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Near-infrared spectroscopy (NIRS) is a continuous, non-invasive measurement to relatively evaluate tissue
oxygen delivery and cellular aerobic metabolism. In the present study, to more understand the therapeutic effi-
cacy of direct hemoperfusion with polymixin B-immobilized fibers (PMX-DHP), we investigated changes of tissue
oxygenation by using NIRS and compared before and after PMX-DHP treatment. We measured oxygenated he-
moglobin (Oxy-Hb), deoxygenated hemoglobin (Deoxy-Hb), total hemoglobin (Total Hb) and cytochrome a,a;
(Cyta,as) atforehead and forearm using NIRS. Data obtained by using a Swan-Ganz catheter was used to derive
systemic VO, (oxygen consumption), DO, (oxygen delivery), O-EI (oxygen extraction index), SVRI (systemic
vascular resistance index) and SvO. (mixed venous oxygen saturation). At forearm, Cyt a,as significantly in-
creased after PMX-DHP (p<0.05). At forehead, there were no changes of Cyt a,a: (p=0.39) between before and
after PMX-DHP. And there were no significant changes in VO, DO,, O:EI, SVRI, SvOs, blood lactate concentra-
tion, base excess and IL-6. After PMX-DHP treatment, Oxy-Hb, Deoxy-Hb, Total Hb and Cyt a,as increased at the
forearm. But at forehead, Cyt a,a; was unchanged. This result suggests PMX-DHP could increase blood volume

and tissue oxygen metabolism in skeletal muscles in septic shock.
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Introduction

The endotoxin absorption therapy, which is the
direct hemoperfusion with polymyxin B-immobili-
zed fibers (PMX-DHP) has been often used for the
patients with endotoxemia or gram negative infec-
tion in Japan"™®. Recently, the first multi-center
randomized controlled trial of PMX-DHP for severe
sepsis or septic shock has been done in Europe. In
that study, Vincent et al reported PMX-DHP im-
proved hemodynamic status and oxygen delivery
but did not change blood endotoxin levels and the
prognosis’. We also observed the improvement of
hemodynamic status by PMX-DHP treatment in
sepsis although blood endotoxin concentration did
not change®. Some study shows the contribution of

PMX-DHP treatment to improve the hemodynamic

status in sepsis® ™

'. However the conflicting results
have been shown about the prognosis, endotoxin or
cytokine levels in blood by PMX-DHP treat-
ment'”™". Thus the mechanisms of PMX-DHP for
sepsis have not been elucidated and further studies
are required®®.

In sepsis, the impairment of systemic oxygena-
tion is well known because of the imbalance of oxy-
gen supply and demand". Clinically, these parame-
ters have been observed as changes in oxygen de-
livery (DO,) and oxygen consumption ( VO,), mixed
venous oxygen saturation (SvO.) measured through
a Swan-Ganz catheter. Raised blood lactate concen-
tration during septic shock has been often viewed
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as evidence of tissue hypoxia®. Cellular dysfunction
in sepsis may be caused not by inadequate tissue
perfusion but rather by impaired mitochondrial res-
piration ( “cytopathic hypoxia”)?'. Therefore, clini-
cians also would like a way to, evaluate oxygen me-
tabolism in the cellular level are required.

The efficacy of near-infrared spectroscopy
(NIRS) has been reported for the relative evalu-
ation of tissue oxygenation, which measures the re-
dox status of cytochrome a,a;s (Cyt a,a3)®?. The re-
dox status of Cyt a,a; reflects oxygen supply at the
cellular level and NIRS enables measurements con-
tinuously relative oxygenated hemoglobin (Oxy-
Hb) concentration, relative deoxygenated Hb (De-
oxy-Hb) concentration (oxygen delivery), and the
redox status of Cyt a,a; (oxygen metabolism) from
the analysis of absorption of different wave length
signals by tissue. Since Jobsis reported regarding
spectroscopic measurements of Cyt a,a; redox state
in 1977, NIRS has been used for measurement of
oxygen metabolism® . Initially, this non-invasive
method was used to measure the cerebral-oxy-
genation during cardiac surgery*®. However, re-
cently, the clinical utility of NIRS is recognizing to
evaluate tissue oxygenation®® %,

We hypothesized that tissue oxygen metabolism
could be improved during PMX-DHP treatment in
sepsis. The present study shows the changes of tis-
sue oxygenation by using NIRS during PMX-DHP
in patients with endotoxic shock.

