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Abstract 
Purpose: The EUPHRATES trial examined the impact of polymyxin B hemoperfusion (PMX) on mortality in patients 
with septic shock and endotoxemia, defined as EAA ≥ 0.60. No difference was found in 28-day all-cause mortality. 
However, the trial showed that in some patients with septic shock the burden of endotoxin activity was extreme 
(EAA ≥ 0.9). In a post hoc analysis, we evaluated the impact of PMX use in patients with septic shock and endotoxin 
activity measured between 0.6–0.89.

Methods: Post-hoc analysis of the EUPHRATES trial for the 194 patients with EAA ≥ 0.6–0.89 who completed two 
treatments (PMX or sham). The primary end point was mortality at 28 days adjusted for APACHE II score and baseline 
mean arterial pressure (MAP). Additional end points included changes in MAP, cumulative vasopressor index (CVI), 
median EAA reduction, ventilator-free days (VFD), dialysis-free days (DFD) and hospital length of stay. Subpopulations 
analyzed were site and type of infection and those with norepinephrine dose > 0.1 mcg/kg/min at baseline.

Results: At 28 days, 23 patients of 88 (26.1%) in the PMX group died versus 39 of 106 (36.8%) in the sham group [risk 
difference 10.7%, OR 0.52, 95% CI (0.27, 0.99), P = 0.047]. When unadjusted for baseline variables, P = 0.11. The 28-day 
survival time in the PMX group was longer than for the sham group [HR 0.56 (95% CI 0.33, 0.95) P = 0.03]. PMX treat-
ment compared with sham showed greater change in MAP [median (IQR) 8 mmHg (− 0.5, 19.5) vs. 4 mmHg (− 4.0, 
11) P = 0.04] and VFD [median (IQR) 20 days (0.5, 23.5) vs. 6 days (0, 20), P = 0.004]. There were no significant differ-
ences in other end points. There was a significant difference in mortality in PMX-treated patients with no bacterial 
growth on culture [PMX, 6/30 (20%) vs. sham, 13/31 (41.9%), P = 0.005]. The median EAA change in the population 
was − 12.9% (range: increase 49.2%–reduction 86.3%). The mortality in the above median EAA change group was 
PMX: 6/38 (15.7%) vs. sham 15/49 (30.6%), P = 0.08.

Conclusions: These hypothesis-generating results, based on an exploratory post hoc analysis of the EUPHRATES trial, 
suggest measurable responses in patients with septic shock and an EAA ≥ 0.6 to 0.89 on changes in mean arterial 
pressure, ventilator-free days and mortality.

Trial registration: Clinicaltrials.gov Identifier: NCT01046669. Funding Spectral Medical Incorporated.
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Introduction
Endotoxin is a potent and common driver of septic 
shock, yet results of large multi-centered trials targeting 
endotoxin in sepsis have been disappointing [1–6]. This 
is despite numerous small trials that demonstrate a sur-
vival as well as physiologic benefits in improving blood 
pressure (MAP) and other contributors to multiple organ 
failure. An important innovation in this field has been the 
development of the Endotoxin Activity Assay (EAA™), 
which allows for rapid measurement of endotoxin activ-
ity. Elevated EAA levels have been shown to predict 
severe sepsis and other adverse outcomes, including 
death [7]. In addition, high EAA levels are found in only 
up to 50–70% of patients with septic shock. Therefore, 
failure to measure EAA may have led to missed opportu-
nity to target patients with anti-endotoxin therapies who 
are more likely to benefit [7].

