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Recovery of Symmetrical Peripheral Gangrene of Limbs in a 

Patient After Performing Hemoadsorption in Septic Shock

1

Abstract

We report a 42-year-old patient who had Hodgkin lymphoma and developed bilateral symmetrical

peripheral gangrene (SPG) in the feet and hands, which occurred during septic shock after

autologous hematopoietic stem-cell transplantation. SPG is a rare but severe complication of

disseminated intravascular coagulation (DIC) and is frequently associated with sepsis. The

pathophysiology of SPG includes DIC-mediated intravascular thrombosis and thrombotic

occlusion of microcirculation, resulting in low blood flow. Sepsis-induced hypotension has been

suspected as one of the other causes of SPG, and it is thought to be aggravated by vasopressor

treatments given for hypotension. Our patient first experienced coldness, paleness, and cyanosis in

his body's acral parts, and then SPG later developed in both his feet and hands. Septic shock

management was performed with cytokine hemoadsorption, broad-spectrum antibiotics, and

massive fluid replacement rapidly. The patient fully recovered without the need for amputation.

Hemoadsorption is an extracorporeal cytokine-adsorption method for removing excess cytokines.

Prompt management of septic shock and early monitoring of peripheral ischemia are essential to

avoid SPG.

K E Y W O R D S

DIC, extracorporeal blood purification, hemoadsorption, sepsis, septic shock, symmetrical

peripheral gangrene

1 | INTRODUCTION

Symmetrical peripheral gangrene (SPG) is a rare but serious complication that involves bilateral

ischemic damage in the distal parts of the limbs in the absence of a major vascular occlusive

disease. The risk of mortality is high (up to 40%), and almost half of the survivors need

amputation.1 SPG is observed as a complication of disseminated intravascular coagulation (DIC)

in 85% of SPG cases.
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DIC is commonly associated with septicemia, and DIC-induced intravascular thrombosis causes

low blood flow and infarction of the skin and distal extremities.2-4

The use of vasopressors leads to spasm of the capillaries and impairment of microcirculation.4

Coldness, paleness, and cyanosis are the first signs of the SPG observed in the body's acral parts

and rapidly proceed to proximal areas.5-7 Currently, there is no specific treatment for SPG, and the

treatment priorities are usually the underlying condition and DIC.8 As sepsis is one of the leading

causes of DIC and SPG, there has been increasing interest in the use of extracorporeal devices for

the removal of pathogenic components observed during sepsis. Hemoadsorption (HA) is a method

of extracorporeal blood purification through a cartridge, where solutes are removed by direct

binding to the sorbent material.9-10 This case report presents a patient with Hodgkin Lymphoma

(HL) who developed SPG following septic shock. The patient fully recovered without amputation

in the follow-up.

2 | CASE PRESENTATION

A 42-year-old male patient with HL was admitted to the intensive care unit (ICU) for septic

shock on the 13th day after autologous hematopoietic stem-cell transplantation (ASCT). He was

neutropenic and thrombocytopenic when the first fever occurred. Cefoperazone sulbactam was

started. On the second day of febrile neutropenia, the patient progressed to sepsis, after which

meropenem, vancomycin, liposomal amphotericin B, and colistin were administered. The patient

needed nasal oxygen support because of hypoxia and was admitted to the ICU.

Despite extensive fluid replacement, the patient needed high doses of vasopressors to maintain

normotension. Even with infusion of noradrenaline at 3 μg/kg/min, his blood pressure remained

consistently low (80/40 mmHg). On the third day of febrile neutropenia, coldness, paleness, and

cyanosis started in the acral parts of the body and progressed to SPG in the feet and hands. The

patient had a score of 6 on the DIC scale of the International Society of Thrombosis and

Hemostasis (ISTH).11

Sepsis HA was started rapidly during the first hours in the ICU. The procedure was performed

using a hemoperfusion machine. One disposable hemoperfusion cartridge (HA330 resin, Styrene

divinylbenzene copolymers, Jafron Biomedical Co., Ltd., China) was used per day. The blood flow

rate was maintained at 200 mL/min. Each procedure continued for 150 minutes, and approximately

six total blood volumes were processed. Three absorbers were used over 3 days. The patient did

not receive any plasma components.

Due to thrombocytopenia, we did not administer routine systemic anticoagulation except for

priming the adsorption set. Then, 7500 IU of unfractionated heparin was used only for rinsing the

adsorption set to prevent clotting in the extracorporeal circuit. The changes of the patient's blood

parameters before and after HA are given in Figure 1. No microorganisms could be grown in

microbial cultures. The patient continued extended-spectrum antibiotics for empirical treatment.

By the third day of HA, the vasopressors were discontinued.

The progression of gangrene stopped with the withdrawal of vasopressors. Small blisters were

noticed in both feet over the next 10 days (Figures 2 and 3). SPG in both feet and hands started to

recover, and the patient was discharged from the hospital 38 days after ASCT. Three months after

autologous transplantation, the patient was in complete remission, and his bilateral distal

extremities fully recovered. His last follow-up was at 15 months after ASCT, and he was in

complete remission. The last view of his extremities is shown in Figure 4.

3 | DISCUSSION

We have reported a case of neutropenic fever with septic shock developing after ASCT. The

patient had SPG due to septicemia-associated DIC. We rapidly administered broad-spectrum
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antibiotics, massive fluid replacement, and vasopressor treatment. When we observed ischemic

lesions in his feet and hands, we increased supportive care by sepsis HA. The patient had such a

very impressive response the modalities that we stopped the vasopressor treatment afterward. HA

may contribute to decreasing cytokines and alleviate the septicemia associated with DIC.

The etiology of SPG is multifactorial, but septic shock and DIC are the leading causes.8,12-15

Sepsis is currently defined as a dysregulated host immune response to infection leading to organ

failure.16-18 The underlying pathophysiology is complex with both pathogenic and host factors.

Pathogen-associated molecular patterns and damage-associated molecular patterns play a

significant role in activating the endothelium and as a result inflammatory cytokines.19 The

activated endothelium becomes prothrombotic through increases in the expression of tissue factor

in the endothelium and monocytes.12,18 DIC develops in cases of impaired balance of anti- and

procoagulant factors. Early findings of septicemia-associated DIC include apparent coldness,

pallor, and pain. The ischemic lesions are often demarcated sharply and symmetric with initial

gray, blue, or purple discoloration that progresses to black as the skin undergoes necrosis.12,18

With more understanding about the pathophysiology of immune system factors in sepsis, interest

has been increasing in the use of extracorporeal devices for cytokine adsorption. It has been

hypothesized that a cytokine storm may be responsible for the self-destruction in sepsis, so the

removal of circulating cytokines is a sensible treatment option. The peak-concentration hypothesis

was first introduced with acute kidney injury and was subsequently generalized to sepsis more than

10 years ago.20 Since that time, it has been repeatedly hypothesized that there is a therapeutic

benefit of extracorporeal blood purification modalities, including forms of dialysis or therapeutic

apheresis regarding the cytokine storm.19-20

FIGURE 1 Changes of patient's blood parameters before and after hemoadsorption.

Abbreviations; HA: Hemoadsorption, CRP: C reactive protein, PT: prothrombin time,

LDH: lactate dehydrogenase



4

HA330 (Jafron, Zhuhai City, China) is the one of the widely used adsorption cartridges in

China.9,10 Huang et al conducted small randomized controlled trials (RCTs) of adjuvant HA330

HA with 44 septic patients who had acute lung injury (ALI) in the ICU.21 Significant

reductions of IL-8 and IL-6 levels and length of stay was seen in patients when HA was performed

compared to standard therapy (defined as full intensive care management, including fluid

resuscitation, vasopressors, antimicrobial therapy, and ventilatory support). Nevertheless, length of

hospital stays and 28-day mortality did not differ between the two groups at day 3.21

In a later study by Huang et al, HA was compared to standard therapy in 46 patients with ALI

induced by extra-pulmonary sepsis.22 The HA group showed a significant reduction in IL-1 and

tumor necrosis factor-α in the broncho-alveolar lavage and plasma. Therefore, the improvement of

patients' hemodynamics was better, and the rate of mortality in the ICU and 28-day mortality were

lower in the HA group.22 But there is still no proof from a prospective RCT for any extracorporeal

treatment modality decreasing mortality in sepsis. Regarding sepsis, only therapeutic plasma

exchange appears to be potentially effective, but no recommendations have been made in the latest

international guidelines.18,23

An equivalent of HA330 is the extracorporeal wholeblood cytokine adsorber, which is currently

approved in the European Union.24 According to data from an international registry, whole-blood

cytokine adsorber therapy reduced IL-6 levels in 68% of patients with sepsis. No significant

decrease in organ failure was observed, but mortality was lower than predicted.25 A recent

prospective, randomized, pilot trial investigated the effects of early (<24 hours) extracorporeal

cytokine removal performed in 20 patients with septic shock. The results indicated a decrease in

norepinephrine requirements, an improvement in hemodynamics, and significantly lower levels of

procalcitonin and endothelin-1 precursor compared to controls.26 Despite showing a significant

reduction in circulating cytokine levels and improvement in clinical situations, there is a lack of

evidence, and it is not currently recommended by guidelines. Large prospective randomized trials

with carefully selected patient populations are needed to evaluate the efficacy of extracorporeal

HA.

The patient in the present case report had septic shock at 13 days after ASCT. In this case, early

management of septic shock with massive fluid replacement, antibiotics, and especially the

administration of sepsis HA within <24 hours might have prevented amputation from being

required. To the best of our knowledge, this is the first case report of successful HA in a patient

with SPG.

4 | CONCLUSIONS

In conclusion, early recognition and prompt management of septic shock are necessary to avoid

SPG. Vasopressors might exacerbate SPG, so clinicians should be careful, especially in the

presence of any sign of hypoperfusion in the extremities. Performing sepsis HA immediately may

be a good adjuvant option for the treatment of septic shock while avoiding destructive effects of

the cytokine storm and DIC, as in our patient. Nevertheless, RCTs are needed to prove this

hypothesized preventive effect.
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Abstract

We present the case of a patient with subarachnoid hemorrhage (SAH) secondary to a ruptured

cerebral aneurysm and a refractory shock with high doses of vasopressors without a proven source

of infection. This patient received therapy with high-volume hemofiltration plus adsorption,

resolving the hemodynamic deterioration and with good neurological evolution. Our clinical case

proposes that extracorporeal therapies may have a feasibility role in the management of

complications of SAH. © 2021 S. Karger AG, Basel

Introduction

Neurocritical pathologies such as subarachnoid hemorrhage (SAH) have shown a correlation

between levels of cytokines and their outcomes [1]. Early elevation of cytokines at the central and

peripheral levels, mainly interleukin-6 (IL-6), with a first peak at 24–48 h after the event, along

with other inflammatory events such as neutrophil activation, is associated with neurological

deterioration and development of delayed cerebral ischemia [1– 3]. Furthermore, severe systemic

inflammatory states can lead to significant circulatory impairment with multiple organ failure and

death [4]. Our group proposes that the use of extracorporeal therapies for immunomodulation

could have a role in preventing complications in patients with SAH and significant elevation of

cytokines, improving neurological outcomes.

Case Presentation

A 57-year-old man with aneurysmal SAH of the right posterior communicating artery and

excluded with clipping was admitted to the critical care unit. Initial CT shows modified Fisher

scale IV and World Federation of Neurological Surgeons grading scale IV. On postoperative day 4,

fever, hypotension, and a rise of the inflammatory parameters began (Table 1) with a negative

microbiological study and normal chest radiography, highlighting an inflammatory cerebrospinal

fluid (CSF), without isolated microorganisms. Broad-spectrum antibiotics were started, but he

evolved with greater hemodynamic deterioration (norepinephrine 1.5 μg/kg/min and adrenaline 1

μg/kg/min), requiring a guided resuscitation with advanced hemodynamic monitoring (PiCCO),

not achieving adequate values (CI 4 L/min/m2, SVRI 850 dyn s/cm5/m2, and MAP <70 mm Hg),
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Cifuentesa,b Romyna Baghetti Hernándeza Pablo Flores Fernandeza Cristian Godoy Telloa Francisco Torres
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despite optimizing predictors of volume response and therefore suboptimal monitoring parameters,

highlighting a tissue oxygen pressure of 16 mm Hg and abnormal peripheral perfusion with

abnormal capillary refill time. A second microbiological study was negative. Due to

hyperinflammatory phenotype, blood purification therapy was considered.

A 12-h session of hemoperfusion (HP) pulse was performed (HA-380 cartridge, Jafron

Biomedical Co.) in combination with high-volume hemofiltration (HVHF) in a Prismaflex monitor

(Baxter) with blood flow 250 mL/min and effluent dose 70 mL/ kg/h, with prefilter replacement

and heparin. The HP cartridge was installed post filter. According to local protocol, in the second

and in the third day, only an 8-h isolated HVHF was performed, with same parameters.

Replacement solutions were adjusted according to the protocol for target natremia [5].
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A significant decrease in vasoactive drugs and improvement in inflammatory parameters were

achieved (Fig. 1). Brain CT showed no vasospasm or delayed cerebral ischemia. On postoperative

day 39, he was discharged from hospital without neurological sequelae.

Discussion and Conclusion

In SAH, neuroinflammation, evidenced by high levels of cytokines and a high lactate-pyruvate

ratio, correlates with delayed cerebral ischemia [6]. Loss of the bloodbrain barrier integrity and

break down products of hemoglobin activate cellular immunity, leading to the production of pro

inflammatory cytokines and adhesion molecules at the CSF and plasma levels [7–9].

Blood purification therapies are proposed in systemic inflammatory syndrome with refractory

shock [10]. We carried out HP using a macroporous resin sphere cartridge capable of adsorbing

interleukins through size sieving and hydrophobic interactions, and it was combined with HVHF to

enhance its effect [11–13]. Studies have shown that neutralization of peripheral IL-1 is associated

with better neurological outcomes [8].

Consequently, we proposed hemadsorption plus HVHF as rescue therapy for SAH with

refractory shock, achieving reduction of vasoactive drugs, plasma IL-6 from 34.4 to 4.8 pg/mL,

and CSF lactate levels, maintaining adequate cerebral perfusion parameters, without evidence of

delayed cerebral ischemia or cerebral infarction (Fig. 2).
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Background: Sepsis is a frequent cause of death in hospitalized patients and, in detail, in neonatal,

pediatric, and adult intensive care units (ICUs). Severe sepsis has a very poor prognosis. Indeed,

the mortality rate varies between 30 and 70% during the first 7–14 days. Despite a timely and

appropriate therapy, the prognosis of severe sepsis is too often negative. Therefore, new

therapeutic resources are under investigation in order to further improve prognosis.

Case series: Here, we reported three septic children in whom we used extracorporeal blood

purification therapy with hemoadsorption device HA330 (Jafron Biomedical Co., Ltd., China),

aiming to scavenge and eliminate bacterial toxins and inflammatory mediators from the blood.

