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Selection of acute blood purification therapy
according to severity score and blood lactic acid
value in patients with septic shock

Yuichiro Sakamoto, Kunihiro Mashiko, Hisashi Matsumoto, Yoshiaki Hara, Noriyoshi Kutsukata,
Hiroyuki Yokota

Abstract

Aim: As an alternative method for acute blood purification therapy, continuous
venovenous hemodiafiltration (CVVHDF) has been reported as an effective clinical
treatment for critically ill patients, but the optimal column for performing CVVHDF
remains controversial. Patients and Methods: We used direct hemoperfusion using
a polymyxin B-immobilized fiber column (DHP-PMX) to treat 88 patients with septic
shock.To determine the optimal acute blood purification therapy, we subsequently
divided the patients into three groups: the first group underwent CVVHDF using
a polymethylmethacrylate membrane hemofilter (PMMA) after undergoing DHP-
PMX (28 cases), the second group underwent CVVHDF using a polyacrylonitrile
membrane hemofilter (PAN) after undergoing DHP-PMX (26 cases), and the third

group did not undergo CVVHDF after undergoing DHP-PMX (34 cases). Results:

The overall survival rate was 54.5%, and patient outcome was significantly related
to the Acute Physiology and Chronic Health Evaluation (APACHE) Il score, the
sepsis-related organ failure assessment (SOFA) score, and the blood lactic acid value
before treatment (all P<0.0001). Only the PMMA-CVVHDF group showed a better
outcome (survival rate of 78.6%) compared with the other groups (P = 0.0190). In
addition, only the PMMA-CVVHDF group showed a significant improvement in the
blood lactic acid level on day 3 (P = 0.001 I). Conclusion: Our study suggests that
the PMX column might be effective during the early phase of septic shock, before a
high level of lactic acid is present. Furthermore,a PMMA column might be the most
useful column for performing CVVHDF after DHP-PMX treatment, as suggested by
the blood lactic acid value.

Keywords: Acute blood purification therapy, blood lactic acid, septic shock

Access this article online

Website: www.ijccm.org

DOI: 10.4103/0972-5229.76080

Quick Response Code:

Introduction

Sepsis, a systemic inflammatory response to infection,
is a severe condition. Septic shock is associated with
diffuse coagulopathy and multiple organ failure (MOF)
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and frequently leads to death. More research is needed
to develop better directed therapies capable of reducing
the high morbidity and mortality rates associated with
sepsis.l

Direct hemoperfusion usinga polymyxin B-immobilized
fiber column (DHP-PMX) was first developed in Japan
in 1994 and has since been used for the treatment of
septic shock.?

As an alternative method for acute blood purification
therapy, continuous venovenous hemodiafiltration
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(CVVHDF) has been reported as an effective treatment
for critically ill patients, but the optimal column for
performing CVVHDF remains controversial.

A recent paper reported that continuous
hemodiafiltration using a polymethylmethacrylate
membrane hemofilter (PMMA-CHDF) was effective
for removing cytokines and enabled a wide range of
clinical efficacy through cytokine modulation.P In the
present study, we examined which column was optimal
for performing CVVHDEF in patients with septic shock.

Patients and Methods

Eighty-eight septic patients who had undergone
DHP-PMX were included in this study. Among these
patients, DHP-PMX was performed within 12 hours
after a diagnosis of sepsis was made. We included cases
that underwent CVVHDEF promptly after DHP-PMX
treatment as well as cases that did not undergo CVVHDF
for at least 36 hours after DHP-PMX treatment in the
present study. These different treatment protocols were
included to determine the best choice for acute blood
purification therapy after DHP-PMX by comparing the
survival rates, sepsis-related organ failure assessment
(SOFA) scores,™and blood lactic acid values. The
patients were divided into three groups: the first group
underwent CVVHDF using a polymethylmethacrylate
membrane hemofilter (PMMA) after undergoing DHP-
PMX (28 cases), the second group underwent CVVHDF
using a polyacrylonitrile membrane hemofilter (PAN)
after undergoing DHP-PMX (26 cases), and the third
group did not undergo CVVHDF after undergoing
DHP-PMX (34 cases). The PAN-CVVHDF group was
treated between January 2000 and March 2006, while
the PMMA-CVVHDF group was treated between April
2006 and December 2008. Two periods were successive.
The patients in the non-CVVHDF group were recruited
during the PAN-CVVHDF group period, during which
time CVVHDF was performed according to physician’s
preference. All cases were not treated for collection of
data and written consent was obtained. We did CVVHDEF
after DHP-PMX not only renal dysfunction but also
septic shock.

