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Acute kidney injury (AKI) is a severe complication of rhabdomyolysis. The

pathophysiology of rhabdomyolysis-associated AKI is complex, but myoglobin

related damage plays a major role. Extracorporeal removal of myoglobin is therefore

an appealing target to prevent AKI, however, attempts to remove myoglobin with

standard dialysis membranes have so far been disappointing. Here we report the

case of a 12-year-old boy with severe trauma-related rhabdomyolysis where we

successfully utilized continuous renal replacement therapy in combination with

Cytosorb® to eliminate myoglobin and prevent AKI. The early use of extracorporeal

myoglobin removal with Cytosorb® after severe rhabdomyolysis might be an

option and should be further investigated as a tool to prevent the development

of AKI.
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INTRODUCTION

Rhabdomyolysis is a clinical syndrome caused by damage to skeletal muscle and release of its
breakdown products into the circulation. Acute kidney injury (AKI) is a severe complication
of rhabdomyolysis (1, 2) with an incidence in adults of about 30–50% after trauma-related
rhabdomyolysis (3–5). In children the incidence (4, 6, 7) as well as the risk of fatal outcome (4)
is lower. Most studies on the risk of and outcome after rhabdomyolysis-associated AKI in children
were done after natural disasters, especially earthquakes.

The pathophysiology of rhabdomyolysis-associated AKI is complex, and different mechanisms
such as tubular damage by oxidative injury, tubular obstruction by precipitated Tamm-Horsfall
protein-myoglobin complexes, and renal vasoconstriction have been described (8–10). In most
of these processes, myoglobin released by damaged muscle plays a major role and is directly
involved (8, 13).

The mainstay of prevention and treatment of rhabdomyolysis-associated AKI is the early and
aggressive hydration because patients with rhabdomyolysis are usually fluid depleted as water
sequestrates in the injured muscle (8). Administration of bicarbonate with urine alkalinization
reduces both tubular precipitation of the Tamm–Horsfall protein–myoglobin complex and
oxidative tubular injury, and can be considered if urine pH is<6.5 (8). There is conflicting evidence
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regarding the administration of Mannitol, which might be
administered to increase urinary output (8, 11). When severe
AKI results in refractary hyperkalemia, acidosis and/or volume
overload, renal replacement therapy is indicated (8).

Extracorporeal removal of myoglobin is an appealing target
to prevent AKI, however, attempts to remove myoglobin with
standard dialysis membranes have so far been unsuccessful
(12). Here we report the case of a child with severe trauma-
related rhabdomyolysis without established AKI where we
initiated continuous renal replacement therapy combined with
a Cytosorb R© cartridge as a measure to prevent rhabdomyolysis-
associated AKI. The child’s parents have given their written
informed consent to publish the case.

CASE REPORT/CASE PRESENTATION

A 12-year-old boy was hit by a motorcycle while riding his
bicycle. The motorcycle ran over the boy’s legs causing an open
wound in the right groin with a massive bleeding. Upon arrival
of the ambulance and emergency physician the boy was in
hemorrhagic shock. The bleeding was compressed manually, an
intravenous access was obtained, 500ml of crystalloid fluids and
500mg of tranexamic acid were administered, and the patient
was transported to our hospital. A contrast enhanced whole body
CT scan was performed in the emergency department which
revealed a dissection of the right common femoral artery and a
laceration of the common femoral vein; peripheral pulses were
not palpable. The patient was intubated and brought to the
operating theater for vascular surgery; a femoral-femoral bypass
with a saphenous graft was made and the common femoral
vein, which was found to be completely disrupted, was ligated
proximally and distally. A medial and lateral fasciotomy was
performed at the lower leg to prevent a compartment syndrome.
The time from the accident to leg reperfusion was estimated to be
3.5 h. Postoperatively the patient was admitted to the intensive
care unit (ICU) and extubated after a few hours. On Doppler
ultrasound a normal, triphasic flow profile was found down to
the distal tibial and peroneal artery. Within the next hours a
massive rhabdomyolysis developed with creatinine kinase (CK)
and myoglobin values reaching a peak of >42,670 U/l (upper
limit of laboratory detection) and >12,000 µg/l (upper limit of
laboratory detection), respectively. Trend of CK and myoglobin
over time is depicted in Figure 1. Balanced crystalloid fluids
were administered intravenously to maintain a urinary output
of about 200ml per hours. Despite still normal values of serum
creatinine and urea as well as preserved diuresis, we decided to
initiate continuous veno-venous hemodiafiltration (CVVHDF)
(PrisMax System, Baxter International Inc., USA) with a high
flux filter (AN69, Baxter International Inc., USA) and to add a
Cytosorb R© cartridge (CytoSorbents Europe GmbH, Germany) to
the dialysis circuit. CVVHDF was set with a blood flow rate of
150 ml/min, dialysate flow rate of 500 ml/hour and substitution
flow rate of 1,000 ml/h; regional anticoagulation with Citrate was
used. Twelve hours after initiation of CVVHDF plus Cytosorb R©,
CK and myoglobin had substantially decreased (Figure 1), yet,
during the subsequent 12 h of extracorporeal treatment an