PMX is an extracorporeal device that selectively 
adsorbs endotoxin and effectively removes it from the 
bloodstream [8]. PMX has been used in Japan for treat-
ment of patients with presumed gram-negative sepsis 
and endotoxemia for > 20 years [9]. The standard of care 
is two 2-h hemoperfusion sessions approximately 24  h 
apart (Toray Industries, Tokyo, Japan). PMX therapy 
has been suggested to improve survival and other end 
points in small randomized controlled trials (RCT) such 
as EUPHAS [10]. Contrarily, a recent RCT in patients 
with postoperative intra-abdominal septic shock done 
in France (Abdomix trial) failed to show a mortality ben-
efit [11]. However, both of these trials had limitations 
identified, indicating the need for further evidence. The 
EUPHRATES trial (Evaluating the Use of Polymyxin 
B Hemoperfusion in a Randomized controlled trial 
of Adults Treated for Endotoxemia and Septic Shock) 
aimed to enrich the target population to receive PMX 
by including only patients with high endotoxin activity 
(EAA ≥ 0.60) to increase the probability of benefit [12, 
13]. In the intention-to-treat and per-protocol popula-
tions randomized in the EUPHRATES trial, no significant 
benefit was found in the primary end point of mortality 
at 28 days [13].

To better understand whether selected patients with 
septic shock may derive benefit from treatment with 
PMX, we performed a hypothesis-generating post hoc 
analysis of the EUPHRATES trial, focused on the het-
erogeneity in baseline EAA levels, using the approach 
recommended by Pocock and Stone [14]. Our ration-
ale is based on recent data describing how the EAA 
may encounter an asymptotic “threshold effect” when 

endotoxin activity levels are > 0.90 [15]. This would 
imply that in selected patients with EAA values ≥ 0.90, 
the endotoxin activity burden may be very high with up 
to 100-fold variability and is potentially unquantifiable; 
these patients are potentially less likely to respond to a 
standard regimen of two PMX treatments.

Therefore, we hypothesized in this exploratory study 
that in a population within the EUPHRATES trial there 
may be a detectable response to PMX in those patients 
without extreme endotoxemia at baseline.

Materials and methods
The full protocol of the EUPHRATES trial and the 
results have previously been published (Clinicaltrials.gov 
ID: NCT01046669) [13]. All patients in the EUPHRA-
TES trial or their substitute decision-maker provided 
informed consent, and the trial protocol was approved by 
the relevant institutional research ethics board. All trial 
procedures were conducted in accordance with rules for 
Good Clinical Practice.

Population
In the EUPHRATES trial, all patients had septic shock, as 
defined by the receipt of vasopressors above a threshold 
dose of 0.05 mcg/kg/min of norepinephrine equivalent 
for at least 2 consecutive h, plus had to be receiving anti-
biotics for a confirmed or presumed infection and have 
evidence of an additional organ dysfunction, adequate 
fluid resuscitation and an EAA ≥ 0.60. After the planned 
interim analysis, eligibility criteria were modified to 
include only patients with a Multiple Organ Dysfunction 
Score (MODS) > 9. The EUPHRATES trial statistical anal-
ysis plan (SAP) defined a per-protocol population (PP) 
to enable analysis for randomized patients who received 
two PMX treatments (or sham) without major protocol 
violations. For this post hoc analysis, we evaluated the 
subgroup of PP patients with a baseline EAA in the range 
of 0.6–0.89 [13].

Endotoxin activity analysis
The EAA was cleared by the US FDA in 2003; it has been 
approved in Canada and received the CE mark in Europe 
more than 10 years ago. It is the only available assay for 
in  vivo measurement of endotoxin activity. The analyti-
cal sensitivity and specificity are reported in the package 
insert (Spectral Medical Inc., Toronto, Canada). The rela-
tionship between endotoxin measurement (LPS in ng/
ml) and endotoxin activity (EA values, no units) is a non-
linear dose-response curve [15]. Evaluating the efficacy 
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of the PMX by directly measuring the change in EAA 
from pre- to post-PMX treatment proved to be complex 
as numerous other clinical factors may impact EAA lev-
els in septic shock. Therefore, we sought to understand 
whether there was a difference in treatment response in 
those patients who had substantial EAA reduction from 
pre- to post-PMX treatment. To do so, we calculated the 
median reduction of endotoxin in the population and 
compared the difference in mortality for the PMX car-
tridge group and the sham group for patients who were 
above the median reduction of endotoxin at post-treat-
ment day 3.

