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Circulating endotoxin in the blood is considered to be a serious pathogenic factor
for septic shock and multiple systemic failure. We have been treating septic patients
using blood purification cartridges which consist of polymyxin B immobilized
(PMX-20R) to eliminate endotoxin from the blood circulation. We surveyed blood
pressure, cardiac index (CI), systemic .vascular resistance index (SVRI), oxygen
delivery (DO,), oxygen consumption (VO,), oxygen extraction ratio (O,ER) and
concentration of endotoxin in the blood, before and after PMX-20R therapy for 25
septic surgical patients after emergency operation. The blood pressure, CI and SVRI
showed statistically significant differences before and after PMX-20R, but DO, ,VO,
and O,ER and the concentration of endotoxin did not. Further, comparing survivors
with non survivors, SVRI had increased in the former but not in the latter. For
septic patients, the adsorption of endotoxin is very efficacious to improve the
circulatory state after the elimination of this procedure, when the operation is
performed immediately. The optimal time is at the hyperdynamic state, at the
beginning of the fall in SVRI, because its increase plays a part in elevating the blood

pressure.

Introduction

Sepsis is still, even now, a life-threatening
complication and a major cause of death in the
Intensive Care Unit. It is caused by endotoxin
which is a cell-wall component of gram-
negative bacteria. Circulating endotoxin in the
blood is considered to be a serious pathogenic
factor for septic shock and multiple organ
dysfunction syndrome. In spite of the full uses
of potent antibiotics and artificial supports
which are continuous hemodiafiltration (CHDF)
and plasma exchange (PEX)"? in critical care
cases, the mortality remains high among
patients with sepsis and gram-negative bacter-
emia. To eliminate endotoxin from the blood
circulation, we currently have been treating
sepsis with direct hemoperfusion (DHP) using a
polymyxin B immobilized fiber column, called

PMX-20R?.

Polymixin B has long been known to neutral-
ize the various biologic activities of endotoxin,
but it could hardly be used clinically because of
its nephrotoxic side effect. PMX is bound by its
amino group to alpha-chloracetamide-methyl
polystyrene fibers. But biological and chemical
examinations revealed no release of PMX-20R
from its carrier.

In the present paper we report the efficacy,
especially the improvement of the circulatory
state, of PMX-20R on sepsis after emergency
operations without side-effects.

Patients and Methods

Patients

There were 25 sepsis cases using PMX-20R
after emergency operation in our intensive care
unit of Tokyo Women’s Medical University
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Hospital, 15 males and 10 females whose mean
age was 61.4 * 6 years old, ranging from 21 to
89 years. Their were 6 patients with perforation
of colon cancer, 5 with strangulated ileus, 3
with acute gangrenous cholecystitis, 3 with
superior mesenteric artery obstruction, 3 with
perforation of colonic diverticulitis and 1 each
with acute pancreatitis, liver abscess, perfora-
tion of esophagus, perforation of small intes-
tine, and rupture of duodenal varix. Ten surviv-
ing patients, of the total 25, were discharged
from our hospital and 15 patients died. The
mortality rate was 60% (Table 1).

Our indication for PMX-20R therapy is when
endotoxemia, gram-negative bacteremia, sys-
temic inflammatory response syndrome (SIRS),
and septic shock needing a vasoactive agent but
without severe liver dysfunction (Table 2).

Methods

Direct hemoperfusion (DHP) using PMX-20R
was performed with a double-lumen catheter
inserted into the femoral vein by the Seldinger
method. DHP was carried out for 2 hours at a
flow rate of 100 ml/min with 30~40 mg/hr
nafamostat mesilate as an anti-coagulants
(Table 3).

Laboratory items

We surveyed the hemodynamic state and
tissue oxygen metabolism, and performed bac-
teriological examination to estimate the value
of PMX-20R therapy.

