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Abstract 

Background: Rhabdomyolysis is frequently occurring in critically ill patients, resulting in a high risk of acute kidney 
injury (AKI) and potentially permanent kidney damage due to increased myoglobin levels. The extracorporeal elimina-
tion of myoglobin might be an approach to prevent AKI, but its molecular weight of 17 kDa complicates an elimina-
tion with conventional dialysis membranes. Question of interest is, if myoglobin can be successfully eliminated with 
the cytokine adsorber Cytosorb® (CS) integrated in a high-flux dialysis system.

Methods: Patients were included between 10/2014 and 05/2020 in the study population if they had an anuric renal 
failure with the need of renal replacement therapy, if CS therapy was longer than 90 min and if myoglobin level 
was > 5.000 ng/ml before treatment. The measurement times of the laboratory values were: d-1 = 24–36 h before CS, 
d0 = shortly before starting CS and d1 = 12–24 h after starting CS treatment. Statistical analysis were performed with 
Spearman’s correlation coefficient, Wilcoxon test with associated samples and linear regression analysis.

Results: Forty-three patients were included in the evaluation (median age: 56 years, 77% male patients, 32.6% ECMO 
therapy, median SAPS II: 80 points and in-hospital mortality: 67%). There was a significant equilateral correlation 
between creatine kinase (CK) and myoglobin at all measurement points. Furthermore, there was a significant reduc-
tion of myoglobin (p = 0.03, 95% confidence interval (CI): − 9030, − 908 ng/ml) during CS treatment, with a median 
relative reduction of 29%. A higher median reduction of 38% was seen in patients without ongoing rhabdomyolysis 
(CK decreased during CS treatment, n = 21). In contrast, myoglobin levels did not relevantly change in patients with 
increasing CK and therefore ongoing rhabdomyolysis (n = 22, median relative reduction 4%). Moreover, there was no 
significant difference in myoglobin elimination in patients with and without ECMO therapy.

Conclusion: Blood purification with Cytosorb® during high-flux dialysis led to a significant reduction of myoglobin 
in patients with severe rhabdomyolysis. The effect might be obscured by sustained rhabdomyolysis, which was seen 
in patients with rising CK during treatment. Prospective clinical trials would be useful in investigating its benefits in 
avoiding permanent kidney damage.

Keywords: Cytosorb ®, Blood purification, Rhabdomyolysis, Myoglobin, Acute kidney injury

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat iveco mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco 
mmons .org/publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  Christina.Scharf@med.uni-muenchen.de
1 Department of Anesthesiology, LMU Hospital, Marchioninistrasse 15, 
81377 Munich, Germany
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-5310-4116
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-021-03468-x&domain=pdf


Page 2 of 9Scharf et al. Crit Care           (2021) 25:41 

Introduction
Rhabdomyolysis describes the disintegration of skeletal 
muscles, leading to the release of muscle components 
into the blood [1]. The most common cause is trau-
matic damage of the muscles, for example in patients 
after multiple traumas [2]. However, the clinical picture 
can also occur as part of severe sepsis and due to drug 
side effects [3]. Ultimately, many intensive care unit 
(ICU) patients are affected. In addition to electrolyte 
disorders caused by cell decay, there is also an accu-
mulation of creatine kinase (CK) and myoglobin in the 
blood [4]. Even though there are no uniform diagnostic 
criteria, rhabdomyolysis is typically referred to when 
the CK is > 5 times the upper normal [5].

After muscle damage, CK reaches its maximum value 
in the blood after about 24 h and is then inactivated by 
oxidation in the blood independently of liver and kid-
ney function [6]. Persistent muscle damage can further 
increase serum CK levels. Myoglobin reaches its maxi-
mum value in the blood within about 12 h after muscle 
damage and is rapidly eliminated by the kidneys. The 
half-life is about 3 h, if kidney function is unrestricted 
and muscle damage is not persistent [7]. However, an 
accumulation of large amounts of myoglobin might 
have nephrotoxic effects although a clear mechanism 
about the renal toxicity is still not clear. Thus, renal 
vasoconstriction, the formation of intratubular casts 
and direct toxic effect of myoglobin on the tubule cells 
might lead to acute kidney injury (AKI) and the clinical 
picture of the “crush kidney” [8].

