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Heme pigment-induced acute kidney injury

 hemoglobin and myoglobin are a cytoplasmic protein that binds oxygen on 

a heme group. It harbors only one globulin group, whereas hemoglobin has four. 

Although its heme group is identical to those in Hb, Mb has a higher affinity for 

oxygen than does hemoglobin. This difference is related to its different role: 

whereas hemoglobin transports oxygen, myoglobin's function is to store oxygen.

https://en.wikipedia.org/wiki/Heme


Heme pigment-induced acute kidney injury

Rhabdomyolysis-induced AKI (RIAKI)

 Rhabdomyolysis-induced AKI (RIAKI), is a common complication affecting up 

to 46% of patients hospitalized and 80% of those requiring ICU for 

rhabdomyolysis. Even with excellent care, mortality is greater than 15%.

 The incidence of RIAKI has increased 10-fold in the last decade , fueled in part by 

popular interest in studio fitness training, significant comorbidity for injured 

soldiers who are are 3-4 times more likely to develop rhabdomyolysis than 

civilians . It is also common in critically ill patients with COVID-19, as COVID-

AKI shares many features with RIAKI even without specific markers of RIAKI .

 RIAKI takes on greater importance as the leading cause of death in immediate 

survivors of earthquakes.

Nielsen  FE, et al Clin Epidemiol. 2020;12:989-95.



Mechanis of renal injury and urgent need for 

Developing mechanism-based treatments for RIAKI

 Myoglobin and its oxygen-carrying moiety heme play a key role in RIAKI 

through: (i) renal vasoconstriction; (ii) direct injury of proximal tubular cells 

through oxidative stress, lipid peroxidation, and macrophage activation;(iii) 

myoglobin precipitation with uromodulin, forming pigmented casts in distal 

tubules(iiii) Immune-Mediated Mechanisms.

 In addition to processes directly related to myoglobin toxicity, products released 

from skeletal muscle and tubular epithelial cell damage act as immunogenic 

damage-associated molecular patterns (DAMPs), activating resident macrophages 

and recruiting circulating immune cells into the kidney interstitium.



Mechanis of renal injury and urgent need for 

Developing mechanism-based treatments for RIAKI



Receptor-Mediated Endocytosis 

Megalin and its associated molecules in proximal tubule epithelial cells 





Cilastatin

 Cilastatin is a chemical compound which 

inhibits the human enzyme 

dehydropeptidase. Renal 

dehydropeptidase degrades the antibiotic 

imipenem. Cilastatin is therefore 

combined intravenously with imipenem

in order to protect it from 

dehydropeptidase and prolong its 

antibacterial effect.





A close look to the Kidney inflammation during RIAKI and associated 

molecular targets



RIAKI treatments (current and proposed) and their 

molecular targets

Jessica F., et al, Kidney International Reports 2022



RIAKI treatments (current and proposed) and their 

molecular targets



Uric Acid and the Kidney-Intruduction

 The end product of metabolism by which nitrogen sources are excreted is dependent 
on the animal species and can be in the form of ammonia, urea, or uric acid. For most 
mammals, urea is the final end product to excrete their nitrogen, but humans and 
certain primates still have relatively high uric acid levels due to the loss of uricase .

 Humans have higher serum uric acid levels compared to most mammals due to a 
mutation in the uricase gene. Uricase is an enzyme that degrades uric acid, and most 
mammals that express uricase maintain serum uric acid levels in the 1 to 3 mg/dl 
range. However, the great apes and humans lost uricase through a series of mutations 
that progressively reduced activity of uricase until it was completely silenced around 
15 million years ago . The consequence was an increase in serum uric acid to the 3 to 4 
mg/dl range, which then has subsequently increased with western diets rich in 
fructose-laden sugars and purines.

 It has been hypothesizedthat uric acid might confer benefits of being neuroprotective 
and hold antioxidant properties. In addition, high levels have other implications for 
human clinical health.



Furuhashi M. New insights into purine metabolism in metabolic diseases: role of xanthine oxidoreductase activity. Am J Physiol Endocrinol Metab. 2020 Nov



Hyperuricemia and CKD

 From a pathophysiological standpoint, the dual relationship 

between increasing serum uric acid values and GFR reduction 

makes for a complex scenario, wherein hyperuricemia may be 

botha promoter and simply a result of kidney damage.

 the nephroprotective effect of treating hyperuricemia has been 

debated in the last years. In fact, until recently, available literature 

on this issue was limited to small size, often non-randomized single-

centre trials, with a limited follow-up time.



Observational studies of hyperuricemia and CKD 



RCTs on the effectiveness of urate-lowering treatment on renal 

function in patients with chronic kidney disease





 Preventing Early Renal Loss in Diabetes (PERL) Trial

 USA, CANADA,DENMARK

 A total of 267 patients were assigned to receive allopurinol and 
263 to receive placebo(530). The mean age was 51.1 years, the 
mean duration of diabetes 34.6 years,and the mean glycated 
hemoglobin level 8.2%.

 The mean baseline iohexol-based GFR was 68.7 ml per minute 
per 1.73 m2 in the allopurinol group and 67.3 ml per minute per 
1.73 m2 in the placebo group.

 During the intervention period, the mean serum urate level 
decreased from 6.1 to 3.9 mg per deciliter with allopurinol and 
remained at 6.1 mg per deciliter with placebo.

 After washout, the between-group difference in the mean 
iohexol-based GFR was 0.001 ml per minute per 1.73 m2 (95% 
confidence interval [CI], −1.9 to 1.9; P = 0.99). 

 We found no evidence of clinically meaningful benefits of serum 
urate reduction with allopurinol on kidney outcomes among 
patients with type 1 diabetes and early-to-moderate diabetic 
kidney disease.



 on behalf of the FEATHER 

Study(2012)

 Of 443 patients who were 

randomly assigned, 219 and 222 

assigned to febuxostat and 

placebo, respectively, were 

included in the analysis.

 There was no significant difference 

in mean eGFR slope between the 

febuxostat (0.23 ± 5.26 

mL/min/1.73 m2 per year) and 

placebo (−0.47 ± 4.48 mL/min/1.73 

m2 per year) groups (difference, 

0.70; 95% CI, −0.21 to 1.62; P = 0.1).



The Controlled Trial of Slowing of Kidney Disease Progression from the 
Inhibition of Xanthine Oxidase (CKD-FIX)

 Population (363) (AUSTRALIA)

• CKD stage 3 or 4 (eGFR 15 to 59 ml/min/1.73 m2)

• UACR 265 mg/g

 Intervention

Oral placebo or Allopurinol: minimum of 100 mg/day

- Increased every 4 weeks to a maximum of 3 tablets daily

 Mean baseline urate level

8.2 ― 1.8 mg/dl

 Serum urate level post-allopurinol

5.1 mg/dl (300 μmol/l)

 Change in GFR

• Placebo\: − 3.23 ml/min/1.73 m2/ year

• Allopurinol\: − 3.33 ml/min/1.73 m2/year



 However, initiating ULT is conditionally recommended for patients with 

comorbid moderate-to-severe CKD (stage ≥3), SU concentration >9 mg/dl, or 

urolithiasis.

 The choice of pegloticase as a first-linetherapy is strongly recommended 

against.

 Starting treatment with low-dose allopurinol (≤100 mg/day and lower in 

patients with CKD[stage ≥3]) and febuxostat (≤40 mg/day) with 

subsequentdose titration over starting at a higherdose is strongly 

recommended.

 Starting treatment with low-dose probenecid (500 mg once to twice daily) 

with subsequent dose titration over starting at a higher dose is conditionally 

recommended.