Mortality end point
The primary end point was mortality at 28  days post 
randomization. No power calculation was done for this 
post hoc analysis. The data for this end point were com-
pared between the treatment groups using chi-squared 
method adjusted for baseline MAP and APACHE II 
scores using logistic regression. Unadjusted analysis was 
also performed. Survival time for patients above median 
EAA reduction were performed using Cox proportional 
hazards, adjusted for baseline MAP and APACHE II. 
Additional analyses included comparison of mortality 
between the two groups at 90  days as well as Kaplan-
Meier survival time using log-rank testing.

Secondary end points
Secondary end points included: change in organ dysfunc-
tion from baseline to day 3 measured using the MODS, 
change in MAP from baseline to day 3 and change in 
vasopressor requirements from baseline to day 3. Vaso-
pressors were assessed using a composite scoring system, 
the Cumulative Vasopressor Index (CVI) [12]. Additional 
end points included length of stay in hospital (LOS), days 
alive and free of mechanical ventilation (VFD) and days 
alive and free from dialysis (DFD).

Subgroup analyses
Selected subgroups were assessed for mortality at 
28  days. The subgroups consisted of patients according 
to type of infection (i.e., those with a documented gram-
negative or gram-positive infection, patients with both a 
documented gram-negative and gram-positive infection, 
and patients where there was no bacterial growth on cul-
tures). We also analyzed subgroups by site of infection 
(lung, intra-abdominal, bacteremia, other). There was no 
clinical adjudication of culture results or source control. 
In addition, we analyzed the subgroup with baseline nor-
epinephrine dose above and below 0.1 mcg/kg/min.

Safety analysis
All adverse events (AEs) that occurred during or after 
the onset of treatment administration were summa-
rized using frequency counts and percentages, by 
treatment group. AEs were classified by severity grade 
(mild, moderate, severe, life threatening, death). All 
serious adverse events (SAE) were assessed according 
to relationship to study treatment (not related, possible, 
definite). Study treatment was defined by three compo-
nents, the PMX cartridge, dialysis catheter and intrave-
nous heparin. A patient was counted only once.

Statistical methods
Statistical analyses were performed using  SAS® (Sta-
tistical Analysis System) for Windows, version 9.3. 
Descriptive statistics (n, mean, standard deviation, 
median, minimum and maximum) were calculated by 
treatment group for continuous variables. Frequencies 
and percentages were presented by treatment group for 
categorical variables. Survival analysis, with censoring 
at 28 days and 90 days, was performed using a Kaplan-
Meier curve and the log-rank test. P < 0.05 was consid-
ered significant, and all P values were reported to two 
decimal places. Adjustment for multiple comparisons 
was not performed.

Results
Population
There were 194 patients in the per-protocol group with 
baseline EAA between 0.60 and 0.89 (Fig.  1). Baseline 
characteristics are shown in Table 1. The most common 
sites of infection were intra-abdominal [68/194 (35.1%)] 
and lung [67/194 (34.5%)]. Baseline culture results from 
all sites showed that gram-positive infections were pre-
sent for 53/194 (27.3%) patients, and gram-negative 
infections were present for 36/194 (18.6%) patients. 
The proportion of patients where all obtained cultures 
showed no growth of bacteria was 61/194 (31.4%).

Endotoxin and mortality
There was a significant reduction in 28-day mortality 
(adjusted for APACHE II and baseline MAP as described) 
for patients with baseline EAA intervals from 0.6 to 0.89 
[23/88 (26.1%) vs. 39/106 (36.8%) (difference − 10.7, OR 
0.52 95% CI (0.27, 0.99), P = 0.047]. In the unadjusted 
analysis the difference was not statistically significant 
(P = 0.11). Treatment with PMX versus sham in those 
with EAA 0.6–0.89 was associated with a significant dif-
ference in Kaplan-Meier survival time to 28 days between 
the groups [HR 0.56, 95% CI (0.33, 0.95), P = 0.03]. The 
improvements in adjusted mortality were consistent to 
90 days (HR 0.57, 95% CI 0.35, 0.93), P = 0.02) (Fig. 2).



