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Insights on the practical application s
of the current treatment consensus
in rhabdomyolysis management: a case report
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Abstract

Background Hemoadsorption has emerged as a promising adjunctive therapy in the management of various
inflammatory and toxin-mediated conditions. Its role in context of rhabdomyolysis has generated increasing scientific
and clinical interest. In response to the recent consensus statement by an international expert task force—published
in BMC Nephrology in July 2024—regarding the use of hemoadsorption in rhabdomyolysis, we aim to contribute
further to this evolving discourse.

Case presentation We report on a patient with severe rhabdomyolysis secondary to influenza B infection who
suffered acute kidney injury (AKI) as a result. Alongside conservative treatment, we successfully implemented a
combined regimen of CRRT and hemoadsorption, while using myoglobin levels up- and downstream of the adsorber
as a tool for therapy monitoring. The patient subsequently recovered complete renal function and full body mobility.

Conclusion The case illustrates the practical implementation of hemoadsorption within a multimodal treatment
strategy. In addition to demonstrating concordance with current consensus guidelines, we seek to critically discuss
potential refinements in the therapeutic approach—particularly concerning monitoring strategies and the integration
of extracorporeal modalities—to facilitate future clinical practice and research.
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Case

A 14-year-old male patient (179 cm, 65 kg) presented
to our clinic with severe bilateral groin and thigh pain.
His medical history was notable for a febrile respiratory
infection one week prior. At admission, no significant
pre-existing conditions were identified. Few hours after
initial admission to the ward the patient showed signs of
progressive clinical deterioration (tachypnea, tachycar-
dia, pronounced mottling of the lower extremities (mot-
tling score 2-3), and a prolonged central capillary refill
time of 4-5 s), which led to urgent transfer to the inten-
sive care unit (ICU) with suspected sepsis.

Following microbiological sample collection, empiri-
cal antimicrobial therapy with piperacillin/tazobactam
and gentamicin was initiated. However, the patient expe-
rienced rapid hemodynamic deterioration, exhibiting
worsening mottling (score 5), prolonged capillary refill
time (8-10 s), tachycardia (130 bpm), tachypnea (35/
min), and dyspnea. Echocardiography revealed a reduced
biventricular ejection fraction, indicative of cardio-
genic shock. Inotropic support with dobutamine (max.
10 pg/kg/min) and milrinone (max. 0.4 pg/kg/min) was
commenced.

Given the respiratory distress and escalating hemody-
namic instability, the patient underwent endotracheal
intubation and mechanical ventilation the same day,
followed by advanced hemodynamic monitoring and
substantial critical care treatment according to sepsis
guidelines. Despite appropriate fluid resuscitation and
high doses of catecholamines (incorporating noradrena-
line (0.26 pg/kg/min) while substituting dobutamine
with adrenaline (0.08 pg/kg/min)) pronounced mottling
persisted, alongside a progressive pericardial effusion,
suggestive of septic shock with associated septic car-
diomyopathy. Additionally, the patient exhibited mark-
edly indurated musculature of the trunk and proximal
lower extremities, heightening clinical suspicion of leg
compartment syndrome and consecutive rhabdomyoly-
sis. Laboratory findings revealed pronounced systemic
inflammation (procalcitonin 6.34 ng/mL, leukocytes
16 x 10°/L), metabolic acidosis (pH 7.14, standard bicar-
bonate 15.3 mmol/L, base excess —12.7 mmol/L), and
hyperlactatemia (5.1 mmol/L), further supporting the
diagnosis of septic shock.

Workup and clinical course

At admission to ICU laboratory analyses confirmed
severe rhabdomyolysis (CK 29,269 U/L, myoglobin
26,102 ng/mL), PCR diagnostics of tracheal secretions
detected influenza B virus.

