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ABSTRACT

Background. High levels of endotoxin have been reported
as a risk factor for mortality in critical patients. Toraymyxin® is
a column designed to remove circulating blood endotoxin by
direct hemoperfusion widely used in Japan.

Objectives. To evaluate the effect of direct hemoperfu-
sion with Toraymyxin® (DHP-PMX) as an adjuvant treatment
in patients with severe sepsis due to intestinal perforation in
terms of hemodynamic function and coagulation abnormali-
ties.

Methods. Prospective cohort study with a historical con-
trol group. Cohort 1: prospective cohort undergoing two ses-
sions of DHP-PMX (n=14). Cohort 2: retrospective historical
cohort (n=7). The anticoagulation regime was used according
to the protocol of each centre and to the special conditions of
each patient.

Results. Mean norepinephrine dose was significantly re-
duced (0.9 + 0.5 pg/kg/min pre-first DHP-PMX vs 0.3 + 0.4
ug/kg/min post-second DHP-PMX treatment, p<0.05). Central
venous pressure (CVP) and stroke volume variation (SW) re-
mained without significant changes during the study, as well
as cardiac index (Cl) in patients with initial Cl=2.5 L/min/m2. Cl
significantly increased in patients with initial Cl<2.5 L/min/m2
(2.1£0.4 pre-first DHP-PMX vs 3.4 + 0.4 pre-second DHP-PMX
session, p=0.01). Mean platelet count pre-first and post-sec-
ond DHP-PMX decreased significantly (213.9x103 + 138.5x103
platelets/mm3 vs 91.0x103 + 53.5x103 platelets/mm3, p=0.03),
without significant changes during each DHP-PMX treatment.
Patients did not experience bleeding nor complications derived
from DHP-PMX treatments. Survival rates at 28 and 56 days
did not differ significantly between cohort 1 and 2 (21.4% vs
42.9%); 42.9% vs 57.1%; respectively).

Conclusions. Performing two sessions of DHP-PMX treat-
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ment in a cohort of patients with abdominal sepsis is a feasible
adjuvant therapeutic approach, safe in terms of coagulation
abnormalities, can be done with different anticoagulation
protocols, improves hemodynamic status and may impact on
survival.

Hemoperfusion directa con el cartucho

de polimixina B fijada en la sepsis grave
secundaria a perforacion intestinal: hallazgos
hemodinamicos y consideraciones clinicas con
respecto a la anticoagulacion

RESUMEN

Antecedentes. Los niveles altos de endotoxina se han
identificado como un factor de riesgo para la mortalidad en
pacientes criticos. Toraymyxin® es un cartucho disefado para
eliminar la endotoxina de la sangre circulante por medio de
hemoperfusion directa ampliamente utilizado en Japon.

Objetivos. Evaluar el efecto de la hemoperfusion directa
con Toraymyxin® (HPD-PMX) como tratamiento adyuvante en
pacientes con sepsis grave secundaria a perforacion intestinal
en términos de funcion hemodinamica y anormalidades de la
coagulacion.

Métodos. Estudio de cohortes prospectivo con un grupo
control historico. Cohorte 1 (n=14): tratada de forma prospec-
tiva con dos sesiones de  DHP-PMX. Cohorte 2 (n=7): grupo
historico retrospectivo. El régimen de anticoagulacion utiliza-
do fue dejado a libertad de cada centro segun practica local y
condiciones especiales de cada paciente.