The median EAA change in the population was 
− 12.9% (range: increase 49.2%–reduction 86.3%). The 
adjusted hazard ratio for death in the above median 
EAA change group compared with the below median 
EAA change group was 0.38 (95% CI, 0.15 to 0.98; 
P = 0.04). Mortality at 28  days in the above median 
reduction group was PMX 6/38 (15.8%) vs. sham 15/49 
(30.6%), P = 0.08. There was no difference in EAA levels 
from day 1 to day 3 between PMX and sham (Supple-
mentary Table 1).

Secondary end points
Treatment with PMX was associated with a significant 
change in median (IQR) MAP [8 (− 0.5, 19.5) vs. 4 (− 4.0, 
11) P < 0.05] and median (IQR) ventilator-free days to 
28 days [20 (0.5, 23.5) vs. 6 (0, 20), P = 0.004]. Changes in 
CVI were not statistically different, PMX − 4.2 (3.5) vs. 
sham − 3.5 (4.0), P = 0.19. The comparison of the PMX 
and sham treatment groups showed no statistical dif-
ference in the median number of days alive and free of 
dialysis (20 days vs. 11 days; P = 0.59), change of MODS 
[− 3.1 (3.7) vs. − 2.4 (3.5), P = 0.18] or length of hospital 
stay [PMX, 22.0 days vs. sham 28 days; P = 0.15].

Subgroup analyses
Patients with baseline norepinephrine > 0.1 mcg/kg/min 
had a statistically significant 28-day mortality reduction 
with PMX treatment compared with sham [PMX: 17/69 
(24.6%) vs. sham 34/85 (40.0%), P = 0.02]. Mortality at 

28 days based on source of infection was: intra-abdom-
inal source [PMX 3/25 (12%) vs. sham 11/43 (26%) 
P = 0.18] and lung source [PMX 10/31 (32%) vs. sham 
16/38 (42%), P = 0.40]. For patients where cultures from 
any site reported no bacterial growth, there was a statisti-
cally significant benefit in 28-day mortality for the PMX 
group 6/30 (20%) vs. sham 13/31 (41.9%), P = 0.04].

Safety results
In the PMX treatment group, 72.7% of patients (64/88) 
had reported adverse events, while in the sham group, 
61.3% of patients (65/106) had reported adverse events. 
The most common adverse event for both groups was 
worsening of sepsis/septic shock; in the PMX group there 
were 13 such events in 88 patients (15%) and sham, 16 
events in 106 patients (16%). The incidence of AEs is 
presented by system organ class (SOC) in Supplemen-
tary Table 1. There was one serious adverse event (SAE) 
considered by the study site investigator to be related to 
use of the PMX cartridge (hypotension), and none were 
reported for the sham group. Two SAEs were considered 
to be related to the dialysis catheter in the PMX treat-
ment group (DVT and venous embolism) and none in 
the sham group. Three SAEs were related to heparin use 
reported for the PMX group [anemia, embolism and hep-
arin-induced thrombocytopenia) and one SAE reported 
for the sham treatment group (subarachnoid hemor-
rhage). The incidence of SAEs is presented by system 
organ class (SOC) in Supplementary Table 2.