Patients and Methods

Patients

Patients with a diagnosis of septic shock accord-
ing to the criteria proposed by the American Col-
lege of Chest Physicians/Society of Critical Care
Medicine Consensus Conference and with proven
or suspected infection of gram-negative bacteria
and requiring vasoactive agents were enrolled in
the study®. The patients who required red blood
cell transfusions during this protocol were ex-
cluded. PMX-DHP procedure was started when pa-
tients admitted to the intensive care unit (ICU). All
patients had a Swan-Ganz catheter inserted.

Sedation and neuromuscular blockade

Midazolam (Astellas Pharma Inc., Tokyo Japan;
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0.03-0.12mg/kg/h) or propofol (AstraZeneca PLC.,
London England; 1.5-30 mg/kg/h) were adminis-
tered along with pancuronium bromide (Organon
Inc., Oss Netherlands; 0.02-0.03 mg/kg/h). All cases
were maintained in a resting position to avoid any
spontaneous movements throughout this protocol.

PMX-DHP

Blood access was obtained by insertion of a 12 Fr
triple lumen catheter (Arrow International Inc.,
Reading, PA USA) into the femoral vein using Seld-
inger's method. PMX-DHP (Toraymyxin®, Toray
Medical Co., Ltd., Tokyo Japan) was performed for
2 h at a blood flow rate of 100 ml/min by a direct he-
moperfusion method as described. An anticoagu-
lant, nafamostat mesilate (Torii Pharmaceutical Co.,
Ltd., Tokyo Japan), was administered continuously
at 20-40 mg/h?*?.

Near-infrared spectroscopy (NIRS)

NIRS measures Oxy-Hb, Deoxy-Hb, and the oxi-
dation status of Cyt a,a; in mitochondria through
the skin using near-infrared light (700-1,000 nm
wavelength). The tissues of the body contain sub-
stances that absorb or scatter light. The light ab-
sorption characteristics of some components, such
as hemoglobin and Cyt a,as are changed by oxygen
concentration. Although there are other substances
in the body whose absorbance changes with chan-
ges in oxygen concentration, they do not absorb
near-infrared light at the wavelength used. To
measure changes in the concentration of these com-
ponents, the absorbance due to other substances
that are constant if off set in the baseline and does
not influence the specific absorption of these sub-
stances. Thus, changes in concentration of Hb and
Cyt a,a; can be calculated by measuring these “light
out”. When light of wavelength A, is illuminated
through a transparent sample, light of intensity I
passes through.

Then, concentration C is obtained by the follow-
ing formula the Beer-Lambert Law (formula a):

C=1/(ed) - log (I/To) (a)
Where Iy illuminated light intensity, € absorption
coefficient, and d: light pathlength. This formula can
be used only with homogeneous systems in which
light is not scattered, but it can be used approxi-
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mately with inhomogeneous systems such as the
body accordingly to formula b:
C=1/(eL) - log (I/I) +X (b)

Where X is the light intensity that is not detected
due to light scattering and cannot be measured gen-
erally. However, since this loss of light intensity is
constant, the concentration change from time t to to
can be obtained as AC=C(t) — C (t). Thus, our data
are shown as A changes, and not absolute values. L
is the light pathlength, which is the distance of the
light path from the illumination point to the detec-
tion point in tissue®**”.