increase of both parameters was noted (Figure 1). After 24 h
of CVVHDF plus Cytosorb R©, extracorporeal treatment was
interrupted for 16 h, but because CK andmyoglobin continued to
increase (Figure 1), a second cycle of CVVHDF plus Cytosorb R©

was started and continued for another 24 h (Figure 1). This
led again to a marked decrease in both, CK and myoglobin
values. Serum creatinine and urea remained in the normal range
also after termination of extracorporeal treatment and CK and
myoglobin continued to decrease (Figure 1).

The length of stay in the ICU was 10 days, whereafter the
patient was transferred to the surgical ward and after another 22
days he was discharged from hospital.

DISCUSSION/CONCLUSION

Rhabdomyolysis is a pathogenetic cause of AKI (1, 2), and
myoglobin plays an essential role in the development of AKI
(8, 13). Extracorporeal therapy is currently only recommended
to replace the failing kidney function i.e., for treatment of
established and severe AKI. Yet, there is a strong and logical
rationale for quick and effective removal of myoglobin in acute
rhabdomyolysis (12), which could prevent the development of
AKI. Attempts to remove myoglobin with standard dialysis
membranes have so far been disappointing. Reasons for this
depend on the nature of the molecule, its distribution in the
organism, on the mechanism of solute transport over and the
structure of the membrane in the extracorporeal circuit (12).
Therefore, alternative techniques have been investigated. The use
of super high-flux or high cut-off membranes are more effective
in removing myoglobin than standard high flux membranes,
however, excessive albumin loss is a major concern (14–16).
The adoption of the Cytosorb R© (CytoSorbents Europe GmbH,
Germany) cartridge is a novel approach for myoglobin removal.
Cytosorb R© is a synthetic adsorption column composed of highly
porous biocompatible polymer beads that are able to capture and
absorb molecules smaller than 55 kDa (17). Primarily intended
for the adsorption of cytokines in hyperinflammatory conditions
(18), Cytosorb R© has a CE mark for the elimination of myoglobin
since 2019. Myoglobin has a mass of 17 kD (19) and is therefore
effectively adsorbed by Cytosorb R© (20). Also, Cytosorb R© has a
much larger surface area (45,000 m2) than standard membranes
used for continuous renal replacement therapy (about 1.8 m2)
which contributes to a more efficient myoglobin removal. Some
case reports and observational studies describe the successful
utilization of Cytosorb R© for myoglobin removal in patients with
established, rhabdomyolysis-associated AKI (9, 21–23). However,
we are not aware of any report describing the preventive use
of Cytosorb R© in severe rhabdomyolysis. Although the degree
of CK and myoglobin elevation does not always predict the
development of AKI (24, 25), we estimated a high risk of
AKI development in our patient given the very high serum
concentration of both molecules and decided for preventive
CVVHDF in combination with Cytosorb R©. Myoglobin values
rapidly decreased after initiation of extracorporeal treatment.
However, after 12 h, we noted an increasing trend. We supposed
a rapid saturation of the absorber as already described (21) and,
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FIGURE 1 | Trend of serum myoglobin and serum creatinine kinase (CK) over time. The light orange boxes denote the periods in which continuous veno-venous

hemodiafiltration combined with Cytosorb® was performed.

in fact, after Cytosorb R© replacement, myoglobin levels rapidly
decreased again.

In conclusion, in patients with severe rhabdomyolysis,
a preventive extracorporeal myoglobin removal with
Cytosorb R© could be considered to impede the development
of AKI.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

This study protocol was reviewed and approved by the ethics
committee of the “Azienda Sanitaria dell’Alto Adige”, approval

number 133–2021. Written informed consent was obtained from
the child’s parents for publication of the details of the medical
case and any accompanying images. The research was conducted
ethically in accordance with the World Medical Association
Declaration of Helsinki.