Fig. 1 Consort diagram



Discussion
This post hoc analysis of the EUPHRATES trial attempts 
to address the disparity in the existing literature regard-
ing the potential efficacy of PMX cartridge use in septic 
shock. In this study, we suggest that when strict patient 
selection criteria are applied, including high severity of 
illness (MOD score > 9) and an endotoxin activity level 
as measured by EAA between 0.6 and 0.89, PMX use is 
associated with an absolute mortality benefit over sham 
patients of 10.7% at 28  days. This finding is supported 
by benefit across selected subgroups and secondary end 
points such as for MAP, VFD and survival to 90  days. 
Another key aspect of our study rests in improving blood 
pressure accompanied by a trend to decreased use of 
vasopressors to reduce the burden of shock on organ 
dysfunction. The use of high doses of catecholamines 
in patients with septic shock has been associated with 
higher mortality and complications [16].

The approach taken in this study was to focus on the 
subgroup with a targeted baseline endotoxin burden 
range of EAA 0.6 to 0.89. This was based on the discov-
ery that emerged after the start of EUPHRATES that 
both the assay readout and associated endotoxin activity 
burden and the dosing of only two columns were poten-
tially inadequate for patients with extreme endotoxemia. 
To our knowledge this is the first report to specifically 
address the impact of the burden of endotoxin activity 
in septic shock patients and association with outcomes. 
For some patients the burden is beyond the ability to 
accurately measure with the EAA at > 0.90 (approxi-
mately > 4000 pg/ml of a standard endotoxin preparation 
of E. coli strain O111:B4) [15]. Similar threshold effects 
are found in many other assays including troponin, cre-
atine kinase and TSH [17]. Therefore, unlike other anti-
endotoxin sepsis studies where endotoxin levels were 
not measured, in EUPHRATES the step forward was the 
recognition that in some patients an extreme burden of 

Table 1 Baseline characteristics of  194 patients 
with MODS > 9 and EAA 0.6 to < 0.9

PMX (n = 88) Sham (n = 106)

Agea [mean, (SD)] 58.7 (15.0) 57.5 (14.4)

Gender n (%)

 Male 55 (62.5) 66 (62.3)

 Female 33 (37.5) 40 (37.7)

Race n (%)

 Caucasian 72 (81.8) 81 (76.4)

 Black 8 (9.1) 8 (7.6)

 Hispanic 3 (3.4) 7 (6.6)

 Asian 2 (2.3) 6 (5.7)

 Other 3 (3.4) 4 (3.8)

Mean arterial pressure [mean, (SD)] 71.7 (9.2) 73.5 (10.1)

APACHE [mean, (SD)] 30.6 (7.6) 29.2 (8.1)

Bilirubin (mg/dl)
[mean, (SD)]

0.91 (0.91) 1.14 (1.53)

Platelet count (× 10^3/µl) [mean, (SD)] 155 (125) 130 (83)

Creatinine (mg/dl)
[mean, (SD)]

2.55 (1.56) 2.71 (1.3)

P02/Fi02 ratio [mean, (SD)] 206 (127) 211 (127)

n, (%) ventilated 86 (97.7) 105 (99.1)

Heart rate (bpm)
[mean, (SD)]

98 (18) 100 (19)

Hemoglobin (g/dl)
[mean, (SD)]

10.6 (2.2) 10.6 (2.3)

White blood cells (× 10^3/µl) [mean, 
(SD)]

17.0 (11.7) 17.0 (13.5)

Microorganisms, n (%)

 No growth 28 (31.8) 31 (29.3)

 Gram negative 22 (25.0) 13 (12.3)

 Gram positive 20 (22.7) 33 (31.1)

 Other 5 (5.7) 7 (6.6)

 Mixed 13 (14.8) 22 (20.8)

Bacteremia n (%)

 Yes 26 (29.9) 33 (31.4)

 No 61 (70.1) 72 (68.6)

Presumed site of infection n (%)

 Intra-abdominal 25 (29.1) 43 (40.6)

 Lung 29 (33.7) 38 (35.9)

 Mixed 4 (4.7) 6 (5.7)

 Other 28 (32.6) 19 (17.9)

EAA categories n (%)

 0.60 to 0.69 36 (40.9) 42 (39.6)