Main indication of CVVHDF after DHP-PMX is that it
removes inflammatory mediators.

The patients were divided into two groups according
to the outcome (48 survivors, 40 deaths) to analyze
the utility of the severity score for predicting outcome
after DHP-PMX treatment. We also examined the
relations between the severity scores such as the Acute
Physiology and Chronic Health Evaluation (APACHE) II
score,® the SOFA score, and the blood lactic acid value.

The APACHE II score and the SOFA score were also
evaluated and the blood lactic acid level was measured
before DHP-PMX treatment.

Blood access for PMMA-CVVHDEF and PAN-CVVHDEF
was established using a double-lumen catheter inserted
into the femoral vein using the Seldinger method.
Nafamostat mesilate (Torii Co., Ltd., Tokyo, Japan) was
used for anticoagulation.

The approval of our institution’s ethics committee and
informed consent from the patients were obtained. The
results were expressed as the mean * SD. Differences
were analyzed using the Wilcoxon generalized test and
the chi-squared test. The survival rate was analyzed
using the Kaplan Meier method. A P value less than 0.05
was regarded as statistically significant.

Results

DHP-PMX was performed in 88 patients (58 men and
30 women) of age between 20 and 87 years (mean 64.1
+ 13.7 years). The underlying diseases and the patient
characteristics are shown in Table 1. The overall survival
rate was about 54.5% at 90 days after onset.

Significant differences between the severity scores
(APACHE Il and SOFA scores) and CVVHDF treatment
were not observed. The relation between the survival
curve and the type of apheresis therapy after DHP-
PMX is shown in Figure 1. The outcome of the PMMA-
CVVHDF group was significantly better than that of the
PAN-CVVHDEF group or the non-CVVHDF group (P =
0.0196) [Figure 1].

The relationship between the lactic acid level and
CVVHDEF treatment is shown in Figure 2. The lactic
acid level in the non-CVVHDF group was significantly
higher than that in the PMMA group (P = 0.0315), but
no significant difference was seen between the two
CVVHDF treatment groups (PMMA group and PAN
group) (data not shown). In the PMMA-CVVHDF

Table | Patient characteristics before DHP-PMX

Characteristics Data
No. of patients 88
Sex (male/female) 58/ 30
Age (years), mean = SE 64.1 =13.7
APACHE Il score (mean = SE) 24.0+£9.2
SOFA score (mean =+ SE) 11.1+45
Underlying diseases Peritonitis 47cases
Pneumonia |5cases
Urinary Infection Scases
Others 2| cases
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group, the lactic acid value at 3 days after CVVHDF
was significantly better than the values before and 1
day after CVVHDF [Figure 2]. In contrast, the lactic
acid values obtained before and 1 and 3 days after
treatment showed no significant improvement in the
PAN-CVVHDF [Figure 2] and non-CVVHDF groups
(data not shown). In the PMMA-CVVHDEF group, the
SOFA score obtained at 3 days after CVVHDF therapy
was significantly lower than those obtained before and
1 day after [Figure 3]. However, the SOFA score at 3
days after therapy was not significantly different from
those obtained before and 1 day after therapy in the
PAN-CVVHDF [Figure 3] and non-CVVHDF groups
(data not shown).
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Figure I: Significant differences between the APACHE Il score and
CVVHDF treatment were not observed relations between survival curve
and types of apheresis therapy after DHP-PMX are shown. The outcome
of the PMMA-CVVHDF group was significantly better than those of the
PAN-CVVHDF group and the non-CVVHDF group (P = 0.0196)
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Figure 2: Significant differences between the SOFA score and CVWHDF
treatment were not observed (a) Lactic acid levels after PMMA-CVVHDF:
The lactic acid value at 3 days after PMMA-CVVHDF therapy was
significantly better than the values obtained before and | day after this
therapy (P = 0.0076 and P = 0.0444, respectively). (b) Lactic acid levels
after PAN-CVVHDF: The lactic acid value after PAN-CVVHDF therapy
was not significantly better than the values obtained before this therapy

The relations between the severity scores and the
outcomes of the septic cases are shown in Table 2. Before
treatment, the APACHE II scores of the patients who
survived and those who did not were 19.8 + 7.8 and
28.7 + 8.4, respectively. The SOFA scores of the patients
who survived and those who did not were 8.7 £ 3.5 and
13.7 + 3.9, respectively. The lactic acid values of the
patients who survived and those who did not were 2.7
+1.6 and 7.4 £ 5.0, respectively (P<0.0001) [Table 2].
Renal function before treatment and improved rate of
renal function were not significantly different between
PMMA-CVVHDF group and PAN-CVVHDF groups.