A frequently used conservative treatment option in 
preventing AKI is the alkalization of the urine, but no 
randomized controlled study showed its benefits so far. 
However, renal replacement therapy (RRT) is necessary 
in many ICU patients due to ongoing AKI [9]. Although 
the amount of CK defines rhabdomyolysis, its elimina-
tion is of secondary importance due to the absence of 
toxicity [10]. In contrast, myoglobin can cause persis-
tent and potentially permanent damage of the tubular 
epithelial cells in the kidney and its elimination from 
the blood might be an approach to avoid AKI [8]. The 
problem is that myoglobin, with a molecular weight 
of approximately 17  kDa, is only poorly removed by 
many standard dialysis membrane used in critically ill 
patients with the need of RRT [8, 11]. The surface area 
of the dialyzers is often between 1 and 2  m2 and the 
sieving coefficient for myoglobin mostly between 0.2 
and 0.4.

One solution for a better myoglobin removal is the 
use of high cut-off (HCO) dialyzers. Heyne et  al. [12] 
described this approach in a case series with an effective 
removal of myoglobin. Furthermore, Weidhase et  al. 
[13] recently published the results of a randomized 

trial, where a higher myoglobin clearance can be seen 
in patients treated with HCO dialyzers in contrast 
to the typically used high-flux dialyzers. Both had the 
same surface area of 1.8  m2 and myoglobin clearance 
was about 8–10 ml/min for HCO dialyzers and 2–3 ml/
min for high-flux dialyzers. Another method is plasma-
pheresis, where a successful myoglobin elimination had 
also been described [14]. A new approach is the use of 
the cytokine adsorbed Cytosorb® (CS) (CytoSorbents 
Europe, Berlin, Germany), which is primarily intended 
for the elimination of cytokines in hyperinflammatory 
conditions [15]. It has a surface area of about 45.000 
 m2 and hydrophobic molecules up to a size of approxi-
mately 55  kDa can be eliminated. The product has a 
CE mark for the elimination of myoglobin since 2019. 
Based on its molecular weight of 80 kDa, an elimination 
of CK cannot be assumed.

Although in vitro data showed the elimination of myo-
globin by CS [16], there is a lack of clinical studies in the 
literature, except of two case reports. [17, 18]. Due to the 
lack of data describing the effects of CS in patients with 
rhabdomyolysis, a retrospective data analysis was investi-
gated in critically ill patients with severe rhabdomyolysis 
and CS therapy. Within the scope of clinical practice, CS 
was used at two anesthesiological ICUs at the LMU hos-
pital in Munich in patients with severe rhabdomyolysis 
and the need of RRT. To evaluate the clinical experience 
in a structured way and to gain first results on the in-vivo 
efficacy of CS in critically ill patients with rhabdomyoly-
sis, a retrospective data analysis was performed.

Methods
Study setting
This was a single-center, retrospective observational 
study investigating the effects of CS therapy in critically 
ill patients with AKI and rhabdomyolysis. Patients were 
included between October 2014 and May 2020 during 
their stay at two ICUs at the LMU hospital in Munich. 
The local institutional review board approved the study 
(registration number 20-477).

Laboratory measurements and data collection
All clinical–chemical parameters were determined with 
standard clinical chemistry tests in the institute of labo-
ratory medicine. CK was measured using a kinetic test, 
so all different isoforms are included. Myoglobin was 
measured with a muscular specific immunoassay. Demo-
graphic data, clinical variables and laboratory variables 
were collected from the laboratory and patient informa-
tion system. Baseline characteristics (age, gender, body 
mass index (BMI), extracorporeal membrane oxygena-
tion (ECMO), days at ICU till treatment with CS, 7-days 
mortality, in-hospital mortality, sequential organ failure 
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assessment (SOFA) score, Simplified Acute Physiology 
Score (SAPS) II, reason for admission to ICU and reason 
for rhabdomyolysis) were evaluated on the treatment day. 
Laboratory data (CK, myoglobin and lactate serum levels) 
were collected daily before and during the intervention.

Study population
All patients, who were treated with CS between 10/2014 
and 05/2020, were screened for evaluation. Patients were 
only included in the study population when CS therapy 
was longer than 90  min and it was the first treatment 
interval. Furthermore, myoglobin serum level had to 
be over 5000  ng/ml, measured directly before CS treat-
ment. Furthermore, a myoglobin level had to be meas-
ured directly after CS therapy. A repetitive application 
took place partially, but was excluded in our evaluation. 
Moreover, only patients with anuria and the need of con-
tinuous RRT with high-flux dialysis (Fresenius Ultraflux® 
AV 600S, surface area 1.4  m2, myoglobin sieving coeffi-
cient ~ 0.3) were included.

