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Abstract

Hemophagocytic lymphohistiocytosis (HLH) is a severe and potentially lethal disorder characterized by
overwhelming immune activation and inflammation. Several blood purification methods have been reported
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. to be successfully practiced as adjuvant therapy for hypercytokinamia complicated with HLH. We firstly
reported two cases of secondary HLH children received hemoadsorption therapy with HA330-II perfusion
cartridge combined with continuous veno-venous hemodiafiltration (CVVHDF). The marked decrease in
interleukin (IL)-6 plasma levels and stabilization of organ function were observed after treatment, which
proved the efficiency of HA330-II perfusion column.

Keywords: hemoadsorption, CBP, Hemophagocytic lymphohistiocytosis, pediatric

1 INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is a severe and potentially lethal disorder characterized by
overwhelming immune activation and inflammation 1. Primary HLH mostly occurs in childhood and is
caused by genetic defects leading to impaired function of natural killer cells and cytotoxic T cells which
lead to bouts of increased cytokine release and severe inflammation. Secondary HLH is encountered in
association with some viral infections, auto-inflammatory/autoimmune diseases, or lymphoma 2. For both
primary and secondary HLH, there exist excessive activation of T cells and macrophages and therefore
lead to “cytokine storm” as well as multiple organ disorder. So the most important thing is to control
the inflammatory cytokine storm in the treatment of HLH. The conventional therapy included steroid,
intravenous immunoglobulin (IVIG) and immunosuppressant. Recently, several blood purification methods
have been reported to be successfully practiced as adjuvant therapy to resolve hypercytokinamia complicated
with HLH 3, 4.

In the current study, we firstly reported two cases of secondary HLH children received hemoadsorption
therapy with HA330-II perfusion column.

2.1 Case 1

A 4-year-old male was admitted to hospital due to diarrhea and seizure caused by unknown pathogen.
He received antibiotic (meropenem) and anticonvulsive treatment (carbamazepine) for two days. However,
the patient presented hyperpyrexia, erythra and multiple organ dysfunction syndrome with coagulopathy
(INR 5.46, APTT 108s), respiratory insufficiency, and hypotension. He was subsequently transferred to
pediatric intensive care unit (PICU). With regard to the erythra and fever secondary to antiepileptic drug
(carbamazepine), antiepileptic Drug-Induced Hypersensitivity Syndrome was diagnosed. The patient suf-
fered from hemoglobinopenia, thrombopenia, hepatosplenomegaly, hyperferritinemia (ferritin 726.9 ng/ml,
normal range 11.0-306.8 ng/mL), hypofibrinogenemia (fibrinogen 0.60 g/L, normal range 1.50-4.35 g/l), hy-
pertriglyceridemia (triglycerides 4.2 mmol/L, normal range 0.4-1.8 mmol/L) and low NK cell activity (2.06
%, normal range 5-26 %) (Table 1). Five of eight diagnostic criteria were found to be fulfilled, and the
patient was diagnosed with HLH based on HLH-2004 guideline. Bone marrow biopsy showed a high number
of activated macrophages that incorporated erythrocytes and granulocytes, and the diagnosis of HLH was
confirmed. Gene examination was performed to identify the primary HLH. Carbamazepine was out of use,
dexamethasone and norepinephrine was administrated.

White blood cell (WBC) (40.8 ×109/L, normal range 3.5-9.5 ×109/L) and procalcitonin (PCT) (¿100 ng/ml,
normal range 0-0.05 ng/ml) were significantly elevated. In addition, damage of liver function occurred
with a highly increased in transaminases (Table 1). Sonography of the abdomen showed formerly detected
hepatosplenomegaly but regular portal vein and hepatic vein flow in Doppler. Multiple blood and urine
cultures as well as virus polymerase chain reaction (PCR) for Epstein-Barr virus (EBV) and cytomegalovirus
(CMV) were negative. X-ray of the thorax was remarkable and showed no signs of infection. Continuous
therapy with meropenem did not improve circulatory dysfunction or laboratory parameters of inflammation.

