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Abstract
Background  Rhabdomyolysis describes a syndrome characterized by muscle necrosis and the subsequent release 
of creatine kinase and myoglobin into the circulation. Myoglobin elimination with extracorporeal hemoadsorption 
has been shown to effectively remove myoglobin from the circulation. Our aim was to provide best practice 
consensus statements developed by the Hemoadsorption in Rhabdomyolysis Task Force (HRTF) regarding the use of 
hemadsorption for myoglobin elimination.

Methods  A systematic literature search was performed until 11th of January 2023, after which the Rhabdomyolysis 
RTF was assembled comprising international experts from 6 European countries. Online conferences were held 
between 18th April − 4th September 2023, during which 37 consensus questions were formulated and using the 
Delphi process, HRTF members voted online on an anonymised platform. In cases of 75 to 90% agreement a second 
round of voting was performed.

Results  Using the Delphi process on the 37 questions, strong consensus (> 90% agreement) was achieved in 12, 
consensus (75 to 90% agreement) in 10, majority (50 to 74%) agreement in 13 and no consensus (< 50% agreement) 
in 2 cases. The HRTF formulated the following recommendations: (1) Myoglobin contributes to the development of 
acute kidney injury; (2) Patients with myoglobin levels of > 10,000 ng/ml should be considered for extracorporeal 
myoglobin removal by hemoadsorption; (3) Hemoadsorption should ideally be started within 24 h of admission; (4) 
If myoglobin cannot be measured then hemoadsorption may be indicated based on clinical picture and creatinine 
kinase levels; (5) Cartridges should be replaced every 8–12 h until myoglobin levels < 10,000 ng/ml; (6) In patients with 
acute kidney injury, hemoadsorption can be discontinued before dialysis is terminated and should be maintained 
until the myoglobin concentration values are consistently < 5000 ng/ml.

Conclusions  The current consensus of the HRTF support that adjuvant hemoadsorption therapy in severe 
rhabdomyolysis is both feasible and safe and may be an effective method to reduce elevated circulating levels of 
myoglobin.
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Introduction
Rhabdomyolysis was described by Bywaters and Beall 
in the British Medical Journal (BMJ) in 1941 who dem-
onstrated the presence of pigmented casts in the renal 
tubules of victims of bombing during World War 2 [1]. 
Of note, this syndrome had previously been described 
by German pathologists and a published summary of the 
literature provided a description that tallied exactly with 
that in the BMJ [2]. Often described as “crush syndrome” 
[3], rhabdomyolysis refers to the breakdown of skeletal 
muscles following severe injury which may complicate 
trauma, major surgery, high voltage electrocution, intoxi-
cations, drug abuse and infection [4]. It is best viewed as 
a multifactorial syndrome, the clinical presentation of 
which is variable and can range from mild muscle pain, 
weakness, and confusion [5] through to critical illness 
requiring multi-organ support [4, 6]. Myoglobin release 
plays a pivotal role in the pathophysiological mecha-
nisms behind rhabdomyolysis related organ dysfunction 
particularly acute kidney injury (AKI). Following injury, 
serum myoglobin concentrations rise, but due to rapid 
renal clearance, circulating levels may decrease within 
the first 24 h after the onset of symptoms [7]. However, 
when the myoglobin concentration exceeds the reab-
sorbing capacity of the kidney, myoglobulin appears in 
the urine (myoglobinuria) and when detected in the first 
24 h after an injury, is pathognomonic for the diagnosis 
of rhabdomyolysis [8]. Although there is no current con-
sensus definition for rhabdomyolysis, a recent systematic 
review recommends defining rhabdomyolysis as a clini-
cal syndrome of acute muscle weakness, myalgia, and 
muscle swelling combined with a creatinine kinase (CK) 
cut-off value of > 1000 IU/L or a 5-fold increase above 
the upper limit of the local laboratory reported normal 
range (for mild rhabdomyolysis). Additionally, measured 
myoglobinuria and AKI might serve as indicators for the 
severity of rhabdomyolysis [9]. An estimated 10 − 40% of 
patients with rhabdomyolysis develop AKI, with a risk 
that increases not only with the degree of CK rise, but 
also in the presence of volume depletion, sepsis and aci-
dosis and the development of AKI increases the observed 
in-hospital mortality significantly [10]. Given the fun-
damental role of myoglobin in the development of the 
rhabdomyolysis syndrome it follows that early and effec-
tive reductions in elevated levels may prevent the devel-
opment of AKI and its further consequences, or at least 
shorten its duration.