Discussion and Conclusion: This small case series first showed that hemoperfusion with HA330

cartridge may be an effective and relatively safe adjunctive treatment to counterbalance the

cytokine storm in septic children with hematological disorders. Further studies are needed to

confirm and further support its safety and efficacy in a large number of pediatric patients.

Keywords: sepsis, pediatric cancer, blood purification, hemoadsorption, HA-330 adsorber

INTRODUCTION

Sepsis is a frequent cause of death in hospitalized patients and, in detail, in neonatal, pediatric, and

adult intensive care units (ICUs). According to WHO, almost 49 million people were hospitalized

with sepsis worldwide in 2017, and 11 million patients died; importantly, almost half of these

hospitalized patients were children under 5 years of age (1). According to a recent

systematicreview with meta-analysis, sepsis incidence and prevalence were estimated to be 48 per
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100,000 persons-year and 22 per 100,000 people, respectively (2).

Sepsis can lead to life-threatening multiple organ dysfunction due to a dysregulated immunologic

and metabolic host response to an infection (3). In pathophysiological terms, sepsis can be defined

as a dysregulated systemic inflammatory response syndrome (SIRS) associated with an infection

(usually bacterial). Clinically, SIRS is diagnosed by the presence of at least two of the following

criteria (including one of the first two, mandatorily): abnormal temperature (>38.5 or <36◦C),

abnormal leukocyte count (leukocytosis or leukopenia for age-appropriate reference values),

tachycardia [>2 standard deviations (SDs) above the normal age-related values], tachypnea (>2 SD

above the normal age-related values). In severe sepsis, children develop cardiovascular (systolic

blood pressure <-2 SD for age and need for vasoactive drug, which correspond to the definition of

septic shock) or respiratory (PaO2/FiO2 <300 with need for mechanical ventilatory support)

insufficiency, along with multiple organ dysfunction. Severe sepsis has a very poor prognosis.

Indeed, the mortality rate varies between 30 and 70% during the first 7–14 days (4, 5).

The pathophysiological mechanisms of sepsis are very complex and have not been completely

elucidated yet. Once the causing pathogen enters the bloodstream, if it cannot be

appropriately and timely cleared for several and variable reasons, bacterial toxins may lead to the

uncontrolled production of a cascade of pro-inflammatory cytokines [including interleukin

(IL)-1β, IL-6, IL-12, tumor necrosis factor (TNF)-α)] (6, 7). This “cytokine storm” progressively

damages several tissues and organs and, importantly, creates an “endothelial dysfunction,”

which alters the balance between the coagulation process and fibrinolysis, and finally results in the

aggravation of tissue hypoperfusion, leading to an irreversible and multiple organ dysfunction (6).

Indeed, septic patients are often affected by underlying diseases that cause host immunodepression.

For instance, sepsis can complicate the clinical picture of patients affected with hematological

malignancies, as it is in our case series.

In general, the mainstay of sepsis treatment in children consists of antibiotic and supportive

therapies (including intravenous fluid replacement, mechanical ventilation, cardiotonic drugs, etc.).

Unfortunately, the prognosis of severe sepsis is too often negative, despite a timely and appropriate

therapy, as previously mentioned. Therefore, new therapeutic resources are under investigation in

order to further improve prognosis. Here, we reported three septic children in whom we used

extracorporeal blood purification therapy with hemoadsorption device HA330 (Jafron Biomedical

Co., Ltd., China), aiming to scavenge and eliminate bacterial toxins and inflammatory mediators

from the blood.

CLINICAL CASES

Patient 1

A 6-month-old girl was previously diagnosed with pure red cell aplasia. She developed fever,

anuria, and progressive skin necrosis on the abdominal wall and buttock areas. Based on clinical

(persistent hyperthermia, hypotension, oliguria), laboratory (leukocytosis and elevated

inflammatory parameters), and microbiological (blood cultures positive for Staphylococcus

epidermidis) findings, this patient was diagnosed with sepsis and transferred to the pediatric

intensive care unit (PICU). Despite the antibiotic therapy (meropenem, amikacin, metronidazole)

and the supportive therapy, her clinical conditions gradually worsened and, on day 10 after the

PICU admission, the patient also needed respiratory support [non-invasive ventilation (NIV)]

and showed a drastic increase of plasmatic urea/creatinine and all the inflammatory markers.

Therefore, this clinical condition of acute kidney injury led to the initiation of pediatric continuous

venovenous hemodiafiltration (CVVHDF) with the “Prismaflex” device (Baxter, US) (with the

following prescription parameters: flow rate, 50 ml/min; both pre-dilution and post-dilution, -150

ml/h; ultrafiltration, 20 ml/h; prolonged heparinization, 5–30 IU/kg/h; effluent, 600 ml/h; dialysate

fluid, 300 ml/h) by using disposable hemoperfusion cartridge HA 330 (Jafron Biomedical Co.,
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Ltd., China) for 4 h. An appropriate (for child’s size) hemodialysis catheter was inserted into the

right subclavian vein. Normal saline was used for the priming of the circuit and system testing;

before connecting the device to the patient, normal saline was replaced with red blood cell

suspension.

After this first session of CVVHDF, all renal and inflammatory parameters rapidly improved, as

summarized in Table 1. Importantly, the patient was also able to wean from the ventilatory support,

and the FiO2 decreased from 60 to 30%; moreover, catecholamines were gradually discontinued.

However, 5 days after the above treatment (day 15), the patient’s clinical condition worsened

again. Therefore, a second session of CVVHDF with HA-330 was performed, which resulted in

similar improvements as reported in the previous episode (as shown in Table 1). No further

CVVHF sessions were required, and the patient was discharged from the PICU 2 weeks later (day

29).

Patient 2

A 14-year-old boy diagnosed with drug-resistant and relapsed acute lymphoblastic leukemia (ALL)

was admitted for chemotherapy according to FLAG-IDA protocol (fludarabine, cytarabine,

idarubicin) (8). On the eighth day after completing the chemotherapy, the patient developed sepsis

sustained by (extended-spectrum β lactamase-producing) Escherichia coli. Because of the

development of multiorgan failure (including anuria and respiratory failure), he was transferred to

the PICU.

Despite the antibacterial treatment (trimethoprim/sulfamethoxazole, piperacillin tazobactam,

and amikacin), the patient showed no improvement. Due to persistent fever (associated with high

and increasing values of the inflammatory markers) and constantly high levels of plasmatic urea

along with anuria (despite the high dose of furosemide, 3 mg/kg/day) on day 7 from PICU

admission, he underwent CVVHDF (with the following prescription parameters: flow rate, 120

ml/min; both pre-dilution and post-dilution, -800 ml/h; ultrafiltration, 60 ml/h; prolonged

heparinization, 5–30 IU/kg/h; effluent, 3,200 ml/h; dialysate fluid, 1,600 ml/h) with HA 330

cartridge for 4 h. At the end of this procedure (as summarized in Table 2), this patient’s

inflammatory and renal parameters significantly improved, as well as his respiratory function.

Interestingly, all the inflammatory markers decreased, except for S100 protein. The patient was

weaned from mechanical ventilation on day 9 and achieved hemodynamic stability without any

catecholamines on day 10. He was discharged from the PICU on day 12.

Patient 3

A 2.5-year-old girl diagnosed with ALL was admitted for chemotherapy with high-dose

methotrexate according to ALL BFM IC 2002 Block HR1 protocol (9). After the 24-h high-dose

methotrexate infusion (HD-MTX), she developed severe toxic mucositis, epidermolysis, and

hepatitis.

Therefore, this patient was transferred to the PICU. On day 4, she developed sepsis

characterized by acute kidney injury and bilateral pneumonia, even though no clear

microbiological agents were identified. Indeed, the blood culture samples were obtained during

antibiotic therapy. The diagnosis of sepsis was made on the basis of the clinical picture and a high

level of procalcitonin (848 ng/L). Despite the antibacterial treatment with cefixime and amikacin,

no improvement was noticed, and the patient required respiratory support with mechanical

ventilation [synchronized intermittent mandatory ventilation with adaptive pressure ventilation

(APVSIMV) mode]. Thus, the patient underwent CVVHDF (with the following prescription

parameters: flow rate, 80 ml/min; both pre-dilution and post-dilution, -500 ml/h; ultrafiltration, 100

ml/h; prolonged heparinization, 5–30 IU/kg/h; effluent, 2,000 ml/h; dialysate fluid, 1,000 ml/h)

with HA-330 cartridge for 4 h on day 7. After the procedure, the patient’s general condition and
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laboratory parameters (Table 3) improved significantly. Importantly, the respiratory support was

switched to synchronized intermittent mandatory ventilation (SIMV), and her dopamine

requirement decreased twice compared to the previous days. In addition, there was good clinical

dynamics and healing of necrotic skin sites.

Unfortunately, despite such a positive response to CVVHDF procedure, the patient had a fatal

outcome on day 28 (namely, 21 days after the CVVHDF session) because of the underlying

hematologic malignancy, which became drug resistant.
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DISCUSSION

Sepsis is a frequent cause of PICU admission and mortality for children affected with leukemia

and, in general, severe hematologic diseases (10, 11). In detail, Aljabari et al. (12) still reported

high rates of morbidity and mortality among this group of patients despite the improvements in

supportive care and microbiological treatment: 8% of children develop severe sepsis requiring

treatment in the PICU, and 34% of them die or develop multiple organ dysfunction syndrome.

Therefore, additional strategies against sepsis should be sought. One of these therapeutic resources

is CVVHDF through disposable hemoperfusion cartridge HA 330.

There are different techniques for extracorporeal blood purification used during a cytokine

storm, such as highvolume hemofiltration (HVHF), plasma exchange (PE), high-cut-off (HCO)

membrane, hemoadsorption (with filters and adsorption columns, including selective polymyxin B,
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nonselective CytoSorb, HA, etc.). To date, several papers on the use of HVHF in children with

sepsis have been published; some authors concluded that such a procedure can improve the

outcome of sepsis (13). Actually, Miao et al. (14) reported no significant difference on 28-day

mortality, improvement of hemodynamic profile, and clearing of inflammatory factors in critically

ill pediatric patients with severe sepsis when using HVHF compared to the standard-volume

continuous venovenous hemofiltration (14). Moreover, other authors were against HVHF over

standard hemofiltration in children with septic shock or sepsis-associated organ dysfunction (15).

PE can potentially improve organ function in septic patients; however, a multicenter retrospective

study including patients younger than 18 years did not show any decrease in mortality in both

patients with continuous renal replacement therapy and PE usage (16). Additionally, PE can lead to

a deficiency of coagulation factors and hypoalbuminemia, in addition to further risk of infections.

Regarding HCO, the review by Ankawi et al. (17) concluded that there is no evidence to support its

use in sepsis, although a study in adults suggested a decrease in inflammatory cytokines and

improvement of hemodynamics (18).

HA330 is characterized by a hemoperfusion cartridge with an electrically porous resin used

specifically to remove cytokines, complements, and other endotoxins with molecular weight of

10–60 kDa. It is used primarily during acute and severe clinical conditions associated with a

cytokine storm, as it can occur during sepsis (19). This cartridge was also effective in the treatment

of hepatitis (decreased levels of IL-8, ammonia, bilirubin) and pancreatitis (decreased level of

lipids and amylase) (19). Conversely, the Prismaflex hemofilter used for CVVHDF eliminates low-

and medium-molecular weight compounds and only partially eliminates beta 2-microglobulinin

(12 kDa), TNF- α (17 kDa), IL-6 (26 kDa), and IL-10 (30 kDa) (20). For this reason, a CVVHDF

session alone is not usually effective to eliminate these inflammatory mediators. Therefore, the

appropriate selection of cartridges can play a significant role in the treatment of specific clinical

conditions. For example, the elimination of endotoxins is best carried out by selective polymyxin

B, rather than a non-selective cartridge, because their molecular weight cutoff point is higher than

the non-selective (∼100 vs. ∼60 kDa, respectively) (21). HA330 and CytoSorb are very similar

cartridges functionally; however, CytoSorb is the only approved extracorporeal technique in

European Union, whereas HA330 is mainly used in China (21).

Our previous experience with CytoSorb showed a 32% reduction rate of IL-6 (22). Here, HA330

appeared to be more effective in eliminating IL-6 from the bloodstream compared

to CytoSorb. The issue of the effectiveness of Cytosorb in reducing the plasmatic levels of

inflammatory cytokines remains controversial based on the available publications. According

to Schadler et al. (23), CytoSorb did not reach a statistically significant decrease in IL-6 blood

levels when compared to the control group with no hemoperfusion. Conversely, a recent study

done by Bottari et al. (24) showed a significant reduction of Il-6 and IL-10 by using Cytosorb with

continuous renal replacement therapy as blood purification strategy in pediatric septic shock.

To date, hemoadsorption using the HA-330 cartridge has been well-studied in adult patients with

inflammatory conditions such as sepsis, acute lung injury, hepatitis, and pancreatitis (19).

In these clinical settings, a marked reduction of inflammatory mediators, noticeable clinical

improvement, and, importantly, no significant side effects were reported (19). Moreover, several

reports suggested some benefits from this procedure even in patients affected with septic shock

(17, 25–27). However, large clinical studies on the use of extracorporeal methods in pediatric

sepsis are currently missing (17). Therefore, the indication and choice of specific extracorporeal

methods, such as hemofiltration or hemoadsorbtion, in septic patients can be based on the clinical

assessment of individual clinical cases.

To our knowledge, here we reported the first small case series of septic children treated with

CVVHDF by using HA330 cartridge. In all our three cases, we noted a combination of acute

kidney injury (combined with or without multiple organ failure), which was the reason for
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initiating the pediatric CVVHDF by using the Prismaflex hemofiltration system and poly

membrane (AN69) filters. The HA-330 adsorber was installed after the hemofilter. Heparin

titration rate was corrected on the basis of the activated partial thromboplastin time and maintained

at 60–80 seconds. In all these cases, normal saline was used for the priming of the circuit and

system testing; however, in two cases (Patient 1 and Patient 3), before connecting the device to the

patient, normal saline was replaced with red blood cell suspension. Before the procedure, double-

lumen central venous catheters were percutaneously placed to the right subclavian vein under

sedation and analgesia; the correct location was confirmed by chest X-ray.

The response to the treatment was positive in all three cases based on inflammatory markers (as

summarized in Table 4) and clinical improvements (including the weaning from the ventilatory

support and vasoactive drugs). Despite the small number of procedures performed (n = 4, in one

patient, the procedure was performed twice), we noted a remarkable decrease in all the

inflammatory markers. In all these patients, the antibiotic therapy alone did not seem to be enough,

but the CVVHDF with disposable hemoperfusion cartridge HA 330 administered in 4-h sessions

apparently rescued— or contributed to rescue at least—the clinical situation: they experienced a

stabilization of hemodynamics with half of the pretreatment dosage to none at all. As for the lung

function, after hemoperfusion, these patients required much milder regimens of mechanical

ventilation to none at all, and their blood gas values returned to age-appropriate normal ranges. As

recommended by the Pediatric Acute Lung Injury Consensus Conference Group, the improvement

of the respiratory failure was described by showing the variations in time of the S/F ratio or

oxygen saturation index (28). Moreover, all children also showed remarkable improvement of

diuresis and kidney function tests, as well as a decrease of transaminases, if altered.