Discussion

Although intensive care has recently improved, sepsis
remains a principal cause of MOF and is associated
with high morbidity and mortality rates.[! The results
of a multicenter prospective randomized controlled
trial for DHP-PMX have suggested that this treatment
may improve cardiac and renal dysfunction caused
by sepsis or septic shock,” and a recent systematic
review of a pooled sample of 1390 patients showed that
DHP-PMX therapy significantly lowered endotoxin
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Figure 3: (a) SOFA scores after PMMA-CVVHDF: The SOFA score at

3 days after PMMA-CVVHDF therapy was significantly lower than those
obtained before and | day after this therapy (P = 0.0102 and P = 0.0008,
respectively). (b) SOFA scores after PAN-CVVHDF: The SOFA score after
PAN-CVVHDF therapy was not significantly lower than those obtained
before this therapy

Table 2: Relationship between any scores and outcome in
septic cases

Scores Survived Expired P value
Number of cases 48 40

Age 63.6+14.5 64.7+12.9 NS
APACHE Il score 19.8+£7.8 28.7+8.4 <0.0001
SOFA score 8.7+3.5 13.7+3.9 <0.0001
Lactic acid 2.7x1.6 7.4+5.0 <0.0001

177



Indian Journal of Critical Care Medicine October-December 2010 Vol 14 Issue 4

levels, improved blood pressure, and reduced the
mortality rate.’! Therefore, this method is thought to
be extremely useful for establishing new strategies for
the treatment of septic patients.

Other therapies involving blood purification, including
CVVHDF and continuous venovenous hemofiltration
(CVVHEF), have been reported to be effective for the
treatment of sepsis.’’! Nevertheless, few reports
have compared the efficacies of different columns for
performing CVVHDE, although several types of columns
have been used for this treatment.

PMMA-CVVHDF has been reported to be effective
for cytokine removal therapy.®! Furthermore, our
previous paper suggested that PMMA-CVVHDF was
more effective than PAN-CVVHDF for the treatment of
patients with septic shock, based on the improvements
in sepsis-specific factors such as plasminogen activator
inhibitor-1 (PAI-1), N-arachidonoylethanolamine
(AEA), interleukin-6 (IL-6), and protein C.'! Another
paper showed that PMMA-CVVHDF treatment
improved both hypercytokinemia assessed by the
measurement of the blood IL-6 level and dysoxia
assessed by the measurement of the blood lactic acid
level."” Considering the structural differences between
the two columns (PMMA and PAN), the above-
mentioned results are not necessarily contradictory. In
other words, the PMMA column is a uniform structure
with superior adsorbability, whereas the PAN column
has a nonuniform structure and superior permeability.
Therefore, we suspected that the adsorption of factors
such as cytokines might be superior using a PMMA
column, compared with a PAN column. Therefore, we
think that other columns with uniform structures and
adsorbabilities similar to that of the PMMA column
might be potentially useful. On the other hand, a recent
paper has shown that the use of a single measurement
of venous lactic acid, the results of which can be made
available soon after admission to the emergency
department, provides the clinician with a better risk
assessment, possibly enabling a clearer direction to
diagnosis and therapy, than a patient’s vital signs.[""!
Another paper reported that in patients admitted with
clinically suspected infection, the venous lactate level
predicted 28-day in-hospital mortality independent of
blood pressure and contributed significant prognostic
information than that provided by other clinical
predictors.'! Accordingly, we utilized the lactic acid
level as a treatment marker for blood apheresis therapy
and showed the effectiveness of PMMA-CVVHDEF,
and compared it with PAN-CVVHDEF, based on the
improvement in lactic acid. At the same time, we
showed that lactic acid was a very important severity

marker in sepsis cases and that the lactic acid level was
more useful for predicting the outcome of sepsis than
common severity scores such as the APACHE II score
and the SOFA score. Our study suggests that the PMX
column might be effective during the early phase of
septic shock before a high level of lactic acid is present.

The limitations of this study included its retrospective
design, time frame, and the inclusion of cases in which
DHP-PMX treatment was performed under various
septic conditions. This is really a “before and after” type
of study.

Randomized controlled trial study of CVVHDEF showed
that early application of standard CVVHF is deleterious
in severe sepsis and septic shock.™™ But this study did
not use PMMA column.

Conclusion

Our findings suggest that the PMMA column may
be optimal for performing CVVHDF after DHP-PMX
treatment, based on the changes in blood lactic acid
values.