The NIRO-300 instrument (Hamamatsu Photon-
ics K.K., Hamamatsu Japan) used in the present
study is equipped with two probes, which enable
measurements simultaneously from two different
sites. The probes were attached to the forehead
(HEAD), and a site 5 cm distal to the elbow joint on
the palmar side of the radial bone in the right fore-
arm (Forearm). The probes were fixed with tape
and cloth, under which measurements were made
protected from light. The actual light pathlength is
the distance between the point sending light and re-
ceiving light, d, multiplied by the differential path-
length factor, B (L =B - d). The differential path-
length factor is known to change depending on the
tissue type and age™*®. The distance between the
point sending light and receiving light is 4.0 cm
with the NIRO-300. The actual light pathlength is 16
cm, 4 times the distance, at the forearm and 24.0 ¢cm,
6 times the distance, at the forehead. NIRS was per-
formed and recorded from 30 min before starting of
PMX-DHP until 30 min after the completion of
PMX-DHP. Data of Oxy-Hb, Deoxy-Hb, Total Hb
and Cyt a,a; were obtained continuously every 30
sec for 10 min, 10 min before starting PMX-DHP
(PRE) and 5 min after the completion of PMX-DHP
(POST) (Fig. 1).

Data obtained using the Swan-Ganz catheter

With a pulmonary artery catheter (model No. 774
HF75: Edwards Lifesciences Co., Ltd., Irvine, CA
USA) inserted in the right internal jugular vein or
left or right subclavian vein, oxygen consumption
(VO.), oxygen delivery (DO,), oxygen extraction
index (O.EI), systemic vascular resistance index

(SVRI) and mixed venous oxygen saturation
(Sv0,) were examined by using an Edwards CEDV
monitor (Edwards Lifesciences Co., Ltd.) before and
after PMX-DHP simultaneously with NIRS meas-
urements.

Serum lactate concentration, blood base excess,
and serum interleukin (IL)-6 concentration. These
parameters were measured immediately before
PMX-DHP and 15 min after completion of the treat-
ment. Using serum from 1.5 mL blood, lactate con-
centration was measured using an enzymatic
method, following protein removal by centrifuga-
tion at 3,000 rpm. Base excess was measured in ar-
terial blood using a Rapid Lab Model 806 blood gas
analyzer (Bayer Medical Ltd., Leverkusen Ger-
many). Serum IL-6 concentration was measured by
chemiluminescent enzyme immunoassay (FujiRebio
Inc., Tokyo Japan).

Statistical analyses

All data are shown as means + SEM, except when
stated otherwise. When distributed normally, all
hemodynamic parameters and blood data were
compared by paired t test and when not distributed
normally, all data measured by NIRS were com-
pared by the Wilcoxon signed ranks test. Statistical
significance was declared for p values less than 0.05.
All analyses were performed using JMP version
501.] (SAS Institute Inc. Cary, NC USA).

Result

Eighteen septic shock patients, 12 males and 6 fe-
males, were enrolled in this study. Mean age was
64 + 14 years old and APACHE II score on admis-
sion to ICU was 22 =5, Surgical procedure was per-
formed to 89% of patients. Gram-negative bacteria
were detected from blood culture in 8 patients. The
mortality rate in 28 days was 33% (Table 1).

1. NIRS during PMX-DHP

Figure 1 shows practical record of NIRS. Oxy-Hb,
Deoxy-Hb and Total Hb at the forearm were signifi-
cantly increased after PMX-DHP compared with
before PMX-DHP (7.67 +1.62 vs 4.61 +1.39 Aumol/L,
p<0.05; 2.66 = 0.90 vs 151 = 0.60 Aumol/L, p<0.05;
10.3%2.16 vs 6.12 % 1.71 Aumol/L, p<0.01; respec-
tively) (Fig. 2). At the forehead Deoxy-Hb and
Total Hb were significantly decreased after PMX-
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Table 1 Characteristics of patients treated with PMX-DHP