Blood sampling
In the data evaluation, three time points were considered 
depending on CS treatment:

• d-1: 24–36 h before starting CS therapy.
• d0: 0–12  h before starting CS therapy (= directly 

before treatment).
• d1: 12–24 h after starting CS therapy (= end of treat-

ment or immediately after the end).

Statistical analysis
Statistical analysis was performed with IBM SPSS statis-
tics (Version 26.0. IBM Corp., Armonk, NY, USA). The 
effect of CS treatment on the reduction of myoglobin in 
relation to CK was investigated. Continuous variables are 
given as median and interquartile range (IQR) or with 
minimum and maximum. The relative change of the 
parameters (%) was calculated with: 100 − ((100/param-
eter d0) * parameter d1). As laboratory variables had no 
normal distribution in the Shapiro–Wilk test, nonpara-
metric tests were used. Spearman’s correlation coefficient 
was used for correlation analysis and Wilcoxon test with 
associated samples was used to describe the change of 
CK and myoglobin before and during CS treatment. To 
identify confounders on the effect of myoglobin elimi-
nation with CS (relative change of myoglobin during 
CS therapy), a linear regression analysis was performed. 
Independent variables were: relative change of CK (%) 
(d0–d1), CK d0, myoglobin d0, lactate d0, relative change 
of lactate (%) (d0–d1), SAPS II d0 and ECMO therapy. To 

identify baseline changes and changes in the elimination 
of myoglobin in patients with and without ECMO-ther-
apy, the U-test was used.

Results
Demographic and clinical data
In total, 43 patients were included in the evaluation. CS 
was integrated into a continuous renal replacement pro-
cedure as all patients had an AKI requiring RRT. The 
main diagnoses at admission to the ICU were as follows, 
in descending order: acute respiratory distress syndrome 
(ARDS) (30.2%), polytrauma (18.6%), septic shock (14.0%) 
and solid organ transplantation (14.0%). The reason for 
rhabdomyolysis was as follows, in descending order: 
infection/septic shock (41.9%), trauma (23.2%), hypov-
olemic or cardiogenic shock (14.0%), metformin intoxica-
tion (2.3%) and unknown origin (18.6%). The median age 
was 56 years, 77% were male and 32.6% needed support 
with ECMO therapy. All patients were critically ill, which 
was reflected in a median SAPS II of 80 points, which 
predicted a mortality rate of 92.5%. The actual in-hospital 
mortality rate was 67.4%. Detailed patient characteristics 
can be found in Table 1.

Comparison of CK and myoglobin levels before and after 
Cytosorb® treatment
The laboratory parameters were examined at d-1, d0 and 
d1 as described in the method section. Furthermore, the 
relative change (%) during the time periods (d-1/d0) and 
(d0/d1) for both CK and myoglobin was analyzed. Spear-
man’s correlation coefficient showed a significant, mod-
erate equilateral correlation in the comparison of CK and 
myoglobin at all time points.

Statistical analysis with the Wilcoxon test with asso-
ciated samples showed a significant increase of CK in 
the period prior to CS treatment (p < 0.001, CI 2287, 
5923 U/l) with a median relative change of + 129.2% 
(IQR: 45.8%, 310.1%). It was the same for myoglobin 
prior to CS therapy (p < 0.001, CI 8774, 20,173  ng/ml) 
with a median relative change of + 106.1% (IQR: 40.6%, 
213.1%). There was no significant change of CK during 
CS therapy (p = 0.419, CI − 1542, 669 U/l; median rela-
tive change + 1.0% (IQR: − 28.3, + 78.2%)). In contrast, 
a significant reduction of myoglobin can be seen during 
CS treatment (p = 0.03, CI − 9030, − 908  ng/ml) with a 
median relative change of − 29.4% (IQR: − 41.2, + 2.6%). 
Figure 1 shows the course of CK and myoglobin prior and 
during CS therapy as box plots.

A regression analysis was performed to detect deter-
minants that affect the change of myoglobin during CS 
therapy. The only significant factor that influenced the 
relative change of myoglobin was the relative change of 
CK during the same period (p < 0.001, CI 0.39, 0.61). All 
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other parameters had no significant impact on the rela-
tive change of myoglobin during CS treatment.

