
M, Niles JL. Nephrotoxic effects of common and emerging
drugs of abuse. Clin ] Am Soc Nephrol. 2014;9:1996-2005.
doi: 10.2215/CJN.00360114.

Copyright © 2024 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is propetly cited.

https:/ /nephropathol.com

Journal of Nephropathology, Vol 13, No 1, January 2024 5


https://nephropathol.com
https://www.ncbi.nlm.nih.gov/books/NBK441896/ 
https://www.ncbi.nlm.nih.gov/books/NBK557537/ 
https://www.ncbi.nlm.nih.gov/books/NBK557537/ 
https://www.ncbi.nlm.nih.gov/books/NBK532305/ 
https://www.ncbi.nlm.nih.gov/books/NBK532305/ 
https://www.ncbi.nlm.nih.gov/books/NBK560540/ 
https://www.ncbi.nlm.nih.gov/books/NBK560540/ 