Currently therapeutic interventions for the manage-
ment of rhabdomyolysis and associated AKI mostly focus 
on fluid therapy, urine alkalinisation and diuretic support 

to improve both tubular flow and pH with attempts to 
reduce myoglobin precipitation [11]. However, an alter-
native approach is the removal of circulating myoglobin 
through extracorporeal techniques and renal replace-
ment therapy (RRT) thereby enhancing myoglobin clear-
ance. Although these techniques have been considered 
for the treatment of rhabdomyolysis, there is insufficient 
evidence to support such an approach over conservative 
therapies to-date [12]. Indeed, RRT tends to be deemed 
as necessary only when AKI is established or acute indi-
cations for RRT develop such as significant hyperkalemia 
[11]. The molecular weight of myoglobin is 17 kDa, and 
as such high flux, high permeability membrane hemo-
filtration or hemodiafiltration are potentially suited for 
the removal of myoglobin [13]. Moreover, myoglobin 
removal has been reported by means of high-permea-
bility dialysis [14] and high-flux hemofiltration [15]. The 
use of newer hyper-permeable dialyzers (high cut-off and 
medium cut-off dialyzers) also provide myoglobin clear-
ance [16], with the clearance with high cut-off dialyzers 
being superior to high-flux dialyzers [17]. However, their 
use has also been associated with loss of albumin [18] 
and coagulation factors [19]. An alternative approach 
towards myoglobin clearance is the use of polymer-based 
adsorption technologies such as CytoSorb®, which con-
sists of porous beads with adsorption capability espe-
cially for hydrophobic substances within a range of up 
to 60 kDa, including cytokines, bilirubin and myoglobin 
[20–22]. The potential for the adsorption of both myo-
globin and cytokines offers the possibility of targeting 
two well-described contributors to the underlying patho-
physiology of rhabdomyolysis and associated AKI. Myo-
globin removal has been demonstrated where the percent 
reduction in plasma myoglobin levels during one passage 
through a hemoadsorption device was measured. The 
percent reduction was 80% initially, rapidly declining to 
40%, 20% 15% and 12% after 30 min, 2, 4 and 8 h, respec-
tively [23]. Clearance is then determined as a product of 
plasma flow multiplied by percent reduction of myoglo-
bin which, in turn, depends on its plasma concentration. 
Interestingly, the saturation kinetics of the hemoadsorber 
is not myoglobin concentration dependant and may 
reflect competitive binding to the adsorption sites on 
the beads inside adsorber from other molecules. There-
fore, the efficacy of myoglobin elimination will decrease 
rapidly over time and the cartridge should be exchanged 
after 8 to 12  h where further myoglobin elimination 
seems indicated. Myoglobin elimination could avert per-
manent kidney damage by avoiding its deposition on the 
kidney [24], while simultaneous removal of excessive 
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cytokine levels represents an option in patients with 
rhabdomyolysis and concomitant sepsis or other inflam-
matory states, enabling achievement of two potential 
treatment goals [25].

To-date the literature reveals a total of 15 clinical stud-
ies on the use of CytoSorb® hemoadsorption in rhabdo-
myolysis [23–37]. The published data confirms that the 
use of hemoadsorption is associated with a reduction in 
myoglobin and other markers of inflammation. However, 
in the absence of robust trial data recommendations as 
to best clinical practice are difficult hence a consensus 
conference was convened to examine the evidence and 
provide recommendations based on a modified Delphi 
process.

Methods
Objectives
The aim of this initiative was to summarize and evalu-
ate the available data, define current practice, identify 
knowledge gaps and research questions for the future 
and finally to give recommendations based on a consen-
sus of 19 international experts in the field as members of 
the Task Force. During this Delphi process we considered 
application of hemoadsorption as either as a stand-alone 
therapy or combined with continuous renal replace-
ment therapies, as is more commonly used in critically 
ill patients with renal failure. In these cases, the hemoad-
sorber may either be inserted before or after the hemo-
filter using the supplied tubing and where more rapid 
elimination of myoglobin, is required higher blood flows 
are often employed.