Initial management of rhabdomyolysis included esca-
lating the initial fluid supplementation of 2 ml/kg/h to
11 ml/kg/h alongside urine pH monitoring and urine
alkalization (9 doses of 8.4 g bicarbonate in the first 48 h).
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Due to markedly elevated myoglobin levels, continuous
renal replacement therapy (CRRT) was initiated. The
initial modality was regional-citrate-anticoagulated con-
tinuous veno-venous hemodialysis (RCA-CVVHD, using
a standard high-flux CRRT hemofilter Fx80, Fresenius
Multifiltrate Pro, Fresenius Medical Care, Bad Homburg,
Germany) with a blood flow of 100 mL/min, dialysate
flow of 2000 mL/h, and citrate/calcium adjustments as
required. To enhance myoglobin clearance, a hemoad-
sorption (CytoSorb°® cartridge, Cytosorbents Europe
GmbH, Berlin, Germany) was integrated into the extra-
corporeal circuit in a pre-filter position. Therapy moni-
toring was optimized by aiming to collect blood samples
every six hours from upstream and downstream of the
adsorber to evaluate myoglobin clearance. Adsorber
replacement was performed when myoglobin concentra-
tions equalized, indicating saturation. The table below
(Table 1) shows an overview over myoglobin measure-
ments and adsorber replacements.

Hemoadsorption was discontinued at 46 h as myo-
globin kinetics were consistently declining and the pre-
scribed CRRT dose was considered adequate to sustain
further clearance. The circuit was then reconfigured to
heparin-anticoagulated continuous veno-venous hemo-
diafiltration (CVVHDE, using a standard high-flux CRRT
hemofilter Fx80, Fresenius Multifiltrate Pro, Fresenius
Medical Care, Bad Homburg, Germany) to streamline
therapy and adjust anticoagulation, using a blood flow of
150 mL/min, a dialysate flow of 4500 mL/h, and a post-
dilution substitution flow of 1000 mL/h. Two days later,
treatment was further intensified to heparin-anticoagu-
lated continuous veno-venous hemofiltration (CVVHE,
using a standard high-flux CRRT hemofilter Fx80, Fre-
senius Multifiltrate Pro, Fresenius Medical Care, Bad
Homburg, Germany) in postdilution mode with a sub-
stitution flow of 5000 mL/h. The initial preference for
RCA-CVVHD and the choice of postdilution flow was
based on concerns regarding clotting. A filter change was
required after three days due to clot formation, leading
to a switch back to standard RCA-CVVHD on day seven.
On day eleven after implementation of RRT the patient
was switched from CRRT to an intermittent HD regimen,
which he was successfully weaned from on day sixteen.
The following figure (Fig. 1) presents the kinetics of key
monitoring parameters along with the implemented ther-
apy regimen.

During the following weeks on the ICU, the patient
exhibited progressive clinical improvement with nor-
malization of renal function and resolution of metabolic
disturbances. After 28 days of intensive care treatment,
he was discharged to a rehabilitation facility. At follow-
up 6 months after discharge from the hospital, he had
regained independent mobility, resumed schooling, and
demonstrated complete renal recovery.



Gier et al. BMC Nephrology (2025) 26:657

Table 1 Myoglobin kinetics and adsorber replacement
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Systemic Myoglobin [ng/I]

Pre-Cartridge [ng/I] Post-Cartridge [ng/I]