Resultados. La dosis media de noradrenalina se redujo
significativamente (0,9 + 0,5 pg/kg/min antes de la primera he-
moperfusion con DHP-PMX vs 0,3 + 0,4 pg/kg/min tras la se-
gunda, p<0,05). La presion venosa central (PVC) y la variacion
del volumen sistélico (WS) permanecieron sin cambios signifi-
cativos durante el tratamiento, asi como el indice cardiaco (IC)
en los pacientes con un IC inicial = 2,5 L/min/m2. El IC aumento
significativamente en los pacientes con IC inicial < 2,5 L/min/
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m2 (2,1 + 0,4 antes de la primera hemoperfusion vs 3,4 + 0,4
tras la sequnda sesion, p=0,01). El recuento plaquetario medio
descendio significativamente entre antes de la primera sesion
y después de la sequnda (213,9x103 + 138,5x103 plaquetas/
mm3 vs 91,0x103 + 53,5x103 plaquetas/mm3, p=0,03), sin
cambios significativos durante cada tratamiento. Los pacientes
no experimentaron hemorragias o complicaciones derivadas
de los tratamientos con HPD-PMX. La supervivencia al dia 28
y dia 56 no difirié significativamente entre la cohorte 1y 2
(21,4% vs. 42,9%; 42,9% vs. 57,1%; respectivamente).
Conclusiones. La realizacion de dos sesiones de HPD-
PMX en una cohorte de pacientes con sepsis abdominal es
una terapia adyuvante viable, seqgura en términos de alter-
aciones en la coagulacion, factible con diferentes proto-
colos de anticoagulacion, que mejora la situacion hemod-
indmica y que puede tener un impacto en la supervivencia.

INTRODUCTION

It is well known that endotoxin, an essential outer mem-
brane component of gram-negative bacteria, is an important
pathogenic trigger for sepsis, as well as soluble peptidoglycans
and lipoteichoic acid from gram-positive bacteria membranes.
They all activate cytokines, complement, phospholipase A2, ni-
tric oxide synthase, many other mediators and the coagulation
cascade'. Endotoxin and cytokines play a key role during the
inflammatory process, and may produce myocardial depres-
sion, decreased systemic vascular resistance, hypotension,
metabolic acidosis and hyperglycemia, which may finally lead
to multiorgan dysfunction syndrome and death. High levels of
endotoxin have been reported as a risk factor for mortality in
critical patients2

So that it is very plausible to reduce the plasmatic levels
of endotoxin to prevent multiorgan failure and reduce mortal-
ity rate in septic patients®.

Toraymyxin® (PMX) is a column designed to physically re-
move circulating endotoxin from the blood of patients with
severe sepsis or septic shock by direct hemoperfusion (DHP).
The PMX cartridge contains polymyxin B covalently bound to
polystyrene fibers that can adsorb endotoxin and modulate cy-
tokines during the hemoperfusion*®.

Several studies have shown hemodynamic status®’ or pul-
monary oxygenation® improvement in septic shock patients
treated with DHP-PMX, even more in a systematic review of 11
studies in which mortality was reported, DPH-PMX appeared
to significantly reduce mortality compared with conventional
medical therapy?®.

Although the efficacy and safety of DHP-PMX has been
analyzed in several studies, most of them were performed in
Japan and the information available in Europe is very limited®.
The best experience with DHP-PMX comes from patients treat-
ed suffering gram-negative infections but DHP-PMX seems to
be effective in patients infected with gram-positive bacteria
as well™". Thus, DHP-PMX has been used to improve the he-

modynamic status of patients, regardless of the causative mi-
croorganism involved' and this might be another reason why
DPH-PMX is effective in mixed infections as abdominal ones
are’.

It is not very clear how many sessions of hemoperfusion
the patients should receive. In a European study the use of
one session of DHP-PMX in patients with abdominal sepsis
showed to be safe and to improve renal dysfunction and both
hemodynamic status and cardiac function®. However, signifi-
cant changes either in IL-6 or plasma endotoxin levels were
not detected raising the possibility that one session of DHP-
PMX was not enough. Afterwards, two cycles of DHP-PMX in
an ltalian study showed to improve the efficacy of treatment,
not only reducing significantly organ dysfunction and plasma
levels of IL-6, IL-10 and TNF-a, but also improving both hemo-
dynamic and respiratory function (Pa0,/FiO, ratio)'. A recent
randomized controlled trial confirmed the beneficial effect of
two sessions of DHP-PMX in patients with severe sepsis or sep-
tic shock due to abdominal infection. This therapy, added to
conventional medical treatment in selected patients, improved
hemodynamic status, organ dysfunction and Pa0,/Fi0, ratio,
as well as 28-day mortality™.