In view of largely increased interleukin (IL)-6 (1467.6 pg/ml, normal range 0-7 pg/ml) and ferritin (726.9
ng/ml) as well as the diagnosis of acute kidney injury, plasma exchange (PE) and continuous veno-venous
hemodiafiltration (CVVHDF) were considered to start. However, during that period, plasma separator was
scared and unavailable for us because of coronavirus disease 2019 (COVID-19) epidemic. Therefore we tried to
use the hemoadsorption combined with CVVHDF. A hemoadsorption cartridge (HA330-II perfusion column,
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. Zhuhai Health Sails Biotechnology Co.,Ltd., Zhuhai, China) was integrated into the extracorporeal circuit
to promote cytokine adsorption. The hemoadsorption treatment lasted for 3 hours every time and then the
HA330-II perfusion column was moved off from the hemodiafiltration circuit. Hemoadsorption was performed
once a day and totally for three times. CVVHDF (substitute flow 20 mL/kg.h, dialysate flow 20 mL/kg.h
and blood flow 3-5mL/kg.min) lasted for about 72 hours and the filter was changed when it was considered
clotted. Anticoagulation was performed with heparin sodium. After 72 hours of treatment, the concentration
of IL-6 and ferritin separately fall to 119.25 pg/ml and 295.3 ng/ml (Figure 1). The norepinephrine (NE)
(0.1 μg/kg/min) could be wean off as well as erythra alleviated significantly. However, fever and erythra
recurrenced 48 hours after the cease of CVVHDF and hemoadsorption. So single hemoadsorption (HA330-II
perfusion column, duration of 3 hours) by perfusion machine was performed three times (once a day) again.
Subsequently, no further deterioration of the patient’s clinical condition was seen. Gene examination exclude
the primary HLH. The patient was discharged from PICU on day 10 and at that time his PCT level declined
from more than 100 ng/ml to 0.12 ng/ml.

2.2 Case 2

A 10-year-old male was hospitalized due to respiratory system infection of unknown pathogen. The patient’s
clinical state deteriorated quickly and display respiratory failure as well as capillary leak syndrome and
hypotension. So he was admitted to PICU.

Initial laboratory studies revealed excessive hyperferritinemia (1434 ng/mL), fever up to 40.0, low NK cell
activity (0.44 %), hypofibrinogenemia(1.12 g/l), hemoglobinopenia (87 g/L) and thrombopenia (68 ×109/L)
(Table 2). According to these manifestations, the patient was suspected of HLH and subsequent bone marrow
biopsy supported the diagnosis. In consideration of high PCT level of 139.3 ng/ml and high IL-6 level of
1549.5 pg/ml, HLH was most likely triggered by acute bacterial infection. Multiple treatments with merope-
ne, norepinephrine, IVIG and dexamethasone were initiated. However, hypotension could not be improved
and the patient developed acute renal failure, CVVHDF (substitute flow 20 mL/kg.h, dialysate flow 20
mL/kg.h and blood flow 3-5mL/kg.min) was started. PE was expected to be initiated simultaneously. Ho-
wever, we could not get plasma separator because of COVID-19 epidemic too. So we tried hemoadsorption
(HA330-II perfusion column, Zhuhai Health Sails Biotechnology Co.,Ltd., Zhuhai, China) combination with
CVVHDF again. The anticoagulation was performed with heaprin sodium. At the meantime, platelets, fi-
brinogen prothrombin complex concentrate were infused into the patient to improve coagulation function.
The hemoadsorption was performed once a day and was continuously done three times. CVVHDF lasted for
about 7 days. From the initiation of hemoadsorption combination with CVVHDF, the dosage of NE (0.5
μg/kg/min) reduced to 0.3 μg/kg/min after 24 h of treatment and 0.2 μg/kg/min after 72 h later and was
weaned off 6 days later (Figure 2). The patient’s IL-6 level decreased to 15.87 pg/mL and PCT decreased
to 0.12 ng/ml after 72 h of therapy (Table 2, Figure 2). On day 11, the patient was discharged from PICU.

