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1 | INTRODUCTION
We report 10 cases of severe bacterial meningitis with sepsis
treated with PMX-DHP in combination with the standard ther-
apy using dexamethasone and antibiotics. Five of six patients
who started PMX-DHP within 48 hours after symptom onset
had a Glasgow Outcome Scale (GOS) score of 5 at discharge.
Bacterial meningitis is an invasive disease of the central
nervous system. The mortality rate depends on the causative
agentbutisupto30% in highincome countries. “The predom-
inant causative pathogens in adults are Streptococcus pneu-
moniae and Neisseria meningitidis, which are responsible for
80% of all cases in Western countries.’ In Japan, the most
common etiological agent was reported to be S pneumoniae
(40%-50%), followed by Haemophilus influenzae (about
10%).6 Despite the use of combination corticosteroid and an-
tibiotic therapy, bacterial meningitis is still a major challenge
to physicians. Besides high mortality, bacterial meningitis
leads to a high frequency of neurological sequelae.l'4 New
treatment options are therefore urgently needed.

| Minako Yamada'

| Makoto Sohmiya2 |

Our results suggest a possible role for Polymyxin B-immobilized fiber column direct
hemoperfusion in combination with standard therapy in the rapid improvement of

impaired consciousness in patients with severe bacterial meningitis.

bacterial meningitis, disorder of consciousness, Glasgow Coma Scale, hemoperfusion

Direct hemoperfusion with polymyxin B-immobilized
fiber (PMX-DHP) has been widely used to suppress systemic
inflammation and to treat sepsis and septic shock.” The
PMX-DHP column is a medical device designed to reduce
circulating endotoxin produced by Gram-negative bacteria.'?
Several reports, however, have also noted beneficial effects of
PMX-DHP for Gram-positive bacterial infection.'"'? Clinical
experience with PMX-DHP for meningitis is limited though
and has not been described in English-language publications.
Indeed, our first such case (case 1 in the present study) was
reported in Japanese in 2013.2

In this study, we analyzed the clinical effects of using
PMX-DHP combined with standard dexamethasone and an-
tibiotic therapy in 10 patients with severe bacterial menin-
gitis, impaired consciousness, and sepsis. We also describe
the first experience of the treatment we had in case 1, which
was successful, for it was on this basis that we started to rou-
tinely perform PMX-DHP in such cases and subsequently
accumulated findings in the other nine cases included in this
study.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.
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2 | SUBJECTS AND METHODS

2.1 | Patients and diagnosis

After in the first case we treated (case 1), we started to rou-
tinely perform PMX-DHP for patients with severe bacterial
meningitis, impaired consciousness (Glasgow Coma Scale
[GCS] score < 12), and systemic inflammatory response syn-
drome (SIRS) indicating sepsis regardless of shock. The first
PMX-DHP session is started as soon as the patient is diag-
nosed with severe bacterial meningitis.

In this study, we analyzed the clinical effects of PMX-
DHP for severe bacterial meningitis in a total of 10 patients
treated at our institution between May 2011 and April 2018.
All patients fulfilled the following inclusion criteria. (a)
Bacterial meningitis diagnosed based on the following: ce-
rebrospinal fluid (CSF) pleocytosis level (cell count > 5/uL,
with a preponderance of multinuclear cells); elevated CSF
pressure (>150 mmH,0); elevated CSF protein (>45 mg/
dL); and decreased CSF glucose (<50% of serum glucose);
(b) impaired consciousness defined as a GCS score < 12;
(c) at least two systemic inflammatory response syndrome
(SIRS) criteria. 14

Causative agents were determined using CSF culture,
blood culture, or immunochromatography for bacterial anti-
gens in CSF and urine.

This study was carried out with the approval of the institu-
tional ethics committee, with informed consent from each pa-
tient or their relative, and in accordance with the Declaration
of Helsinki.