Hemodynamic state: We measured as circula-
tory parameters; the mean arterial blood pres-
sure (MAP), cardiac index (CI), and systemic
vascular resistance index (SVRI) using the
Swan-Ganz catheter method both before and
after therapy.

Tissue-oxygen metabolism: We evaluated
metabolism of tissue-oxygen both before and
after PMX-20R therapy using the Swan-Ganz
catheter method meaning at the oxygen con-
sumption (VO,), oxygen delivery (DO,) and
oxygen extraction ratio (O,ER).

Bacteriological examination: We also sur-
veyed the blood concentration of endotoxin by
the endospecy with the perchloric acid (PCA)

Table 1 Patient characteristics

Sex : male/female=15/10 cases
Diagnosis : Perforation of colon cancer 6
Strangulated ileus
Acute gangrenous cholecystitis
SMA thrombosis
Perforation of colon diverticulitis
Others

acute pancreatitis, liver abscess,
perforation of esophagus,
perforation of small intestine,
rupture of duodenal varix

1w W w Ut

Table 2 Indication of PMX-20R

1. Endotoxemia or
infection of gram-negative bacteremia
2. a)Body temperature : >38°C or <36°C
b)Heart rate: >90 beats/min
¢ ) Respiratory rate: >20 times/min or
PaCO,: <32 mmHg
d)WBC >12,000/x1 or <4,000/ 1
or rods of neutrophils >10%
3. Septic shock patients needing vasoactive drugs
except in severe liver dysfunction

Table 3 Methods

DHP (direct hemoperfusion) : 2 hrs, flow rate 100 ml/min
Blood access: via femoral vein double-lumen catheter
Anti coagulant : Nafamostat mesilate (30~40 mg/hr)
Laboratory items:
1) Hemodynamic state

MAP, CI, SVRI
2) Tissue metabolism

VO,, DO,, O,ER,
3) Bacteriological examination

Endotoxin concentration

Pathogenic microorganism in the blood

and Toxicolor methods®.

Statistical analysis

Values were expressed as the mean + stand-
ard deviation. Significant differences were anal-
yzed by the Student’s t-test and differences
were considered significant when p<0.05.

Results

Hemodynamic state

In 10 surviving patients, the mean arterial
pressure increased significantly from 86 + 8
mmHg at pretreatment to 100 = 8 mmHg at
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the end of PMX treatment. In 15 patients who
died, the pressure decreased from 92 + 8§ to
83 + 7 mmHg after the treatment, but there
was no statistically significant change (Fig. 1).

The pretreatment CI formed the basis for
dividing the patients into the hypodynamic
shock group (<3.0 l/min/m?), the normo-
dynamic shock group (3.0 to 5.0 1/min/m?),
and the hyperdynamic shock group (>5.0 1/
min/m?). In 7 patients in a hypodynamic state,
the mean value increased significantly from the
pretreatment level of 2.6 = 0.05t0 3.2 £ 0.2
1/min/m?. In 5 patients with a normal CI, the
mean value changed from 4.4 + 0.1to 4.2 £
0.1 1/min/m? but not significantly. In 5 patients

Survived (n=10) Died (n=15)
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Fig. 1 Changes in mean arterial pressure (MAP,
mmHg) in survivors (left) and non-survivors

(right)

Results are expressed as mean = SD, pre and
post treatment of PMX-20R.
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in a hyperdynamic state, the mean value de-
creased significantly from 7.6 = 0.5 to 6.6+
0.3 I/min/m? (Fig. 2).

SVRI in 10 surviving patients, increased sig-
nificantly from the pretreatment value of
1546.2 4 202.0 to 2268.2 =+ 329.0 dyn * sec/m?
cm® after the treatment. But in 15 patients who
died it changed from 1760.3 £ 120.0 vs 1796 *=
982 .2 dyn-sec/m?cm?®, but not significantly (Fig.
3).

Tissue metabolism .

. The oxygen consumption (VO,) and delivery
(DO,) did not change in the surviving patients,
neither before nor after the treatment (Fig. 4).