AUTHOR CONTRIBUTIONS

SR and PMES: collected, retrieved, and analyzed data. SR: drafted
the manuscript. All authors revised the manuscript for important
intellectual content.

ACKNOWLEDGMENTS

The authors thank the Department of Innovation, Research,
University, and Museums of the Autonomous Province of
Bozen/Bolzano for covering the Open Access publication costs.

REFERENCES

1. Better OS, Stein JH. Early management of shock and prophylaxis of acute

renal failure in traumatic rhabdomyolysis. N Engl J Med. (1990) 322:825–

9. doi: 10.1056/NEJM199003223221207

2. Zager RA. Rhabdomyolysis and myohemoglobinuric acute

renal failure. Kidney Int. (1996) 49:314–26. doi: 10.1038/ki.1

996.48

3. Bartal C, Zeller L, Miskin I, Sebbag G, Karp E, Grossman A, et al.

Crush syndrome: saving more lives in disasters: lessons learned from

the early-response phase in Haiti. Arch Intern Med. (2011) 171:694–

6. doi: 10.1001/archinternmed.2011.122

4. Sever MS, Erek E, Vanholder R, Akoglu E, Yavuz M,

Ergin H, et al. The Marmara earthquake: epidemiological

analysis of the victims with nephrological problems. Kidney

Int. (2001) 60:1114–23. doi: 10.1046/j.1523-1755.2001.06000

31114.x

5. Sheng ZY. Medical support in the Tangshan earthquake: a review of the

management of mass casualties and certain major injuries. J Trauma. (1987)

27:1130–5. doi: 10.1097/00005373-198710000-00007

6. Hatamizadeh P, Najafi I, Vanholder R, Rashid-Farokhi F, Sanadgol H,

Seyrafian S, et al. Epidemiologic aspects of the Bam earthquake in

Iran: the nephrologic perspective. Am J Kidney Dis. (2006) 47:428–

38. doi: 10.1053/j.ajkd.2005.11.019

7. Zhang L, Zhao M, Fu W, Gao X, Shen J, Zhang Z, et al. Epidemiological

analysis of trauma patients following the Lushan earthquake. PLoS One.

(2014) 9:e97416. doi: 10.1371/journal.pone.0097416

8. Bosch X, Poch E, Grau JM. Rhabdomyolysis and Acute Kidney Injury. N Engl

J Med. (2009) 361:62–72. doi: 10.1056/NEJMra0801327

9. Daum HC, Schmidt BMW, Napp LC. Effects of hemoadsorption with

CytoSorb during severe rhabdomyolysis. Blood Purif. (2021) 50:268–

9. doi: 10.1159/000508277

10. Petejova N, Martinek A. Acute kidney injury due to rhabdomyolysis

and renal replacement therapy: a critical review. Critical Care. (2014)

18:224. doi: 10.1186/cc13897

11. Sever MS, Vanholder R. Recommendation for the management of

crush victims in mass disasters. Nephrol Dial Transplant. (2012) 27:i1–

67. doi: 10.1093/ndt/gfs156

12. Ronco C. Extracorporeal therapies in acute rhabdomyolysis and myoglobin

clearance. Crit Care. (2005) 9:141–2. doi: 10.1186/cc3055

13. Holt S, Moore K. Pathogenesis of renal failure in rhabdomyolysis: the role of

myoglobin. Nephron Exp Nephrol. (2000) 8:72–6. doi: 10.1159/000020651

14. Naka T, Jones D, Baldwin I, Fealy N, Bates S, Goehl H, et al.

Myoglobin clearance by super high-flux hemofiltration in a case of

severe rhabdomyolysis: a case report. Critical Care. (2005) 9:R90–

R5. doi: 10.1186/cc3034

15. Heyne N, Guthoff M, Krieger J, Haap M, Häring HU. High cut-off renal

replacement therapy for removal of myoglobin in severe rhabdomyolysis

Frontiers in Pediatrics | www.frontiersin.org 3 January 2022 | Volume 9 | Article 801807