Effect of Cytosorb® in different groups
We assumed that myoglobin elimination by CS therapy 
was not visible in laboratory measurement due to per-
sistent rhabdomyolysis with accumulation of further 
myoglobin and CK. Therefore, patients were divided 
into two groups depending on whether CK increased or 
decreased during CS application. Group 1 (n = 21) was 
defined as patients with decreasing CK during CS and 
group 2 (n = 22) was defined as patients with increas-
ing CK, which is equal to an ongoing muscle injury. 
Figure 2 shows the relative change (= 100 − ((100/param-
eter d0) * parameter d1) of myoglobin und CK during CS 
treatment. Patients allocated to group 1 are presented as 
green dots and patients allocated to group 2 as red dots.

The periods prior to CS (d-1/d0) and the period during 
CS (d0/d1) were analyzed concerning CK and myoglo-
bin levels and relative change in the two different groups. 
Detailed results can be found in Table 2.

There was a significant increase of CK (p = 0.025, CI 
1495, 19,168 U/l) and myoglobin (p = 0.01, CI 6749, 
37442  ng/ml) in patients allocated to group 1 prior to 
CS treatment. Moreover, a significant decrease of both 
CK (p < 0.001, CI − 3777, − 1168 U/l) and myoglobin 

(p < 0.001, − 19,386, − 7111  ng/ml) can be seen. The 
median relative reduction of myoglobin was 38%.

In contrast, there was no significant change, neither for 
CK (p = 0.201, CI − 2478, 8898 U/l), nor for myoglobin 
(p = 0.147, CI − 6472, 19,502  ng/ml) prior to CS treat-
ment in patients allocated to group 2. During treatment 
with CS, a significant increase in CK (p < 0.001, CI 1861, 
6946 U/l) was observed in those patients, while there was 
no significant change of myoglobin (p = 0.858, CI − 4954, 
29,770 ng/ml).

Figure  3 shows the median CK and myoglobin levels 
in the different groups. The course of CK and myoglobin 
was equal in the observed period in patients allocated to 
group 1. It was the same in patients allocated to group 
2 prior to CS therapy with increasing CK and myoglo-
bin levels. In contrast, CK serum levels increased rap-
idly during CS treatment, while myoglobin serum levels 
remained nearly unchanged.

Myoglobin elimination in patients with and without ECMO 
therapy
In total, 14 patients needed support with ECMO therapy 
and had therefore a high risk for hemolysis. The median 
LDH (U/l) at d0 in patients with and without ECMO ther-
apy was 1566 (IQR: 767, 3824) and 825 (IQR: 690, 3190) 
with no significant difference in the U-test (p = 0.50). 
Furthermore, there was no difference in median myo-
globin d0 (ng/ml) with 26,760 (IQR: 17,318, 35,311) and 
25,012 (12,587, 37,562) in patients with and without 
ECMO-therapy (p = 0.88), respectively. The median rela-
tive reduction during CS treatment was 26.2% in ECMO-
patients and 34.4% in patients without ECMO-therapy. A 
significant difference was also here not to be recognized 
(p = 0.31).

Discussion
To the best of the authors’ knowledge, this is the first 
analysis of the effectiveness of the cytokine adsorber 
Cytosorb® integrated into a continuous high-flux dialy-
sis system for myoglobin elimination in critically ill 
patients with severe rhabdomyolysis, apart from case 
reports. With 43 patients, the study represents the larg-
est population in which blood purification was used for 
myoglobin elimination. A SAPS II of 80 points was indic-
ative for the severity of disease of the study population. 
A median myoglobin level of > 25,000  ng/ml before the 
start of CS therapy underlines the massive rhabdomyoly-
sis. Although all conservative therapeutic options should 
be exhausted to avoid a crush kidney [9, 19], acute renal 
failure can usually not be avoided, especially at such high 
myoglobin concentrations.