This study aims to evaluate the effect of two cycles of di-
rect hemoperfusion with Toraymyxin® (DHP-PMX) as adjuvant
treatment in patients with severe sepsis due to intestinal per-
foration in terms of hemodynamic function and coagulation
abnormalities.

MATERIAL AND METHODS

A multicenter prospective cohort study with a historical
control group conducted at four Spanish tertiary care inten-
sive care units (ICUs) with wide experience in the management
of abdominal sepsis and the use of extracorporeal blood puri-
fication treatments.

The patients observed prospectively (cohort 1) were re-
cruited between September and December 2006. The control
group consisted of a historical cohort of patients treated at
these ICUs between June and August 2006 (cohort 2).

The study was conducted in accordance with the Dec-
laration of Helsinki and applicable legislation. The study was
approved by the ethics committees and the patients' relatives
gave their written informed consent to participate in the study.

Patient selection. The main inclusion criterion was per-
sistence of severe sepsis due to intestinal perforation for more
than 6 hours and less than 24 hours after administering wide
spectrum antibiotics and effective surgical source control. Se-
vere sepsis was defined according to the consensus definition
of the American College of Chest Physicians/Society of Critical
Care Medicine Consensus Conference Committee'®. Patients
were also required to have a Sepsis-related Organ Failure As-
sessment (SOFA) score > 5 and sepsis must have been man-
aged according to the recommendations of the Surviving Sep-
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Figure 1 Study schedule

sis Campaign'’. Patients younger than 18 years old, pregnant
women and those with confirmed hypersensitivity to polymyx-
in B were excluded.

Hemoperfusion. DHP was performed in the ICU using an
extracorporeal hemoperfusion cartridge with polymyxin B im-
mobilized on polystyrene fibers (Toraymyxin®, Toray Industries
Inc, Tokyo, Japan).

The study therapy consisted of 2 sessions of DHP-PMX of
2 hours each, with an interval of 24 hours between them. The
anticoagulation drug and its dose to maintain the patency of
the system was used according to the protocol of each centre
and to the special conditions of each patient.

Patient evaluations. The information of the patients be-
longing to cohort 1 was collected prospectively for a maximum
period of 56 days from the first DHP-PMX. The information of
cohort 2 was collected retrospectively from the patients' medical
charts.

The variables assessed at patient entry in the study includ-
ed demographic data, severity of disease state using the Acute
Physiology and Chronic Health Evaluation (APACHE I1) score™,
and severity of organ dysfunction using the SOFA score's".
Results of blood culture and antimicrobial treatment adequa-
cy were analyzed. Information on vascular access and type of
catheter, anticoagulant therapy, vasopressor treatment, car-
diac index (Cl), central venous pressure (CVP), stroke volume
variation (SW), blood lactate, base excess levels and platelet
count was assessed pre and post each period of hemoperfu-
sion and survival at 28 and 56 days of treatment (figure 1).
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Statistical considerations. Continuous variables were
expressed as mean and standard deviation (SD) and categor-
ical ones as frequencies. Comparison of the two cohorts was
performed using Mann-Whitney U test, the Chi-square test
and Fisher's exact test, as appropriate. P-values < 0.05 were
considered statistically significant. All analyses were performed
with the SPSS 11.0 for Windows computer program (SPSS® Inc.,
Chicago, IL, USA).

RESULTS

Patient population. Between September and December
2006, a total of 14 patients were enrolled in the study and
treated with two cycles of DHP-PMX therapy in the first two
days of the septic episode (cohort 1). Likewise, historical data
were collected from 7 matched patients treated between June
and August 2006 without hemoperfusion, who constituted the
control cohort (cohort 2). Baseline characteristics of patient co-
horts are described in table 1.

Gram-negative microorganisms were isolated in 10 pa-
tients (71.49%) in cohort 1 and in 5 patients (71.4%) in cohort
2 (table 1). Antimicrobial therapy was inappropriate just in one
patient in cohort 1, in whom gram-positive, gram-negative
and fungal microorganisms were isolated.

