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Summary

Rhabdomyolysis (RM) is a clinical and laboratory syndrome with the underlying destruction of myocytes
and the release of intracellular debris into the systemic circulation. In more than 55% of cases, RM is compli-
cated by acute kidney injury (AKI), which necessitates various methods of extracorporeal detoxification and
currently is a controversial issue.

Aim: to improve the results of treatment of patients with RM of toxic origin complicated by AKI by using
early selective hemoadsorption (SH).

Material and methods. The study included 36 patients divided into 2 groups. Group 1 included 24 patients
who received standard therapy and hemodiafiltration (HDF) as a life-saving intervention. Group 2 comprised
12 patients who underwent early SH to prevent the progression of AKI. We performed a comparative analysis
of clinical and laboratory parameters and treatment outcomes in the groups.

Results. The use of SH was associated with reduced level of myoglobin on day5 of therapy from 384.1 to
112.4 pg/1(70.7%) vs 335.15 to 219.1 ng/1 (34.6%) reduction in the conservative therapy group. By day 7, this
parameter was 18.8 (95.1%) and 142.4 (57.5%), respectively (P=0.012). The level of cystatin-C decreased on day
5from 17.3 to 3.2 mg/1 (81.5%) in group 2 and from 14.9 to 11.7 mg/1(21.5%) in group 1. By day 7, this parameter
decreased to 2.5 (85.6%) and 14.1 (5.3%) mg/l, respectively (P=0.001). The length of ICU stay in group 2 was
7 (6; 9) days, while in the conservative therapy group it was 12 (7; 13) days (P=0.04). The hospital stay was
12 (10; 16) and 22 (14,5; 24,5) days, respectively (P=0.028).

Conclusion. The early use of SH in the intensive therapy helped decrease the levels of markers of endoge-
nous intoxication, AKI severity, improve the filtration capacity of the kidneys, and reduced the length of stay
in the ICU and hospital.
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Introduction

Rhabdomyolysis (RM) is a clinical and labora-
tory syndrome with the underlying damage of the
transverse striated muscles (myocytes) of different
etiology, involving release of intracellular contents
into the bloodstream [1, 2].

As aresult of myocyte damage and destruction,
such numerous intracellular substances as myoglobin,
CPK (creatine phosphokinase), lysosomal and mi-
tochondrial enzymes, histamine, serotonin, cellular
wall components, oligo-, polypeptides, etc. enter

the bloodstream. The resulting systemic toxemia
associates with multiple organ failure syndrome [3].
The most frequent and widespread complication in
RM is acute kidney injury (AKI) syndrome, which is
associated with severe disease and adverse clinical
outcome [4, 5]. Myoglobin plays a fundamental role
in the development and progression of AKI [6, 7].
Currently, the main concept of extracorporeal
detoxification (ECD) involves removal of myoglobin
and other factors of endogenous intoxication from
the bloodstream [8, 9]. Various techniques and regi-
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mens of renal replacement therapy (RRT) have different
efficacy in reducing the myoglobin content in blood [4,
10-13]. However, the early use of various ECD tech-
niques to prevent the development and progression
of AKI currently has no enough evidence and cannot
be recommended for general use [5, 6, 14].

Novel devices for selective hemoadsorption
could be potentially effective in the treatment of
AKI, as they can eliminate a certain range of en-
dogenous toxic substances from the systemic blood-
stream including myoglobin and other molecules.
However, these sorption systems have been only
occasionally employed and have been described in
a limited number of studies [15-18].

Development and application of new sorption
systems capable to selectively eliminate specific
range of substances from the systemic circulation
prompts further study of their possible effective
single or combined use in treatment of RM compli-
cated with AKI [19-21].

The aim of the study: to improve the results of
treatment of patients with toxic RM complicated by
AKI by using early selective hemoadsorption (SHA).