The consensus process
To identify eligible studies, we conducted a literature 
search in PubMed (https://pubmed.ncbi.nlm.nih.gov) 
on 11th January 2023. Online conferences were held 
between 18th April − 4th September 2023 with the par-
ticipation of all experts of the task force from the field of 
critical care and nephrologists practicing in critical care. 
During the first phase of the consensus, relevant domains 
to develop were identified recognising the knowledge 
gaps in the field. Following agreement, questions were 
developed (Table 1) and the Delphi process was used to 
achieve consensus using an online anonymous voting 
platform [38]. For defining the strength of the consensus, 
we used the following criteria:

#1 – Strong consensus: more than 90% agreement.
#2 – Consensus: 75 to 90% agreement.
#3 – Majority: 50 to 74% agreement.
#4 – No consensus: less than 50% agreement.
A second round of voting was conducted only in 

those cases defined by strength #2 (i.e.: 75 < and < 90% 
agreement). This process enabled us to test whether a 

reconsideration could result in a stronger consensus for 
these particular statements.

Results
The results are summarized in Table 1 together with the 
questions asked. There was generally good agreement 
allowing 6 consensus statements to be formulated.

Consensus Statement 1: Myoglobin contributes to the 
development of AKI through both direct and indirect 
mechanisms with raised myoglobin and CK levels associ-
ated with the risk of developing rhabdomyolysis (Strong 
consensus: Q: 1,2).

Consensus Statement 2: Patients with elevated myo-
globin levels of > 10,000 ng/ml should be considered as 
a high-risk subgroup to develop severe secondary organ 
dysfunction, and myoglobin removal from the blood 
should be considered. Under such conditions reducing 
circulating levels may translate into a renal benefit also 
(Consensus Q: 3,5,6, 7, 8, 9).

Consensus Statement 3: Conventional renal replace-
ment therapy does not significantly eliminate myoglobin 
whereas hemoadsorption can. As such hemadsorption 
should be considered for treatment of rhabdomyolysis 
and ideally started within 24 h in tandem with CRRT if 
this is also required (Consensus Q: 10, 11, 13, 14, 21).

Consensus Statement 4: If myoglobin cannot be mea-
sured then HA may be indicated based on both the clini-
cal picture and CK levels (Consensus Q: 18, 19).

Consensus Statement 5: Although the optimal dura-
tion of HA therapy is unknown it was felt that HA car-
tridges should be replaced every 8–12 h until myoglobin 
levels < 10,000 ng/ml are achieved with continued mea-
surement of myoglobin after treatment cessation. If myo-
globin levels rebound HA treatment should be reinstated 
(Consensus Q: 22, 23, 28, 29).

Consensus Statement 6: In patients with AKI, HA can 
be discontinued before CRRT is terminated but should 
be maintained until the myoglobin concentration values 
are consistently < 5000 ng/ml (Consensus Q: 24, 25).

However, there were several areas where consensus 
could not be reached. These include the level of CK in 
isolation which could be used as a criterion for severe 
rhabdomyolysis although there was a majority agreement 
in terms of a value of > 5000 U/L being useful, particu-
larly where myoglobin estimation is not readily available. 
Unsurprisingly, areas of contention focussed principally 
on issues regarding timing of hemoadsorption and rela-
tive triggers for commencing therapy. There was major-
ity agreement that therapy should be started within 12 h 
after the onset of severe rhabdomyolysis and that stand 
alone hemoperfusion could be employed where CRRT 
was not required. With regard to stopping therapy in 
the absence of AKI, there was agreement that treatment 
should be continued with levels of myoglobin between 
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Statements/questions Responses (%) Level of 
consensusAgree Disagree

Q1 Myoglobin can directly contribute to the development of AKI in rhabdomyolysis 100 0 Strong consen-
sus - A

Q2* Myoglobin can indirectly contribute to the development of AKI in rhabdomyolysis 100 0 Strong consen-
sus - A

Q3 Myoglobin may also contribute to other organ dysfunctions than AKI in rhabdomyolysis 80 20 Consensus - A
Q4 Severe rhabdomyolysis should be considered when:

a) CK > 5,000 U/l 50 50 No consensus
b) Myoglobin > 10,000 ng/ml 100 0 Strong consen-

sus - A
c) In the case of both parameters (CK and myoglobin) are available, myoglobin should be inter-
preted with priority

89 11 Consensus - A

d) Criteria for RRT 50 50 No consensus
Q5 There is an association between high myoglobin/CK levels and the risk of the development of AKI 100 0 Strong consen-

sus - A
Q6 Reducing the circulating level of myoglobin in severe rhabdomyolysis is beneficial in general 67 33 Majority - A
Q7 Reducing the circulating level of myoglobin in severe rhabdomyolysis might be beneficial for the 

kidneys
80 20 Consensus - A

Q8* Reducing the circulating level of myoglobin in severe rhabdomyolysis is beneficial for the kidneys 80 20 Consensus - A
Q9* Reducing the circulating level of myoglobin in severe rhabdomyolysis might be beneficial in 

general
93 7 Strong consen-

sus - A
Q10* Standard means of renal replacement therapy in the ICU do not significantly contribute to elimina-

tion of myoglobin.
87 13 Consensus - A

Q11* HA can effectively remove circulating myoglobin 100 0 Strong consen-
sus - A