https://doi.org/10.1056/NEJM199003223221207
https://doi.org/10.1038/ki.1996.48
https://doi.org/10.1001/archinternmed.2011.122
https://doi.org/10.1046/j.1523-1755.2001.0600031114.x
https://doi.org/10.1097/00005373-198710000-00007
https://doi.org/10.1053/j.ajkd.2005.11.019
https://doi.org/10.1371/journal.pone.0097416
https://doi.org/10.1056/NEJMra0801327
https://doi.org/10.1159/000508277
https://doi.org/10.1186/cc13897
https://doi.org/10.1093/ndt/gfs156
https://doi.org/10.1186/cc3055
https://doi.org/10.1159/000020651
https://doi.org/10.1186/cc3034
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Rauch et al. Cytosorb® for Rhabdomyolysis-Associated AKI Prevention

and acute kidney injury: a case series. Nephron Clin Pract. (2012) 121:c159–

64. doi: 10.1159/000343564

16. Weidhase L, de Fallois J, Haußig E, Kaiser T, Mende M, Petros S.

Myoglobin clearance with continuous veno-venous hemodialysis using high

cutoff dialyzer versus continuous veno-venous hemodiafiltration using high-

flux dialyzer: a prospective randomized controlled trial. Crit Care. (2020)

24:644. doi: 10.1186/s13054-020-03366-8

17. Dhokia VD, Madhavan D, Austin A, Morris CG. Novel use of CytosorbTM

haemadsorption to provide biochemical control in liver impairment.

J Intensive Care Soc. (2019) 20:174–81. doi: 10.1177/17511437187

72789

18. Kellum JA, Song M, Venkataraman R. Hemoadsorption removes

tumor necrosis factor, interleukin-6, and interleukin-10, reduces

nuclear factor-kappaB DNA binding, and improves short-

term survival in lethal endotoxemia. Crit Care Med. (2004)

32:801–5. doi: 10.1097/01.CCM.0000114997.39857.69

19. Perkoff GT, Hill RL, Brown DM, Tyler FH. The characterization

of adult human myoglobin. J Biol Chem. (1962) 237:2820–

7. doi: 10.1016/S0021-9258(18)60234-0

20. Poli EC, Rimmelé T, Schneider AG. Hemoadsorption with CytoSorb( R©).

Intensive Care Med. (2019) 45:236–9. doi: 10.1007/s00134-018-

5464-6

21. Dilken O, Ince C. van der Hoven B, Thijsse S, Ormskerk P, de Geus HRH.

Successful Reduction of Creatine Kinase and Myoglobin Levels in Severe

Rhabdomyolysis Using Extracorporeal Blood Purification (CytoSorb R©).

Blood Purif. (2020) 49:743–7. doi: 10.1159/000505899

22. Padiyar S, Deokar A, Birajdar S, Walawalkar A, Doshi H. Cytosorb for

management of acute kidney injury due to rhabdomyolysis in a child. Indian

Pediatr. (2019) 56:974–6. doi: 10.1007/s13312-019-1661-9

23. Scharf C, Liebchen U, Paal M, Irlbeck M, Zoller M, Schroeder I. Blood

purification with a cytokine adsorber for the elimination of myoglobin

in critically ill patients with severe rhabdomyolysis. Crit Care. (2021)

25:41. doi: 10.1186/s13054-021-03468-x

24. de Meijer AR, Fikkers BG, de Keijzer MH, van Engelen BG, Drenth JP.

Serum creatine kinase as predictor of clinical course in rhabdomyolysis:

a 5-year intensive care survey. Intensive Care Med. (2003) 29:1121–

5. doi: 10.1007/s00134-003-1800-5

25. Ward MM. Factors predictive of acute renal failure in rhabdomyolysis. Arch

Intern Med. (1988) 148:1553–7. doi: 10.1001/archinte.1988.00380070059015

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Rauch, Borgato, Gruber, Leggieri, Bock and Seraglio. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Pediatrics | www.frontiersin.org 4 January 2022 | Volume 9 | Article 801807

https://doi.org/10.1159/000343564
https://doi.org/10.1186/s13054-020-03366-8
https://doi.org/10.1177/1751143718772789
https://doi.org/10.1097/01.CCM.0000114997.39857.69
https://doi.org/10.1016/S0021-9258(18)60234-0
https://doi.org/10.1007/s00134-018-5464-6
https://doi.org/10.1159/000505899
https://doi.org/10.1007/s13312-019-1661-9
https://doi.org/10.1186/s13054-021-03468-x
https://doi.org/10.1007/s00134-003-1800-5
https://doi.org/10.1001/archinte.1988.00380070059015
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Case Report: Prevention of Rhabdomyolysis-Associated Acute Kidney Injury by Extracorporeal Blood Purification With Cytosorb®
	Introduction
	Case Report/Case Presentation
	Discussion/Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