Material and Methods

A prospective multicenter randomized study
included 36 patients aged 20 to 41 years who were
treated in the intensive care unit of N. I. Pirogov
City Clinical Hospital No. 1 and S. S. Yudin City
Clinical Hospital from 2017 to 2020 with a diagnosis
of toxic rhabdomyolysis complicated by AKI. Patients
were randomized using the envelope method. The
study was conducted in accordance with the Dec-
laration of Helsinki after obtaining permission from
the local ethical committee of the Pirogov City Clin-
ical Hospital dated January 13, 2017. Criteria for in-
clusion of patients in the study were history or
clinical and/or laboratory data indicating acute
poisoning; rhabdomyolysis (CPK level 1000 Units/L);
clinical and laboratory signs of AKI. Exclusion criteria
were age less than 18 years, pregnancy, chronic
muscle diseases (muscular dystrophy, inflammatory
myopathy, etc.), injuries of any localization; surgical
treatment; absolute contraindications for ECD meth-
ods such as ongoing bleeding, terminal state.

All RM patients included in the study had clin-
ical and laboratory signs of persistent AKI despite
the standard intensive therapy during 12-24 hours
from the moment of admission to ICU. Standard
intensive therapy administered to all patients upon
admission included fluid therapy for acid-base and
water-electrolyte balance correction; diuretic therapy;
prevention of thromboembolic complications and
gastrointestinal stress ulcers; nutritional support
as well as, ifindicated, respiratory and inotropic/va-
SOpressor support.

At the time of inclusion in the study, the clinical
groups were completely comparable and were not

significantly different from each other (P>0.05 for
all parameters, Table 1).

All patients underwent standard monitoring
of hemodynamic parameters (blood pressure, heart
rate, respiratory rate) and clinical and laboratory
parameters (clinical blood count with leukocyte
morphology, biochemical analysis, coagulation test,
urinalysis, acid-base balance) during intensive ther-
apy. Statistical analysis included the worst values
of parameters registered during the day. The levels
of CPK and myoglobin were assessed to evaluate
endogenous intoxication and RM severity. The sever-
ity of organ dysfunction was assessed daily using
SOFA scale, and the risk of adverse outcome was
assessed using APACHE 1II scale. Diagnosis of AKI
in all patients was made based on KDIGO (Kidney
Disease: Improving Global Outcomes) guidelines,
on admission and daily thereafter. To assess AKI
markers, plasma cystatin-C level was determined,
and to assess the changes in renal function, urine
output rate was assessed and GFR was calculated
using endogenous creatinine clearance in the blood
and urine (Rehberg-Tareyev's test). Statistical analysis
was performed based on the worst values of pa-
rameters during a day.

During the study, patients were randomized
into two clinical groups.

Group 1 included 24 patients, whose standard
intensive care during the first 24 hours in ICU did
not reduce the AKI severity. During the treatment of
the group 1 patients, the standard indications for
the initiation of RRT were followed, i. e., life-threat-
ening severe renal dysfunction despite the basic
full-fledged intensive care therapy. These indications
included severe uremia with increased blood urea
level over 40 mmol/l; anuria or oliguria resistant to
diuretics; increased blood potassium level over
6.5 mmol/l; severe metabolic acidosis with pH less
than 7.15 resistant to fluid therapy. The above indi-
cations for urgent initiation of RRT were identified
during treatment in 21 patients (87.5%) from group 1.
Renal replacement therapy was performed in the
HDF (hemodiafiltration) mode.

Group 2 included 12 patients with toxic RM
complicated by AKI, whose basic intensive care
during the first day after admission to ICU did not
result in reduced severity of AKI. When no effect of
basic intensive therapy was seen within 12-24 hours
after admission to ICU in patients of this group,
selective hemoadsorption was used for active detox-
ication and nephroprotection in early stages of
AKI (KDIGO 1 or 2). If severe life-threatening renal
failure developed, the RRT in HDF mode was initi-
ated. In this group, indications for urgent RRT ini-
tiation were found in 9 patients (75%) during the
treatment.