Hemoperfusion. The mean time from the surgical proce-
dure performed to control the intestinal perforation and the first
DHP-PMX was 14.0 + 2.0 hours. In each patient, two sessions of
DHP-PMX of 2 hours each were performed on the first 2 days,
within a 24-hour interval and a flow rate of 120 mL/minute.
The characteristics of the vascular access used in each patient
are shown in table 2.
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Table 1 Baseline patient characteristics
Characteristics Cohort Cohort 2
(n=14) (n=7)
Age, mean + SD, years* 708+75  779+73
Gender, n (%):
Male 7 (50.0) 2 (28.6)
Female 7 (50.0) 5(71.4)
APACHE II score, mean + SD 234+56 280128
SOFA score at admission, mean + SD 9.4+ 2.1 10.1£1.5
Maximum SOFA score, mean + SD 109 +3.7 114433
Microbiological culture and antibiotic therapy, n (%):
No microorganisms 4(28.6) 2(28.6)
Gram-negative 6(42.8) 5(71.4)
Satisfactory antibiotic therapy 6 (100.0) 5(100.0)
Gram-negative + gram-positive 4(28.6) 0(0.0)
Satisfactory antibiotic therapy 3(75.0) 0(0.0)

*p=0.044. APACHE: Acute Physiology and Chronic Health Evaluation; SD: Standard
deviation; SOFA: Sepsis-related Organ Failure Assessment.

No anticoagulant therapy was used during DHP-PMX
therapy in 2 patients (14.3%), a combination of unfrac-
tionated heparin (UFH) and prostacyclin (PGI2) was used
in 1 patient (7.1%), and only UFH in 11 patients (78.6%)
(table 2). UHF doses varied considerably as shown in table
2. There was just an early coagulation of one of the PMX
cartridges in the 28 sessions of HPD-PMX performed.

Vasopressor therapy. The only vasopressor agent
used was norepinephrine. The mean norepinephrine dose
was gradually reduced in both cohorts 1 and 2 (table 3). It
should be noted that in cohort 1 between the times pre-first
DHP-PMX and post-second DHP-PMX a significant decrease
in norepinephrine (0.9 + 0.5 pg/kg/min vs 0.3 + 0.4 pg/kg/
min) was observed (p<0.039).

From then on, mean epinephrine doses in cohort 1
remained below those of cohort 2 until the end of the
study, with significantly lower values at 72 hours (0.06 +
0.08 vs 0.32 + 0.1, p=0.016) and 96 hours (0.03 + 0.05 vs
0.22 + 0.08, p=0.003) from the start of the first DHP-PMX.

Preload: central venous pressure and stroke volume
variation. CVP values remained stable in cohort 1 during
the study, ranging from a mean value of 10.2 + 3.5mmHg
to 12.4 + 3.2mmHg (figure 2). Although SW showed a ten-

dency to decrease during the first DHP-PMX from 18.8 + 5.99% to

Table 2 Vascular access characteristics and anticoagulant regimens used in cohort 1

Pt Vascular access Anticoagulant treatment

Vein Catheter Drug Dose

Gauge Length 1st DHP-PMX 2nd DHP-PMX
(f)  (em)

1 Left femoral 12 20 - - -
2 Left femoral 12 20 - - -
3 Left femoral 12 20 UFH 4 Ufkg/h 4 Ufkg/n
4 Right femoral 135 20 UFH 5 Ufkg/h 10 U/kg/h
5 Right jugular 13.5 15 UFH 5 Ulkg/h -
6 Right femoral 13.5 20 UFH 5 Ufkg/h -
7 Right femoral 135 20 UFH 5 Ufkg/h -
8 Left femoral 12 15 UFH 7 Ulkg/h 5 Ufkg/h
9 Left femoral 12 20 UFH 15 Ufkg/h 7.5 Ulkg/h
10 Left jugular 135 15 UFH 15 Ufkg/h 10 U/kg/h
1 Left femoral 12 20 UFH 18 Ufkg/h 18 U/kg/n
12 Left femoral 12 16 UFH 20 U/kg/h 10 Ufkg/h
13 Left femoral 12 16 UFH 20 Ufkg/h 20 Ufkg/h
14 Right femoral 135 24 UFH+PGI2 6 U/kg/h+5 pgfkg/h 6 Ufkg/h+5 pg/kg/h

DHP-PMX: Direct hemoperfusion with Toraymyxin®; PGI2: Prostacyclin; Pt: Patient; UFH: Unfractionated heparin.
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11.6 + 6.5%, without a positive fluid balance and with sustained
CVP, the difference did not reach statistical significance due to
the small number of patients monitored (n=5) (figure 2).