Q12 HA can effectively remove circulating CK 72 28 Majority - A
Q13 HA can be considered as therapy for myoglobin removal in severe rhabdomyolysis 100 0 Strong consen-

sus - A
Q14* Therapy should ideally be started within 24 h after the onset of severe rhabdomyolysis 87 13 Consensus - A
Q15 Therapy should ideally be started within 24 h after the detection of severe rhabdomyolysis 67 33 Majority - A
Q16 Therapy should ideally be started within 12 h after the onset of severe rhabdomyolysis 67 13 Majority - A
Q17 Therapy should ideally be started within 12 h after the detection of severe rhabdomyolysis 67 13 Majority - A
Q18* If the hospital is unable to measure myoglobin within a reasonably short timeframe, then treat-

ment may be indicated based on the clinical picture and elevated CK levels.
93 7 Strong consen-

sus - A
Q19 Consider CK > 5,000 U/l as criteria for diagnosis severe rhabdomyolysis in the absence of 

myoglobin.
56 44 Majority - A

Q20 HA can be used as a stand-alone hemoperfusion in a situation when CRRT is not required 67 33 Majority - A
Q21 HA can be used in combination with CRRT in patients who developed AKI and requiring CRRT 100 0 Strong consen-

sus - A
Q22* The HA cartridge should be changed after 8–12 h until achieving myoglobin values < 10,000 ng/

ml, then at least every 24 h based on clinical response and values
87 13 Consensus - A

Q23 The optimal duration of hemoadsorption in severe rhabdomyolysis remains uncertain. 93 7 Strong consen-
sus - A

Q24 The treatment with hemoadsorption in patients with AKI should be continued until CRRT is 
discontinued.

7 93 Strong consen-
sus - DA

Q25* In patients with AKI: The treatment should be continued until myoglobin values are < 5,000 ng/ml. 73 27 Majority - A
Q26 Do you consider defining absolute cut-off values for myoglobin and CK to start/stop therapy 

appropriate?
56 44 Majority - A

Q27 In patients without AKI: The treatment should be continued until sufficient myoglobin/CK reduc-
tion has been achieved and no AKI has developed.
a) Myoglobin < 10,000 44 56 Majority - DA
b) Myoglobin < 5,000 56 44 Majority - A
c) Myoglobin < 1,000* 27 73 Consensus - DA
d) CK: <10,000 44 56 Majority - DA
e) CK: <5,000* 40 60 Majority - DA
f ) CK: <1,000* 13 87 Consensus - DA

Table 1  Summary of guidance based on the consensus statements
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5 and 10,000 ng/ml though at levels below 1000 ng/ml 
treatment should be stopped. Similarly, CK levels < 1000 
ng/ml should trigger cessation of therapy.

Discussion
The role of myoglobin following primary injury and the 
subsequent cascade of events leading to rhabdomyolysis 
and AKI has been attributed to its effects on the proxi-
mal tubular epithelial cells. These include precipitation 
of myoglobin with Tamm-Horsfall protein leading to 
tubular cast formation and triggering of the inflamma-
tory response with modulation of the NF-kB pathway 
as well as lipid peroxidation and cell death due to sev-
eral mechanisms including ferroptosis [11, 39, 40]. Of 
note, most of rhabdomyolysis-associated tubular damage 
could be ascribed to myoglobin reabsorption through the 
endocytic receptor megalin located at the luminal cell 
surface [41]. Indeed, megalin interference and inhibition 
by using cilastatin limited rhabdomyolysis-induced AKI 
[42]. Continued elevation of myoglobin and perpetuation 
of the pathological injury correlates with prolongation 
of the anuric phase and delay of recovery of renal func-
tion. So far, although the rationale is strong, the results 
obtained with traditional extracorporeal purification 
methods have provided controversial data and therefore 
this has translated into a modest clinical impact.