 0.70 to 0.79 24 (27.3) 37 (34.9)

 0.80 to 0.89 28 (31.8) 27 (25.5)

RRT n (%)

 Yes 19 (21.6) 27 (25.5)

 No 69 (78.4) 79 (74.5)

Norepinephrine dosage n (%)

 0 to ≤ 0.05 4 (4.6) 3 (2.8)

 0.05 to ≤ 0.1 12 (13.6) 12 (11.3)

 Above 0.1 69 (78.4) 85 (80.2)

Table 1 (continued)

PMX (n = 88) Sham (n = 106)

Corticosteroid use n (%) 54 (61.8) 69 (64.1)

AKI stages n (%)

 No AKI 19 (21.6) 20 (18.9)

 1 9 (10.2) 17 (16.0)

 2 11 (12.5) 12 (11.3)

 3 49 (55.7) 57 (53.8)

There were no significant between-group differences in the characteristics at 
baseline for any comparison

APACHE Acute Physiology, Age and Chronic Health Evaluation II, EAA endotoxin 
activity assay, RRT  renal replacement therapy, AKI acute kidney injury
a Age = (date of informed consent − date of birth)/365



endotoxin might be present, confounding the association 
between PMX treatment and outcome.

The understanding of the complexity of endotoxin biol-
ogy in humans continues to evolve. The concept that a 
specific biomarker profile in a subpopulation is critical 
for treatment effectiveness or lack thereof is well estab-
lished in other disciplines. In oncology, this has been part 
of the development of epidermal growth factor receptor 
(EGFR), anaplastic lymphoma kinase (ALK) and pro-
grammed cell death protein-ligand 1 (PD-L1) inhibi-
tors for lung cancer patients with specific genetic tumor 
mutations [18]. These mutations were not well under-
stood when the drugs were first tested [19]. Determin-
ing the correct regimen for an anti-endotoxin strategy in 
septic shock may thus require a tailored, patient-focused 
approach.

It was unexpected that for patients with baseline EAA 
levels ≥ 0.90 the burden of endotoxin activity was so high 
that conventional prescription of PMX (2 treatments in 
24  h) did not provide benefit. Future studies to address 
the population with extreme endotoxin activity may 
take the form of a greater number of cartridges, larger 
cartridges or other adjunctive therapies. For example, 
Ferretti et al. pursued a strategy for use of the PMX car-
tridge wherein daily 2-h PMX cartridge treatments were 
given until a normalized EAA (< 0.40) was achieved. This 

approach was in a study of 17 post-surgical patients with 
septic shock. Patients with EAA > 0.6 were treated until 
they achieved a normal level of EAA < 0.40. A group of 
eight patients with a mean EAA of 0.85 required three 
hemoperfusion sessions, while a group of two patients 
with a mean EAA of 0.99 required four hemoperfusion 
sessions. All patients survived to 28 days [20]. Analysis of 
other databases containing similar patients to this study 
population, such as in the existing worldwide registry 
of patients receiving the PMX cartridge, the EUPHAS2 
Registry, found that 80 patients treated with PMX where 
EAA was measured as EAA 0.6–0.89 versus 29 patients 
treated with PMX with EAA > 0.9 showed mortality of 
51% versus 55%, respectively [21]. Also, Iwagami et  al. 
used a propensity-matched technique to evaluate PMX 
cartridge use in septic shock patients receiving continu-
ous renal replacement therapy. The 28-day mortality 
was 40.2% (393/978) for the PMX group versus 46.8% 
(458/978) for the control (P = 0.0003). In the patients 
receiving two PMX cartridge sessions there was a lower 
28-day mortality [35.7% (124/347)] versus those receiving 
only one session [42.6% (269/631)] showing a potential 
“dose response” [22]. A future trial to examine the treat-
ment response effects based on EAA could take the form 
of a response-adaptive randomization whereby treat-
ments are continued or changed based on clinical and/