The post-dilution HDF using a 5008S machine
(Fresenius Medical Care, Germany) was performed.
High-permeability FX800HDF or FX1000HDF he-
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Table 1. Baseline values of clinical and main laboratory parameters in the study groups, Me (Q1; Q3).

Parameter Parameters values in groups P-value
Group 1, n=24 Group 2, n=12
Clinical parameters

Males, n 17 9 1.0
Females, n 7 3

Age, years 34 (27; 36) 35 (20; 41) 0.74
Weight, kg 86 (73; 98) 92 (84; 103) 0.83
SOFA, points 5(5;7) 6 (5; 8) 0.92
APACHEI], points 17 (17; 20) 18 (15; 21) 0.58
KDIGO, stage 0-1 0-1 1.0
MAP, mmHg 68 (52; 74) 62 (50.1; 70.2) 0.38
Heart rate, beats per minute 107 (102; 114) 111 (99; 121) 0.81
GFR, ml/min/1.73 m? 84 (50.5; 87) 75 (55; 80) 0.28
Pa0,/FiO,, mm Hg 291 (282; 308) 287 (270; 312) 0.41
CVPB, cm H,0 0(0; 1) 1(0;1) 0.56
Urine output, ml per hour 43 (37;61) 40 (32; 54) 0.29

Laboratory parameters

Red blood cells, x10'2/1 4.64 (4.46; 5.28) 5.13 (4.7; 5.88) 0.17
Hemoglobin, g/1 162 (159; 165) 163 (153; 177) 0.78
Hematocrit, % 42.9 (40.3; 46.7) 51.3 (48.9; 55.9) 0.26
Platelets, x10°/1 221 (196; 243) 210 (196; 232) 0.83
White blood cells, x10°/1 9.2 (6.8;11.7) 11.1 (7.2;13.7) 0.38
pH 7.1(7.08;7.3) 7.12 (6.9;7.2) 0.31
BE, mmol/1 -4.2 (-5.5;-3.15) -5.3 (-6.3; -3.6) 0.26
Potassium, mmol/l 3.8(3.4;4.2) 3.7 (3.2;4.6) 0.42
Sodium, mmol/1 138 (132; 144) 133 (129; 142) 0.67
Calcium, mmol/1 0.58 (0.44; 0.82) 0.6 (0.51; 0.77) 0.29
Chloride, mmol/1 106 (95.1; 109) 104 (92.3; 107.7) 0.81
Lactate, mmol/l 6.2 (4.6;8.1) 5.9 (5.1;7.3) 0.32
Total protein, g/l 69 (61.1; 73.8) 67.7 (61.2; 78.3) 0.41
Albumin, g/1 33.2 (30.3; 35.5) 34.1(31.2;41.4) 0.54
Urea, mmol/1 11.1 (7.45; 14.25) 12.5(10.6; 13.7) 0.83
Creatinine, pmol/1 148.2 (124.5; 181.8) 182.6 (135.6; 197.5) 0.21
ALT, U/l 64 (47.5; 107.5) 106 (68.4; 487.6) 0.31
AST, U/1 160.1 (133.1; 213.1) 202.1 (180.2; 281.2) 0.44
Total bilirubin, pmol/l 11.9 (8.2;15.4) 15.1 (8.3; 20.6) 0.72
Alkaline phosphatase, mmol/l 98 (72; 123) 128 (98.1; 145) 0.51
LDH, IU/1 245.1 (130.3; 348.15) 315.5 (101.5; 693.85) 0.92
CPK, U/1 10745 (6726.3; 14192) 9288 (8124; 17282) 0.76
CRP, mg/1 89 (45.7; 99.5) 74 (50.8; 88.3) 0.69
PCT, ng/ml 4.1 (2.61;6.2) 3.86 (3.47;5.3) 0.61
Myoglobin, pg/1 335.15 (266; 413.7) 384.1 (296.5; 428.8) 0.74
Cystatin C, mg/1 14.9 (12.5; 18.5) 17.3 (14; 18.95) 0.86
APTT, s 26.6 (23; 27.5) 25.5(23.9; 25.6) 0.14
INR 1.08 (1.02; 1.13) 1.06 (0.9; 1.1) 0.49
Fibrinogen, g/l 4.4 (3.4;4.9) 4.3 (3.7;5.3) 0.95

