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Abstract

Oliguric acute kidney injury due to traumatic rhabdomyolysis can be potentially lethal if the
proper medical therapy combined with extracorporeal detoxification is not performed. Differ-
ent extracorporeal techniques are available to overcome this syndrome. Here, we report the
first case of removal of myoglobin and successful recovery from acute kidney injury in an el-
derly septic patient using supra-hemodiafiltration with endogenous reinfusion technique

(HFR-Supra) combined with the medical therapy. © 2021 The Author(s)
Published by S. Karger AG, Basel
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Introduction

Acute kidney injury (AKI) associated with myoglobinuria is the most serious complication
of both traumatic and nontraumatic rhabdomyolysis, and it may be potentially lethal [1].

A useful approach to prevent of rhabdomyolysis-induced AKI is counteracting the toxic
effects of myoglobin by increasing extracellular volume through aggressive volume expansion
[2]. Once overt renal failure develops, the only reliable therapeutic modality is extracorporeal
blood detoxification. Some continuous renal replacement therapy (CRRT) modalities like he-
modialysis (diffuse, small solute transport), hemofiltration (convective small and medium so-
lute transport), or the combination of both represent helpful options in patients with rhabdo-
myolysis because of their ability to allow continuous removal of solutes and gradual correc-
tion of fluid overload [3].

Unfortunately, in a normal dialysis ward, it is not possible to arrange a CRRT: conse-
quently, when patients with AKI and rhabdomyolysis are admitted, an intermittent dialysis
technique is scheduled using dialyzers or procedures able to remove toxins in the range of the
middle molecules. Recently, the supra-hemodiafiltration with endogenous reinfusion tech-
nique (HFR-Supra, Bellco-Medtronic, Mirandola, Modena, Italy) was applied with the purpose
of increasing the access to the middle uremic molecules but avoiding albumin loss during di-
alysis. This approach has been successfully used in AKI due to myeloma cast nephropathy [4].

Moreover, it is worth to note that HFR is the cheapest technique for AKI patients with
rhabdomyolysis in comparison to the other techniques available as shown in Table 1.

Nonetheless, the HFR-Supra system is upgraded with a hydrophobic resin able to adsorb
a wide range of pro- and anti-inflammatory mediators, thus allowing the removal of such mol-
ecules. However, there is no report on the use of HFR-Supra to remove myoglobin (molecular
weight 17.8 kDa). We present here a case of an 83-year-old man with AKI and rhabdomyolysis
successfully treated with the HFR-Supra technique.

Case Report

An 83-year-old man was emergently brought to our Nephrology, Dialysis and Transplan-
tation Unit after falling to the ground and lying on the floor throughout the night because of
syncope. At hospital admission, physical examination revealed leg ecchymosis (Fig. 1). The
patient was anuric, and laboratory tests suggested the presence of rhabdomyolysis-induced
AKI during a septic state.

Sepsis due to acute prostatitis appeared to be the cause of the syncope. Blood determina-
tions revealed increased levels of urea (140 mg/dL), creatinine (7.96 mg/dL), myoglobin
(15,560 ng/mL), creatine phosphokinase (CPK: 124,841 U/L), lactate dehydrogenase (LDH:
1,199 U/L), C-reactive protein (CRP: 53.6 mg/dL), procalcitonin (PCT: 505.3 ng/mL), total bil-
irubin (7.53 mg/dL), direct bilirubin (4.24 mg/dL), aspartate aminotransferase (AST: 749
U/L), alanine aminotransferase (ALT: 410 U/L), prostate-specific antigen (PSA: 662 ng/mL),
and white blood cell count (26,460 cells/uL) with 93% neutrophils. Blood levels of sodium
were 137 mEq/L, potassium 4.9 mEq/L, calcium 8.7 mg/dL, albumin 2.6 g/dL, and phosphate
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4.1 mg/dL. Patient’s blood pressure, heart rate, and body temperature were 105/75 mm Hg,
110 bpm, and 37.4°C, respectively. Abdomen ultrasound indicated no hydronephrosis, empty
bladder, traces of blood in bladder catheter without indications to urologic surgery.

The review of his medical history did not show previous renal impairment (serum creat-
inine prior to admission: 0.8 mg/dL) in the presence of some morbidities, namely prostatic
hypertrophy (prostate volume: 190 mL; PSA: 9.9 ng/mL), overactive bladder, and recurrent
prostatitis. The use of statins was not recorded.

