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Abstract
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Endotoxin septic shock is marked by severe organ failure and mortality rate that exceeds fifty percent, underscor-
ing the critical need to tailor management strategies. Monitoring -endotoxin activity can guide the initiation

and direction of adjunctive treatment for refractory septic shock through hemoadsorption. Thus, intervening based
on the pathophysiological foundation may potentially improve outcomes. This represents a step towards precision
medicine in the management of septic shock adjunctive therapies, addressing a knowledge gap in this pathology
that remains insufficiently defined. Despite its potential, in the setting of refractory septic shock and multiorgan dys-
function with extreme endotoxin activity (EAA>0.9), the data about efficacy of endotoxin hemoadsorption is scarce.
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Main text

Endotoxemia and the excessive release of inflammatory
substances, manifesting as a cytokine storm, are linked
to the severity of sepsis and septic shock and play a cru-
cial role in predicting outcomes [1]. Adamik and col-
leagues reported a two-fold increase in ICU mortality for
patients with septic shock and endotoxemia, and these
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differences persisted for at least 90 days when mortality
was<50% without endotoxemia and>70% with endo-
toxemia. Endotoxic septic shock (ESS) is characterized
by high endotoxin activity (EA) (e.g., Endotoxin Activ-
ity Assay [EAA]>0.6) and organ failure and represents
a subtype of sepsis affecting approximately 5-7 million
individuals globally each year [2]. Patients with ESS may
experience severe hyperinflammation, hepatic dysfunc-
tion, disseminated intravascular coagulation and septic
shock, manifestations that are concordant with the sepsis
d-phenotype [3]. This previous condition confers to ESS
a mortality rate exceeding 40%, and effective treatments
options are limited. Current research is focused on apply-
ing immunomodulatory therapies to ESS and exploring
the potential of extracorporeal endotoxin removal and
other blood purification methods [4].

Thus, endotoxins have been identified as key targets for
the treatment of sepsis and septic shock. Blood purifica-
tion methods, particularly using hemoadsorption, have
been proposed as a mean to eliminate endotoxins [5].
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Lately in a multicentred, prospective and observational
study, it was concluded that the baseline EA may pre-
dict the outcome of critically ill septic patients receiving
endotoxin hemoadsorption (ET-HA) [6].

Despite its potential, there is a deficiency of data
regarding the application of ET-HA for individuals expe-
riencing refractory septic shock and severe multiorgan
dysfunction (MODS) characterized by extreme endo-
toxin activity (EAA>0.9). EAA is a rapid diagnostic test
using a monoclonal antibody to detect endotoxin, pro-
viding results in 15-20 min). It measures LPS activity
by assessing the oxidative burst of primed neutrophils,
detected via chemiluminescence (S=85.3%, E=44% and
negative predictive value of 98.6% for excluding Gram-
negative infections) [7]. Adsorption capacity of PMX-
20R cartridge (Toraymixin ) is sufficient to remove a
clinically significant amount of endotoxin in a majority of
endotoxemic septic shock patients; however this may not
be the case in patients with a high EAA burden>0.9 [8].
Therefore, the efficacy of ET-HA in patients with extreme
EAA could be controversial [9]. In fact, in the post-hoc
analysis of the EUPHRATES trial that shows beneficial
results for patients with septic shock and MODS, patients
with extreme EA were excluded [10].

Therefore, our objective is to evaluate the efficacy of
ET-HA in lowering EA levels in patients affected by
with septic shock and MODS who exhibit extreme EAA.
While there is disagreement about the efficacy of HA in
cases where EAA are>0.9, we hypothesize that ET-HA
can effectively reduce EA in this subgroup of patients.