However, blood purification techniques do have a role 
in current critical care practice. Although much atten-
tion has focussed on the use of blood purification in sep-
sis, these techniques have been shown to be successful 
in removing toxins and drugs, for example, removal of 
non-vitamin K antagonist oral anticoagulants in patients 
requiring surgery has been reported [43, 44]. Myoglobin 
removal, although still a controversial therapeutic goal 
due to a lack of solid data on its safety, feasibility and effi-
cacy remains a potential therapeutic avenue in much the 
same way. Although high Cut-off filters have also been 
used to remove myoglobin these techniques are efficient 
only when very high fluid volumes are employed as in 
intermittent or extended haemodialysis, or hemodiafil-
tration but less so when used with conventional continu-
ous techniques in the ICU. Furthermore, high volume 
techniques are rarely used in intensive care units and are 
often not available as an emergency therapy [19, 45, 46].

The available literature supports the fact that hemoad-
sorption seems to provide effective myoglobin and IL-6 
removal, with effects on reduction of circulating CK 
levels, yielding a trend towards clinical improvement in 
these patients. Indeed, the most consistent finding in 
patients with rhabdomyolysis treated with hemoadsorp-
tion is the effective reduction in myoglobin levels. Hence 
the consensus reported here.

Similarly, CK is released to the bloodstream following 
the muscle cell injury and consequent release of phospho-
creatine and transformation into creatinine. The serum 
levels increase following the rhabdomyolysis event, but 
this has not been associated with toxic effects [47]. Even 
though the detection of myoglobin in the serum is con-
sidered pathognomonic for rhabdomyolysis, CK is con-
sidered a more useful marker for diagnosis and severity 
assessment, due to its delayed clearance [48]. It is impor-
tant to note, that rhabdomyolysis is commonly diagnosed 
by referring to specific CK cut-off values, the majority of 
which is a CK level > 1000 U/L or at least five times above 
the upper limit of normal reference values [49]. The con-
sensus view is that there is promising, though insuffi-
cient evidence on the clinical outcomes associated with 
hemoadsorption therapy in rhabdomyolysis.

Several case reports have described recovery of renal 
function, expressed as progressive decrease of urea and 
creatinine values, increased urine output and/or termina-
tion of RRT [26, 28, 29, 31, 32, 34, 36, 37]. A recent retro-
spective propensity matched study including 95 patients 
suffering from severe rhabdomyolysis with myoglobin 
levels > 10,000 ng/ml and undergoing CRRT with (n = 55) 
or without (n = 40) CytoSorb® therapy [49] found that 
kidney recovery occurred in a significantly higher pro-
portion in the CytoSorb® treated group (31.4 vs. 11.4%, 
p = 0.04). Larger case series included did not report data 
concerning this or other types of clinical outcomes. 
Hemoadsorption therapy itself does not seem to have 
any severe device related adverse events or complications 
related to its application. Mild thrombocytopenia after 
hemoadsorption therapy has been described in some 
case reports [29, 31], without symptoms or need for addi-
tional interventions.

Questions concerning the optimal criteria for starting 
therapy; which biochemical parameters and value cut-
offs provide the best decision tools; the total myoglobin 

Statements/questions Responses (%) Level of 
consensusAgree Disagree

Q28 Testing rebound after interruption of HA of myoglobin/CK levels to determine continuation or 
discontinuation HA

93 7 Strong consen-
sus - A

Q29* In case of continued rhabdomyolysis or redistribution of myoglobin from other tissues into the 
blood stream, hemoadsorption treatment should be continued or re-installed.

87 13 Consensus - A

A, agreement; DA, disagreement; HA, hemoadsorption; CK, creatinine kinase; AKI, acute kidney injury; CRRT, continuous renal replacement therapy; *, questions 
required second round voting

Table 1  (continued) 
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removal capacity by the adsorber; the monitoring of 
clinical outcomes and duration of therapy; remain unan-
swered. Also, larger prospective data or results from 
randomized trials are still not available, although 1 ran-
domized trial (German clinical trial registry identi-
fiers, https://drks.de:: DRKS00023998) as well as one 
prospective study (https://ClinicalTrials.gov Identifier: 
NCT04913298) are currently recruiting. These stud-
ies should help to fill the gaps in the currently available 
evidence and knowledge on the use of hemoadsorption 
therapy in this field.

Conclusions
The results of the current consensus of the Hemoadsorp-
tion in Rhabdomyolysis Task Force support the view that 
adjuvant hemoadsorption therapy with CytoSorb® is an 
effective method to reduce elevated circulating levels of 
myoglobin. However, the quality of the evidence is still 
low and therefore these results render the need for ade-
quately designed clinical trials with clearly defined and 
relevant outcomes.
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