Sepsis mortality is greatly affected by the development of multiorgan (cardiovascular,

pulmonary, renal, etc.) failure during its clinical course (2). Moreover, patients with leukemia and

sepsis showed much higher mortality rates than other general (non-hematologic) PICU patients

(11). Early empiric antibiotic treatment and life-supportive therapies are crucial for the successful

management of septic children (29). However, adjunctive therapies, like hemoperfusion, may

greatly increase the survival rate. A randomized controlled trial by Huang et al. (25) showed a

significant decrease in ICU and hospital mortality among a group of septic patients who underwent

hemoperfusion with HA330 compared to that of the control group receiving standard treatment

(12.5 vs. 45.0% and 37.5 vs. 50.0%, respectively) (25). This approach can effectively counteract

the cytokine storm that characterizes sepsis as an additional therapeutic tool to the “conventional”

immune-modulatory therapies (25, 30). In our small case series, extracorporeal purification

methods seem to represent a promising adjunctive therapy for severe sepsis in children. However,

this is currently the only experience with HA330-related blood purification in septic children.

Therefore, additional and independent reports and, possibly, clinical studies are needed to make

final conclusions on the effectiveness and safety of this procedure in children with hematological

diseases and malignancies. Indeed, the typical complications of extracorporeal methods (e.g.,

catheter bleeding and infection, heparinization side effects, decreased platelets, etc.) can be

encountered, but the shorter procedure time required by HA330-related blood purification can

reduce these risks.

CONCLUSION

This small case series first suggested that the hemoperfusion with HA330 cartridge may be an

effective and relatively safe adjunctive treatment to counterbalance the cytokine storm in septic

children affected with hematological disorders. However, further clinical studies are needed to

support our first and preliminary experience.
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Abstract

Introduction: In critically ill COVID-19 patients, uncontrolled over-production of inflammatory

mediators is observed, dominantly. The excessive immune response give rise to multiple organ

dysfunction. Implementing extracorporeal therapies may be useful in omitting inflammatory

mediators and supporting different organ systems. We aimed to investigate the effectiveness of

hemoperfusion in combination with standard therapy in critically ill COVID-19 patients.

Method: We conducted a single-center, matched control retrospective study on patients with

confirmed SARS-CoV- 2 infection. Patients were treated with hemoperfusion in combination with

standard therapy (hemoperfusion group) or standard treatment (matched group). Hemoperfusion or

hemoperfusion and CRRT (continuous renal replacement therapy) therapies were initiated in

hemoperfusion group. The patients in the matched group were matched one by one with the

hemoperfusion group for age, sex, the oxygen saturation (SPO2) at the admission and the

frequency of using invasive mechanical ventilation during hospitalization. Two types of

hemoperfusion cartridges used in this study were Jafron© (HA330) or cytosorb® 300.

Result: A total number of 128 COVID- 19 confirmed patients were enrolled in this study; 73

patients were allotted to the matched group and 55 patients received hemoperfusion. The median

SPO2 at the admission in control and hemoperfusion groups was 80% and 75%, respectively (P-

value=0.113). The mortality rate was significantly lower in hemoperfusion group compared to the

matched group (67.3% vs. 89%; P.value=0.002). The median length of ICU stay was statistically

different in studied groups (median, 12 days for hemoperfusion group vs. 8 days for the matched

group; P<0.001). The median of final oxygen saturation was statistically higher and median of

PaCO2 was lower in hemoperfusion group compared to the matched group.

Conclusion: Among critically ill COVID-19 patients, the use of hemoperfusion reduces the

mortality rate and improves oxygen saturation and PaCO2.

Introduction

On 11th March 2020, COVID-19 was declared a global pandemic by World Health Organization

(WHO). Infected cases with COVID-19 represent a wide spectrum of symptoms ranging from mild

to severe forms. Although the number of infected cases with mild or no symptoms is significant,

COVID-19 leads to Page 4/16 critical illness in some cases. Multiple organ failure can be expected
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among severe forms of infection with COVID-19. Therefore, extracorporeal organ support may be

required (1, 2). In some patients, excessive immune response against SARS-CoV-2 results in

cytokine storm characterized by uncontrolled overproduction of pro-inflammatory cytokines (e.g.,

Interferon γ, interleukin (IL-) 1B, IL-6, IL-12) (3). Increased circulating levels of pro inflammatory

cytokines and chemokines are associated with endothelial dysfunction and microvascular and

macrovascular thrombosis (4). Therefore, cytokine storm can result in multiple organ failure

including acute respiratory distress syndrome (ARDS) and acute kidney injury (AKI). Multiple

organ failure is responsible for high mortality among at least severe cases of COVID-19 (5). It has

been shown that there is a positive association between mortality rate and levels of pro-and anti-

inflammatory cytokines (6).

Based on the pathophysiology of COVID-19, implementing of sequential extracorporeal

therapies is worthwhile in order to eliminating of extra inflammatory mediators (7).

Hemoperfusion is an extracorporeal blood purification modality. Throughout hemoperfusion

process, anticoagulated blood is circulated through a sorbent containing cartridge (or column) and

large endogenous and exogenous molecules including targeting cytokines, endotoxin and virus

particles are removed depending on the type of sorbent (for example, pure resins, polymyxin-

coated resins, or heparin-coated resins)(1, 8). Hemoperfusion devices adsorb and remove both pro-

inflammatory and anti-inflammatory cytokines nonselectively. Therefore, the other side of coin is

excessive immunosuppression or removing anti-inflammatory mediators (7). A study by De Vriese

et al. showed that levels of pro- and anti-inflamatory cytokines decreased significantly after

performing continuous veno-venous hemofiltration in patients with septic shock and acute kidney

injury(9). However, based on a recent expert review, information regarding

the fact that implementing of hemoperfusion provides beneficial effects in quenching cytokine

storm products is limited and sporadic.

The Emergency Use Authorization (EUA) authority allowed FDA to grant temporary

authorization for four hemoperfusion devices for treatment of severe COVID-19 with cytokine

storm (10). To date, there is no effective and promising treatment, hence extracorporeal therapies

can be a treatment option for improving COVID-19 outcomes and prevent organ dysfunction. We

performed a matched control retrospective study to investigate the efficacy of hemoperfusion in

combination with standard therapy in critically ill COVID-19 patients.

Material And Methods

Study design

We conducted a single-center, matched control retrospective study on cases with con¦rmed

SARS CoV-2 infection (positive reverse transcriptase polymerase-chain-reaction (RT-PCR) and/or

positive computed tomography scan (CT Scan findings)). The study’s participants were selected

from those who hospitalized between 17 October, 2020 and 17 January,2021 at our hospital (a

major referral medical center for COVID-19 outbreak). The study was approved by Medical

Research Committee for Research Ethics and signed informed consents were obtained from all

patients or their legally authorized representatives. This study is registered with IRCT (Iranian

registry of clinical trial), IR.SBMU.RETECH.REC.1399.582.

Patients

Inclusion Criteria for this study were 1) Adults≥18 years old 2) Oxygen saturation (SPO2) ≤

86% or respiratory rate ≥30 3) Diffuse bilateral pulmonary opacities without effusions in chest CT

scan 4) Respiratory failure not fully explained by cardiac failure or §uid overload 5) Within 1 week

of a known clinical insult or new/worsening respiratory symptom and 6) Hospitalization days ≤14

from the sign and symptom onset. The manifestations were including at least one of the radiation

contactless body temperature ≥37.8, cough, shortness of breath, nasal congestion/ discharge,
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myalgia/arthralgia, diarrhea/vomiting, headache or fatigue on admission.

Patients in the matched group also meet the same criteria defined for hemoperfusion group and

were selected from the same patients within similar time period. Patients in matched group were

also matched one by one with the hemoperfusion group for age, sex, the oxygen saturation (SPO2)

at the admission and the frequency of using invasive mechanical ventilation during hospitalization.

Treatment

Hemoperfusion and matched groups received IFN-β1a (Recigen) (Subcutaneous injections of 44

μg (24,000 IU) on days 1, 3, 6) + remdesivir (200mg first dose then 100 mg daily dose for 5 days)

+ methylprednisolone pulse therapy (1000 mg for three days then 1 mg/kg twice daily) and

standards of care including the necessary oxygen support, non-invasive, or invasive mechanical

ventilation. In addition, hemoperfusion or hemoperfusion and CRRT (continuous renal

replacement therapy) therapies were initiated in the hemoperfusion group.

Hemoperfusion treatment: The patients were administered hemoperfusion through femoral

venous catheters at a blood §ow rate of 250-300 mL/min. Two types of hemoperfusion cartridges

used in this study were Jafron© (HA330) for 4 hours or cytosorb® 300 for 8 to 12 hours.

Hemoperfusion + CRRT: Blood was filtered and returned to the patient with replacement fluid.

The modality of CRRT was pre-dilution continuous venovenous hemofiltration (CVVH). The

volume of the CRRT dose was adjusted according to individual patient requirements nevertheless

the CRRT dose was usually 20-25 ml/kg per hour and access was achieved through a central

venous catheter placed in one of the large central veins. The cartridges were used in this method

were Jafron© (HA330) for 8 hours or CytoSorb® 300 for 12-24 hours.

Based on the improvement in patient's clinical status after hemoperfusion, including being able

to reduce mechanical ventilation support in the intubated patients or improve oxygen saturation in

non-intubated patients, the medical team decided to perform second or third course of

hemoperfusion.

Sodium heparin was used as an anticoagulant and administered as a bolus dose and continues

and try to maintain activated partial thromboplastin time ratio (APTTr) ≤2. The loading dose of

heparin in hemoperfusion therapy was 3000-1000 IU and the maintenance dose was between 1000

to 2000 IU per hour. The loading dose of heparin in hemoperfusion plus CRRT therapy was

between 2000 to 5000 IU and the maintenance dose was between 500-1000 IU per hour (11). In

patients with coagulopathy and patients treated with other anticoagulants the heparin was not used.

Outcome Measures

We studied the clinical progression of two groups during their hospital admission. The mortality

rate in the late phase of admission (including the survival time), duration of hospitalization,

intubation length, oxygen saturation, arterial blood gas findings, complete blood count ¦ndings and,

C-Reactive Protein (CRP) have been compared between two groups.

Statistical analysis

Frequency rates and percentages were used for categorical variables, and Interquartile Ranges

(IQRs) and median were used for continuous variables. For comparison the non-normal continuous

variables, Mann–Whitney U test was used. Chi-Square test was used for comparing the frequency

of categorical variables. Cox proportional hazard regression model and Kaplan–Meier curve (with

logrank test) were also applied to calculate the Hazard rate (HR) with 95% Confidence Intervals

(CIs). STATA software version 14.0 was used to perform the statistical analyses and 0.05 was

considered as statistically significant level.
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Results

Of all recruited patients (n = 128), 55 patients received hemoperfusion and 73 patients were

allotted to the control group who were matched for age, gender, oxygen saturation and incubation

rate with hemoperfusion group. Mean (SD) age of total participants was 59.6 (10.92). Distribution

of male and female gender was 64.1% and 35.9%, respectively. No significant difference was

observed in terms of age and gender between hemoperfusion and matched control group. Table 1

outlines demographic and baseline clinical factors in two studied groups. Although Majority of

clinical factors did not reach a significant difference between two groups, hypertension rate,

ischemic heart disease as the underlying conditions, PH, PaCO2, lymphocyte count, platelet count

and creatine phosphokinase were significantly different (Table 1).
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The total number of deaths in our study was 102 (70.9%). In the hemoperfusion group, the

mortality rate was significantly lower as opposed to matched control group (67.3% vs 89%; P-

value = 0.002). As outlined in Table 2, median length of ICU stay and duration of incubation were

significantly higher in hemoperfusion group. Final oxygen saturation was significantly higher in

hemoperfusion group whilst PaCO2 was found to be lower in the respect group compared to

control group. In addition, C-reactive protein (CRP) were also different between two groups (Table

2).
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To evaluate the effect of hemoperfusion on survival of severe COVID-19 patients, long-rank test

was conducted on survival time of hospitalized patients which was statistically different between

two groups (median, 12 days for hemoperfusion group vs 8 days for the control group; P < 0.001)

and the Kaplan– Meier curve indicated that the cumulative survival was higher for patients in

hemoperfusion group compared to their matches (Fig. 1).

Of 55 patients in hemoperfusion group, the number of patients received one, two and three or

four courses of hemoperfusion was 18 (32.7%), 14 (25.4%) and 23 (41.9%), respectively. Number

of patients received hemoperfusion with cartridge 300 and 330 was 9 and 46, respectively. The

number of deaths among patients who had cartridge 300 was 4 (44.4%) and the respect number for

patients who had cartridge 330 was 14 (30.4%). No significant association was found between

cartridge type and mortality rate in hemoperfusion group.

Cox regression model was employed to calculate hazard of death for patients in matched group

compared to hemoperfusion group. Analyses were done in crude and adjusted models. Two

significant underlying diseases (hypertension and ischemic heart disease) were not included in

multivariate model since the Cochran's Mantel-Haenszel test indicated conditional independence

across these two underling diseases for both hypertension (P.value = 0.646) and Ischemic Heart

Disease (P.value = 0.400), but age, sex, oxygen saturation and lymphocyte count at the baseline

were included as the adjusting factors. According to the analysis in crude model, the hazard rate

(HR) of death in matched groups compared to hemoperfusion group was 2.54 (95% CI: 0.1.67–

3.87, P < 0.001) and the adjusted HR was 2.39 (95% CI: 1.49–3.83, P < 0.001). Both crude and

adjusted analyses revealed that patients who treated in matched group were at higher risk of death
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compared to patients who treated in hemoperfusion group.

Discussion

Hemoperfusion has been suggested as an effective treatment for COVID-19 patients in

conjunction with other conventional remedies. In this study, hemoperfusion group exhibited higher

O2 saturation but lower PaCO2 and CRP levels compared to matched control group. An interesting

finding of this study was that lower mortality rate was observed among the patients in

hemoperfusion group. Jafron® and CytoSorb® are two different manufacturers of hemoperfusion

cartridges. Although they employ different methodology for preforming hemoperfusion, their

cartridge efficacy has not been compared so far in a study.

Cytokine storm and intensive immune responses have been addressed as the root causes of

severe form of COVID-19 infection (12). It has been observed that cytokine storm plays crucial

role in exerting endorgan damage and increasing mortality rate among patients with COVID-19.

Of all series of cytokines, IL- 1, IL-6, IL-10, and TNF-beta are the most remarkable inflammatory

factors through the cytokine storm phenomenon (13–15). Furthermore, the most critical role in

cytokine storm, patients mortality and the severity of the disease have been attributed to IL-6 (16).

At early stages of COVID-19, increased levels of CRP can be associated with sever pulmonary

complication like acute respiratory distress syndrome (ARDS)(17). Therefore, timely clearance of

cytokines and inflammatory factors can decrease patients’ complications and mortality in COVID

19 infection (18).