Pa&‘;glt (?ega(‘;) Gender AI}) ?C%IEE Diagnosis Surgical treatment bl({iﬁis{églgre Outcome
1 36 Female 15 Necrotizing esophagitis Bi-thoracic D Negative Died
2 65 Male 34 Escherichia coli pneumonia NS EC Died
3 69 Female 15 Perforation of rectum Cand D Negative Survived
4 58 Male 20 Perforation of sigmoid colon Cand D Negative Survived
5 54 Male 21 Intestinal necrosis and perforation SBR and D BF Survived
6 57 Male 19 Multiple liver abscesses NS BF Survived
7 67 Male 17 Perforation of rectum Cand D Negative Survived
8 73 Female 16 Obstructive colitis Cand D Negative Died
9 36 Male 18 Idiopathic esophageal rupture Thoracic D Negative Survived
10 73 Female 25 AQOSC Biliary D Negative Survived
11 47 Male 21 Bowel obstruction SBR and D BF Died
12 88 Male 24 Bowel obstruction SBR and D Negative Died
13 63 Female 28 Perforation of sigmoid colon Sigmoid resection and C and D BF Survived
14 80 Female 22 Perforation of small intestine SBR and I and D CFand KO Survived
15 76 Male 18 Perforation of stomach Gastrectomy and D Negative Survived
16 66 Male 22 SMA thrombosis Subtotal bowel resection Negative Died
17 72 Male 29 AOSC Biliary D KPp Survived
18 65 Male 28 AOSC Biliary D KO Survived

The breakdown of whole patients during study period. Male: 12, Female: 6, n = 18. AOSC: acute obstructive suppurative cholangitis,
SMA: superior mesenteric artery, D: drainage, NS: no surgery, C: colostomy, SBR: small bowel resection, I: ileostomy, E.C: Escherichia
coli, B.F: Bacteroides fragilis, C.F: Citrobacter freundii, K.O: Klebsiella oxytoca, K.P: Klebsiella pneumoniae.

PMX-DHP

A pmol/l
[=2]

A pmol/l.

Forearm

60 90

120 150

180 min

Fig. 1 The practical NIRS records under PMX-DHP treatment in patient 58 year old, male
HEAD is the probe attached on the skin at the forehead. FOREARM is the probe attached
on the skin at 5 cm distal from the elbow joint to the palmar on the right radial bone. PRE is
10 min just before PMX-DHP. POST is 5 min after the completion of PMX-DHP. The meas-
urements last for 10 min.
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Fig. 2 The changes of Oxy-Hb, Deoxy-Hb, Total Hb and Cyt a,as at forearm
PRE (gray bar) is 10 min before PMX-DHP starting. POST (black bar) is 5 min after the
completion of PMX-DHP. The measurements last for 10 min.
Data are means + SEM, n=18. * p < 0.05, ** p < 0.01.

DHP compared to before, but Oxy-Hb did not chan-
ge between after and before PMX-DHP (—-115+
0.28 vs —0.24+0.16 Aumol/L, p<0.01; — 1.80 = 057
vs 0.39 =065 Aumol /L, p< 005, — 0.65=* 056 vs
0.63 = 0.6 Aumol/L, p = 0.0569 respectively) (Fig. 3).
Cyt a,a; of forearm was significantly increased after
PMX-DHP compared to before (1.30+041 vs 0.72=
0.30 Aumol/L, p<0.05), but there was no change of
Cyt a,a; at forehead between after and before PMX-
DHP (0.01 £0.07 vs 0.04 =0.05 Aumol/L, p = 0.39)
(Figs. 2, 3).

2. Hemodynamic parameters and blood data

Mean arterial pressure (MAP) was increased af-
ter PMX-DHP compared with before PMX-DHP.
VO,, DO., O.EI, SVRI and SvO, were no significant
changes during PMX-DHP. Serum lactate concen-
tration, base excess and serum IL-6 concentration
were also unchanged between before and after
PMX-DHP. Blood hemoglobin concentration and he-
matocrit were statistically decreased after PMX-
DHP (Table 2).

Discussion

Since 1994 when PMX-DHP was approved as a

therapy for patients with endotoxic shock under na-

tional health insurance system in Japan, PMX-DHP
has been commonly used for those patients. Thera-
peutic efficacy of PMX-DHP has been claimed to as-
sociate with increases in blood pressure by causing
to directly adsorb endotoxin in blood”'"®. However
some study showed there were no changes in endo-
toxin or cytokine levels in blood after PMX-DHP
and PMX-DHP did not relate to patient’s outcome”.
Recently, some data suggest that PMX-DHP in-
creases blood pressure because this treatment re-
moves of endogenous anandamide and 2-AG which
are compounds produced by macrophages and pla-