Note. Differences between groups (P-values) were assessed using the Mann-Whitney U-test, for quantitative (binary) variables,
Fisher's exact test was used. MAP — mean arterial pressure; GFR — glomerular filtration rate; CVP — central venous pressure;
Pa0,/FiO, — ratio of the partial pressure of oxygen in the arterial blood to the fraction of oxygen in the inhaled gas; ALT — alanine
aminotransferase; AST — aspartate aminotransferase; LDH — lactate dehydrogenase; CPK — creatine phosphokinase; CRP — C-re-
active protein; PCT — procalcitonin; APTT — activated partial thromboplastin time; INR — international normalized ratio.

mofilters (B.Braun Avitum AG, Germany) were
used as a mass-exchange device. During hemodi-
afiltration the following parameters were used:
blood flow rate, 250-300 ml/min, dialysate flow
rate, 500-600 ml/min; ultrafiltration rate per hour
depended on the severity of overhydration and
ranged from 100 to 1000 ml/h. The RRT was per-
formed for 4-6 hours daily or every other day until
renal function was restored.

The SHA was performed using the MultiFiltrate
apparatus (Fresenius Medical Care, Germany) in
hemoperfusion mode with the Efferon CT adsorption
system (Russia), using a standard «multiFiltrate
Cassette» cartridge (Fresenius Medical Care, Ger-
many). The SHA was carried out at the blood flow
rate of 100-150 ml/min. The duration of the session
was 6 to 8 hours. Anticoagulation was achieved
using continuous infusion of unfractionated heparin
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Table 2. Changes in the studied parameters from days 1 to 7 of treatment, Me (QI; Q3).
Group Values
Day 1 Day 3 Day 5 Day 7

Myoglobin, pg/l
1, n=24 335.15 (266; 413.7) 318.25 (215.2; 355.8) 219.1 (168.4; 268.7) 142.4 (129.3; 158.4)
2, n=12 384.1 (296.5; 428.8) 236.1 (187.3; 253.3) 112.4 (94.9; 122.45) 18.8 (15.4; 19.4)
P-value 0.28 0.003 0.012

CPK, 1U0/1

1, n=24 10745 (6726; 14192) 2549 (2036; 5606) 1356 (1104; 3355) 789 (619; 1119)
2, n=12 9288 (8002; 17282) 1424 (1241; 2941) 520 (256; 702) 101 (99; 146)
P-value 0.24 0.02 0.002

Cystatin-C, mg/1
1, n=24 14.9 (12.5; 18.5) 16.2 (13.2; 18.6) 11.7 (11.2; 15.4) 14.1 (9.5; 16.4)
2, n=12 17.3 (14; 18.9) 12.9 (11.1; 16.3) 3.2(2.2;5.3) 2.5(2.2;5.6)
P-value 0.32 0.003 0.001

Note. Differences between groups were assessed using the Mann-Whitney U-test.

500-1000 units/hour with coagulation parameters
monitoring. To perform ECD, a double-lumen per-
fusion catheter was placed in a central vein.

Statistical methods. The results obtained during
the study were presented as a median, 25" and 75®
percentiles. The Kolmogorov-Smirnov method was
used to assess the data distribution. Nonparametric
Mann-Whitney and Kruskal-Wallis criteria were
used to test statistical hypotheses. Groups were
compared by qualitative characteristics using Fisher's
exact criterion. Wilcoxon criterion was used to test
the significance of differences between the changes
in the values of parameters. The differences were
considered significant at P<0.05. No adjustment
for multiplicity was made. The statistical analysis
of results was performed using Microsoft Excel with
Real Statistics 2021 (by Charles Zaiontz).