Hemoperfusion, an extracorporeal blood purification modality, is used for circulating of

patients’ anticoagulated blood through a circuit that contains an absorbent filter which reduces

toxic agents and inflammatory factors like inflammatory cytokines(1, 19). The absorbent system in

hemoperfusion usually is a cartridge which has been loaded with absorbent ingredients including

charcoal (for water-soluble materials) and resins (for lipid-soluble materials) (20). HA 330 and HA

380 cartridges are two types of hemoperfusion cartridges which are used in inflammatory

conditions. These cartridges have the capability of inflammatory cytokines absorption (21). In

addition, HA 280 cartridges are capable to absorb smaller particle size(22). In the current study,

Jafron® (HA 330) and CytoSorb® 300 cartridges were used for the hemoperfusion. In a systematic

review in 2013 by Borthwick et al., it has been suggested that hemoperfusion may has significant

effects on ICU stay and mortality rate in sepsis patients (13). In addition, in the pandemic era, there

are some studies which have suggested the positive effects of hemoperfusion in COVID-19

patients (23, 24). In a study by Vardanjani et al., hemoperfusion and continuous renal replacement

therapies were effective in ceasing ARDS progression, decreasing patient intubation and patient’s

oxygen dependency in addition to their preventive effects on AKI and septic shock. Moreover, it

reduced mortality and length of hospital stay(25). In the study of De Rosa et al., hemoperfusion

with polymyxin in COVID-19 patients with endotoxic shock was associated with organ function

recovery and hemodynamic improvement(26).

This study was in the same line with the results of previous studies. In the current study, the

mortality rate was significantly lower in Hemoperfusion group compared to the matched group;

furthermore, it was observed that O2 saturation may be improved significantly after performing

hemoperfusion in COVID-19 patients. In this study, the median length of hospital stay was lower

in matched group. However, based on Kaplan model, we could find that the cumulative survival of

patients in the hemoperfusion group was associated with the median length of hospital stay.

Our study’s major strength was the high sample size of hemoperfusion group. A study by

Asgharpour et el. was conducted on 10 patients; whereas the current study was conducted on 55

patients which is the highest sample size in the literature(27). In addition, considering the high

costs of hemoperfusion for the patients, we could not implement this treatment option for every

patient due to ethical considerations, and this may be the reason for the lack of a high-sample
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clinical trial in this regard.

In fact, this treatment option was used in this study as a salvage treatment option in the

accompaniment of the ¦nal stage treatments. Furthermore, the hemoperfusion group and matched

group in this study was not homogenous. Some patients in this study received Tocilizumab which

can affect the mortality of patients(28). Moreover, patients in this study received different courses

of hemoperfusion (not same in the number and length of sessions) by two different cartridges. As

shown in this study, hemoperfusion by Jafron® 330 cartridge had lower mortality compared to

CytoSorb® cartridge; however, it failed to reach significant difference. The results can be changed

in future studies with homogeneous and higher sample sizes.

Limitation

Our data collection depended on physicians completing because our study is a respectively

study. This study is not a randomized clinical trial; therefore, there are not exact inclusion and

exclusion criteria. It was not possible to analyze arterial blood gas for some patients because of

technical procedures and trained staff limitation. In this study two types of hemoperfusion

cartridge were used due to lack of access to a certain type of hemoperfusion cartridge in various

times.

Conclusion

Among critically ill COVID-19 patients, we found a signi¦cant reduction in mortality rate and

improvement of oxygen saturation and pCO2 in hemoperfusion group. To evaluation of the e¨cacy

of hemoperfusion due to some limitations in this study, randomized controlled clinical trials are

needed.
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Abstract:

The COVID-19 pandemic has faced all medical society to problems of various complication in

clinical picture substantial morbidity and mortality worldwide. Millions of people worldwide had

struggled with this disease, many of them unfortunately lost the battle. Diversity of this disease

have made therapy overly complicated. More than 1-year scientists worldwide try to solve the

riddles of the virus and find the key to the lock. Various approaches and combinations have been

tested in the intensive care of patients with COVID - 19. Unfortunately, mortality rate is still high

moreover there is no certain therapy or prevention from coronavirus. Ongoing advances in science

and progress in understanding of etiopathogenesis, development of complications such as a

cytokine storm, draw attention of medical society to extracorporeal methods of blood purification

as a variant of inflammatory activity reduction. According to literature data direction to

extracorporeal blood purification methods in intensive care was beneficial to patients. Thus, in our

center we have provided different combinations of blood purification to patients with severe

COVID – 19 and cytokine storm. We would like to share with our experience of blood purification

(hemadsorption) application to patients with severe COVID – 19 in ICU.

Keywords: Blood purification, hemadsorption, ECMO, COVID -19, MODS, cytokine storm.

Introduction:

COVID – 19 pandemics swept the world in 2019, until today, scientists have accumulated more

questions than answers. What is already known about the disease?

The first – extremely high level of mortality in intensive care unit (ICU). According to data of

systematic review it ranges from 31% in Spain, 35.2% in Italy, 41.2% in Denmark and more than

70% in China at patients with severe COVID – 19 and invasive mechanical ventilation [1-3].

Multifaced clinical picture - emerging data suggest that Novel Coronavirus disease particularly

dangerous for the human organism due to affection of multiple organs, leading to organ failure and

eventually death [4]. Furthermore, COVID-19 is associated with high mortality due to numerous

complications such as acute respiratory distress syndrome (ARDS), systemic inflammation (sepsis,

cytokine storm), multiorgan dysfunction (MODS), acute kidney injury (AKI) and liver damage

[5,6]. ARDS leads to severe respiratory failure, severe hypoxia and necessity of invasive

mechanical ventilation or even extracorporeal membrane oxygenation (ECMO) [7-9]. Cytokine

storm and sepsis often diagnosed at patients with severe COVID – 19 [10]. Elevated cytokine

levels result in endothelial dysfunction, vascular damage, and metabolic dysregulation, thereby

damaging multiple organ systems [11]. Extracorporeal blood purification methods obviously has

positive effect in the complex therapy of hyperinflammation [12, 13]. The timeliness and validity
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of the start of extracorporeal procedures is crucial. The maximum effect can be achieved if

extracorporeal treatment is performed in the early stages of the clinical and laboratory

manifestation of the "cytokine storm" syndrome and MODS [14].

Numerous complications cumulatively and diversity of the COVID 19 course, have made

management of this disease extremely hard and tricky. This occasion has led our team to provide

this research. We would like to share our experience of combined extracorporeal blood purification

methods application as an option of severe COVID – 19 intensive care.

Materials and methods:

We conducted a retrospective analysis of 69 medical records of patients hospitalized in the ICU

of JSC National Research Cardiac Surgery Center (NRCSC) Nur-Sultan city, Kazakhstan because

of severe course of COVID 19.

Inclusion criteria: Patients with positive COVID - 19 in severe condition. Patients treated by blood

purification with hemadsorption.

Exclusion criteria: Patients with coagulopathy. Active bleeding. Hemorrhage stroke.

To all patients were provided extracorporeal blood purification with hemadsorption (HA 330/HA

330II (Jafron Biomedical, China) as an additional option to intensive care.

Jafron HA 330/ HA 330II - disposable cartridges are filled with an adsorbent material — a

copolymer of styrene and divinylbenzene. The adsorbing material of different models of cartridges

of the "HA" series has different porosity of granules. Due to this, as well as hydrophobic and ionic

interaction, the target molecules — toxins, cytokines, bilirubin, and others-are removed from the

bloodstream. Cartridge HA 330 recommended for sepsis therapy, HA 330II for therapy of liver

damage.

Hemoadsorption with a HA 330 column was effectively used in the treatment of CAVID-19

[14]. Methods and sequence of extracorporeal therapy

1. Hemoadsorption method (Picture #1 a).

The procedures were performed using the adsorbent HA 330 or HA 330II (Jafron Biomedical,

China) on a JAFRON apparatus (Jafron Biomedical, China). A double lumen dialysis catheter or

ECMO circuit was used as a vascular access. 5 patients underwent 4 hemoperfusion procedures of

180-200 duration each. The blood flow rate was maintained in the range of 180-200 ml/min.

Heparin dosage was titrated individually for every patient, and the indicators of activated clotting

time (ACT) before and during the procedure.

2. Combined method (Picture #1 b).

It was decided to carry out extracorporeal therapy at patients with AKI that required RRT (15

patients) in combination form of joint procedures of hemadsorption with HA330 or HA330II

cartridges and hemodiafiltration/hemofiltration in a single circuit.

Methodology of combined hemadsorption procedures with HA330 or HA330II (Jafron

Biomedical, China) + extended continuous hemofiltration/hemodiafiltration using the OMNI

device (BBraun, Germany). A double lumen dialysis catheter or ECMO circuit was used as a

vascular access. The blood flow rate at the level of 180-200 ml/min, the perfusion time of 1

cartridge HA330 for 180 minutes, then the extended hemofiltration procedure was continued until

the next connection of the cartridge HA330 after 12-24 hours according to the recommended by

Ronco et al [13] scheme, minimally 4 procedures HA330 or HA330II for 180 minutes were

performed with further continuation of extended hemofiltration/hemodiafiltration according to

indications. Heparin was used as an anticoagulant, the dose of which was selected individually for

each patient, depending on the initial state of the blood clotting system and ACT level before and

during the procedure. To maintain ACT within 180-200 s, 15-20 U /kg/h of heparin was required.

According to the recommendations of Ronco C, Huang C [14, 15], each patient was given 2
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procedures for the first day, lasting at least 180 min, with an interval of 12 hours, followed by 2nd

and 3d day with an interval of 24 hours. After the first 3 hours of the procedure, the HA330 or

HA330II hemadsorption circuit was switched off and the RRT procedure continued. Further

treatment of AKI was performed similarly to the protocol of sequential use of extracorporeal

procedures.

The scheme 2+1+1 HA330 columns was applied on the 1st day change it after 12 hours, on the

2nd and 3rd days-1 column change after 24 hours [15]

Results:

The total number of patients with COVID -19 – required blood purification or ECMO with HA

330 or HA 330 II (Jafron hemoadsorber)– 20 patients.

Mean age of patients- 53.57 [29, 70] years.

Distribution of comorbid pathology in our group: 40% of patients had high BP level, 35% had

Diabetes Insipidus, and more 20% had obesity on the moment of hospitalization to ICU. It

confirms that comorbid pathology exacerbates clinical picture. All patients in our research were in

extremely severe condition.

№ Comorbid pathology N = 20

1 Type 2 diabetes 7 (35%)

2 COPD 1 (5%)

3 Arterial hypertension 8 (40%)

4 Ischemic heart disease 3 (15%)

5 Obesity 5 (25%)

6 LVAD 1 (5%)

7 Gastric ulcer 1 (5%)

8 Chronic renal failure 1 (5%)

Table # 1. Distribution of the comorbid pathology.

Table # 2. Complications of COVID – 19.

# Type of complication N (20)

1 *Cytokine storm 13 (65%)

2 MODS 5 (25%)

3 SEPSIS 5 (25%)

4 Acute respiratory failure (ARDS) 14 (70%)

5 Acute kidney injury 2 (KDIGO 2018) 9 (45%)

6 Acute kidney injury 3 (KDIGO 2018) 6 (30%)

7 Acute liver failure 7 (35%)

* Cytokine storm at patients with COVID – 19 was diagnose on the basis of laboratory

data: elevation in blood probe of PCT , Presepsin, IL6, CRP level, and severe clinical

manifestation of COVID – 19.
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Complications of COVID – 19 in our group was distributed in the order: on the 1st place was

ARDS, what is why 15 patients had invasive mechanical ventilation and 14 patients had ECMO.

On the second place was cytokine storm – 65%, and AKI. All these complications had not

excluded the presence of each other and could be present simultaneously.

Depends on the type of complication, extracorporeal blood purification method was prescribed.

Consequently, 15patients in our research group had received - combined procedures of blood

purification -RRT with hemadsorption by HA 330 or HA 330 II cartridges.

Distribution and duration of extracorporeal blood purification methods presented in the table #3.

Picture #1. a)Hemadsorbtion by Hemoperfusion machine Model: JF-800A with cartridge HA 330,

b) combined method (OMNI BBraun) CVVHD with cartridge HA 330.

Laboratory data of patients with severe COVID – 19 had trends to improvement on the background

of intensive care and combined methods of extracorporeal blood purification. Decreasing of the

presepsin level had not significant value.

Mortality rate in the group of investigation 10 from 20 – 50%.

Type of procedure Quantity of procedures

(n=84)

Duration (hour)

HP (HA 330)+ CVVHF/CVVHDF 2+1+1 (n=33) >3 (24) h

HP (HA330II)+

CVVHF/CVVHDF

2+1+1 (n=31) > 3 (24)h

HP (HA 330/HA330II)+ECMO 2+1+1(n=20) > 3 (24)h

Table #3. Type, quantity and duration of the procedures

a b
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Chart#1 Laboratory data.
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Table #4. Laboratory data – trends of Leukocytes, CRP, IL - 6, PCT, Urea, Creatinine, and

bilirubin level. (Mean level [min;max]).

Laboratory

data

Before blood

purification

After 1

procedure

After 2

procedure

After 3

procedure

After 4

procedure

Р

value

Leukocytes

10*9/l

15.30

[5.8; 34.03]

13.31

[7.44;31.08]

10.68 [5.56;

15.55]

8.23 [5.13;

14.23]

6.54 [3.75;

12.44]

0.01

C-reactive

protein

mg/dL

19.78

[0.15; 54.86]

16.89

[0.46;

33.12]

12.43 [0.09;

29.07]

6.06

[0.054;

23.97]

5.78 [0.05;

18.76]

0.043

Interleukin-6

pg/mL

260.77

[54; 572]

205.82

[21.03; 403]

201.188

[12.56;

365.48]

108.9

[12.86;

290.45]

85.76

[10.53;

220.14]

0.027

Procalcitonin

ng/ml

30.38

[0.1; 38.28]

12.13

[0.1; 30.38]

4.34 [0.08;

12.73]

5.56

[0.054;

10.76]

3.82 [0.06;

8.12]

0.01

Creatinin

mg/dL 2.33

[0.77; 3.23]

1.77

[0.86;2.98]

1.89 [0.80;

2.93 ]

1.34 [0.86;

1.06 ]

1.22 [0.82;

1.03]

0.01

Presepsin

pg/mL

2420.24

[19.96;

16277]

2788.81

[657; 9834]

1783.56

[232.64;

11589]

2063.41

[217.12;

8653.45]

1980.65

[256.11;

6544.67]

0.18

Bilirubin

Total

mg/dL

5.83

[0.6; 12.93]

2.73 [0.71;

6.33]

2.58 [1.39;

5.33]

2.40 [1.35;

4.89]

1.58 [1.17;

4.25]

0.037

Bilirubin

Direct mg/dL

4.24

[0.15; 8.54]

2.44 [0.25;

5.16]

1.39 [0.72;

4.05]

1.18 [0.12;

3.58.05]

0.83 [0.13;

2.75]

0.014
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Discussion:

Mortality rate of patients with severe COVID – 19 was extremely high. It is impossible to compare

the mortality rate in our group with other relevant patients, due to lack of data. There were a small

number of patients with severe COVID – 19 who did not receive hemadsorption method of blood

purification. According to data of Zhou F, YuT, DuR, et al. and Yang, Xiaobo, et al which were

published in the Lancet and The Lancet Respiratory Medicine journals, the mortality rate of

patients with severe COVID - 19 in the ICU Wuhan China were on the level 65 - 78% [3,16].