During his hospital stay, medical therapy consisted of volume expansion, diuretic and al-
pha-agonist, antibiotic treatment. The patient was administered daily 125 mg furosemide by
intravenous infusion as diuretic treatment from the first day of admission. Although urea, cre-
atinine, potassium were not high enough to require dialysis, on the first day of admission the
patient was anuric. Thus, the same day of admission, a femoral central venous catheter (Ma-
hurkar; Medtronic, Minneapolis, 20 cm in length, diameter 12 Fr) was placed, and extracorpo-
real treatment through HFR-Supra (Bellco-Medtronic) with endogenous reinfusion was
started to remove myoglobin, to reduce the inflammatory status, and to maintain the fluid
balance. The system is based on three components: a first filter for ultrafiltration consisting of
a super high-flux dialyzer (Synclear 02, 0.7 m2, Bellco-Medtronic) with molecular weight cut
off of 45 kDa; an adsorbent cartridge containing 50 g of hydrophobic styrene resin with a sur-
face of 700 m? for each gram for resin (Suprasorb, Bellco-Medtronic) to regenerate ultrafil-
trate; and a second filter consisting of a low flux polyphenylene membrane (1.7 m2, KUF 13
mL/h/mm Hg) where solute and volume removal are performed (Fig. 2).

After 96 h of high-dose furosemide combined with intravenous fluids and HFR-Supra,
24-h urine output was 300 mL but it rose up to 2,400 mL after 8 days. Furosemide was then
tapered to 50 mg per day with oral administration. Antibiotic therapy consisted of intravenous
infusion of piperacillin/tazobactam switched to meropenem when blood cultures showed
growth of E. coli resistant to piperacillin/tazobactam.

At day 6 from admission, after 5 HFR-Supra sessions, a significant reduction in the levels
of myoglobin (98.4%), CPK (99.8%), LDH (72%), CRP (81%), and PCT (98%) was achieved
(Fig. 3).

The HFR-Supra was carried out with 250 mL/min of blood flow. The endogenous ultrafil-
trate flow obtained per session was 14 L (Fig. 4).

The ultrafiltration rate was settled according to the clinical status. Low molecular weight
heparin (enoxaparin) 4,000 IU in single bolus on starting dialysis was administered. However,
in spite of the normalization of myoglobin and improved signs of systemic inflammation, the
renal failure was not recovered. As a consequence, the femoral hemodialysis catheter was re-
moved, a right jugular central venous catheter was placed, and the dialysis therapy was pro-
longed with 3 sessions of on-line hemodiafiltration (HDF) and 2 sessions of high-flux hemodi-
alysis using the Phylter HF 17G dialyzer (Bellco-Medtronic, polyphenylene 1.7 m2, KUF 57
mL/h/mm Hg, gamma ray sterilization). Three weeks after admission, dialysis was no longer
required. At discharge, urine output was 2,300 mL per day, serum levels of urea dropped to
96 mg/dL, creatinine to 3.06 mg/dL, CRP to 3.2 mg/dL, total bilirubin to 0.81 mg/dL, ASL to
27 1U/L, ALT to 25 IU/L, PSA to 61 ng/mL, and white blood cells count to 6,300 cells/uL. The
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total hospitalization length was 21 days. After 6 months from the last dialysis session, urea
was 89 mg/dL, creatinine 2.41 mg/dL, and GFR (CKD-EPI) 24 mL/min.

A written informed consent was obtained from the patient to publish this case report and
any accompanying images. The study was conducted in accordance with the Declaration of
Helsinki.

Discussion

The main benefit of using HFR-Supra lies in its ability to remove a wide spectrum of large-
middle molecules in patients affected by end-stage renal disease on chronic dialysis. To the
best of our knowledge, there is no experience on the use of HFR-Supra to treat severe hyper-
myoglobinemia during AKI. This is the first report of an episode of rhabdomyolysis that was
successfully managed with HFR-Supra. This is one of the few reports of acute prostatitis as a
cause of sepsis as well: no other source of sepsis was found but acute prostatitis [5-7]. Com-
pared to standard hemodialysis filters, the advantage of HFR-Supra lies on one hand in the
ability to effectively remove myoglobin, on the other, in the possibility to manage AKI in the
setting of the normal dialysis ward where CRRT is not feasible. The single case described here
is not enough to support strong evidence; our experience suggests that HFR-Supra can be
safely provided to AKI patients, when indicated. Nonetheless, it is worth noting that the pa-
tient remained dialysis dependent for weeks despite quick, safe, and effective myoglobin by
the novel device. The patient did not recover his basal renal function, and chronic kidney dis-
ease occurred because 6 months after the last dialysis creatinine was 2.41 mg/dL and the glo-
merular filtration rate (CKD-EPI) was 24 mL/min. This confirms that renal repair can be mal-
adaptive. The severity, type, and duration of injury as well the age of the patient seem to be
risk factors for maladaptive repair [8].