Results

Changes in the markers of endogenous in-
toxication and severity of acute kidney injury.

To determine the detoxification capability of
various methods of extracorporeal detoxification,
we assessed the levels of myoglobin being the major
pathogenetic marker of AKI (Table 2).

Significant positive intra-group changes were
observed. Myoglobin level by day 3 of life-saving
HDF decreased by 5.04% from the baseline (P=0.012),
whereas in group 2 (selective hemoadsorption) a
decrease of 38.5% from baseline values was observed
(P=0.021). By day 5 of intensive therapy the decrease
was 34.6% (P=0.002) in group 1 and 70.7% in group 2
(P=0.016). By day 7, it became for groups 1 and 2
57.5% (P=0.002) and 95.1% (P=0.036), respectively.
Significant intergroup differences were observed
on day 5 (P=0.003) and day 7 (P=0.012) of therapy.
Thus, a variable decrease in myoglobin levels was
observed with different methods of extracorporeal
detoxification, however, it was significantly greater
with the use of SHA.

Table 2 shows the changes in CPK levels from
day 1 to day 7 of intensive care therapy. Significant

decrease in CPK levels was observed in both clinical
groups from day 1 to day 7 of intensive care therapy
(P=0.001). In group 1, this parameter decreased by
76.3% on day 3, by 87.4% on day 5, and by 92.6% on
day 7. In Group 2, the changes were 84.7%; 94.4%
and 98.9%, respectively. Notably, the changes in
CPK levels in group 2 CPK were more prominent
than in group 1, with the appearance of intergroup
differences on days 3 and 7 of intensive therapy
(P=0.02 and P=0.002, respectively, Table 2).

The changes in cystatin-C levels are considered
among the most important markers of renal function
which increase in the setting of acute kidney injury
(Table 2).

In group 1 (life-saving HDF), insignificant
changes were observed: on day 3 of therapy, we ob-
served a 8.7% increase of cystatin-C concentration
in comparison with the initial value, on day 5, 21.5%
decrease, and on day 7, 5.4% reduction (P=0.27;
0.4; 0.16, respectively). In group 2, where SHA with
further HDF was performed, the reduction in cys-
tatin-C concentration on day 3 was 25.4%, on day
5, 81.5% and on day 7, 85.6% (P=0.67; 0.02; 0.003,
respectively). A significant reduction in cystatin-C
level in this group was observed starting from day
5 of intensive therapy. Intergroup differences were
registered on the 5" and 7" days of treatment
(P=0.003; 0.001).

Glomerular filtration rate is an important in-
dicator of the renal functional recovery in acute
kidney injury. Figure 1 shows the changes of GFR
in the studied groups.

In group 2, starting from day 6 of treatment,
there was a significantly higher rate of recovery of
renal function than in group 1 on days 6, 7, 8,
(P=0.04, P=0.01, P=0.03, respectively).

Assessment of the frequency and duration of
RRT.

In patients with toxic rhabdomyolysis, the
changes in AKI progression and the rate of life-
saving RRT play a crucial role. Figure 2 shows the
frequency of life-saving RRT in the groups.
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In the conservative therapy

group, the frequency of life-saving
RRT was 85.7%, in contrast to group 2,

where after prior hemoadsorption,
the frequency of RRT was 66.7%. This

trend in RRT between the groups,

however, was not significant (P=0.38).
The results of comparative analy-

GFR, ml/min/m?

sis showed that the duration of RRT

in group 1 was 16.4 days, and in group
2,13.7 days (P=0.047) (Fig.3).

Comparative analysis of hos-
pitalization time and disease out-
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comes.