According to Fawad Rahim et al the mortality rate of patients with severe COVID - 19 in the ICU

without the use of CRRT exceeds 70-77% [17].

Also our study confirmed numerous literature data that comorbid pathology as a diabetes may

significantly exacerbate the course of coronavirus disease [18, 19, 20].

Conclusions: Mortality rate at patients with severe COVID – 19 unfortunately stays on the high

level. Our experience of application of the combined extracorporeal blood purification methods

had shown positive effect in laboratory data, probably had impact in survival rate (comparing with

literature data) of extremely severe patients with COVID 19 in ICU. In our point of view

application of combined methods of extracorporeal blood purification methods has perspective for

development and requires further research.
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Background: Inflammatory mediators are an important component in the pathophysiology of the

coronavirus disease 2019 (COVID-19). This study aimed to assess the effects of reducing

inflammatory mediators using hemoperfusion (HP) and continuous renal replacement therapy

(CRRT) on the mortality of patients with COVID-19.

Materials and Methods: Twelve patients with confirmed diagnosis of COVID-19 were included.

All patients had acute respiratory distress syndrome (ARDS). Patients were divided into three

groups, namely, HP, CRRT and HP+CRRT. The primary outcome was mortality and the secondary

outcomes were oxygenation and reduction in inflammatory mediators at the end of the study.

Results: Patients were not different at baseline in demographics, inflammatory cytokine levels,

and the level of acute phase reactants. Half of the patients (3 out of 6) in the HP+CRRT group

survived along with the survival of one patient (1 out of 2) in the HP group. All four patients in the

CRRT group died. Serum creatinine (SCr), Interleukin-1 (IL1), Interleukin-6 (IL6), Interleukin-8

(IL8), partial pressure of oxygen (PaO2), O2 saturation (O2 sat), and hemodynamic parameters

improved over time in HP+CRRT and CRRT groups, but no significant difference was observed in

the HP group (All Ps > 0.05).

Conclusion: Combined HP and CRRT demonstrated the best result in terms of mortality, reduction

of inflammatory mediators and oxygenation. Further investigations are needed to explore the role

of HP+CRRT in COVID-19 patients.
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INTRODUCTION

Following the official recognition of the novel coronavirus disease 2019 (COVID-19), it rapidly

turned into a pandemic overwhelming most of the healthcare systems. The clinical spectrum of

COVID-19 pneumonia ranges from mild upper respiratory tract involvement to severe acute

respiratory syndrome coronavirus 2 (SARSCoV-2) and ultimately death. Critically ill patients with

COVID-19 are more likely to develop acute respiratory distress syndrome (ARDS) related to

systemic proinflammatory cytokine responses over a short period of time. ARDS is a dreaded

complication of COVID-19 patients with high mortality (1-3). In February 2020, Masih

Daneshvari Hospital reported its first COVID-19 patient and became the referral center for

COVID-19 cases in Iran. The pursuing high load of patients was inevitably associated with a

significant mortality of patients in the intensive care unit (ICU) due to severe ARDS (4). Data

suggests that increased mortality of COVID-19 patients is associated with a profound systemic

inflammatory response (5).

Various cytokines are linked to COVID-19 and associated with COVID-19 induced lung injury

and ARDS. The production of a wide array of proinflammatory cytokines is significantly elevated

in patients with COVID- 19 compared to healthy individuals (6). Hypercytokinemia, also known as

a cytokine storm, is shown to be related to an alarming incidence of ARDS and critical illness

requiring ICU admission. Plasma levels of several cytokines in COVID-19 patients could serve as

potential biomarkers of disease severity in COVID-19 (7). These findings have demonstrated the

immunopathological mechanisms of COVID-19 (8).

Various therapeutic techniques should be applied to control the inflammatory storm as

confounding factors exist in patients with ARDS requiring invasive mechanical ventilation (IMV).

Hemoperfusion (HP) and continuous renal replacement therapy (CRRT) can increase inflammatory

cytokine elimination from the bloodstream and modulate immune function and, thus, improve

patient prognosis (9).

In this study, we aimed to assess the effects of CRRT, HP, and their combination on mortality in

COVID-19 patients undergoing IMV admitted to Masih Daneshvari Hospital in Tehran, Iran.

Various clinical indices, including the time of treatment and biochemical parameters, were

analyzed to assess the effects of HP and CRRT on the patient survival and to compare the effects of

these techniques to remove plasma inflammatory factors.

MATERIALS AND METHODS

Study design and participants

This study was conducted at Masih Daneshvari Hospital, Shahid Beheshti University of Medical

Sciences after the approval of the study protocol by the Clinical Research Ethics Committee

(IR.SBMU.NRITLD.REC.1399. 011). We included 12 adult patients who required mechanical

ventilation and had a partial pressure of arterial oxygen/fraction of inspired oxygen ratio

(PaO2/FiO2) under 150 with a confirmed diagnosis of COVID-19 using reverse transcription

polymerase chain reaction RT-PCR. The initial blood sample was collected immediately after the

patient was admitted to the ICU and prior to receiving any treatment.

Patients were divided into three groups (HP, CRRT, and HP+CRRT) based on their initial kidney

function, glomerular filtration rate (GFR), and neutrophil gelatinaseassociated lipocalin (NGAL)

as a specific biomarker of acute kidney injury (AKI), diagnosed by an increase in the serum

creatinine (SCr) level of at least 0.3 mg/dL within 48 hours. Estimated GFR (eGFR) in the HP

group was > 60 mL/min. In the setting of AKI, CRRT was performed. Two patients were in the HP
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group, four patients were in the CRRT group and six patients were in the HP+CRRT group. All

clinical data were recorded and standardized in a spreadsheet by two critical care physicians who

were unaware of the purpose of this study.

Medical care in ICU

All patients received conventional ICU care including ventilator support, enteral or parenteral

nutrition, correction of water-electrolyte imbalances, intravascular fluid replacement, and control

of body temperature. Patients received hydroxychloroquine sulfate 400 mg twice-a-day on day 1

followed by 200 mg twice-a-day. To prevent untoward pulmonary injury patients were started on

atazanavir and ritonavir once daily for 7–14 days. Vancomycin (25 mg/kg loading dose, 15 mg/kg

twice-aday), imipenem (500 mg every six hours) IV infusion combined with azithromycin 500 mg

daily for three days were administered to treat the bacterial and atypical pneumonia.

Norepinephrine was administered in the range of 0.5 to 2.5 mcg/kg/min IV infusion to improve

blood perfusion and cardiac function.

The therapeutic effect was assessed via blood indices including arterial blood gas, PaO2 and O2

saturation, hemodynamic parameters (central venous oxygen saturation [ScvO2], oxygen delivery

[DO2]), plasma levels of three cytokines (interleukin 1 [IL1], interleukin-6 [IL6], and interleukin-8

[IL8]), and kidney function (blood urea nitrogen [BUN] and SCr). Acceptable treatment outcome

was defined as a marked improvement of ARDS severity demonstrated by increase in PaO2/FiO2

ratio, O2 saturation, DO2, ScvO2, improvement of renal function, and reduction of inflammatory

cytokines, norepinephrine, and ultimately improved mortality. The survival time was calculated

from the time of ICU admission to hospital discharge.

Blood purification

HP and/or CRRT therapies were initiated to improve O2 saturation and reduce proinflammatory

cytokine levels (10,11). Hemoperfusion (HP): Elevated IL-6 levels in ARDS patients with normal

kidney function suggested its role in lethal lung injury. HP was carried out with a cutoff value of

100 pg/mL (12) for IL-6, through femoral venous catheters at a blood flow rate of 100–300

mL/min. HP was implemented over six hours per day and the number of HP treatments was

determined by the plasma levels of the IL- 1, IL-6 and IL-8 along with clinical assessment of the

patient. A fully automated dialysis machine and a HA380 membrane filter (Jafron Biomedical Co)

were used for the HP.

Continuous renal replacement therapy (CRRT): Among patients with direct kidney involvement

and a high level of IL-6, the most important causative cytokine in ARDS, a recombinant

humanized anti-IL-6 monoclonal antibody, tocilizumab (8 mg/kg, at a maximum dose of 800 mg

per infusion, with an intravenous drip time longer than 1 h) was used to treat cytokine storm

followed by continuous venovenous hemofiltration (CVVH), whereas in the setting of AKI,

continuous venovenous hemodiafiltration (CVVHDF) was performed. CRRT was performed with

an ultrafiltration rate of 50–200 cc/h for 24 h every other day. A dedicated machine (PrismaFlex

system) and filter (ST150, Baxter) were used for the CRRT. The blood flow rate was set at 50–250

mL/min, and the dialysis rate was set at 25–35 mL/kg/h. Vascular access was obtained using arrow

double lumen hemodialysis (12 Fr × 20 cm) and central venous catheters (CV-15122-F) in the

femoral vein.

Combined hemoperfusion and continuous renal replacement therapy (HP+CRRT): In this group,

patients underwent CRRT plus HP using a HA380 membrane filter, which was changed routinely

after 6 hours over the course of 24 hours of CCRT due to the saturation of the adsorptive sites in

the aseptic technique step.

During each blood purifying technique, continuous infusion of heparin (ranging from 5 to 20
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units/kg/h) was used to prevent clotting. Therapeutic level was defined as an activated partial

thromboplastin time (aPTT) ranging between 15 and 20 times the normal.

Data collection

For every patient, sequential (sepsis-related) organ failure assessment (SOFA) score, and acute

physiology and chronic health evaluation II (APACHE II) score were calculated on the day of ICU

admission. Serum NGAL levels were measured using a commercially available ELISA kit

(Antibody Shop, Gentofte, Denmark). Ethylene diamine tetra acetic acid (EDTA) blood samples

were collected in sterile (endotoxin-free) tubes before and after the therapeutic techniques.

Samples destined for cytokine detection were placed in ice and transported immediately to the

laboratory. The plasma was separated by centrifugation (2000 ×g for 10 min) at 4 °C and stored in

300 µL aliquots at -70 °C until analysis. Serum concentrations of IL-1, IL-6, and IL-8 were

measured by ELISA using Quantikine kits. The minimum detectable concentration of all cytokines

with the R&D kits was less than 10 pg/mL. The operating procedure provided by the manufacturer

was strictly followed. Pulse contour cardiac output (PiCCO) was used to detect ScvO2 and DO2

through a central venous catheter and an arterial line. Measuring DO2 is dependent upon

hemoglobin/hematocrit, cardiac output, and saturation of the individual hemoglobin molecules.

The obtained blood samples were analyzed with an automatic biochemical analyzer for the

measurement of acute phase reactants (procalcitonin [PCT] and ferritin], kidney function (BUN,

SCr), and blood gas factors (PaO2, O2 sat) at the same time as cytokine level determination.

Data analysis

Results were presented as mean ± standard deviation. A P < 0.05 was considered statistically

significant. Categorical variables were analyzed using the chi-squared test. Other indices were

analyzed using ANOVA. To assess the relationship between the therapeutic techniques and the

mortality rate, multivariate Cox regression survival curves with the Cox proportional hazard model

were generated. The primary dependent variable was mortality. The treatment outcome was

recorded as categorical variables (1: Better; 0: Worse or death). Multivariate adjustment was made

separately for age, sex, ICU length of stay, time of the first treatment and number of treatments,

SOFA and APACHE II scores, ferritin, PCT, arterial blood gas indices, hemodynamic parameters,

and renal function tests.

RESULTS

Table 1 summarizes demographics and baseline characteristics of the patients. At baseline, there

was no significant difference (All Ps > 0.05) in age, sex, SOFA and APACHE II scores, ferritin,

PCT, and time of the first treatment between the three groups. A significant difference was seen the

mean SCr and BUN levels at baseline (Ps = 0.010 and 0.035, respectively). Changes in the

biochemical and hemodynamic parameters, cytokine levels, and blood gas factors are summarized

in table 2 showing before and after treatment measurements. With progression of hypoxemia,

multi-organ damage became a serious concern. There were significant differences in the mean

BUN, O2 sat (at a 0.10 level), and norepinephrine dosage (at a 0.05 level) among the three groups

over the study period. The CRRT group had the best result in clearing BUN and the HP+CRRT

group showed the best outcome on the improvement in O2 saturation and reduction of

norepinephrine dosage.

The median ICU length of stay was not different (P=0.737) between the three groups (7.5±2.1,

7.0±1.4, and 8.0±2.2 days for HP, CRRT, and HP+CRRT groups, respectively). The three groups

were also similar in the number of interventions they received (1.5 ± 0.7, 2.0 ± 0.0, and 3.0 ± 1.1

for HP, CRRT, and HP+CRRT groups, respectively). As shown in figure 1, CRRT and HP+CRRT
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groups were superior to HP in improving patients' PaO2, O2 sat, ScvO2, and DO2. Patients in the

HP+CRRT group demonstrated a marked improvement in IL-6 and IL-8 levels.

The overall mortality was 66.6% (8 out of 12 patients). Mortality rates were 50% in the HP

group (n=2), 100% in the CRRT group (n=4), and 50% in the HP+CRRT group (n=6). The

HP+CRRT group had the best overall primary and secondary outcomes. The Cox proportional

hazards model for overall survival is shown in figure 2.
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DISCUSSION

Acute lung injury and ARDS in COVID-19 patients have a higher mortality rate than what is

observed in other diseases. To date, the management of ARDS in COVID-19 patient remains

supportive, while no effective therapeutics, including antivirals or vaccines, is shown to improve

mortality. In previous studies, COVID-19 patients have received antimicrobial agents, antiviral,

antimalarial, and corticosteroid therapy with variable dosage depending on disease severity,

however, no effective outcomes is observed (13-15). Hence, our study was designed to evaluate the

blood purification therapies using HP, CRRT, and their combination on inflammatory mediator

elimination from plasma and improvement of survival. Significant elevation in plasma

inflammatory cytokines and chemokines was seen in severe COVID-19 patients, associated with

higher mortality rates in moderate-tosevere ARDS. HP, CRRT, and HP+CRRT techniques were

designed to remove cytokines and other circulating inflammatory mediators from the bloodstream.

An earlier study has demonstrated that increased plasma level of cytokines was associated with

extensive lung inflammation in COVID-19 pneumonia (16). IL-1 is the most important cytokine in

the early stage of ARDS, associated with increasing pro-inflammatory chemokines leading to

edema; and the therapeutic target could be achieved by removing it (17). Also, higher plasma

levels of IL-6 and IL-8 in bronchoalveolar lavage fluid are associated with a higher mortality rate

(18). We noted that patients with ARDS had higher levels of IL1, IL6, and IL8, probably leading to

an activated systemic inflammatory response. Moreover, patients requiring ICU admission had

higher concentrations of proinflammatory mediators than those not requiring ICU admission,

suggesting that the cytokine storm might play a crucial role in the severity of the disease (19).