Since extracorporeal myoglobin elimination is only 
insufficiently possible with high-flux dialysis (small 

Table 1 Patient characteristics and  laboratory 
measurements

BMI body mass index, ECMO extracorporeal membrane oxygenation, ICU 
intensive care unit, SOFA sequential organ failure assessment, SAPS Simplified 
Acute Physiology Score, CK creatine kinase, d day

n (%) or median 
[Range: min, max]

Patient characteristics

 Age (years) 56 [18, 84]

 Gender: male/female 33 (76.7)/10 (23.3)

 BMI (kg/m2) 26.7 [15.2, 45.0]

 ECMO therapy 14 (32.6)

 Days at ICU till treatment 2 [0, 30]

 7-day mortality 11 (25.6)

 In-hospital mortality 29 (67.4)

 SOFA score on treatment day 19 [8, 23]

 SAPS II on treatment day 80 [40, 115]

Laboratory measurements

 Myoglobin d-1 (ng/ml) 9938 [1253, 260,000]

 Myoglobin d0 (ng/ml) 25,281 [7033, 252,000]

 Myoglobin d1 (ng/ml) 22,871 [3548, 163,000]

 CK d-1 (U/l) 2389 [96, 33,643]

 CK d0 (U/l) 6752 [855, 200,000]

 CK d1 (U/l) 6652 [822, 90,350]
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surface area and low sieving coefficient), several special 
elimination procedures are available. As all patients had 
an anuric renal failure, the authors do not assume a rel-
evant endogenous myoglobin elimination in the study 
population. The median myoglobin clearance of a simi-
lar high-flux filter was recently described by Weidhase 
et al. [13] with approximately 2–3 ml/min. However, a 
new alternative for myoglobin elimination might be CS, 
whose integration into an, for example, existing high-
flux dialysis system is quick and easy. Even though there 
is regular approval for the usage of CS in patients with 
rhabdomyolysis in the European Union, there is a gen-
eral lack of clinical studies [16]. It is important to know 
which molecules can theoretically be eliminated by CS 
based on their molecular size. The cutoff value of CS 
based on manufacturer’s specifications is about 55 kDa. 
Therefore, the elimination of myoglobin with a molecu-
lar size of 17  kDa is possible [20], whereas CK with a 
size of about 80  kDa cannot be eliminated [21]. With 
this assumption, the elimination of CK by CS described 
by Dilken et  al. [18] must be critically questioned and 
is most likely based on the endogenous decay and not 
on removal by CS. This was also clearly stated by Daum 
et al. [22], who referred directly to the case report pre-
sented by Dilken et al.

A median relative reduction rate of 29% is a great suc-
cess, especially with persistent rhabdomyolysis. Ongoing 

rhabdomyolysis might be the reason, why the effect of CS 
is often difficult to detect in laboratory measurements. 
However, correlation analysis revealed that there was a 
significant correlation between the CK and myoglobin 
values, and regression analysis showed that the change in 
CK during CS was the only factor that influenced myo-
globin levels. Therefore, the two variables seem compa-
rable, even though the flooding time and half-life of the 
substances are different [23].

Due to organ-independent degradation, there should be 
a relevant reduction of CK during CS application, assum-
ing an expired rhabdomyolysis. In contrast, if the CK 
continues to increase, there might be an ongoing rhab-
domyolysis. Therefore, two groups were formed based on 
this assumption. In conclusion, a significant reduction of 
myoglobin (median relative reduction: 38%) was detected 
in patients with decreasing CK (group 1). Since all 
patients had an anuric renal failure, renal elimination of 
myoglobin cannot be assumed and, in the authors’ view, 
the reduction of myoglobin was largely due to the use of 
CS and not due to the high-flux dialyzer. The elimination 
rate was comparable to a study in pigs, where a myoglo-
bin elimination of 41% by CS was described [24]. How-
ever, it should be noted that degradation pathways with 
spleen and liver have been rarely described [25].

Although no significant change in myoglobin was 
observed in patients with increasing CK (group 2), the 

Fig. 1 CK and myoglobin values of all patients at different time points. Myo Myoglobin, CK creatine kinase, d-1 24–36 h before Cytosorb® treatment, 
d0 0–12 h before CS treatment, d1 12–24 h after beginning Cytosorb® treatment, orange line represents the median, gray boxes the interquartile 
range and the whiskers are limited to 1.5 times the interquartile range
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elimination was evident from the substantial increase 
of CK during CS application (median relative increase 
of 78%), while there was a median decrease of 4% for 

myoglobin. Without CS therapy, a rapid increase in 
myoglobin, equivalent to the previously unidirectional 
change in CK and myoglobin, would be expected in those 