CVP and SW values of cohorts 1 and 2 could not be com-
pared due to the lack of information available on these param-
eters in the medical history of cohort 2 patients.

Cardiac index. Cl remained stable during the study in those
patients of cohort 1 with an initial Cl = 2.5 L/min/m2 (figure 2).
However, a significant increase in Cl was observed in 3 patients
with an initial Cl below 2.5 L/min/m2 between the start of the
first and the second DHP-PMX (2.1 + 0.4 vs 3.4 + 0.4, p=0.01),
reaching levels comparable to those patients with an initial Cl =
2.5 L/min/m?2 These values could not be compared with those of
cohort 2 because of lack of information available in the medical
history of cohort 2 patients.

Acid-base balance. Lactic acid levels in cohort 1 gradually
decreased during the study, reaching a mean value of 1.4 +
0.3mmol/L at 144 hours from the start of the first DHP-PMX. In
addition, mean base excess levels significantly rose over the day
of the first DHP-PMX from -9.0 + 4.8mEq/L to -2.5 + 4.2mEq/L
(p=0.011). Subsequently, these levels continued rising until 4.4
+ 4.2mEq/L at 144 hours from the start of the first DHP-PMX.
Comparisons with cohort 2 could not be made due to the lack
of data in the medical history of these patients.

Coagulation. Mean platelet counts of cohort 1 pre-first
DHP-PMX and post-second DHP-PMX significantly decreased
form 213.9x10°+138.5x10° platelets/mm?® to 91.0x10° + 53.5x10°
platelets/mm? (p=0.03) (figure 3). However, no statistically sig-
nificant differences were observed when platelet counts before
and after each session of DHP-PMX were analyzed separately
(213.9x10° + 138.5x10° plalets/mm? vs 136.6 + 71.1x10°

stay (16.5 + 11.8 days vs 11.0 + 8.5 days), nor in the number
of patients requiring surgical reoperation (3 patients [21.4%]
vs. 1 patient [14.3%]). Twenty-eight-day mortality rates were
21.4% (3 patients) and 42.9% (3 patients) in cohorts 1 and 2,
respectively (relative risk=0.5; 95% confidence interval: 0.13-
1.87; p=0.354). These mortality rates rose on day 56 to 42.9% (6
patients) and 57.1% (4 patients) in cohorts 1 and 2, respectively
(relative risk=0.75; 95% confidence interval: 0.31-1.81; p=0.659).

When patients' characteristics in cohort 1 were analyzed,
a higher maximum SOFA score was noted in patients who
died compared to those who did not (13.7 + 3.1 vs. 8.8 + 2.5,
p=0.03). However, no statistically significant differences were
observed in the SOFA score at patient admission, APACHE I
score, requirement of surgical reoperation, or use of adequate
antibiotic therapy. Regarding this last point, it should be not-
ed that in the cultures of one of the patients who died grew
gram-positive, gram-negative and fungal microorganisms not
adequately treated with the empirical antimicrobial treatment.

Adverse reactions. The only adverse reaction observed
was early coagulation of one of the PMX cartridges. No other
procedure-related complication was detected during the study.

DISCUSSION

Adequate management of patients in the first hours after
diagnosis of sepsis is a key aspect that determines the out-
come of the episode'®. Thus, many efforts have been made to
develop treatment protocols and clinical management guide-
lines. This study has shown the feasibility, in a day-to-day ba-
sis, of adding two sessions of PMX-DHP to the international
medical guidelines in patients with severe sepsis due to in-
testinal perforation. It has also been proved that the use of
different anticoagulation regimens depending on the clinical
status of the patient, as opposed to the use of fixed regimens,

platelets/mm?, 110.3x10° + 64.8x10° platelets/mm® vs
91.0x10° + 53.5x10° platelets/mm?).