One of the most significant cri-
teria for the effectiveness of the ther-
apy, both therapeutic and socio-eco-
nomic, is the length of stay of patients
in the ICU and the hospital. Table 3
demonstrates the group differences
in duration of treatment.

Table 3 shows that in group 2 patients who re-
ceived hemoadsorption both parameters of treat-
ment duration (ICU and hospital stay) were signifi-
cantly less than in patients of group 1 (P=0.041 and
P=0.028, respectively).

No differences in mortality between the groups
were found, which can probably be explained by a
small sample size.

Discussion

This multicenter randomized clinical trial in
patients with toxic rhabdomyolysis complicated
by AKI demonstrated high efficacy of early use of
SHA followed by life-saving HDF compared with
life-saving RRT alone. When considering the patho-
genesis of rhabdomyolysis and AKI, we suggest
that myoglobin level is crucial for its development
being the main source and marker of systemic
toxemia [8, 9, 22].

Myoglobin concentration in the SHA group
decreased by 95.1% by day 7 of the therapy, in
contrast to the group with life-saving RRT (57.5%)
(P=0.012). Similar changes in CPK levels were
obtained after using selective hemoadsorption
starting from day 5 of the treatment. The high
efficiency of myoglobin elimination with SHA is
due to the fact that with a molecular weight of
17 kDa [23] it is removed from the bloodstream
by both convection and sorption detoxification
methods, while CPK molecules sized 40 to 80
kDa [24], pathognomonic for rhabdomyolysis,
are removed with less efficiency [15, 16]. The
elimination of endogenous intoxication factors
from the systemic bloodstream manifests both
in improvement of clinical and laboratory pa-
rameters and in the regression of AKI, as observed
by many authors [6, 22, 25].

Fig. 1. Changes of GFR (Rehberg-Tareyev method) in the study groups from days 1
to 8 of intensive care.
Note. * — significant differences between groups (Mann-Whitney U-test, P<0.05).

Table 3. Duration of treatment of ICU and inpatient pa-
tients, Me (Q1I; Q3).

Groups Duration of treatment, days
ICU Hospital
1, n=24 12 (7; 13) 22 (14.5; 24.5)
2, n=12 7(6;9) 12 (10; 16)
P-value 0.041 0.028

Note. Differences between the groups were assessed using the
Mann-Whitney U-test, P<0.05.
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Fig. 2. Frequency of RRT in the groups.

Accelerated decrease in the levels of cystatin-
C (AKI marker) after SHA is, in our opinion, directly
related to the reduction of systemic toxemia factors
and their nephrotoxicity, which was confirmed by
other researchers [12, 22, 25, 26].

Thus, our results indicate that the earliest use
of SHA results in the reduction of systemic endo-
toxemia and probably in an earlier recovery of renal
function judging by the changes in GFR. Early use
of SHA in patients with rhabdomyolysis had a
positive effect on the level of endotoxemia markers,
the severity of AKI, and was probably nephropro-
tective, which has not been yet reported in the
available literature [27, 28].
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Among important results of our work is a de-
crease in systemic toxemia expressed as reduction
of myoglobin, CPK, and AKI markers, as well as an
improvement in renal function and a significant
decrease in the duration of RRT in SHA group,
which, in our opinion, was a direct consequence of
the processes described above.

Thus, the study results provide a rationale for
the timely use of SHA in intensive therapy of toxic
rhabdomyolysis to reduce the treatment duration
in ICU and hospital [5, 10, 22, 29-33].

Conclusion

The use of selective hemoadsorption in patients
with toxic rhabdomyolysis has significantly reduced
the levels of endogenous intoxication markers such
as myoglobin (by 70.7%) and CPK (by 94.4%) as
well as the concentration of AKI markers such as
cystatin-C (by 81.5%) by day 5 of treatment. This
method was also associated with improved renal
filtration starting from day 6 of treatment.
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