36)~38

telets cause hypotension® ™. Other study shows
PMX-DHP decreases blood lactate concentration”
and improves pulmonary oxygenation®'”. Thus, a
consensus on the therapeutic efficacy of PMX-DHP
has not been reached and mechanism still has not
been determined. Indeed, it may be difficult to
prove the mechanism of PMX-DHP, since it is a
short period hemoperfusion for only 2 h procedure.
In the present study, we evaluated therapeutic
effect of PMX-DHP by analyzing the status of tissue
oxygenation at the cellular level by using NIRS. Our
result shows there are no changes in global body
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Fig. 3 The changes of Oxy-Hb, Deoxy-Hb, Total Hb and Cyt a,as at forehead
PRE (gray bar) is 10 min before PMX-DHP starting. POST (black bar) is 5 min after the
completion of PMX-DHP. The measurements last for 10 min.
Data are means =SEM, n=18. * p < 0.05, ** p < 0.01, NS: not significant.

Table 2 Whole body hemodynamic parameters,
blood parameters and mean blood pressure, IL-6

level

Variable PRE POST p value
MAP 814+166 888 =160 0.031 *
VO: 200+ 146 212+172 0.29
DO 876721 902+72.2 055
O:El 230+182 236+1.63 067
SVRI 1,640+ 155 1670+162 0.70
Sv02 750+193 743+181 054
Lactate 11132 108+33 061
BE - 193090 - 1.06=093 0.19
Hb 11.2+043 108=045 0.015 *
Het 328124 31.8+132 0.029 *
L6 14,400 7,750 12,700 + 8,330 054

PRE: before PMX-DHP, POST: after PMX-DHP. Data are
mean*SEM. p values were analyzed by paired t test.
*p < 005n =18 VO oxygen consumption (mL/min/m?2),
DO oxygen delivery (mL/min/m?), O:EL oxygen extrac-
tion index, SVRIL systemic vascular resistance index
(dynes*s/cm®-m?), SvOz mixed venous oxygen saturation
(%), lactate: (mg/dL), BE: base excess (mmol/L), Hb:
hemoglobin of whole body (g/dL), Hct: hematocrit of
whole body (%), MAP: mean blood pressure (mmHg), IL-
6: interleukin-6 (pg/mL).

oxygenation and hemodynamics, increase in Cyt
a,as, Oxy-Hb, Deoxy-Hb and Total Hb at forearm
site and decrease in Deoxy-Hb and Total Hb at fore-

head site, while Oxy-Hb and Cyt a,a; do not change
after PMX-DHP. Blood lactate, base excess or IL-6
also do not change. Hence, in this study, there are
no major effects of PMX-DHP on body metabolism,
but it is possible to ameliorate tissue oxygenation.
In previous studies, it was shown that the redox
status of Cyt a,as present in the mitochondrial inner
membrane, which was measured by NIRS, corre-
lates with oxygen metabolism at the cellular

2%~ {sing a hyperdynamic sepsis model of

leve
gram-negative bacteria induced by intravenous in-
jection of coliforms in primates, Simonson et al, con-
tinuously measured DO, and VO, through a pulmo-
nary artery catheter and Cyt a,a; by NIRS after
fluid resuscitation®”. The results showed that DO,
and VO, changed slightly after 24 h while Cyt a,as
decreased markedly in 2 to 3 h as measured by
NIRS. In addition, Simonson et al showed that mito-
chondrial function in biopsies of intact muscle were
correlated with Cyt a,a; redox state. Therefore,
they concluded that measurement of Cyt a,a:; by
NIRS enabled measurement of a rapid response in
several hours and thus permitted evaluation of mi-
tochondrial function. Forget et al, using a septic
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model induced by injection of lipopolysaccharide
(LPS) in piglets, continuously measured DO, VO,
and Cyt a,a; by NIRS in the hindleg while control-
ling blood flow by isolating the femoral artery and
vein of the hindleg®. They showed DO, and VO,
did not change, but Cyt a,as significantly decreased
as well. In our study, Cyt a,a; increased significantly
in the forearm muscles after PMX-DHP, we could
conclude that PMX-DHP improves mitochondrial
oxygen metabolism.