When platelet counts were compared between
cohorts 1 and 2, the latter cohort did not show such

Table 3

Mean norepinephrine doses administered
during the study

a marked decrease in the first 36 hours (164.8x10° Norepinephrine dose from start of DHP-PMX Cohort 1 Cohort 2
+ 36.6x10° platelets/mm?® vs 134.2x10° + 131.8x10° (ugfkg/min) (n=14) (n=6)
0 (e :
platelets/mm?) (ﬂglure.B). However, the decr@asmg 0 hours, 087 2052 0562027
tendency was maintained for more days, without
significant differences and reaching a mean value of 12 hours, DDtz Gl 0
88.6x10° + 91.6 x10° platelets/mm? at 120 hours from 24 hours, 0.63+067  078+0.30
the start of the first DHP-PMX. 36 hours, 032 + 0.42 0.58 + 0.26
No bleeding was detected during the study pe- 48 hours, 0.26 + 0.44 0.46 +0.23
rloq. Only one patient received a platelet transfusion, 72 hous, 0.07 £ 009 0334 0.13
which was due to low platelet count at the start of
the study. 96 hours, 004£005 023010
120 hours, 0.02 + 0.04 0.10 + 0.14
144 hours, 0.01 +0.02 0.15+0.24

Intensive care unit stay/hospitalization and

survival. Neither were there significant differences
observed between cohorts 1 and 2 in mean days of ICU

SD: Standard deviation; DHP-PMX: Direct hemoperfusion with Toraymyxin®.
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Figure 2

might be an additional factor to improve the patency of the
cartridges, in addition to the use of large catheters. Although
a reduction in platelet count was seen in the first 2 days of
hemoperfusion, no platelet transfusion was needed. The mini-
mum platelets count level attained was similar to those of the
control group, and did not produce any complications. The in-
formation available in this patient population is limited, but
no concerns regarding the platelet count were reported in the
clinical trial conducted in patients with severe sepsis second-
ary to abdominal infection with one PMX-DHP session and the
control group®. In addition, no bleeding-related adverse events
have been reported during or after one® or two' PMX-DHP
sessions in patients with abdominal sepsis.

A randomized controlled clinical trial showed that DHP-
PMX improved organ dysfunction, particularly the cardiovas-
cular component, in patients with abdominal severe sepsis or
septic shock™. The results obtained in our study also support
the improvement in cardiovascular function in a day-to-day

basis as in another recent Spanish cohort study'. Blood pres-
sure control required lower doses of norepinephrine over the
course of the study, with a significant decrease during the two
PMX-DHP cycles. Although increases in mean arterial pres-
sure have been reported after only one DHP-PMX session in
patients with sepsis due to abdominal infection®? the reduc-
tion in vasopressor dose did not reach statistical significance in
one of the studies® in contrast to the other that did reach it?'.
However, performance of two PMX-DHP cycles significantly
reduced vasopressor requirements, decreasing mean norepi-
nephrine doses to levels similar to those of our study, of about
0.3 ug/kg/min'™. Two clinical trials also showed a reduction in
vasopressors requirements after two PMX-DHP sessions, re-
sulting in an increase in mean arterial pressure and a decrease
in vasopressor dependency index'®,

The mean Cl of patients remained within the normal
range throughout the study, as well as in the subgroup of pa-
tients with initial Cl = 2.5. However, patients with Cl < 2.5 at

156 Rev Esp Quimioter 2013;26(2):151-158 88



J. Maynar, et al.

Direct hemoperfusion with polymyxin B-immobilized cartridge in severe sepsis due to intestinal

perforation: hemodynamic findings and clinical considerations in anticoagulation therapy

250

200-\ —
-\ A

=
o
o

cause a de-compensation of the ac-
id-base balance, increasing lactate lev-
els that could lead to the development
of metabolic acidosis?’. Our results
show a reduction in lactate levels and
an increase in base excess. These results
agree with those obtained in another

(x 103/mm3)

Mean platelet count
[
(]
[an]

study where a decrease in lactate levels
was detected in patients with abdom-
inal sepsis treated with two DHP-PMX
sessions'. Since measurements of base
excess and lactate might be consid-
ered as prognostic factors in patients

50

0 12 24 36 48 72

—e—Cohort 1 (n=13) ——Cohort 2 (n=6)

DHP-PMX: Direct hemoperfusion with Toraymyxin®.