Two authors have previously described cases of rhabdomyolysis treated with a “sister
system” called coupled plasma filtration adsorption (CPFA), which was improved for patients
admitted to the intensive care unit. Lai et al. [9] reported their experience in using CPFA in
one kidney transplant recipient with severe unexplained rhabdomyolysis that partly resem-
bles our patient. In line with our data, the authors achieved a successful decline in myoglobin
and PCT by means of 5 consecutive CPFA treatments.

Similarly, Pezzi et al. [10] reported four cases of traumatic rhabdomyolysis patients suc-
cessfully treated with CPFA to remove myoglobin followed by 14 h of CVVH. Again, consistent
with our findings, a clinical improvement in the indices of muscle damage (CK and myoglobin)
and AKI (creatinine and potassium) were observed. More recently, the same group has also
suggested the early use CPFA along with the infusion therapy, diuretic, and correction of met-
abolic acidosis to prevent kidney damage in post-traumatic rhabdomyolysis [11].

However, although CPFA is efficient in myoglobin and cytokine removal, its utilization on
the dialysis ward is limited to intermittent treatment formats. This kind of application can
reduce dialysis adequacy, thus CPFA must be combined with a full-fledged dialysis treatment
for the correction of metabolic imbalance, always present in patients with AKI requiring dial-
ysis [12].
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The application of an adequate intermittent hemodialysis and an efficient myoglobin re-
moval was also tested with the high cut off (HCO) dialyzer during a case series of rhabdomy-
olysis-associated AKI. Heyne et al. [13] described patients treated with HCO dialyzers during
4-h intermittent hemodialysis. They obtained a significantly higher myoglobin clearance in
comparison to those patients who had undergone sustained low efficiency daily dialysis with
high flux filters. Unfortunately, HCO dialyzers require an amount of albumin replacement up
to 25 g for 4-h dialysis sessions [14]. Conversely, an important point related to the use of HFR-
Supra is represented by the albumin sparing effect that can itself improve the outcome of pa-
tients affected by AKI [15].

In our case, a significant reduction in PCT during the HFR-Supra sessions was also ob-
served: the molecular weight of PCT is 13 kDa, and the adsorbing resin can remove it. How-
ever, it is difficult to evaluate whether PCT decline is also caused by the concomitant resolu-
tion of the underlying inflammatory process. It is worth underlining, however, the ability of
the adsorbing resin to remove proinflammatory cytokines, as well as biomarkers of kidney
injuries, uremic toxins, fragments of antibodies [16, 17].

Previous studies have shown that the HFR-Supra cartridge retains IL-6 in the ultrafiltrate
in chronic patients on hemodialysis confirming the anti-inflammatory effect of HFR-Supra
[18]. Esquivas-Motta et al. [19] carried out a crossover study comparing high-flux hemodialy-
sis with Supra cartridge and on-line HDF: the authors observed a significant reduction in acti-
vated monocytes after one week of HFR-Supra treatment and a subsequent rise in monocytes
when on-line HDF was used.

In summary, although the unicity of the case described here prevents us from drawing
any firm conclusion at this moment, HFR-Supra appears to be a safe and helpful option for
patients with rhabdomyolysis-induced AKI, combined with the standard medical therapy also
in a normal dialysis ward.
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Fig. 1. Ecchymosis of the legs at hospital admission.
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Fig. 2. HFR-Supra: schematic diagram. Qb, blood flow; Q plw, plasmatic water flow; kDa, kilodaltons; SC,
sieving coefficient.
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Fig. 3. Trends in the reduction of circulating levels of myoglobin (a), CPK (b), LDH (c), CRP (d), and PTC
(e) over the 5 days of HFR-Supra treatment. The black line with diamonds represents the analyte levels
before the dialysis session and the grey line with squares the ones after the dialysis session. CPK, creatine
phosphokinase; CRP, C-reactive protein; LDH, lactate dehydrogenase; PCT, procalcitonin.
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Fig. 4. Sorbent cartridge of HFR-Supra during the detoxification process.

Table 1. Costs of techniques currently available for rhabdomyolysis and AKI in Italy

Technique Cost, EUR
HFR 50
CRRT/24h 200
HCO (albumin replacement not included) 850
CPFA 1,250
Cytosorb 1,600

CPFA, coupled plasma filtration adsorption; CRRT, continuous renal
replacement therapy; HCO, high cut off; HFR, hemodiafiltration with
on-line endogenous ultrafiltrate reinfusion.
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