Fig. 2 Relative change (%) of myoglobin and CK during CS treatment. CK creatine kinase, CS Cytosorb®, green dots: decrease of CK during CS 
treatment (= group 1), red dots: increase of CK during CS treatment (= group 2)

Table 2 CK and myoglobin in the two different groups

CK creatine kinase, Myo myoglobin

CK Median (IQR) or relative change 
[IQR]

Myoglobin Median (IQR) 
or relative change 
[IQR]

Group 1 (decreasing CK)

 CK d-1 2715 (887, 6392) Myoglobin d-1 16,417 (6474, 25,622)

 CK d0 6982 (4605, 9903) Myoglobin d0 29,514 (20,744, 38,317)

 CK d1 4962 (2802, 7946) Myoglobin d1 19,355 (10,481, 29,667)

 100 − ((100/CK d-1) * CK d0) 132% [29, 513] 100 − ((100/Myo d-1) * Myo d0) 73% [37, 132]

 100 − ((100/CK d0) * CK d1) − 28% [− 39, − 19] 100 − ((100/Myo d0) * Myo d1) − 38% [− 53, − 18]

Group 2 (increasing CK)

 CK d-1 1833 (776, 4011) Myoglobin d-1 9406 (5081, 10,701)

 CK d0 4178 (2232, 11,731) Myoglobin d0 23,264 (12,956, 27,769)

 CK d1 11,819 (5112, 20,193) Myoglobin d1 24,297 (14,044, 53,745)

 100 − ((100/CK d-1) * CK d0) 126% [79, 283] 100 − ((100/Myo d-1) * Myo d0) 166% [97, 351]

 100 − ((100/CK d0) * CK d1) 78% [21, 126] 100 − ((100/Myo d0) * Myo d1) − 4% [− 30, 69]
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patients as well. Although the absence of an increase did 
not prove that CS therapy was successful, this must be 
supposed from the authors’ perspective.

As one-third of our patients needed support with 
ECMO-therapy, which potentially influences the perfor-
mance of CS, a subgroup analysis was performed. Neither 
a more pronounced hemolysis, nor higher myoglobin 
levels before treatment or a significant difference in the 
relative myoglobin reduction can be seen. Although our 
population is not generally applicable to all other ICU 
patients, we conclude that ECMO therapy might not 
have relevant impact on CS elimination performance.

No clinical studies that examine the evidence of CS in 
the context of rhabdomyolysis are available. It further 
remains unclear whether and how much myoglobin elim-
ination leads to less kidney damage and faster comple-
tion of dialysis. In this context, our study can provide the 
foundation for future prospective projects. Overall, other 
blood purification systems can also be used for the elimi-
nation of myoglobin [12, 26–29]. The advantages of CS 
compared to, for example, plasmaphereses are that albu-
min, with a molecular size of 66–67 kDa, is not absorbed 

and that it can be easily and temporarily integrated into 
an existing dialysis system. Ultimately, all procedures lack 
both individual studies and comparative studies ques-
tioning the clinical relevance of myoglobin elimination. 
Therefore, a final evaluation according to the best proce-
dure is not possible.

In summary, myoglobin removal with the cytokine 
adsorber CS integrated into a high-flux dialyzer can be 
recommended for clinical routine due to its existing CE 
mark, ease of use and absence of side effects. Even though 
an advantage in patient outcome has not yet been con-
firmed, extracorporeal elimination seems to be useful 
especially in cases of high myoglobin levels and existing 
AKI. Therefore, potentially permanent damage of the 
renal tubules cells caused by the accumulation of myo-
globin could be prevented [30]. Nevertheless, prospective 
studies are lacking in which the myoglobin clearance of 
CS can be accurately determined by a dense blood col-
lection scheme and, for example, simultaneous meas-
urements at the adorber’s in—and outlet, to determine 
cross-adsorber clearance.