References

1. Rudiger A, Stotz M, Singer M. Cellular processes in sepsis. Swiss Med
Wkly 2008;138:629-34.

2. Aoki H, Kodama M, Tani T, Hanasawa K. Treatment of Sepsis

by Extracorporeal Elimination of Endotoxin Using Polymyxin

B-Immobilized Fiber. Am J Surg 1994;167:412-7.

Matsuda K, Hirasawa I, Oda S, Shiga I, Nakanishi K. Current topics

on eytokine removal technologies. Ther Apher 2001;5:306-14.

4. /incent J1, Moreno R, Takala .J, Willatts S, De Mendonca A, Bruining
H, et al. The SOFA (Sepsis-related Organ Failure Assessment) score
to describe organ dysfunction/failure: On behalf of the Working Group
on Sepsis-Related Problems of the European Society of Intensive Care
Medicine. Int Care Med 1996;22:707-10.

5. Knaus WA, Zimmerman JE, Wagner DP, Draper EA, Lawrence
DE. APACHE: Acute physiology and chronic health evaluation: A
physiological based classification system. Crit Care Med 1981;9:571-9.

6. incent JL. EPIC II: sepsis around the world. Minerva Anestesiol
2008;74:293-6.

7. Vincent J1i, Laterre PF, Cohen .J, Burchardi H, Bruining H, Lerma
FA, et al. A pilot-controlled study of a polymyxin B-immobilized
hemoperfusion cartridge in patients with severe sepsis secondary to
intra-abdominal infection. Shock 2005;23:400-5.

8. Cruz DN, Bellomo R, Ronco C. Clinical effects of polymyxin
B-immobilized fiber column in septic patients. Contrib Nephrol
2007;156:444-51.

9. Nakada TA, Oda S, Matsuda K, Sadahiro T, Nakamura M, Abe R, ef al.
Continuous hemodiafiltration with PMMA Hemofilter in the treatment
of patients with septic shock. Mol Med 2008;14:257-63.

10. PengY, Yuan Z, Li II. Removal of inflammatory ¢ytokines and endotoxin
by veno-venous continuous renal replacement therapy for burned
patients with sepsis Burns 2005;31:623-8.

11.  Sakamoto Y, Mashiko I, Obata T, Matsumoto II, Iara Y, Kutsukata
N, et al. Effectiveness of continuous hemodiafiltration using a
polymethylmethacrylate membrane hemofilter after polymyxin
B-immobilized fiber column therapy of septic shock. ASAIO J
2008;54:129-32.

12.  Nakada TA, Oda S, Matsuda K, Sadahiro T, Nakamura M, Abe R, et al.

¥V

178



Indian Journal of Critical Care Medicine October-December 2010 Vol 14 Issue 4

Continuous hemodiafiltration with PMMA Hemofilter in the treatment of continuous venovenous hemofiltration on organ failure during the
of patients with septic shock. Mol Med 2008;14:257-63. early phase of severe sepsis: a randomized controlled trial. Crit Care
13.  Bakker.J, Jansen TC. Don’t take vitals, take a lactate. Intensive Care Med 2009;37:803-10.

Med 2007;33:1863-5.
14. Howell MD, Donnino M, Clardy P, Talmor D, Shapiro NI. Occult
hypoperfusion and mortality in patients with suspected infection.

Intensive Care Med 2007;33:1892-9.
15.  Payen D, Mateo J, Cavaillon JM, Fraisse I, Floriot C, Vicaut E. Impact

Source of Support: Nil, Conflict of Interest: None declared.

Author Help: Reference checking facility

The manuscript system (www.journalonweb.com) allows the authors to check and verify the accuracy and style of references. The tool checks
the references with PubMed as per a predefined style. Authors are encouraged to use this facility, before submitting articles to the journal.

The style as well as bibliographic elements should be 100% accurate, to help get the references verified from the system. Even a
single spelling error or addition of issue number/month of publication will lead to an error when verifying the reference.

Example of a correct style

Sheahan P, O’leary G, Lee G, Fitzgibbon J. Cystic cervical metastases: Incidence and diagnosis using fine needle aspiration biopsy.
Otolaryngol Head Neck Surg 2002;127:294-8.

Only the references from journals indexed in PubMed will be checked.

Enter each reference in new line, without a serial number.

Add up to a maximum of 15 references at a time.

If the reference is correct for its bibliographic elements and punctuations, it will be shown as CORRECT and a link to the correct
article in PubMed will be given.

If any of the bibliographic elements are missing, incorrect or extra (such as issue number), it will be shown as INCORRECT and link to
possible articles in PubMed will be given.

179