Hemoglobin measured by NIRS reflects the mean
Hb concentration in tissues, but it does not show
the concentration in blood. Oxy-Hb increases when
(a) blood oxygen saturation increases, (b) arterial
blood volume increases when there is an increase in
blood pressure, (¢c) oxygen carried by Hb increases,
and (d) tissue oxygen consumption decreases.
Deoxy-Hb level changes according to oxygen satu-
ration and circulation. Oxy-Hb and Deoxy-Hb
change disproportionately upon any decrease in
oxygen saturation, venous occlusion, or flow to tis-
sue of blood with a low oxygen saturation, whereas
Oxy-Hb decreases and Deoxy-Hb increases upon a
decrease in oxygen saturation. By NIRS, blood vol-
ume in tissues is obtained as Total Hb (Oxy-Hb +
Deoxy-Hb). When the blood volume is unchanged,
Oxy-Hb and Deoxy-Hb change in opposite direc-
tions, showing no change in Total Hb. When there
are any difference in changes of Oxy-Hb and
Deoxy-Hb or both, it indicates the change in blood
volume™*, Schaefer et al measured tissue hemoglo-
bin by NIRS in septic model of mice, they showed
Total Hb, Oxy-Hb significantly decreased”. We ob-
served Total Hb in the forearm significantly in-
creased, and both of Oxy-Hb and Deoxy-Hb in-
creased as well after PMX-DHP. In addition, whole
blood Hb and Hct were significantly decreased after
PMX-DHP. From those results, blood volume in-
crease in the forearm, although decreasing whole
blood Hb decreases. Therefore there is a possibility
to improve in the redistribution of blood by PMX-
DHP.

LPS caused collapse of the blood-brain barrier
and influx of granulocytes into brain tissues”. We
expected Cyt a,as, would be increased by PMX-

DHP, as seen in the forearm muscle. However, the
results in the forehead were different from those in
the forearm. Cyt a,a; did not show any change in the
frontal lobe at the forehead even in the presence of
changes in blood volume such as depletion or infu-
sion of blood for PMX-DHP, unlike in the forearm
skeletal muscle. Schaefer et al reported that cere-
bral Cyt a,a; measured by NIRS did not change sig-
nificantly after LPS administration in mice®. These
results may suggest that brain tissues are pro-
tected by mechanisms such as autoregulation and

“ Thus, mitochondrial oxy-

the brain-blood barrier
gen metabolism seems to be maintained in the fron-
tal lobe in sepsis.

In our results of measurement of cerebral blood
volume, all Oxy-Hb, Deoxy-Hb, and Total Hb de-
creased after PMX-DHP. Some studies suggested
that cerebral blood volume decreased in sepsis, re-
sulting in cerebral hypoperfusion®. These data in
sepsis suggested that Deoxy-Hb-rich venous blood
increased due to maintenance of oxygen consump-
tion, and Oxy-Hb-rich arterial blood decreased and
the increase in Total Hb. Therefore, PMX-DHP may
alter the redistribution of cerebral blood volume in
sepsis.

The present study does not show how PMX-DHP
intervenes in the process leading to cellular hypoxia
from tissue hypoperfusion in the oxygen metabo-
lism defect associated with sepsis. However, the re-
sults show that PMX-DHP ameliorates the mito-
chondrial oxygen metabolism in skeletal muscle,
and that during PMX-DHP a distinct change in
blood distribution occurs in the skeletal muscle and
in the brain.

This study has some limitations. First, since this
is not a controlled, randomized study, a control
group is lacking. Practically, it is quite hard to per-
form the controlled study such as this study by us-
ing simple dialysis or plasma exchange as a control
group and unify other treatments for septic shock.
Therefore, we compare the results between before
and after PMX-DHP procedure and analyzed by
paired two groups. Second, PMX-DHP is an extra
corporeal technique which may induce blood and
foreign surface interaction with complement activa-
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tion, or leucocyte and platelet changes. These phe-
nomena may affect the results. However, there
were no changes of leucocyte or platelet counts, no
adverse events happened during this study. Third,
after the completion of PMX-DHP, the priming vol-
ume which is blood volume in the PMX-DHP circuit
outside of the body space may influence the results.
We use no hemoglobin containing fluid to prime the
circuit with around 230 ml. Nevertheless it could di-
lute blood and hemoglobin levels, blood volume and
Cyt a,as improved in the skeletal muscle.
Conclusions