Fig. 3 Median CK and myoglobin levels in the different groups. CK creatine kinase, Myo myoglobin, − 1: day − 1, 0: day 0, 1: day 1, green beams: 
decrease of CK during CS treatment (= group 1), red beams: increase of CK during CS treatment (= group 2)
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Finally, this study has several limitations. First, it was 
a retrospective, single-center data analysis, whereby 
laboratory parameters were collected in clinical routine. 
Although the time of blood collection and the duration 
of treatment with CS were electronically documented, a 
slight deviation was still possible. Second, there was no 
control group, so the course of myoglobin without CS 
could not be assessed and elimination outside the kidneys 
may have played a minor role. In this context, a statement 
on the difference in patients’ outcome with and without 
CS treatment is not possible. Third, CK was measured 
using a kinetic test, so the CK value included all isoforms. 
Last, statements about the myoglobin clearance and satu-
ration kinetics of the CS absorber are not possible due to 
the relatively sparse blood sampling scheme. Moreover, 
small amounts of myoglobin can also be eliminated by 
the high-flux dialysis and the elimination was therefore a 
combination of CS therapy and high-flux dialysis.

Conclusion
Blood purification with Cytosorb® integrated into a high-
flux dialyzer may be a useful tool for the elimination of 
myoglobin in critically ill patients with rhabdomyoly-
sis. Myoglobin elimination could avert permanent kid-
ney damage by avoiding its deposition in the kidney. A 
measurable effect might be obscured during sustained 
rhabdomyolysis, seen in patients with a rising CK during 
treatment. Thus, in-vivo pre- and post-adsorber meas-
urements would be useful for investigating the elimina-
tion rate and elimination kinetic of myoglobin during CS 
treatment. Prospective randomized trials would, further-
more, be useful to examine the clinical benefits in terms 
of recovery of kidney function and patient outcome.

Abbreviations
AKI: Acute kidney injury; BMI: Body mass index; CI: Confidence interval; CK: 
Creatine kinase; ECMO: Extracorporeal membrane oxygenation; HCO: High cut 
off; ICU: Intensive care unit; RRT : Renal replacement therapy; SAPS: Simplified 
Acute Physiology Score; SOFA: Sequential organ failure assessment.

Acknowledgements
Not applicable.

Authors’ contributions
CS and IS designed the study. CS were responsible for the acquisition of 
demographic and clinical data and did the statistical analysis. CS and IS inter-
preted the results and wrote the manuscript. UL, MP, MI and MZ participated 
in study design and interpretation of results. All authors meet key authorship 
requirements and agree to be accountable for all aspects of the work in ensur-
ing that questions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved. All authors read and approved 
the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This research 
did not receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Availability of data and materials
All data generated during this study are included in this article.

Ethics approval and consent to participate
Ethical approval was obtained from the ethical review committee of the 
Ludwig-Maximilians-Universität (Registration Number 20-477).

Consent for publication
Not applicable.

Competing interests
Upon manuscript submission, all authors declare they have no competing 
interests.

Author details
1 Department of Anesthesiology, LMU Hospital, Marchioninistrasse 15, 
81377 Munich, Germany. 2 Institute of Laboratory Medicine, LMU Hospital, 
Munich, Germany. 

Received: 4 December 2020   Accepted: 13 January 2021

References
 1. Zimmerman JL, Shen MC. Rhabdomyolysis. Chest. 2013;144(3):1058–65.
 2. Sousa A, et al. Rhabdomyolysis: risk factors and incidence in polytrauma 

patients in the absence of major disasters. Eur J Trauma Emerg Surg. 
2013;39(2):131–7.

 3. Kolovou G, et al. Non-traumatic and non-drug-induced rhabdomyolysis. 
Arch Med Sci Atheroscler Dis. 2019;4:e252–63.

 4. Cabral BMI, et al. Rhabdomyolysis. Dis Mon. 2020;66(8):101015.
 5. Chavez LO, et al. Beyond muscle destruction: a systematic review of 

rhabdomyolysis for clinical practice. Crit Care. 2016;20(1):135.
 6. Durany N, et al. Inactivation of phosphoglycerate mutase and creatine 

kinase isoenzymes in human serum. Mol Pathol. 2002;55(4):242–9.
 7. Holt S, Moore K. Pathogenesis of renal failure in rhabdomyolysis: the role 

of myoglobin. Exp Nephrol. 2000;8(2):72–6.
 8. Petejova N, Martinek A. Acute kidney injury due to rhabdomyolysis and 

renal replacement therapy: a critical review. Crit Care. 2014;18(3):224.
 9. Chatzizisis YS, et al. The syndrome of rhabdomyolysis: complications and 

treatment. Eur J Intern Med. 2008;19(8):568–74.
 10. Safari S, et al. The value of serum creatine kinase in predicting the risk of 

rhabdomyolysis-induced acute kidney injury: a systematic review and 
meta-analysis. Clin Exp Nephrol. 2016;20(2):153–61.