The initial concentration of IL1, IL6, and IL8 was elevated and could be used as an index for

assessing the blood purifying techniques and hypoxemia prognosis. Therefore, in this study, we

divided patients into three groups (HP, CRRT, and HP+CRRT), and the measured cytokines were

evaluated to compare the efficacy of each techniques. Data from Italy and China showed

extracorporeal organ support therapies, including hemoperfusion, could remove plasma

inflammatory cytokines, broadly used in clinical settings to support hemodynamic and organ

function recovery (11,19). HP and CRRT achieved high solute clearance rates across a

semipermeable membrane and they could eliminate inflammatory mediators from the bloodstream

(9).
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Although it is still controversial whether HP or CRRT is beneficial in viral pneumonia, CRRT is

reported to have a positive effect on the reduction of the mortality risk in COVID-19 patients

requiring IMV, (10) while other studies found that CRRT is a risk factor for mortality in COVID-

19 (20). To compare the efficacy of HP and CRRT, we set up

groups based on the GFR cutoff, and further divided patients into three groups for comparing

plasma cytokine levels, blood gas factors, hemodynamic parameters, BUN,

SCr, and the mortality rate. There was no significant differences in the overall survival during ICU

stay among the three groups (P > 0.05). Our study has several limitations. First, the sample size

of this study was not large. Second, this was a single-center study. Although potentially more

patients could be involved in such a study, resource limitation is the main

factor limiting this investigation to only one center. Third, patient data was only available until

time of discharge which was included in the analysis. This study lacked long-term data.

CONCLUSION

The best clinical outcome in COVID-19 patients was observed in the HP+CRRT group which

not only had a comparatively better survival rate but also demonstrated better improvement in

plasma cytokine levels, blood gas factors, and hemodynamic parameters. Role of HP+CRRT

needs to be investigated in larger and preferably randomized studies.
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Abstract

Introduction: The aims of this study are to observe clinical course of all patients affected by

infection with SARS-CoV-2 undergoing HD focusing on the impact of HP on them.

Methods: Patients divided to Group A: HD sessions with HP and Group B: patients without HP.

We registered all the data regarding patients’ clinical course.

Results: 13 patients have been enrolled in group A. 9 patients discharged from the hospital after

43 days (range: 35-56). 30 days were the mean hospitalization stay for the deceased ones. We did

not observe any side effects with HP cartridges. 9 patients did not receive HP during their

hospitalization. All of them were presented symptomatic. 8 out of 9 patients died after 6 days of

hospitalization (range: 1-14), 2 of them in ICU.

Conclusion: HP seems to be a helpful, safe and quite efficient tool in the battle against Covid-19

in HD patients.

Key words: hemodialysis, covid-19, hemoperfusion

Introduction

In December 2019 a new strain of coronavirus, officially named severe acute respiratory

syndrome coronavirus 2 (SARS-Cov-2), was first isolated from three patients with coronavirus

disease 2019 (covid-19) by the Chinese Center for Disease Control and Prevention connected to

the cluster of acute respiratory illness cases from Wuhan, China 1,2. On 30 January 2020, the

World Health Organization declared that the outbreak of SARS-Cov-2 constituted a public health

emergency of international concern.

End-Stage-Renal Disease patients under hemodialysis (HD) are at increased risk for

coronavirus disease 2019 (COVID-19) and its complications, owing to the presence of multiple

comorbid conditions. Patients receiving kidney replacement therapy are a vulnerable population as

those receiving dialysis are usually older with significant co-morbidity, have impaired immune

responses 3 and require regular attendance at a healthcare facility. The logistical aspects within a

dialysis facility further increase the risk of disease transmission 4. There are data suggesting a

more severe disease course in patients with chronic kidney disease (CKD) 5. Still outcomes in

End-Stage-Renal Disease patients under HD are unclear, with small case series suggesting a

milder course6. On the other hand HD patients are usually old and affected by several

comorbidities such as diabetes mellitus and hypertension that are known to be associated with high

risk of poor outcomes in patients with coronavirus disease 2019 (COVID-19).

Ioannis Griveas

Army Share Fund Hospital of Athens, Greece, 417 NIMTS

Address: 362 Kifisias Ave, 15233, Chalandri, Athens, Greece,

E-mail: giannisgriv@hotmail.com

07

mailto:giannisgriv@hotmail.com


50

It has been demonstrated that at the beginning of sepsis process following Covid-19 invasion,

the overshoot of multiple pro-inflammatory mediators is frequently observed, and patient mortality

will be much higher when the serum level of pro-inflammatory and anti-inflammatory cytokines is

considerable 7,8. Blocking the overshoot of these inflammatory mediators can stop the sepsis

process and improve patient outcomes 8. One of the treatment approaches that can be taken to

reduce these cytokines is extracorporeal blood purification, also referred to as hemoperfusion

(HP)9. HP is an extracorporeal technique involving the passage of blood through a cartridge where

solutes are removed by direct binding to the sorbent material. HP acts by adsorption mechanism,

related to different cartridges which have been provided in its structure. The effectiveness of

hemoperfusion on serum level of IL-6, IL-8, IL-1β, and tumor necrosis factor has been

demonstrated in several studies10.

Our Nephrology Department during spring period on the first wave of COVID-19 was the

referral Dialysis Unit for Covid-19 positive HD patients in the district area of Athens, Greece. We

used HP as a therapeutic option in our patients. The aims of this study are to report characteristics,

rates and outcomes of all patients affected by infection with SARS-CoV-2 undergoing HD and

treated under our care focusing on the impact of HP on them.

Methods

This is an observational study. Our Dialysis Unit has been assigned as a referral unit for Covid-

19 positive HD patients. Patients divided to 2 groups: first group of patients underwent HD

sessions with Hemoperfusion (A) and the second one received HD sessions without any other

extracorporeal blood purification method (B). We used resin-directed hemoadsorption cartridges

(HA-330 and HA-130) manufactured by the Jafron Biomedical Company, China. We registered all

the data regarding the clinical course of our patients population. Age, primary cause of end stage

renal disease, weight, clinical presentation, HD history, outcome, days of hospitalization.

Results

22 Covid-19 positive HD patients were treated under the care of our facility during the period 8

April 2020-17 June 2020. 16 patients were symptomatic at admission and 13 patients admitted

with or developed during their stay pleural effusions. 12 patients (8 male) of our group died during

their hospitalization. 3 out of 12 were admitted to Intensive Care Unit (ICU). 6 patients were

septic, 4 had respiratory failure and 2 developed cardiovascular events. 14.5 days were the mean

hospitalization days (range: 1-38 days) for the diceased ones.

2 out of 3 patients that admitted to ICU had quick deterioration, incubated and stayed in ICU for

48 hours. The third one with severe cormobidities (multiple myeloma, cancer of bladder)

developed respiratory failure after 8 days of hospitalization, incubated, became septic and died

after 20 days in ICU.

Mean age of our patients was 74.5 years. It has to be pointed out that 13 patients were over 75

years old. Mean age was higher in those who died compared with those who were discharged with

double negative Covid-19 tests (79 vs 74,5 years old respectively). Median dialysis vintage for our

patients was 63 months and for the diceased ones was 89 months. Average weight of our patients

was 69 kgrs. Weight of diceased patients was 63 kgrs. 11 out of 22 patients and 5 out of 12

diceased patients were diabetic. 14 patients were hypertensive and 16 had official cardiovascular

backround. 10 out of total 22 patients under our care discharged after 43 days of hospitalization (

range:35-56 days).
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Group A

13 patients (4 males) have been enrolled in this group with mean age of 74 years old. 5 of them

were presented asymptomatic at admission and 7 of them admitted with or developed during their

stay pleural effusions. 4 of them were asymptomatic without effusions during the whole hospital

stay.

12 patients received HP for 3 hours in our Dialysis Unit during the planned HD session and one

patient received Hemoperfusion in ICU during CRRT.

6 patients had one session of Hemoperfusion (with HA130, 4 patients and with HA 330, 2

patients).

6 patients had 2 sessions (7 days interval) either with HA 130 both sessions (3 patients) or with

HA 330 followed 7 days after with HA 130 (3 patients).

The patients that admitted in ICU started HP the third day of her admission. The pattern was as

follows:

We used HA330 in 3 consecutive days during CRRT. In Day 10 we used HA130 and in Day 13

HA330. HP was performed for 3 hours.

24 days was the average hospitalization stay before starting HP for the 12 patients in boards. 9

patients discharged from the hospital after 43 days of hospitalization (range: 35-56 days). 30 days

were the mean hospitalization stay for the diceased ones.

We did not observe any side effects with HP cartridges (hypotension, reduction of platelets,

bleeding).

Group B

9 patients (7 males) with mean age of 75 years old did not receive HP during their

hospitalization. All of them were presented symptomatic. 8 out of 9 patients died after 6 days of

hospitalization (range: 1-14 days), 2 of them in ICU.

Discussion

To our knowledge this is the first study that demonstrates the experience of performing HP in

end-stage renal disease under HD patients without admission in ICU. Our general impression is

that the method definitely helped our patients without severe or minor side effects.

We all are familiar with the so called "cytokine storm syndrome" (CSS). In many life-

threatening conditions such as sepsis, if homeostasis has not restored, uncontrolled pro-

inflammatory response along with an unbalanced anti-inflammatory feedback causes production of

excess inflammatory mediators, particularly cytokines 11. Cytokines are a family of

immunoregulatory molecules that play roles in regulation of pro and anti-inflammatory responses.

Cytokine storm has been frequently reported to occur in severe COVID-19. Available data

suggest that elevated levels of mediators such as interleukin-6 (IL-6), IL-8, tumour necrosis factor

an others indicate a severe course or fatality of the disease 7. Accordingly, it has been recently

suggested to screen COVID-19 patients for cytokine storm and a secondary form of

hemophagocytic lymphohistiocytosis (HLH) 12. Identified patients may be candidates for anti-

inflammatory intervention, in order to mitigate an excessive host response and thereby reduce

organ damage.

In our patients population we used hemoperfusion cartridges HA130 and HA330 (Jafron,

China) which are among the widely used HP devices in China. The cartridges contain highly

biocompatible sorbents and neutro-macroporous resin made of styrene-divinylbenzene
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copolymer. HA 330 cartridges are mainly used in acute inflammatory conditions and HA 130

provide new therapeutic options for end-stage renal disease under HD patients (e.g cardiovascular

disease, increased CRP, TNF, IL, malnutrition etc).

Their adsorbing beads’ pore size ranged from 500 D to 60 kD, giving them the ability to absorb

various medium sized factors, including most inflammatory cytokines (IL-1, IL-6, IL-8, and TNF-

a) 13. The results of multiple studies

have demonstrated that application of HA 330 to eliminate circulating and alveolar levels of pro-

inflammatory cytokines in severe sepsis, septic shock, or acute lung injury patients significantly

improved patients’ hemodynamics, reduced the length of intensive care unit stay, and intensive

care unit mortality 13,14,15.

Cartridges which are used in hemoperfusion process are divided in selective and non-selective

types. The Jafron resin hemoperfusion cartridges are classified as nonselective group. These

cartridges are different based on the pore size distribution which determines their cutoff points for

adsorption of different materials, and makes them applicable for different clinical outputs; for

example HA-130 was used for improvement of uremic symptoms in chronic hemodialysis and HA-

330 was effective on modulation of severe inflammatory processes, as mentioned above.

As it has been pointed out at the beginning, the above study is the first one in end-stage renal

disease under HD patients with Covid-19 infection using HP. Our study groups were both similarly

old with severe cormobidities. The ones that received HP clearly benefited from the method.

Randomized trial data about the effectiveness of hemoperfusion in COVID-19 patients is lacking

in general, however, evidence shows that this therapeutic approach is tolerable

to most patients if conducted with the assistance of nephrology specialists, in order to minimize

side effects of the method which are generally rare 16. Despite our ratherly late start of the method

even patients that presented with severe clinical features, old in age, managed to overcome the

infection and discharge from the hospital.

Blood Purification therapies such as HP are proposed as promising adjunctive treatments,

designed for elimination of toxins and removal of inflammatory mediators. Even though a growing

body of evidence indicates the beneficial impact of their use, at this stage, there are controversial

reports on these techniques that should be explored 17. Our notice that corresponds with references

of the literature is that connection of HP and direct virus- mediated damage is not sufficiently

checked. Another query according to the literature data is whether HP can alter cytokine,

endotoxin or pathogen levels sufficiently. That is why form many researchers its biological

impact is unclear 18.

To sum up, HP seems to be a helpful, safe and quite efficient tool in the battle against Covid-19

in HD patients. Despite the method is unspecific, our lack of strong evidence, our views are with

the opinion that is an reliable alternative therapy. However, the real impact of HP on the patient’s

clinical course (time of initiation, therapeutic protocols, tools to evaluate response) has yet to be

determined. The above notice does not minimize the great interest for the method that renal

community should give.
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ABSTRACT

Objective: This study aimed to compare the clinical outcomes of patients who underwent

hemoperfusion using HA-130 cartridge with hemodialysis to those with hemodialysis alone among

maintenance hemodialysis patients in St. Luke’s Medical Center Quezon City dialysis unit and

Flora V Valisno De Siojo Dialysis Center of Gat Andres Bonifacio Memorial Medical Center from

August 2018–May 2019.

Methods: This cross-sectional study included 183 patients who underwent hemodialysis(HD) and

hemoperfusion(HP) using HA-130 cartridge and 156 patients on hemodialysis alone. Serum

phosphorous, albumin, hemoglobin, erythropoietin(EPO) dose, Kt/V, hospitalizations, and

mortality were compared from baseline, at the start and end of hemoperfusion when appropriate

and between these two groups.

Results: Significant differences in baseline characteristics were the patients in HD alone group

were older(p=0.002), predominantly had diabetic kidney disease(p=0.002), and hemoglobin of

<9.5 g/dl(p=0.0001). While most patients in HD+HP group had hypertensive

nephrosclerosis(p=0.003), with hemoglobin 9.5 to 11.5 g/dl(p=0.001) and >11.5 g/dl(p=0.038).