We performed a retrospective, single-centre obser-
vational study from January 2018 to November 2024.
The study included patients diagnosed with septic
shock according to Sepsis-3 [11] criteria and experienc-
ing MODS with SOFA score>9 with an EAA of 0.9 or
higher, who were treated using ET-HA therapy (whose
indication was refractory septic shock [12] and SOFA
score>9 with an EAA>0.6). EA was assessed using the
Endotoxin Activity Assay ' (EAA, Spectral Medical Inc,
Canada) within the first 24 h after the onset of septic
shock, before the initiation of ET-HA (EAA preET-HA),
and again 18-20 h later (EAA postET-HA) once first
ET-HA was finalized and if the patient was still in refrac-
tory septic shock. ET-HA (Toraymixin' ", Toray Indus-
tries, Tokyo, Japan) therapy was administered within the
initial 24 h of septic shock development (always as close
as possible in time to the determination of the first EAA,
while the rest of the septic shock treatment bundles [13]
are carried out in parallel) and in parallel to continuous
renal replacement therapy with its dose applied to shock
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clinical scenario (using regional anticoagulation with cit-
rate instead of heparinization of the hemoadsortive cir-
cuit; however the adsortive cartridge was primed with
2000UT of unfractioned-heparin as manufacturer recom-
mendations). The ET-HA session last for 2 h, without off-
label extension. In some cases, cytokine hemoadsorption
was sequentially [14] continued if a septic shock pheno-
typic profile of hypercytokinemia was identified [15]. If
patients had a post-treatment EAA level below 0.6, a sec-
ond session of ET-HA was not carried out.

During study period, 36 ET-HA were conducted on
patients suffering from septic shock, MODS and EAA of
at least 0.6. Among these, 12 patients exhibited an EAA
of 0.9 or higher (refer to Table 1 for a summary of the
characteristics). In this subgroup, the EAA before ET-HA
was 1.14 (0.33) and dropped to 0.47 (0.33) [p=0.0143]
after the ET-HA therapy (Fig. 1). Consequently, only 4
patients required a subsequent second ET-HA session.

Prior to hemoadsorptive therapy, the patients were
receiving norepinephrine at doses exceeding 0.3 pg/kg/
min, and vasopressin had been initiated in 10 patients
(83%). Even 4 patients (33%) required mechanical sup-
port with veno-arterial ECMO during the first hours of
shock progression. We did not apply the SOFA score
post-ET-HA because up to 5 cases (42%) required
ECMO, leading to an artifact in the assessment of oxy-
genation and hemodynamic dysfunction. However, the
reduction in vasoactive drug doses is clinically relevant,
as vasopressin was discontinued in all 12 cases (100%),
and the norepinephrine dose decreased to<0.15 pg/kg/
min, again, in all cases (Table 2).

We are aware of the extremely high EA levels we have
reported and the significant reduction in EA result-
ing from the use of hemoadsorption compared to other
studies [16, 17]. In light of this, a thorough verification
has been conducted to ensure that the pre-analytical and
analytical processing of the endotoxin sample adhered to
established standards [18].

Our research suggests that ET-HA in patients with
septic shock, MODS and extreme EA is associated with
a reduction in EAA levels. Importantly, EAA levels
above 0.9 should not deter the initiation of endotoxin
hemoadsorption, providing that the core components
and protocols of septic shock management are meticu-
lously upheld. Our contribution to the literature in this
regard is novel, as patients with extreme high EA are
often excluded from studies due to this supposed limited
adsorptive cartridge capacity.

In recent years, various initiatives have emerged to
improve the diagnosis and treatment of sepsis. Precision
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Table 1 Characteristics of the study population
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n=12

Age (years) m (SD) 57(12)
Gender (female) n (%) 5(42)
SOFA m (SD) 13(3)
Cardiovascular SOFA m (SD) 4(0)
APACHE Il m (SD) 2542 (9.02)
Noradrenaline n (%) 12 (100)
Vasopressin n (%) 10 (83)
Dobutamine n (%) 9 (75)
ECMO veno-arterial n (%) 4(33)
IMV (days) md (IQR) 26 (5.5-29)
RRT n (%) 12 (100)
Infection source n(%) Respiratory 7 (58)