 11. Stefanovic V, Bogicevic M, Mitic M. Myoglobin elimination in end stage 
kidney disease patients on renal replacement treatment. Int J Artif 
Organs. 1993;16(9):659–61.

 12. Heyne N, et al. High cut-off renal replacement therapy for removal of 
myoglobin in severe rhabdomyolysis and acute kidney injury: a case 
series. Nephron Clin Pract. 2012;121(3–4):c159–64.

 13. Weidhase L, et al. 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(1):644.

 14. Swaroop R, Zabaneh R, Parimoo N. Plasmapheresis in a patient with 
rhabdomyolysis: a case report. Cases J. 2009;2:8138.

 15. 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 endotox-
emia. Crit Care Med. 2004;32(3):801–5.

 16. Poli EC, Rimmele T, Schneider AG. Hemoadsorption with CytoSorb((R)). 
Intensive Care Med. 2019;45(2):236–9.

 17. Padiyar S, et al. Cytosorb for management of acute kidney Injury due to 
Rhabdomyolysis in a child. Indian Pediatr. 2019;56(11):974–6.

 18. Dilken O, et al. Successful reduction of creatine kinase and myoglobin 
levels in Severe Rhabdomyolysis using extracorporeal blood purification 
(CytoSorb(R)). Blood Purif. 2020;49(6):743–7.



Page 9 of 9Scharf et al. Crit Care           (2021) 25:41  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 19. Cote DR, et al. A “crush” course on rhabdomyolysis: risk stratification and 
clinical management update for the perioperative clinician. J Anesth. 
2020;34(4):585–98.

 20. Perkoff GT, et al. The characterization of adult human myoglobin. J Biol 
Chem. 1962;237:2820–7.

 21. Wood TD, et al. Sequence verification of human creatine kinase (43 kDa) 
isozymes by high-resolution tandem mass spectrometry. Proc Natl Acad 
Sci U S A. 1995;92(25):11451–5.

 22. Daum HC, Schmidt BMW, Napp LC. Effects of hemoadsorption with 
CytoSorb during severe Rhabdomyolysis. Blood Purif. 2020. https ://doi.
org/10.1159/00050 8277.

 23. Mikkelsen TS, Toft P. Prognostic value, kinetics and effect of CVVHDF on 
serum of the myoglobin and creatine kinase in critically ill patients with 
rhabdomyolysis. Acta Anaesthesiol Scand. 2005;49(6):859–64.

 24. Linden K, et al. Evaluation of the cytosorb hemoadsorptive column in a 
pig model of severe smoke and burn injury. Shock. 2015;44(5):487–95.

 25. Wakabayashi Y, et al. Rapid fall in blood myoglobin in massive rhabdomy-
olysis and acute renal failure. Intensive Care Med. 1994;20(2):109–12.

 26. Ronco C. Extracorporeal therapies in acute rhabdomyolysis and myoglo-
bin clearance. Crit Care. 2005;9(2):141–2.

 27. Masakane I, Sakurai K. Current approaches to middle molecule removal: 
room for innovation. Nephrol Dial Transplant, 2018. 33(suppl_3): 
iii12–iii21.

 28. Premru V, et al. Some kinetic considerations in high cut-off hemo-
diafiltration for acute myoglobinuric renal failure. Ther Apher Dial. 
2013;17(4):396–401.

 29. Guzman N, et al. Myoglobin removal using high-volume high-flux 
hemofiltration in patients with oliguric acute kidney injury. Blood Purif. 
2013;36(2):107–11.

 30. Zorova LD, et al. The role of myoglobin degradation in nephrotoxicity 
after rhabdomyolysis. Chem Biol Interact. 2016;256:64–70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1159/000508277
https://doi.org/10.1159/000508277

	Blood purification with a cytokine adsorber for the elimination of myoglobin in critically ill patients with severe rhabdomyolysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study setting
	Laboratory measurements and data collection
	Study population
	Blood sampling
	Statistical analysis

	Results
	Demographic and clinical data
	Comparison of CK and myoglobin levels before and after Cytosorb® treatment
	Effect of Cytosorb® in different groups
	Myoglobin elimination in patients with and without ECMO therapy

	Discussion
	Conclusion
	Acknowledgements
	References