Main indication for hemoperfusion was an elevated serum phosphorous which was increased in

HD+HP group(p=0.0001). From baseline values, these variables improved after hemoperfusion:

EPO dose (mean=9448+3626.4 versus 10092+3405.6 units/week, p=0.050, 95%CI-1286.4 to-

0.95); hemoglobin (mean=10.8+1.5 versus 10.5+1.7g/dl, p=0.016, 95%CI 0.1to 0.7); and albumin

(mean=3.9+0.5 versus 3.7+0.6 g/dl, p=0.010, 95%CI 0.03to 0.2). There was no significant

difference with phosphorous (mean=2.04+0.7 versus 2.08+0.6mmol/L, p=0.520, 95%CI-0.2 to

0.1) at the end of the study, although there was a significant difference in the second and third

months of treatment(p=0.0001). At the end of the study; albumin(p=0.0001, 95%CI-0.4to-0.03)

and hemoglobin(p=0.0004, 95%CI-1.0 to-0.3) were significantly higher in HD+HP group. The

percentage of patients with hemoglobin <9.5 g/dl was significantly lower(p=0.0001) in HD+HP

group(10.9%) than in HD alone group(34.2%). Although the phosphorous in HD alone group was

lower(p=0.017, 95%CI -0.4to-0.03) than in HD+HP group, it increased in HD alone group from

baseline(mean=1.84+0.70 versus 1.56+0.66mmol/L). There was no significant difference in EPO

dose (p=NS) and Kt/V(p=NS) in both groups. Hospitalization rate OR=4.23(p=0.0104, 95%CI

1.93 to 9.27) and mortality rate OR=4.07(p=0.0001, 95%CI 1.30 to12.75) such that patients in HD

alone group were four times more likely to be hospitalized and to die than those in HD+HP group.

Conclusion: Patients who underwent hemodialysis and hemoperfusion using HA-130 cartridge
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had a lower risk of hospitalization and mortality than those on hemodialysis alone. There were

significant improvements in hemoglobin, erythropoietin dose, albumin, and phosphorous values

from baseline in HD+HP patients.

Keywords: Hemodialysis, hemoperfusion, hemoglobin, phosphorous, albumin, EPO

1. INTRODUCTION

Hemodialysis is the most common treatment of patients with End Stage Renal Disease

(ESRD). It effectively removes small water-soluble molecules that circulate without significant

protein binding. Molecules that are larger and/or protein-bound are much more difficult to remove

[1]. These molecules are uremic toxins that are classified by the European Uremic Toxin Work

group into three major categories: (a) small, water-soluble molecules such as urea and creatinine,

which can be efficiently removed by HD; (b) middle molecules larger than 500 Da such as

parathyroid hormone, 2-macroglobulin and C reactive protein (CRP), which can be removed by

peritoneal dialysis or high-flux HD or hemofiltration (HF); and (c) protein-bound molecules such

as phenolic and indolic compounds, homocysteine that are difficult to remove via HD or HF.

Studies have shown that these uremic toxins are associated with significant morbidity and

mortality in ESRD patients [2]. Clinical applications of various models of extracorporeal blood

purification technology show the clearance rates of middle and large uremic toxins in the

following descending order: hemodialysis (HD) + hemoperfusion (HP) > HP alone >

hemodiafiltration (HDF) > hemofiltration (HF) > HD.

Hemoperfusion (HP) is the removal of uremic toxins through adsorption wherein there is

direct contact of the molecules with activated charcoal or resin [3]. HA cartridges particularly HA-

130 were found to be effective in reducing uremic symptoms in chronic hemodialysis (HD)

patients. In a randomized controlled trial by Li et al., HP combined with HD resulted in

improvement of pruritus score (p < 0.05) and decreased parathyroid hormone (p<0.05) and calcium

phosphate product (p<0.05) [4].

In a prospective, randomized, controlled trial involving 100 maintenance hemodialysis patients

by Chen et al, HP (using HA-130 cartridge) combined with HD was found to be superior in

removing middle and large molecules. Serum concentration levels of patients’ leptin, hsCRP,

iPTH, IL-6, B2-MG and TNF alpha significantly dropped (p<0.05 respectively) in HP combined

HD group compared to HD alone after a 2-year study period. Systolic blood pressure,

erythropoietin doses, and number of antihypertensive drug used were lower in HP combined HD

group (p<0.05 for all) than in the control group. HP combined with HD patients had higher values

of hemoglobin (p<0.01). This study also showed that at the end of the 2-year study period, HP

combined with HD group had higher total score of quality of life assessment and lower mortality

rate compared with HD alone (p<0.01for both) [3].

No local studies have evaluated the clinical outcomes of maintenance hemodialysis patients

using HA-130 cartridge combined with hemodialysis hence this study. This is a dual center study

involving St. Luke’s Medical Center, Quezon City and Flora V Valisno De Diojo Dialysis Center

of Gat Andres Bonifacio Memorial Medical Center. St Luke’s Medical Center, Quezon City is a

leading tertiary academic hospital with a dialysis unit that can accommodate 13 patients per

treatment shift with 500 – 600 treatments a month. Gat Andres Bonifacio Memorial Medical

Center is a primary government hospital that offers free medical services to Manila residents. It

has a 150-200 bed capacity and is located in Tondo, Manila. It’s outpatient dialysis unit, called

Flora V Valisno De Siojo Dialysis Center, during this study period had 55 patients per treatment

shift with 3500-3700 treatments a month.

1.1 Significance of the study
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Despite the advancement in blood purification technology, the mortality rates of maintenance

hemodialysis patients is still high with cardiovascular disease as the leading cause of death. Large

middle molecules are a diverse group of uremic toxins that contribute significantly to the high

cardiovascular disease burden and are associated with significant morbidity and mortality in

patients with ESRD. Hemodialysis can effectively remove small and middle molecules through

diffusion and convection. However, larger and protein bound molecules cannot be eliminated via

hemodialysis or hemofiltration [5]. Hemoperfusion allows for removal of uremic toxins by direct

contact with activated charcoal or resin via adsorption. Hence combination of hemoperfusion and

hemodialysis can effectively eliminate all uremic toxins associated with increased cardiovascular

risk. This study determined the clinical outcome of maintenance hemodialysis patients who

underwent combined hemoperfusion using HA-130 cartridge and hemodialysis in St. Luke’s

Medical Center Quezon City dialysis unit and Flora V Valisno De Siojo Dialysis Center of Gat

Andres Bonifacio Memorial Medical Center from August 2018 to May 2019.

1.2 Rationale for doing the study

Results from previous small-scale studies demonstrated that hemoperfusion combined with

hemodialysis is an effective approach to remove small water-soluble solutes, middle molecules

and protein bound uremic toxins. With the effective removal of uremic toxins, HP plus HD will

improve clinical outcomes of maintenance hemodialysis patients. With these promising results,

the researchers were encouraged to further investigate the effect of combined hemoperfusion with

hemodialysis among our End Stage Renal Disease Filipino patients.

1.3 Background of the study and brief literature review

Adsorption, a complementary mechanism for solute removal, relies on direct binding of solutes

to membranes or sorbent materials contained within a cartridge (adsorption unit). Adsorption can

be applied both alone and in combination with other blood purification techniques. An important

characteristic of sorbent materials is minimizing unwanted molecule loss (such as nutrients and

antibiotics), which is frequently encountered using other extracorporeal blood purification

techniques [6]. The sorbent devices have the ability to remove endogenous and exogenous

materials such as middle uremic toxins, protein bound uremic toxins, hydrophobic or protein

bound exogenous substances, cytokines, complements, free hemoglobin, and residual drugs by

means of adsorption [7]. HA cartridges, HA-130 in particular, were found to be effective in

reducing uremic symptoms in chronic hemodialysis patients.

In a randomized controlled trial done by Li et al. involving 90 maintenance hemodialysis

patients diagnosed of uremic pruritus, HP combined with HD not only resulted in improvement of

pruritus in comparison to HD alone (p < 0.05) but also decreased parathyroid hormone and calcium

phosphate product (p < 0.05) [4].

In a prospective randomized controlled trial done by Chen et al involving 100 maintenance

hemodialysis patients followed for total of 2 years, there was significant improvement in the

combined HP using HA-130 with HD in terms of blood pressure control (p<0.05), erythropoietin

dose (p<0.05), and hemoglobin levels (p<0.05). There was significant decrease in the serum

concentration of leptin, hsCRP, iPTH, IL-6, B2-MG and TNF alpha (p<0.05, respectively) at the

end of the 2-year observation period. There was also significant improvement in the quality of life

(p<0.05) in the HP combined with HD group. There was significant reduction in 2-year mortality

rate (p<0.05) in the HP plus HD group compared to control group [3].

In a retrospective cohort study done by Lu et al with 150 maintenance hemodialysis patients,

serum calcium and phosphorous levels were significantly lower in the HP (using HA-130)

combined with hemodialysis group compared to hemodialysis alone after six months of treatment
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(p<0.05). FGF-23 and iPTH were also found to be significantly decreased in the HP combined

with HD group after six months of treatment(p<0.05) [8].

2. OBJECTIVES:

General Objective:

To compare the clinical outcomes of hemodialysis patients who underwent hemoperfusion

using HA-130 cartridge (HD + HP) to those who underwent hemodialysis (HD) alone among

maintenance hemodialysis patients in St. Luke’s Medical Center Quezon City dialysis unit and

Flora V Valisno De Siojo Dialysis Center of Gat Andres Bonifacio Memorial Medical Center

from August 2018 – May 2019.

Specific Objective:

To compare the clinical outcomes of hemodialysis patients who underwent hemoperfusion

using HA-130 cartridge to those who underwent hemodialysis alone among maintenance

hemodialysis patients in St. Luke’s Medical Center Quezon City dialysis unit and Flora V

Valisno De Siojo Dialysis Center of Gat Andres Bonifacio Memorial Medical Center from

August 2018 – May 2019 in terms of:

a. Mean and median serum phosphorous

b. Mean and median erythropoietin dose

c. Mean and median hemoglobin level

d. Mean and median serum albumin

e. Percentage of anemia with hemoglobin levels less than 9.5 g/dl; 9.5 to 11.5 g/dl; >11.5 g/dl

f. Number of Hospital admissions

g. Percentage of Mortality

3. METHODOLOGY

3.1 Study design and population

This is a cross-sectional study of adult maintenance hemodialysis patients who underwent

hemoperfusion using HA-130 cartridge combined with hemodialysis at least twice and those who

underwent hemodialysis alone in St. Luke’s Medical Center Quezon City dialysis unit and Flora

V Valisno De Siojo Dialysis Center of Gat Andres Bonifacio Memorial Medical Center from

August 2018 – May 2019.

3.2 Inclusion and Exclusion Criteria

3.3 Operational Definitions:

Hemoperfusion - is an extracorporeal blood purification modality that consists of the passage of

anticoagulated whole blood through a device, usually a column, that contains adsorbent particles
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[9]. It allows removal of uremic toxins by direct contact with activated charcoal or resin via

adsorption.

HA-130 – is a sorbent device that has the ability to remove endogenous and exogenous material

such as uremic toxins by means of adsorption. It is mainly used in chronic conditions.

Maintenance Hemodialysis – is a process of purifying blood and the most common renal

replacement modality for ESRD patients.

Hyperphosphatemia – serum phosphorous value above 4.5 mg/dl (1.45 mmol/L)

Mean and Median serum phosphorous – average and middle value of serum phosphorous in

patients who underwent hemoperfusion using HA-130 combined with regular dialysis and patients

who had hemodialysis alone.

Mean and median erythropoietin dose - average and middle value of erythropoietin dose in

patients who underwent hemoperfusion using HA-130 combined with regular dialysis and patients

who had hemodialysis alone.

Mean and median hemoglobin level - average and middle value of hemoglobin level in patients

who underwent hemoperfusion using HA-130 combined with regular dialysis and patients who

had hemodialysis alone.

Percentage of anemia with hemoglobin levels less than 9.5 g/dl; 9.5 to 11.5 g/dl; >11.5 g/dl –

number of patients with hemoglobin levels less than 9.5 g/dl, 9.5 to 11.5 g/dl, >11.5 g/dl

respectively divided by total number of patients in each group (patients who underwent

hemoperfusion using HA-130 combined with regular dialysis and patients who had hemodialysis

alone) multiplied by 100.

Hospital admissions mean and median – average and middle value of the number of hospital

admissions in patients who underwent hemoperfusion using HA-130 combined with regular

dialysis and patients who had hemodialysis alone.

Percentage of Mortality – number of death of patients divided by total number of patients in each

group (patients who underwent hemoperfusion using HA-130 combined with regular dialysis and

patients who had hemodialysis alone) multiplied by 100.

3.4 Description of Study Procedure

3.4.1 Method of subject selection

Data from the quality assurance report of patients who had HD alone and those who

underwent HD + HP at least twice from August 2018 to May 2019 in St. Luke’s Medical Center

dialysis Unit and Flora V Valisno De Siojo Dialysis Center of Gat Andres Bonifacio Memorial

Medical Center were obtained and included in the study. Hemodialysis alone group served as the

control group.

3.4.2 Data Gathering

This study included demographic data such as age, sex, duration on hemodialysis, and

causes of renal failure such as hypertension, diabetes mellitus, and chronic glomerulonephritis.

Laboratory data included mean and median hemoglobin, serum albumin, serum phosphorous,

erythropoietin dose, hospital admissions, mortality, and Kt/V.

3.4.3 Sample Size Estimation

Using the study of Lu, et al [8], the change in phosphorous of 15% among hemoperfusion

combined with hemodialysis patients in China, a total of 195 hemodialysis patients per group (HD

+ HP, HD alone) were needed as shown in the formula below:
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for a total sample size of 390 patients.

3.4.4 Subject recruitment process

The quality assurance forms included data like age, sex, years on dialysis, causes of end

stage renal disease, number of hospital admissions and mortality. They also included laboratory

data like hemoglobin levels, erythropoietin dose, serum albumin, serum phosphorous, and

adequacy of dialysis expressed as Kt/V. Quality assurance data of patients that fulfilled the

inclusion criteria were included in the study.

3.4.5 Study procedures

The quality assurance data forms were reviewed. The independent variables included age,

sex, number of years on dialysis, and causes of end stage renal disease. Dependent variables

included serum phosphorous and albumin, erythropoietin dose, hemoglobin levels, number of

hospital admissions, and mortality rates of patients who underwent hemoperfusion using HA-130

combined with regular dialysis and patients who had hemodialysis alone.

3.4.6 Description of Outcome Measures

The primary outcomes in this study included the mean and median serum phosphorous,

mean and median erythropoietin dose, mean and median hemoglobin, mean and median serum

albumin, percentage of anemia, number of hospital admissions, and percentage of mortality of

patients.

3.4.7 Data Analysis

Demographic and clinical characteristics were reported as frequencies and percentages for

nominal/categorical variables, and mean difference and standard deviation for numerical variables.

Paired t-test was used to compare numerical values before and after the treatment. In

comparing all months, ANOVA on repeated measures was utilized. Chi-square/fisher test with

odds ratio was used to determine the association of hospitalizations and mortality with treatment.

P-values of equal to or less than 0.05 was considered statistically significant. Medcalc Statistical

software was used to carry out computations.

3.4.8 Ethical Consideration

The study abided by the Principles of the Declaration of Helsinki (2013) and was conducted

along the Guidelines of the International Conference on Harmonization – Good Clinical Practice

(ICH-GCP). The Clinical Protocol and all relevant documents were reviewed and approved by the

SLMC Institutional Ethics Review Committee. There was no violation of data privacy because no

patient identifiers were present since monthly quality assurance reports were used.