-8h 26,102

-3h 30,163

0 Adsorber Implementation

+6h 47,263 40,339
+7h Adsorber Replacement

+10h 44,977

+16h 66,114

+19h 76,883 76,270
+21h Adsorber Replacement

+27h 72,638

+28h 70,612 66,071
+30h Adsorber Replacement

+38h 67,501 63,290
+46 h 57,438

+46 h Adsorber Removal

Discussion concentrations (i.e., a falling extraction ratio) — has been

The management of life-threatening rhabdomyolysis, par-
ticularly in severe cases complicated by acute kidney injury
(AKI), remains challenging. Forni et al. recently outlined
key recommendations for the treatment of rhabdomy-
olysis, emphasizing early fluid resuscitation—not only
to restore volume deficits but also to promote targeted
diuresis [1]. Preserving native renal function remains the
primary objective, as the glomerulus surpasses any artifi-
cial blood purification technique in effectively eliminating
pathophysiologically relevant substances such as myoglo-
bin [2]. In cases where renal function proves inadequate
despite conservative measures and severe myoglobinuria
persists, extracorporeal blood purification should be con-
sidered. Our case closely aligns with these recommenda-
tions while providing additional insights into optimizing
extracorporeal treatment strategies. First, we successfully
implemented a multimodal therapeutic approach integrat-
ing volume resuscitation and renal replacement therapy
(RRT) in conjunction with hemoadsorption, which has
also been successfully applied by other groups [3-5]. This
strategy is consistent with Forni et al's recommendation
that RRT should be initiated in cases of rhabdomyolysis
presenting with severe metabolic disturbances or rapidly
progressing AKI [1]. A crucial refinement in our approach
involved direct monitoring of myoglobin levels upstream
and downstream of the adsorber. This allowed for real-
time assessment of adsorption efficiency, enabling timely
cartridge replacement and optimizing therapy effective-
ness. In line with goal-directed strategy, hemoadsorption
was stopped once downward myoglobin kinetics were
established and CRRT dose sufficiency was achieved, aim-
ing to avoid unnecessary cartridge exposure while main-
taining clearance via membrane-based therapy.

Adsorber saturation — evidenced by a plateau of myo-
globin decline and convergence of pre-/post-adsorber

widely observed. To mitigate saturation centers have
employed (i) time-driven cartridge exchange at fixed
intervals or biomarker-guided exchange based on serial
myoglobin measurements [4, 5], and, in some reports, (ii)
dual-cartridge configurations run in parallel to increase
adsorptive capacity and delay breakthrough [6]. Whether
parallel hemoadsorption confers superior myoglobin
clearance or prolongs effective adsorption compared with
sequential single-cartridge strategies requires compara-
tive evaluation in larger cohorts with standardized dosing
concepts (effective adsorber hours) and extraction-ratio
monitoring.

In our patient, CK concentrations declined in paral-
lel with myoglobin, a finding also described by others [3,
4]. Given that creatine kinase is a ~ 80-86 kDa dimer —
exceeding the ~ 60 kDa adsorption cutoff — its reduction
is unlikely to reflect cartridge adsorption and more plau-
sibly relates to membrane-based CRRT-clearance and/
or endogenous kinetics. Consequently, CK is not a reli-
able pharmacodynamic marker of hemoadsorber perfor-
mance. By contrast, myoglobin (~ 17 kDa) is the direct
target of adsorption and represents the preferred moni-
toring analyte for early detection of biochemical satura-
tion and timely cartridge exchange [7].

Furthermore, while Forni et al. discuss the poten-
tial benefits of high cut-off (HCO) and medium cut-off
(MCO) membranes, further research is needed to delin-
eate their role in rhabdomyolysis management [1]. Inte-
grating hemoadsorption with MCO membranes may help
mitigate competition between cytokine and myoglobin
clearance, a particularly relevant consideration in viral
infection-induced rhabdomyolysis. Consistent with the
consensus statement and our case experience, we recom-
mend adjunctive hemoadsorption for patients with per-
sistent severe myoglobinemia despite adequate volume
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Fig. 1 Myoglobin kinetics and Urine Output during ongoing CRRT

resuscitation, ideally initiated within 24 h and guided by
serial myoglobin monitoring. Specifically, we advise pre-
and post-adsorber myoglobin measurements approxi-
mately every 3 h during the first 12-24 h, with cartridge
exchange at biochemical saturation, operationalized as
convergence of pre- and post-adsorber concentrations
(i.e, loss of a clinically meaningful extraction ratio). Where
such monitoring is not feasible, a fixed exchange interval
of 8-12 h may be used as a surrogate, in line with consen-
sus practice [1]. Importantly, dosing should be conceived
as effective adsorber-hours: three 8-hour cartridges are
not equivalent to a single 24-hour cartridge because of
saturation dynamics over 6—12 h. Future research should
refine coupling strategies with MCO/HCO membranes
and optimize blood-flow targets and dialysis modality to
maximize myoglobin removal [8].