Dexamethasone
CTX

2.2 | Treatment protocol

In accordance with the Japanese guidelines for the clinical
management of bacterial meningitis,6 dexamethasone was
administered before the first dose of antibiotics. The an-
tibiotics were selected as panipenem/betamipron (PAPM/
BP) and vancomycin (VCM) or meropenem trihydrate
(MEPM) and VCM initially. We started PMX-DHP as
soon as the patients were diagnosed with severe bacterial
meningitis regardless of the presence of shock, except for
case 1.

PMX-DHP (Toraymyxin; Toray Industries Inc.) was used
with nafamostat mesilate (Torii Pharmaceutical Co.) as the
anticoagulant administered at 25 mg/h for maintenance. The
duration of each PMX-DHP session was 2 hours. We per-
formed two sessions, with the second PMX-DHP session
performed the day after the first session. Blood flow rate was
maintained at 80-120 mL/min.

2.3 | Data collection

The following data were collected from the medical re-
cords: age, causative agent, comorbidity, CSF
findings, general condition (eg, SIRS, disseminated intra-
vascular coagulation [DIC], shock, seizure, GCS score,
and Sequential Organ Failure Assessment [SOFA] score),
and diagnostic and follow-up magnetic resonance imag-
ing (MRI) findings. The outcome at discharge was graded
according to the Glasgow Outcome Scale (GOS) score!?

sex,

PAPM/BP

VCM
Mechanical ventilation and continuous infusion of propofol

42
‘ ‘ PMX-DHP ICU discharge
40 ‘ 0,
—-BT(°C)

38

36

34

1 2 3 4 5 6 7 8 9 10 11 12 13 14 day

CSF
Cell 488 (/uL) 978 605 26
Protein 536 (mg/dL) 86 128 92
Glucose 2 (mg/mL) 58 38 45 FIGURE 1 Clinical course of case
IL-10 495 (pg/mL) ND ND 1 with bacterial meningitis. BT, body
L2 2.7(pg/mL) 0.9 ND . ]
TNF-o. 18 (pg/mL) 14 14 temperature; CSF, cerebrospinal fluid;
Seizure - CTX, Cefotaxime; DIC, disseminated

Hematuria ‘
oic

GCS

GCS 5

intravascular coagulation; GCS, Glasgow
Coma Scale; IL, interleukin; ND,

not detected; PAPM/BP, panipenem/
betamipron; TNF, tumor necrosis factor;
VCM, vancomycin
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Clinical and laboratory characteristics in 10 patients with bacterial meningitis

TABLE 1

Clinical presentation

Seizure

Hypotension

GCS (total)

DIC

SIRS

SOFA

Comorbidity

Causative agents

Sex

Age

Case number

EIVIM3 (5)
EIVIMI (3)
EIVIMI (3)

Alcoholism 10

Streptococcus pneumoniae

61

S pneumoniae

74
55
40

S pneumoniae (PRSP)

M
M

E2V3MS5 (10)

3

Alcoholism, surgery for

S pneumoniae

brain tumor

E4V2M5 (11)
E4V1M4 (9)
E1V2M4 (7)

Alcoholism

Listeria monocytogenes

63

+

Alcoholic liver cirrhosis 11

IE, DM

Group G streptococcus

92

staphylococcus aureus

(MSSA)

66

+

EIVIMI (3)
EIVIMI (3)
EIVIMI (3)

15

IE

S aureus (MSSA)

55

Klebsiella pneumoniae DM, CVD, head trauma

86
72

12

Alcoholic liver cirrhosis

K pneumoniae

10

Abbreviations: CVD, cardiovascular disease; DIC, disseminated intravascular coagulation; DM, diabetes mellitus; F, female; GCS, Glasgow Coma Scale; IE, infectious endocarditis; M, male; SIRS, systemic inflammatory

response syndrome; SOFA, sequential organ failure assessment.

based on the medical records. In this study, a favorable
outcome was defined as a score of 5 and an unfavorable
outcome as a score of <4.!> GCS score was determined
before the first PMX-DHP session and just after the second
session. SOFA score was measured just before the first
PMX-DHP session and 1 day after the second session. The
central nervous system (CNS) SOFA subscore is based on
the GCS score.