Fig. 2 Time to death within 90 days for PMX versus sham. Kaplan-Meier estimates of the probability of survival to day 90 among 194 per-protocol 
patients with MODS > 9 and EAA between 0.6 and 0.89, by treatment groups. The 90-day results of Cox proportional hazards adjusted for baseline 
MAP and APACHE II score are the hazard ratio [0.57, 95% CI (0.35, 0.93), P value = 0.02]. The vertical line represents the 28-day interval. The 28-day 
adjusted Cox proportional hazard ratio for death in the PMX group compared with the sham group is 0.58 (95% CI, 0.35 to 0.98; P = 0.04). TRT  treat-
ment, 25th 25th percentile at 90 days



or biomarker changes. In addition, our study findings are 
consistent with results of recent meta-analyses and large 
clinical experience in over 100,000 patients treated with 
PMX to date [23]. In the most recently published system-
atic review by Chang et al. there was a pooled risk ratio 
for overall mortality of 0.81 (95% CI, 0.70–0.95), favoring 
PMX (P = 0.004) across 17 trials [24].

Several other adjunctive therapies have been or con-
tinue to be developed to target refractory shock. Corti-
costeroids have in some studies shown promise albeit 
with controversy [25, 26]. In the EUPHRATES study, the 
majority of patients were receiving corticosteroids based 
on investigator discretion in a balanced fashion. Other 
developments include angiotensin II, cytokine removal 
devices and mechanical support devices. Unique to this 
therapy is the theragnostic approach of measuring a 
known mediator of shock and specifically targeting it 
when it is present at particular levels.

It has been noted that a reduction in EAA regardless 
of treatment with PMX was associated with a survival 
benefit and that there was little difference in overall 
EAA improvement in patients treated with PMX versus 
sham. Despite this, treatment with PMX in the group 
with an EAA 0.60–0.89 was associated with a 10.7% 
survival benefit. The reasons for this finding are com-
plex and yet to be completely understood. However, we 
know that the PMX cartridge is able to effectively remove 
endotoxin from blood in endotoxemic patients [9, 13]. 
The biology of endotoxin in humans is characterised by 
movement through different compartments, which pre-
sumably could occur following LPS removal by the PMX 
cartridge. Srisawat et al. recently demonstrated a similar 
finding with modulation of HLA-DR that was statisti-
cally significant in patients with septic shock treated with 
PMX versus sham, but again no significant difference in 
post-treatment EAA [27].

There are important limitations to consider in this post 
hoc analysis. The analysis of the EUPHRATES study pop-
ulation with baseline EAA 0.60–0.89 must be considered 
as hypothesis generating only. Second, we have limited 
information to understand what contributes to extreme 
endotoxemia (EAA ≥ 0.9). Potential options include 
inadequate source control, development of secondary 
hospital-acquired infections, baseline susceptibility and 
genetic profile or profound defects in endogenous endo-
toxin clearance mechanisms such as liver cirrhosis [9]. 
The study did not retain plasma or serum for subsequent 
analysis of cytokines or other molecular components yet 
these studies will surely be explored in future work.

In conclusion, these hypothesis-generating find-
ings, based on a post hoc exploratory analysis of the 
EUPHRATES trial, suggest measurable responses in 
patients with septic shock and an EAA ≥ 0.6 to 0.89 on 

changes in mean arterial pressure, ventilator-free days 
and mortality. Future study is planned to validate this 
result.
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Supplementary	Table	1.	EAA	Baseline,	Day	2,	and	Day	3	PMX	versus	Sham	for	EAA	0.6	to	0.89	group	

EAA PMX SHAM 
Baseline [mean 
(SD)] 

0.73 (0.08) 0.73 (0.08) 

Day 2 [mean (SD)] 0.69 (0.19) 0.68 (0.19) 
Day 3 [mean (SD)] 0.64 (0.19) 0.63 (0.20) 
	

Supplementary	Table	2.	Adverse	events	among	patients	with	EAA	0.6-0.89	for	occurrence	of	3	or	
more	per	event.		