Trrrrrrrprrrorr 0
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Another critical aspect of treatment optimization per-
tains to antimicrobial stewardship. Although gentami-
cin was included in the initial antimicrobial regimen, its
nephrotoxic potential was carefully evaluated and led to
its elimination from the therapy regimen as soon as the
kidney injury became apparent. Evidence suggests that
piperacillin/tazobactam, unlike vancomycin in combi-
nation with piperacillin/tazobactam, may offer a more
favorable renal safety profile [9]. These considerations
mandate judicious antimicrobial selection in critically ill
patients at risk of AKI, coupled with close therapeutic
drug monitoring (TDM). Moreover, because hemoad-
sorption can adsorptively remove selected anti-infectives
(e.g., vancomycin), regular TDM — with dose and timing
adjustements relative to cartridge changes — is essential
to ensure target exposure.
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The role of bicarbonate administration for urine alka-
lization remains a matter of debate [10, 11]. While
theoretically advantageous in preventing myoglobin pre-
cipitation in renal tubules, recent consensus guidelines
do not endorse its routine use due to insufficient clini-
cal evidence demonstrating efficacy in AKI prevention.
Our case supports this, as renal replacement therapy
ultimately became necessary despite initial bicarbonate
administration.

Overall, this case report not only demonstrates the
successful implementation of current consensus recom-
mendations but also highlights advancements in therapy
monitoring through direct myoglobin measurements.
While saturation effects of the adsorber cartridge were
promptly identified and mitigated, similar considerations
should extend to the dialysis membranes utilized in RRT.
While filtration-based procedures seem to be less prone
to saturation effects and CVVH is superior to CVVHD in
terms of myoglobin elimination, comparative studies are
needed to further explore the impact of such differences.

In conclusion, these findings underscore the need for
further investigation into the timing and configuration of
extracorporeal therapy strategies. In particular, optimiz-
ing hemoadsorption efficiency and evaluating the role of
HCO/MCO membranes remain crucial for developing
individualized, evidence-based therapeutic approaches
for patients with severe rhabdomyolysis and impaired
renal function.
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CcK Creatine kinase

(ORRT (Continuous) Renal replacement therapy
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AKI Acute kidney injury

HCO High cutoff membrane

MCO Medium cutoff membrane

Acknowledgements
Not applicable.

Author contributions

J-C.S., GK,T.G: Conceptualization; T.G., G.K.: Methodology, investigation, data
acquisition and interpretation, writing - first draft, reviewing and editing,
visualisation; S.K.: Data acquisition; All authors: Data interpretation, critical
revision of the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. No external
funding was received for this publication.

Data availability

The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Page 5 of 5

Consent for publication
Written consent for publication of clinical details has been obtained from the
patient and the parental guardian prior to submission.

Competing interests

TR. has received funding for lectures and has been consultant or advisory
board member for Alexion, AstraZeneca, B. Braun, Baxter, bioMérieu,
Boehringer Ingelheim, Contatti (CytoSorbents), Eurofarma, George Clinical,
Jafron, Lifepharma, Medcorp, Nipro, and Nova Biomedical; S. M. is shareholder
of Artcline GmbH and received funding for lectures and has been consultant
or advisory board member Cytosorbents Europe GmbH; C.R. has been on
advisory boards or speaker’s bureau for AstraZeneca, Aferetica, Asahi, B.
Braun, Baxter, bioMérieux, CytoSorbents, GE, Medica, Medtronic, and Jafron;
GXK. has received funding for lectures for Artcline GmbH and Cytosorbents
Europe GmbH and has received research grants from the German Society of
Anaesthesiology and Intensive Care.

Received: 27 April 2025 / Accepted: 28 October 2025
Published online: 20 November 2025

References

1. ForniL, Aucella F, Bottari G, Buttner S, CantaluppiV, Fries D, et al. Hemoad-
sorption therapy for myoglobin removal in rhabdomyolysis: consensus of the
hemoadsorption in rhabdomyolysis task force. BMC Nephrol. 2024;25:247. htt
ps://doi.org/10.1186/512882-024-03679-8.