All study data were recorded and investigators are responsible for the integrity of the data

i.e. accuracy, completeness, legibility, originality, timeliness, and consistency. The manner of

disseminating and communicating the study results guaranteed the protection of the confidentiality

of the patient’s data. All study-related documents such as all versions of the protocol, ethical

clearance, data collection forms hard copies of source documents, were kept and stored by the

Principal Investigator in strict confidentiality for at least 5 years, after which they will be shredded.
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4. RESULTS:

A total of 183 dialysis patients underwent HD + HP using HA130 and 156 HD alone

patients were included in the study. The baseline characteristics of patients are shown in Table 1.

Patients under HD + HP group were significantly younger (51 years old) than HD patients alone

(56 years old). Male gender was predominant for both groups. No significant difference existed on

duration of ESRD. There were more patients with ESRD secondary to Hypertensive

nephrosclerosis in the HD + HP group compared to HD alone group (39.3% vs 24% respectively,

p=0.003). While those with ESRD secondary to diabetic kidney disease was significantly higher

for hemodialysis alone patients than HD + HP (49.4% vs 32.8% respectively, p=0.002).

Phosphorous was significantly lower among patients in the hemodialysis alone group compared to

HP + HD (p=0.0001) at the start of the study. Percentage of patients with hemoglobin less than 9.5

g/dl was higher in HD alone group (p=0.0001).

There was a significant difference in terms of hemoglobin levels (p=0.016), erythropoietin

(EPO) dose per week (p = 0.050) and serum albumin (p = 0.0095) before and after treatment of

hemoperfusion using HA-130 (Table 2). A non-statistically significant downward trend for serum

phosphorous at the end of treatment was seen (p = 0.520). Percentage of patients with hemoglobin
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less than 9.5 g/dl was significantly lower at the end of the treatment (p= 0.033).

Table 3 shows a downward trend in the level of serum phosphorous although there was no

significant difference at the end of treatment (4th month) with hemoperfusion. However, the

serum, phosphorous was significantly lower in the 2nd and 3rd months of treatment. Serum

albumin and, hemoglobin levels were significantly higher in the 3rd and 4th months of treatment

together with significantly lower doses of erythropoietin.

Comparing HD + HP group and HD alone group at the end of treatment (Table 4), there

was a significant difference in the serum phosphorous levels (p = 0.017). Serum albumin and

hemoglobin levels (p= 0.0001, p = 0.0004 respectively) were significantly higher in the HD + HP

group than HD alone group. Kt/V and EPO dose (p = 0.766, p = 0.3697 respectively) did not have
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significant difference in the HD+HP group and HD alone group. Percentage of patients with

hemoglobin less than 9.5 was significantly higher in the HD alone than HD + HP group (34.2 %

vs 10.9 %, p = 0.0001).

The number of hospitalizations and percentage of mortalities were significantly lower (p

<0.05) in the HD + HP group compared to those in the HD alone group (Table 5). Those who were

treated with HD alone were four times more likely to be hospitalized or to die as compared to

those who were treated with HD + HP.

5. DISCUSSION

The reduction in serum phosphorous levels, EPO doses, and significant improvement with
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hemoglobin and albumin levels at the end of the study among patients in the HD + HP group

compared to those in the HD alone group may be due to the removal of toxins including

proinflammatory cytokines by HP, as these protein-bound small molecules, middle and large

molecules are not efficiently removed by hemodialysis alone.

The reduction in serum phosphorous with HP is similar to the study done by Li, et al [4],

in which there was a significant decrease in serum phosphorous levels at the end of 4 weeks of

treatment (p<0.05) with one hemoperfusion treatment given every 2 weeks. Lu, et al also reported

significant improvement in the serum phosphorous of hemodialysis patients treated with

hemoperfusion after 6 months of treatment (p < 0.05). While phosphorous is a small molecular

substance, it often forms a complex with other macromolecular substances making its clearance

with hemodialysis alone limited [8]. In this study, serum phosphorous was significantly reduced

in the second and third months of treatment. However, at the end of the fourth month, there was

an increase in the levels of serum phosphorous among the HD + HP group making the difference

from the start of study insignificant. This could be probably due to complacency of the patients in

observing a low phosphorous diet.

In our study, anemia was more prevalent among the HD group alone. An important cause

is the presence of systemic inflammation which leads to functional iron deficiency and inhibition

of erythrocyte maturation by proinflammatory factors like TNF-alpha and IL-6. A combination of

hemodialysis and hemoperfusion not only ensured the thorough clearance of small molecule toxins

but also the removal of middle and large molecules which would help alleviate systemic

inflammation and increase the effect of treatment on uremic anemia [3]. As shown in our study,

there is a significant increase in the hemoglobin levels of patients at the end of treatment.

Similarly, in a study done by Chen, et al; patients who were treated with hemoperfusion had a

significant increase in the hemoglobin levels from baseline [3].

Systemic inflammation among hemodialysis patients affects serum albumin levels. There

is a relationship between an increase in the blood levels of inflammatory markers and a decrease in

albumin levels [11]. Hemoperfusion adsorbs middle and large molecules including inflammatory

cytokines [3]. Hence alleviation of inflammation with HP could lead to improved

serum albumin levels as observed in our study.

Despite similar Kt/V in both HD + HP group and HD alone group, the increased number

of hospitalizations and percentage of mortality among patients in the HD alone group could be due

to retention of a wide range of small protein-bound molecules, middle and large molecules

including inflammatory cytokines - molecules not well removed by dialysis alone. Chen, et al

reported a significant decrease (p<0.05) in the inflammatory markers (hsCRP, iPTH, IL-6, beta2-

MG, TNF-alpha) of patients who had hemoperfusion at the end of treatment. There was also a

higher total score of quality of life and lower mortality rate in the HD + HP group compared with

the HD alone group. Reduction in the inflammatory markers also led to better control of blood

pressure and heart rate which can lead to decreased cardiovascular events [3]. Effective removal

of uremic toxins of combined hemodialysis and hemoperfusion leads to a better prognosis.

This study showed that patients in the HP + HD group were four times less likely to be

hospitalized and die. The same findings were found in a study by Dung et al, wherein the

combination of HD and HP helped to reduce the cardiovascular-related mortality rate after a 3-

year follow-up. Mortality rate in the HD + HP group was 4.3 % while in HD alone group, the

mortality was 17% (p = 0.049) [12]. In another study by Yan, et al; during the 24-month followup

period, HD + HP group had a lower number of first hospitalizations compared to HD alone

group (20 out of 78 patients in the HD + HP group while in HD group, 31 out of 80 patients were

hospitalized) where infectious diseases and cardiovascular events were the main causes for

hospitalizations. Fifteen patients died during the 24-month follow-up period (3 in the HD + HP

.
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group; 12 in the HD group) with cardiovascular diseases, cerebrovascular events, and pulmonary

infections being the main reasons for mortality [13]. In our study, however, causes for

hospitalizations and mortality were not specified in the monthly quality assurance reports of most

dialysis patients.

Another factor that could also contribute to the increased hospitalization and mortality was

the significant number of patients with diabetic kidney disease in the HD alone group. Studies

have shown that the survival rate among diabetic hemodialysis patients is significantly lower than

their non-diabetic counterparts. Beladi-Mousavi, et al reported the one-year survival rate was

significantly lower among diabetic HD patients (79.2% versus 85%, p = 0.01) [14]. Another study

by Soleymanian, et al, the annual hospitalization rate was higher in diabetic hemodialysis patients

(median: 0.86 versus 0.43, p = <0.001). The death rate was two folds higher in diabetics (24 versus

12 per 100 patient-years). Cardiovascular diseases comprised 80.5% of death in diabetics and

54.5% in non-diabetics [15].

Other factors to consider for increased morbidity and mortality are older age and higher

prevalence of anemia among patients in the HD alone group. In a study by Locatelli, et al; dialysis

patients with hemoglobin <10 g/dl were 29% more likely to be hospitalized than those with

hemoglobin 11 – 12 g/dl (p<0.001) [16]. As to older age, studies have shown that age is associated

with mortality among hemodialysis patients. Msaad, et al reported that survival was higher in

younger dialysis patients (p=0.001). Patients aged over 65 are 1.26 times more likely at risk

to die than patients under 65 years of age (p=0.002) [17].

6. LIMITATIONS OF THE STUDY

The data were obtained from monthly quality assurance reports. Reasons for

hospitalizations and causes of mortality were not specified. The indication for hemoperfusion was

elevated serum phosphorous. This would explain the markedly elevated serum phosphorous levels

in the HD + HP group than in the HD alone group. Furthermore, there were significant differences

in the baseline characteristics of the patients which could not be addressed by the cross-sectional

study design. And this study did not include other inflammatory markers such as hsCRP, beta2-

MG, TNF-alpha which would affect the prognosis and well-being of HD patients. It did not include

other markers of Chronic Kidney Disease-Metabolic Bone Disorder such as calcium, iPTH, FGF-

23, and vitamin D levels.

7. CONCLUSION

Patients in the hemodialysis with hemoperfusion group had a lower risk of hospitalization

and mortality compared to those in the HD alone group. There were significant improvements in

the laboratory parameters of HF + HD patients in terms of hemoglobin levels, erythropoietin dose,

serum albumin, and serum phosphorous.

8. RECOMMENDATIONS

It is recommended to do a large randomized prospective trial with longer duration of study.

Laboratory parameters like hsCRP, beta2-MG, TNF-alpha levels, calcium, iPTH, FGF-23,

vitamin D levels may also be included in the study to further evaluate the efficiency of

hemoperfusion among maintenance hemodialysis patients.
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Combination Hemodialysis- Hemoperfusion: Provides benefit 

to dialysis patients?

66

Objective: Classic dialysis (HD) with low flux membranes does not provide adequate clearance of 

the middle molecular uremic toxins (MMB). Investigated the possibility of better removal of  

parathormone (iPTH) and β2-microglobulin (β2Μ) in combination with low flux HD and 

hemoperfusion (HP).

Material and methods: Were studied for 6 months, 12 hemodialysis men patients, dialyzed with 

low-flux polysulfone membranes, without infections, malignancies / hematological disorders, 

under constant treatment for anemia and hyperparathyroidism. Were randomized to 2 groups of 6 

patients: group A (HD+HP) and group B only HD. To patients of group A added a cartridge HP 

type HA130 with the dialyzer once a week for the 1st month, once every 2 weeks for the 2nd 

month and once a month for 4 months. A 3rd group C studied at the same time, with 6 men 

received on line hemodiafiltration (OL-HDF). In all patients measured the serum levels of β2Μ 

and iPTH in months 0 (M0) and 6 (M6), before (preD) and after (postD) the second weekly 

session.

Results: The levels of preD- β2Μ were similar in groups A and B at M0 and M6. In group C were 

lower in comparison with group A at M0 (p=0,008) and at M6 (p=0,02). The levels postD- β2Μ 

decreased significantly in group C at M0 (p<0,001) and at M6 (p<0,001) and the improvement/ 

reduction was maintained, with no difference between M0-M6. Improvement/ reduction of the 

levels of β2Μ between M0-M6 found only in group A (p=0,03) and not to group B. The levels of 

preD- iPTH did not differ between group A, B, C at M0 (p=NS) and at M6 (p=NS). The levels post 

D- iPTH decreased at M6 in group A (p=0,04), not at group B and were a marginal decrease in 

group C (p=0,05), with marginal improvement of the reduction between M0-M6 in group C 

(p=0,046).

Conclusions: OL-HDF is undoubtedly the most effective method of purification of uraemic toxins 

(MMB), but also the combination HP-low flux HD seems more effective than low flux HD alone, 

so it could be useful in daily clinical practice.
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c,dp<0,001
ep=0,04
fp=0,05
gp=0,03
hp=0,46



A Randomized Controlled Trial (Rct) of Efficacy And Safety of 

Plasma Adsorption or Plasma Exchange Compared to 

Standard Medical Therapy in Patients with Acute on Chronic 

Liver Failure

68

Background: Acute‐on‐chronic liver failure (ACLF) has very high 28‐day mortality of almost

30‐40%. Exaggerated hepatic necrosis, inflammation and immune response lead to early organ

failure and mortality. We aimed to remove high levels of toxic bile acids, bilirubin, DAMPS and

metabolites from circulation and to modulate the immune mechanisms to improve survival of

patients with ACLF.

Methods: Patients with ACLF with bilirubin >12 mg/dl and INR > 1.5 without any infection or

extrahepatic organ failure were screened for enrolment. Total of 32 ACLF patients were

randomized into 3 groups; standard medical treatment (SMT) (Gr A, n=11), SMT with plasma

adsorption [Jafron BS330] (Gr B, n=11) and SMT with plasma‐exchange (Gr C, n=10). The

primary endpoint was transplant free survival at day 28 and secondary objectives were assessment

of new onset sepsis, organ failure and safety and complications associated with the treatment.

Results: The baseline characteristics were comparable [mean age 50.2± 11.5, 44 ± 12 and 47±12.3

yr., male 10:9:8, baseline bilirubin 21.7±7, 26.9±6.1 and 27.6±8.8 mg/dl, bile acid levels 131±7,

126.8±11 and 138 ±10.8 mg/dl, CTP – 10.7 ± 1.5, 11.5 ± 1 and 11.4 ± 1.1, MELD score 29±4.2,

28±3.5 and 31.4±3.4, AARC score 9.5 ±1.8, 8.9±1, 10±0.92]. There was no statistical difference in

survival SMT vs PA vs PE (89%, 0, 89% and 63.3 %, 90%, 72%, respectively) at day 7 and 28

[p=0.12]. In comparison with Gr. A, Gr. B had significantly lower incidence at day 7 and 28 of new

onset sepsis (27%, 10%, 20% and 45.5%, 20%, 36%) and AKI (27%, 0%, 11% and 45%, 10%,

27%) respectively. In comparison with Gr A, B and C, there was (3.5 and 2.5‐fold, p=0.03) and

(1.64 and 1.4‐fold, p=0.18) reduction in bilirubin and bile acids which were associated with

improved survival. Further, bile acid profiling identified persistent increase in cholic acid,

glycocholic acid, chenodeoxycholic acid, taurochenodeoxycholic acid, tauroursodeoxy cholate and

lithocholic acid (p<0.05), amongst the survivors specially in Gr. B. As compared to SMT, in Gr. B,
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there was significant increase in phenylacetate, ketone bodies riboflavin and sphingolipid

metabolism (p<0.05). PE in Gr. C resulted in significant increase in metabolites linked to energy

metabolism (Carnitine, pantothenate, Beta oxidation of fatty acid), methionine spermidine and

spermine metabolism (p<0.05) while metabolites linked to nicotinamide and nicotinamide

metabolism, arginine and proline metabolism and malate aspartate were significantly decreased in

comparison to SMT in PA and PE (p<0.05).

Conclusion: Artificial liver support in the form of plasma adsorption and plasma exchange, can

safely be used in severely sick ACLF patients. These modalities significantly improve the bile acid

and metabolic profile of ACLF patients. There was low incidence of new onset sepsis and AKI

especially using hemoperfusion. Further studies with larger sample size are warranted.
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