96 120 144
Time from start of DHP-PMX (hours)

DHP-PMX

admitted to ICU?, the improvement
in acid-base balance detected in our
study may have contributed to improve
patients' outcomes. Actually, a recent-
ly conducted study in patients with
abdominal sepsis showed that patient
survival was related to the reduction in
plasma lactate levels, decrease in plas-
ma cytokines, reduction in norepineph-
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Figure 3

the start of the study achieved a significant increase during
the first PMX-DHP session that enabled them to achieve and
maintain Cl values within the normal range during the rest of
the study. Another study had previously reported significantly
higher CI in patients with sepsis caused by abdominal infec-
tion undergoing a single session of DHP-PMX compared with
the control group6. However, our results should be taken with
caution because only 3 patients had Cl < 2.5 at baseline. These
findings could be explained due to the direct removal of a car-
dio-depressor molecule as endotoxin is?%.

Analysis of CVP as an indicator of preload showed that mean
values above 8 mmHg were maintained throughout the study,
as recommended in the Surviving Sepsis Campaign guidelines'.
Moreover, another indicator of preload used in this study, SW,
showed a significant reduction in mean values during the first
DHP-PMX without a positive fluid balance, and its subsequent
maintenance below 10%. The absence of this positive fluid bal-
ance could also help to reduce potential capillary leak syndrome
resulting from the effect of endotoxin on vascular permeability.
In addition to the effect of DHP-PMX on endotoxin adsorption, its
effect on regulation of humoral mediators could be related to the
improvement in hemodynamic function. Actually, the elimination
of certain myocardial depressant mediators such as anandamide?
could contribute to the improvement in cardiac function. Al-
though the exact mechanism of action is still not known, the ben-
eficial effect of DHP-PXM on cardiac function has been reported
in patients with abdominal sepsis, with a significant increase in
left ventricular stroke work index during hemoperfusion®.

The presence of inadequate tissue perfusion could also

Mean platelet count measured during the study

FiO, ratio™.

In our study, patients undergoing
two sessions of DHP-PMX had lower
28-day and 56-day mortality rates than cohort 2, although
significant differences were not detected. Lack of significant
reduction in mortality rate was also reported in patients who
received one DHP-PMX session®. Conversely, another study has
shown a reduction in 28-day mortality rate in patients who
received two DHP-PMX sessions'. Despite showing significant
differences or not, the studies performed in patients with ab-
dominal sepsis undergoing one or two DHP-PMX reported sim-
ilar 28-day mortality rates, which ranged from 21.4% to 32.3%
and were comparable to the one observed in our study®'1520,

Because of the observational nature of our study with a
small number of patients and the limitations related to data
collection from patients’ medical charts in cohort 2, the re-
sults obtained should be considered with caution. However, al-
though our results should be confirmed in subsequent studies
with larger sample size, they are in agreement with previously
published ones®'™.

In conclusion, this study shows that performing two ses-
sions of DHP-PMX in a day-to-day basis is feasible in centers
with experience in the use of extracorporeal blood purification
systems, and could result especially beneficial in the manage-
ment of patients with severe sepsis due to intestinal perfora-
tion after controlling the source of infection. In these patients,
DHP-PMX was safe in terms of coagulation abnormalities, which
should be flexible adapting the anticoagulant regimen to the
clinical status of the patient. The use of large diameter catheters
could improve patency as well. In addition, the improvement of
the hemodynamic status of patients could be seen from the first
DHP-PMX, particularly in those with a Cl below 2.5 L/min/m?.
Based on these results, the use of DHP-PMX could be added, to
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the best clinical practice, as an adjuvant extracorporeal blood
purification treatment in selected septic patients, representing
another component of the necessary dynamic approach to the
blood clearance in the critically ill septic patient.
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