Abdominal 5(42)

Leukocyte count (6x 10e9/L) md (IQR)
Lactate (mmol/L) m (SD)

CRP (mg/dL) md (IQR)

PCT (ng/mL) md (IQR)

I-6 (pg/mL) md (IQR)

EAApreET-HA m (SD)

EEApPOStET-HA m (SD)

ET-HA sessions m (SD)

Length of hospital stay (days) md (IQR)
ICU mortality n (%)

In-hospital mortality n (%)

3415 (1315-9080)

6.18 (3.76)

1567 (11.75-27.55)

52.85 (23.17-108.66)
163,186 (37,059.5-303,334.5)
1.14(0.33)

047(0.33)

13(047)

205 (5-34)

7 (58)
7 (58)

APACHE lI, Acute physiology and chronic health evaluation Il; CRP, C-reactive protein; EAA, endotoxin activity assay; EAA preET-HA, endotoxin activity pre
endotoxin hemoadsorption; EAA postET-HA, endotoxin activity post endotoxin hemoadsorption; ECMO, extracorporeal membrane oxygenation; ET-HA, endotoxin
hemoadsorption; HA, Hemoadsorption; ICU, intensive care unit; IL, interleukin; IMV, invasive mechanical ventilation; PCT, procalcitonin; RRT, renal replacement

therapy; SOFA, sequential organ failure assessment

Values

0.25

EAA pre-ET-HA
Fig. 1 Flowchart EAA pre and post endotoxin hemoadsorption
(ET-HA). the EAA before ET-HA was 1.14 (0.33) and dropped to 0.47
(0.33) [p=0.0143] after the first session of ET-HA. EAA: endotoxin
activity assay; EAA preET-HA: endotoxin activity pre endotoxin
hemoadsorption; EAA postET-HA: endotoxin activity post endotoxin
hemoadsorption; ET-HA: endotoxin hemoadsorption

EAA post-ET-HA

medicine [19] offers a new paradigm for patient care,
allowing for the tailoring of therapeutic strategies to spe-
cific subgroups of patients, which may not be effective for
the general sepsis or septic shock population. The appli-
cation of hemoadsorptive therapies, guided by real-time
monitoring of EA, can guide the selection of patients
candidate to hemoadsorptive therapy. Nonetheless,
despite our research and physiopathological understand-
ing, we acknowledge that the SSC guidelines [20] advise
against the use of ET-HA due to the overall low quality of
supporting evidence. We are fully agree and in line with
SSC recommendations, then ET-HA HA should not be
routinely indicated for all patients with sepsis and septic
shock. However, its use should be personalized, identify-
ing patients whose phenotype and endotype may allow
them to benefit from it.

In conclusion, in our series of patients with septic
shock, severe MODS and EAA >0.9, ET-HA was effec-
tive in reducing endotoxin levels. The main message is
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that in this subgroup of patients, EAA levels greater than
0.9 should not exclude the indication of ET-HA.

Abbreviations

aHUS Atypical hemolytic-uremic syndrome
APACHE Il Acute physiology and chronic health evaluation Il
CRP C-reactive protein

EA Endotoxin activity

EAA Endotoxin activity assay

EAA preET-HA Endotoxin activity assay pre endotoxin hemoadsorption
EAA postET-HA  Endotoxin activity assay post endotoxin hemoadsorption
ECMO Extracorporeal membrane oxygenation

ESS Endotoxic septic shock

ET-HA Endotoxin hemoadsorption

HA Hemoadsorption

ICU Intensive care unit

IL Interleukin

IMV Invasive mechanical ventilation

MAS Macrophage activation syndrome

MODS Multiorgan dysfunction syndrome

PCT Procalcitonin

RRT Renal replacement therapy

SOFA Sequential organ failure assessment
PMX-HA Polymixin hemoadsorption
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