Neither did the oxygen consumption or oxy-
gen delivery change significantly in the patients
who died (Fig. 5).

VO, in those who survived changed from
232.9 + 245.6 to 205 *£218.6 ml/min/m and
that in those who died changed from 105.34 +
25.38 to 134.30 = 24.69 ml/min/m. On the
other hand, DO, in the survivors changed from
387.1 + 246.9 to 351.5 = 222.3 ml/min/m,
while the change in those who died from
474.35 &+ 168.7 to 500.3 *+ 167.5 ml/min/m.

The oxygen extraction ratio, in 10 surviving
patients increased from 0.17 &= 0.01 to 0.24 =
0.01 to normal range after the treatment, but it
was not statistically significant. Nor did the
ratio change significantly in 15 patients who
died from 0.42 = 0.01 vs 0.43 £ 0.01 (Fig. 6).

hyperdynamic (n=9)
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Fig. 2 Changes in cardiac index (CI, 1/min/m?
Results are expressed as mean + SD, pre and post treatment of PMX-20R.
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Fig. 3 Changes in systemic vascular resistance
index (SVRI, dyn * sec/m?%m?)
Results are expressed as mean = SD, pre and
post treatment of PMX-20R.
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Fig. 5 O, consumption (\.702) and delivery (bOz)
and delivery (DO,) in died 15 patients (ml/min -
m?)

Results are expressed as mean + SD, pre and
post treatment of PMX-20R.
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Fig. 4 0O, consumption ('\.702) and delivery (f)Oz)
in survived 10 patients (ml/min « m?)
Results are expressed as mean = SD, pre and
post treatment of PMX-20R.

Bacteriological examination

The endotoxin levels in patients’ blood were
determined by the endospecy method with PCA
(perchloric acid) and by the toxicolor method
before and after the treatment. In neither the
surviving patients nor those who died, did the
toxicolor method reveal a significant change in
the mean concentration.

In the surviving patients, the concentration of
endotoxin decreased from 31.72 + 24.25 to
23.96 + 17.28 pg/ml, but not statistically sig-
nificant. Also in those who died, endotoxin
concentration decreased from 15.74 = 6.58 to
11.42 =+ 7.37 pg/ml, but it was not statistically

Fig. 6 Changes of O, extraction ratio (O,ER) in
survivors (left) and non-survivors (right)
Results are expressed as mean =+ SD, pre and
post treatment of PMX-20R.

significant (Fig.7). The endospecy method did
not reveal any change. There were changes
from 1.41 = 0.70 to 1.45 £ 0.62 pg/ml in the
survivors and in those who died from 1.51 +
0.55 to 1.64 = 1.10 pg/ml by endospecy
methods (Fig.8).

The detected microorganisms in the blood
were gram-negative bacilli in 419% of the
patients, mixed infection which were gram-
negative and methicillin-resistant Staphylococ-
cus auveus or candida, in 29% and gram-
positive cocci in 189%. No growth was observed
in 12% (Fig. 9).
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Fig. 7 Endodtoxin concentration in blood (en-
dospecy methods, pg/ml)
Results are expressed as mean + SD, pre and
post treatment of PMX-20R.
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Fig. 8 Endotoxin concentration in blood (Toxi-
color methods, pg/ml)
Results are expressed as mean = SD, pre and
post treatment of PMX-20R.

Negative

Discussion

We have been treating septic patients using
PMX-20R to eliminate endotoxin from the
blood circulation. We surveyed following both
before and after the therapy;

1. MAP, CI and SVRI,

2. VO,, DO, and O,ER and

3. The concentration of endotoxin and
pathogenic bacteria in the blood in 25 septic
surgical patients, after emergency operations.
Both MAP, CI and SVRI showed statistically
significant improvement after the treatment;
but VO,, DO,, O,ER and concentration of en-
dotoxin did not. A method of measuring en-
dotoxin concentration has not yet been estab-
lished?, therefore, it could increase after treat-
ment in some patients depending on the clinical
course®. But PMX-20R treatment markedly
alleviated symptoms of septic shock. The effi-
cacy rate afforded by PMX-20R treatment was
409, it was still effective at a much later stage
when patients did not respond to other thera-
peutic methods; moreover, the survival rate
was much higher than that reported in other
conventional treatments®.