2.4 | Statistical analysis

Differences in GCS and SOFA scores before and after
PMX-DHP were tested for significance using the paired t
test. Differences in GOS scores between symptom onset and
time to PMX-DHP were tested using Fisher's exact test. The
CNS SOFA subscores before and after PMX were compared
using a nonparametric Wilcoxon signed-rank test. All statis-
tical analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Japan) with P values <.05
considered significant.'®

Values are expressed as the mean + standard deviation.

3 | RESULTS
3.1 | [Initial (case 1, originally reported in
Japanese)

A 61-year-old man presented with impaired conscious-
ness with a GCS score of 5 (EIVIM3), SIRS (tempera-
ture, 39.6°C; leukocytes, 5800 cells/pL; pulse rate, 110/
min; respiratory rate, 48/min), and elevated C-reactive
protein (8.12 mg/dL).13 CSF pressure was elevated
at >625 mmH,0; analysis revealed pleocytosis with
480 cells/pL (78% multinuclear cells) and elevated protein
at 536 mg/dL with low glucose (CSF:blood glucose ratio
0.011). Pneumococcal urine antigen test was positive, so
our diagnosis was pneumococcal meningitis. S pneumo-
niae was later identified in blood culture. Corticosteroid
and antibiotic therapy were started, but he developed status
epilepticus and DIC on hospital day 2. Alternative treat-
ment was urgently required to maintain life. On hospital
day 3, we decided to perform PMX-DHP to suppress the
cytokine storm (Figure 1; reprinted from Suzuki et al”
based on the reported effectiveness of PMX-DHP for sep-
sis due to Gram-positive bacteria.'""'? Immediately after
the first PMX-DHP session, he opened his eyes spontane-
ously and his consciousness level dramatically improved
(Figure 1). At 54 days after admission, he was discharged
fully independent in activities of daily living but with im-
paired memory and a GOS score of 4. He ultimately re-
turned to work.
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@ 3.2 | All 10 cases
g2
s Z . Table 1 sun.lmarlzes the Ch.’fll"aCteI’ISthS of all 10 patients with
O R o = ) SIRS and impaired consciousness (GCS < 12) who were
X § diagnosed with bacterial meningitis and treated with PMX-
) é . g ) ;é DHP in addition to dexamethasone and antibiotics. Mean age
o é 5SS s g é 2 £ was 66.4 (range 40-92) years, and SOFA and GCS scores at
é é 'g é _“8’ g g § é g i‘_; admission were 7.6 (range 3-15) and 5.7 (range 3-11), re-
g %’ g :::% E‘J E g E: o ‘S g é spectively. Causative agents were S pneumoniae in 4 cases
._5 e i = %E € g : g f 2 —g including penicillin-resistant S pneumoniae in 1 case (case
£ % 2 = é’ fg’ 2 ﬁ 5 _‘g £ = 2 = 3), Klebsiella pneumoniae in 2 cases, methicillin-sensitive
g g % E’ g @u % g _’; E g é % ; S aureus in 2 cases, Listeria monocytogenes in 1 case, and
z Group G Streptococcus in 1 case. Table 2 shows the time to
5 i& PMX-DHP from symptom onset, GCS after PMX-DHP, an-
% En o E) tibiotics, duration of hospitalization, neurological sequelae,
& g 2 2 g MRI findings, and GOS score.
T: B g £ ~ Glasgow Coma Scale score was improved by day 7 after
'E,J f s = E the first PMX-DHP session in 8 of 10 patients (Table 2). Two
"E' g g %’ e % patients (cases 8 and 10) showed no change in GCS score
2 ‘é 8% 8 5 and ultimately did not survive. In 6 of 10 patients (cases 1,
& 2, 4-7), GCS score had improved by the end of the second
= S PMX-DHP session. Mean GCS score of the 10 patients was
= :E g significantly improved from 5.7 + 3.3 before the first PMX-
g % 8 DHP session to 8.8 &+ 5.3 at the end of the second session
§ ’é_ N . _ é (P = .0341), as shown in Figure 2A. Mean SOFA score de-
AE= =- o 2 creased from 7.6 + 4.2 before PMX-DHP to 6.3 + 4.8 within
5 ; 24 hours after PMX-DHP (Figure 2B), but there was no sig-
o 5" é i nificant difference (P = .186). The CNS SOFA subscore was
— S 2 3 3.4 + 0.84 before the first PMX-DHP and 2.3 + 1.7 at the end
% E ; _—g of the second PMX-DHP session (P = .0545).
LJ: i a % Table 3 shows the CSF findings before and after PMX-
'E o o o % 8 DHP in 10 cases. Nine cases (not including case 10) showed
2 ss s = 5 E improvement in CSF findings. Cases 1 and 7, in which repeat
£ IO @@ é 5 CSF analysis was performed relatively early after PMX-DHP
= = = = = ? = (first and second day after the second session of PMX-DHP),
PRI % ;g once showed an increase in cell count and then a decrease.
= E = g g Five patients had favorable outcomes with GOS scores of
) ‘%' % = § 5, and the other 5 patients had unfavorable outcomes with
SR — @ g 2 GOS scores of <4. Cases 9 and 10 had suspected brain ab-
E é‘l scess and were treated with levofloxacin or clindamycin
£ E 2 in addition to MEPM. An MRI diffusion-weighted image
j= a2 (Figure 3A) and a FLAIR image (Figure 3B) in case 10 re-
% ;‘i e vealed subarachnoid abscess and ventriculitis on hospital day
a _ ‘é _§ 12. MRI findings of case 9 on day 29 (Figure 3C,D) revealed
E E % % subarachnoid abscess and ventriculitis. Although this patient
) 8 £ ~ 8 was hospitalized for 154 days at our institution, she survived
é £28 g 2 and was transferred to a long-term medical care facility be-
§ 58S T A g E{ cause of the need for considerable assistance with activities
= 5 g S of daily living due to worsened dementia, dysphagia, and dis-
« -E 2 § use syndrome. These two cases with subarachnoid abscess
E = z g and ventriculitis were refractory to treatment. Case 6 was also
i g - i _:;’ found to have lumbar disk abscess and bilateral psoas muscle
= . - - S = abscess; therefore, we could not deescalate the antibiotics. He
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FIGURE 2 Changes in GCS (A)