2. Weidhase L, de Fallois J, HauBig 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. htt
ps://doi.org/10.1186/513054-020-03366-8.

3. 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 rhab-
domyolysis using extracorporeal blood purification (CytoSorb®). Blood Purif.
2020;49:743-7. https://doi.org/10.1159/000505899.

4. Suefke S, Sayk F, Nitschke M. Hemoadsorption in Infection-Associated rhab-
domyolysis. Ther Apher Dial. 2016;20:531-3. https://doi.org/10.1111/1744-99
87.12410.

5 Zhou X, Li X,Yang Y, Wang F, Zhang L, Fu P. Hemoadsorption combined with
continuous venovenous hemodialyfiltration in a patient with Escherichia coli
infection and severe diabetic ketoacidosis-associated rhabdomyolysis: A case
report. J Int Med Res. 2025;53:3000605251337905. https://doi.org/10.1177/03
000605251337905.

6. Pieri M, Russo G, Francescon C, Fominskiy E, Nardelli P, Calabrd MG, et al. Dual
concomitant cytosorb hemoadsorption therapy in severe rhabdomyolysis:

A novel approach to myoglobin clearance and organ preservation. Int J Artif
Organs. 2025;48:429-33. https://doi.org/10.1177/03913988251339080.

7. Daum HC, Schmidt BMW, Napp LC. Effects of hemoadsorption with cytosorb
during severe rhabdomyolysis. Blood Purif. 2021;50:268-9. https://doi.org/10.
1159/000508277.

8. Schultz P, Schwier E, Eickmeyer C, Henzler D, Kdhler T. High-dose cytosorb
hemoadsorption is associated with improved survival in patients with septic
shock: A retrospective cohort study. J Crit Care. 2021;64:184-92. https://doi.or
9/10.1016/jjcrc.2021.04.011.

9. Luther MK, Timbrook TT, Caffrey AR, Dosa D, Lodise TP, LaPlante KL. Van-
comycin plus Piperacillin-Tazobactam and acute kidney injury in adults: A
systematic review and Meta-Analysis. Crit Care Med. 2018;46:12-20. https;/d
oi.org/10.1097/CCM.0000000000002769.

10.  Homsi E, Barreiro MF, Orlando JM, Higa EM. Prophylaxis of acute renal failure
in patients with rhabdomyolysis. Ren Fail. 1997;19:283-8. https://doi.org/10.3
109/08860229709026290.

11. Brown CVR, Rhee P, Chan L, Evans K, Demetriades D, Velmahos GC. Preventing
renal failure in patients with rhabdomyolysis: do bicarbonate and mannitol
make a difference? J Trauma. 2004,56:1191-6. https://doi.org/10.1097/01.ta.0
000130761.78627.10.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s12882-024-03679-8
https://doi.org/10.1186/s12882-024-03679-8
https://doi.org/10.1186/s13054-020-03366-8
https://doi.org/10.1186/s13054-020-03366-8
https://doi.org/10.1159/000505899
https://doi.org/10.1111/1744-9987.12410
https://doi.org/10.1111/1744-9987.12410
https://doi.org/10.1177/03000605251337905
https://doi.org/10.1177/03000605251337905
https://doi.org/10.1177/03913988251339080
https://doi.org/10.1159/000508277
https://doi.org/10.1159/000508277
https://doi.org/10.1016/j.jcrc.2021.04.011
https://doi.org/10.1016/j.jcrc.2021.04.011
https://doi.org/10.1097/CCM.0000000000002769
https://doi.org/10.1097/CCM.0000000000002769
https://doi.org/10.3109/08860229709026290
https://doi.org/10.3109/08860229709026290
https://doi.org/10.1097/01.ta.0000130761.78627.10
https://doi.org/10.1097/01.ta.0000130761.78627.10

	﻿Insights on the practical application of the current treatment consensus in rhabdomyolysis management: a case report
	﻿Abstract
	﻿Case
	﻿Workup and clinical course
	﻿Discussion
	﻿References