Recently, antilipopolysaccharide antibody
treatments have been developed, and the effects
of the administration of various types of anti
bodies in large-scale clinical studies were report-
ed. However, in these reports, the improvement
in the clinical findings that were clearly due to
endotoxin have not been demonstrated. For
sepsis, the adsorption of endotoxin (PMX-20R)

Gram positiveve coccl
Enterococcus 2%

18 %

Gram negative bacilli

E.coli
Pseudomonas
Klebsiella

Mixed infection

Enterococcus

Gram negative bacilli
MRSA

Candida

Bacteroides
Enterobacter

Fig. 9 Pathogenic bacteria in the blood
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is very efficacious to improve the circulatory
state after the elimination of the original focus,
when the operation is performed immediately.
PMX.-20R can not be used to treat sepsis until
of this procedure septic focus is eliminated by
surgical drainage or antibiotics. The optimal
time is at the hyperdynamic state, the beginning
of the fall in SVRI, because its increase directly
affects that in the blood pressure”.

Conclusion

1. We treated 25 septic patients with PMX-
20R after emergency operations.

2. MAP and SVRI showed significant dif-
ferences before and after therapy.

3. For sepsis, the adsorption of endotoxin is
very efficacious to improve the circulatory
state.

4. 'The best time is especially at the begin-
ning of the fall in SVRI, because its increase
affects that of the blood pressure.
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BUGERER I & 1T 2BRRFMEROTF FF >
RERENBRMEIZOWT

R TERRY HAEZE
v rE TV ) ALAT wss Y ko sy

EO BTN T SR B EA 0

B MR B 2 BAFMEOL v F N F Y VIREREFREOBAMEIC DV TR L7, R
i3, SRIICU iwABzL, SIRS (systemic inflammatory response syndrome)D g2l ZE4E THUMAE &
s N, BAFEMBICT Y P Y VY IREREEERE T L 225EFTH 5. WEEMIHL,
IV R MY VRERBEETIRICB I AT VA YT —T VI L ATEREIRE (FHIME MBP,
SHRMIMEEITRE SVRI, MR CD, BEHEE (VO,), BHtEE (DO,), BB (0,ER)
BEOMbry R hFy VEE (Z RARY -, My T8k REEL, TOHEMHECDY
THEF LT, 2SR OFIERIX61.45%, BEI5H, ZH1061Th -7z, 25FIH15HITE L LIELE
1360% CTH o7z,

1) {EBERE T, WENTROEHME R, EEFA TR ER LW, JBCHITIHET Uz, (OREN,
hypodynamic state OFEFI T3 EEIZ_E5H L7248, hyperdynamic state DFEF] Tl L7z, &R
MEETIE, EEATEEIC LR LY, T TERELITED Shzdr o7,

2) MR ERB I, &FEE, HTHOVWTRIFELEMERD sharol.

MErY R MEYVEER, T RARY—EBL TN Y Y T —HEOWTROWE T b
b, BEARE b0, TV RN FY VREREEEORRICBENT, MFOLY R bFY VR
BEDZALIZZRD SN o120, HIEEOMEEE 2 ond, —F, FME, SRMEINEETIHRE
DEELRENPRD s, BEEBEOWREIC LY F Ny VIREREREIER cBbnrk, MED
WE ARSI O FESEELTEY, = F b+ v VRERRAERZ, BUESECTL, K
BT B B CHRMIMEETMET LD 2 BT T 200RDEZI LWL EF LI 6515,
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