	

Event*	 PMX	
n=88	

	
Sham	
n=106	

Subject	with	any	AE	n	(%)	 64(72.7)	 65	(61.3)	

Atrial	fibrillation		 3	(3%)		 0		

Anemia	 1	 2	

Thrombocytopenia	 1	 2	

Supraventricular	tachycardia		 2	 1	

Gastrointestinal	hemorrhage	 2	 1	

Worsening	sepsis/septic	shock	 12/1	(15%)	 14/4(17%)	

Worsening	multi	organ	failure	 3	(3%)	 5	(5%)	

Cardiac	arrest/cardio-respiratory	arrest/PEA	 2/1/1	(5%)	 6/3/2(10.4%)	

Dehydration	 2	 1	

Deep	vein	thrombosis		 1	 2	

Hemorrhage	 1	 2	

Hepatic	failure	 3(3%)	 2(2%)	

Respiratory	failure	 3(3%)	 5	(5%)	

Acute	kidney	injury	 3	(3%)	 3	(3%)		

*table	reports	number	of	occurrences	for	each	event,	PEA	=	pulseless	electrical	activity		

	

Supplementary	Table	3.	Serious	Adverse	Events	reported	as	possibly	related	to	use	of	the	device	
(PMX	cartridge),	and	its	components;	systemic	heparin	and	central	venous	catheter	for	dialysis	



		
		 PMX	(n=88)	 Sham	(n=106)	

Serious	Adverse	Event,	n		 	 	

Related	to	PMX	 	 	

Hypotension		 1	 0	
Related	to	Heparin	 	 	

Anemia		 1	 0	
Subarachnoid	hemorrhage		 0	 1	
Embolism	 1	 0	
Heparin	induced	thrombocytopenia	 1	 0	

Related	to	Catheter	 	 	

Venous	embolism		 1	 0	
Deep	vein	thrombosis	 1	 0	

 
	

	

Supplementary	Table	4.	Primary	and	secondary	outcomes	for	patients	with	EAA	level	0.60	to	0.89.	

	 EAA	0.6-0.89	(N=194)	

Mortality	(%)	 PMX	n	(%)	 Sham	n	(%)	

Day	28*	 26%	 37%	
Day	90*	 26/88	(30)	 43/106	(41)-	

6	Months**	 30/87	(34)	 44/104	(42)	
12	Months**	 34/87	(39)	 45/104	(43)	

Change	from	baseline	to	day	3		 	 	
EAA	[mean,	(SD)]	 -0.04	

(0.18)	
-0.05	(0.20)	

CVI	[mean,	(SD)]	 -4.2	(3.5)	 -3.5	(4.0)	
MAP	(mmHg)	[mean,	(SD)]	 8.9	(15.0)	 3.8	(13.8)	

Creatinine	(mg/dL)	[mean,	(SD)]	 -1.17	
(1.25)	

-0.83	(1.36)	

MODS	[mean,	(SD)]	 -3.1	(3.7)	 -2.4	(3.5)	
RRT	free	days	[median,	(IQR)]	 20	(1,	29)	 11	(1,	29)	
MV	free	days	[median,	(IQR)]	 20	(0.5,	

23.5)	
6	(0,	20)	

LOS	hospital	[mean,	(SD)]	 22.0	(7.4)	 23.7	(6.9)	
*P	=	0.047		

**	There	were	3	patients	lost	to	follow	up	at	6	months.		

SD	–	standard	deviation,	EAA	–	Endotoxin	Activity	Assay,	CVI	–	cumulative	vasopressor	index,												
MODS	–	multiple	organ	dysfunction	score,	RRT	–	renal	replacement	therapy,	IQR	–	interquartile	
range,	MV	–	mechanical	ventilation,	LOS	–length	of	stay		
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