Oxygenation in peripheral tissues was analyzed
using near-infrared spectroscopy, and systemic oxy-
genation was examined using a Swan-Ganz catheter
and compared between before and after PMX-DHP
treatment in patients with septic shock. PMX-DHP
increased blood volume in skeletal muscle of fore-
arm and improved tissue oxygen metabolism at the
cellular level as seen by elevated oxygen metabo-
lism through the mitochondrial electron transfer
system. A significant decrease in deoxy-Hb was ob-
served in the frontal lobe at the forehead after
PMX-DHP, suggesting an improvement in the re-
distribution of blood volume. The mitochondrial
electron transfer system was maintained in a stea-
dy state. There was no change in indices of sys-
temic oxygenation by PMX-DHP. Our results dem-
onstrate PMX-DHP treatment might have the effi-
cacy in tissue oxygenation.
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PMX-DHP B8 R11 IC & T 2EHRIMRDIIEIC L 2 HBBRBAHHOE(L L FHE

RELFERASY EED HREZE (3F 65K BER)
oy sy % UF TN/ NFIH vy & a3 ¥ REakx AKX 55y
RE  f-RO BTy -4EE RE - EEH O M-k &

PMX-DHP (direct hemoperfusion with polymyxin B immobilized fiber) iZ 1994 4E12L. > F b & ¥ VIREHE L
LTHARTEIT SNHEETH D, BERIERE S % dOI)E RIS E N TW B, ZOBRMAEMED
B LRI OWTIRELEROH L LA TH D, EELIEY L v & — T PMX-DHP % #if7 L 72 Bl
Bz L, EARAMRE (NIRS) % JHWCHRIEEZ: cytochrome aa; (Cytaas), BRLANEZ B Y Y (Oxy-Hb),
BEBANEZ O Y (Deoxy-Hb), MANEZTY Y (Total Hb) % PMX-DHP R CTHET A Z L2 Y, KR
LAV TOMBRIRFRNH & MREOB/SAOEILERET L7z, HREERLTFRRAFEGHEL Y ¥ —EFiA
WEIZAZE L, PMX-DHP % #if7 L7z 18EBITH 5. ISR E XA, RiBiEo 2 » BRIz L, PMX-
DHP ZHuUZHy 3 RERER L TRl L7z, 72, &5 0MBBERBFOIE L L T Swan-Ganz catheter % fii\
VO: (oxygen consumption), DO, (oxygen delivery), O:EI (oxygen extraction index), SVRI (systemic vas-
cular resistance index), Sv0: (mixed venous oxygen saturation) ZMlZE L, MMEHEAED S 1% blood lactate con-
centration, base excess, IL-6 Z & L7z, RO ERIMAREIC & 2 #5812 PMX-DHP #i# T Cytaas (p<
0.05), Oxy-Hb (p<001), Deoxy-Hb (p<005), TotalHb (p<001), T RTICHEE® b > THM L. i
MORHAIEDEFRIMREIC X 2#581X, PMX-DHP Bif2 T Cyt a,as, Oxy-Hb 1224ki2 7%, Deoxy-Hb(p<0.01),
Total Hb (p<001) i3, BEZEZ b o THA L. F72, VO, DO, OEL SVRI, SvO, blood lactate concen-
tration, base excess, IL-6 & PMX-DHP O COHF EZIIED R -7z, #ine LTPMX-DHPIZ L Y &8
OHMBBENHHOIBEIIEN T RO b o7z, L LIEFRIMRIEI X 2 58 kB0 BB 455 < o g & 13885
L, 85I bay FYUTHRIZBIT 2B REROBRERIIIICE L 72 20 HEEOMEE D54 i< PMX-DHP
WZEDEESRZ., S0 RIE PMX-DHP OFMMEEZRIRL Twb &E L S,
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