3 DISCUSSION

The main pathophysiologic feature of HLH is excessive activation and expansion of T lymphocytes (mainly
cytotoxic CD8+ T cells) and macrophages. These activated immune cells produce large amounts of pro-
inflammatory cytokines, creating hypercytokinemia/hyper- inflammation and subsequent multiple organ
failure 5. Patients with severe HLH present high levels of cytokines such as IL-1, IL-2, IL-6, IL-18, tumor
necrosis factor (TNF)-α, interferon (IFN)-γ. Among these cytokines, IL-6 plays a major role in HLH and
appear a good target molecule for a cytokine storm. Excessive expression of IL-6 leads to the excessive
activation and expansion of CD8+T cells and macrophages. It results in acute severe systemic inflammatory
response known as ‘cytokine storm’ and can activate the coagulation pathway and vascular endothelial6.

Since HLH can be rapidly fatal without specific intervention, it is recommended that treatment should be
started when there is a high clinical suspicion, even when results of diagnostic studies are still pending.
Except for EBV-driven HLH, there are no specific treatment guidelines for HLH secondary to infections.
Conventionally, in addition to the management of infection, immunoglobulins and methylprednisolone were
administered to attenuate inflammation, which could only reduce the production of cytokines rather than

3
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. remove any cytokines that had been caused 7.

Several studies have demonstrated the use of blood purification for patients with HLH. DiCarlo et al 8

reported that hemofiltration when properly applied could relieve severe metabolic acidosis and reduce the
level of cytokine activity with multiple organ dysfunction syndrome (MODS). High volume hemofiltration
(HVHF) was used by Cui Y et al 9 to reduce cytokines levels and restore organ function. Demirkol et al 10

reported that patients with secondary hemophagocytic syndrome can be successfully treated with PE, IVIG,
and methylprednisolone. Additionally, hemoadsorption by CytoSorbTM column 11 or endotoxin-binding
polymyxin-B- immobilized fiber column12 was tried for the treatment of HLH in a few researches.

For HLH patients, we used to carry out PE as the adjuvant treatment to control the hypercytokinemia. When
the patients complicated with multi-organ dysfunction, CVVHD(F) was combined with PE. PE can efficiently
remove big molecule such as pathogenic cytokines and toxic substances 13, 14. However, PE is often limited
due to an inadequate plasma supply 15 and can carry transfusion-related risks. The two cases met the lack of
plasma separator. So we tried the new combination to create a unique treatment, combined hemoadsorption
therapy by HA330-II perfusion column (Zhuhai Health Sails Biotechnology Co.,Ltd., Zhuhai, China) with
CVVHDF. HA330-II perfusion column is a macroporous resin hemoperfusion device which remove cytokines
via small polymer beads. Originally, HA330-II perfusion column was reported as one part of DPMAS and
successfully used in liver failure patients 16, 17. It can effectively reduce inflammatory cytokine. Combined
CVVHDF with HA330-II perfusion column could not only reduce the total amount of blood needed for PE,
but obtained some very good curative effect.

As far as we know, this is the first case series report involving the clinical application of HA 330-II perfusion
column in children suffering from HLH. In two cases we reported, high level of IL-6 was decreased to
normal after treatment of the hemoadsorption combined with CVVHDF. As inflammatory cytokine level
had returned to normal, patients’ signs and symptom fade away. In a word, the marked decrease in IL-6
plasma levels, decrease of inflammatory cytokines and stabilization of liver function were observed after
treatment, which proved the efficiency of HA330-II perfusion column. Importantly, treatment was safe and
well-tolerated, without any adverse events.

In conclusion, hemoadsorption by HA330-II column is safe and ffective in HLH patients. A limitation of this
study was that the number of cases was too small. Further studied need to do in the future.
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. word abbreviation

interleukin-6 IL-6
plasma exchange PE
coronavirus disease 2019 COVID-19
norepinephrine NE
intravenous immunoglobulin IVIG
tumor necrosis factor -α TNF -α
interferon -γ IFN -γ
multiple organ dysfunction syndrome MODS
high volume hemofiltration HVHF
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Figure 1. Case 1: interleukin-6 levels and dosage of norepinephrine under treatment. Day 1:
Before first hemoadsorption combined with CVVHDF. Day 4: after 72 h of first
hemoadsorption combined with CVVHDF. Day 5: Before second hemoadsorption. Day 9:
After 72 h of second hemoadsorption.
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Figure 2. Case 2: interleukin-6 levels and dosage of norepinephrine under treatment. Day 1:

Before first hemoadsorption combined with CVVHDF. Day 4: after 72 h of first

hemoadsorption combined with CVVHDF.
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