and SOFA scores (B) in 10 patients with
bacterial meningitis in this study. The scores
were determined just before the first session
of PMX-DHP (before PMX-DHP) and just
after the second session (after PMX-DHP)
in the case of the GCS and at 1 day after

in the case of the SOFA. The number in

(A) GCS (B) SOFA
20
16
- *P =.186
*P =.0341 18
14
16
12 5 14
10 @ 12
8 © * 10 g
@
6 8 %
6
A @° /@ ®
4 @
2 BEON) 2
0 0

Before PMX After PMX

was hospitalized for more than 100 days but discharged with
favorable outcome.

Case 8 did not survive, and the cause of death was possi-
bly infectious endocarditis; the bacterial meningitis had actu-
ally improved, evidenced by the decreased CSF cell count to
2 cells/pL on hospital day 8.

Five patients (cases 2-6) of the six patients who started
PMX-DHP within 48 hours after symptom onset showed
GOS scores of 5 at discharge. However, none of the four
patients who started PMX-DHP after 48 hours had a GOS
score of 5 at discharge. An earlier start of PMX-DHP yielded
significantly favorable outcomes compared to a late start
(P =.0476) (Table 4).

4 | DISCUSSION

In this study, we retrospectively analyzed 10 patients with
severe bacterial meningitis treated with PMX-DHP in ad-
dition to dexamethasone and antibiotics. Of the 10 patients,
8 survived, 5 of whom had favorable outcomes. To our
knowledge, this is the first study to report the improvement
of severe bacterial meningitis with PMX-DHP in combi-
nation with conventional dexamethasone and antibiotic
therapy.

PMX-DHP is widely used for treating sepsis caused by
Gram-negative bacteria, such as in urinary tract infection and
intraperitoneal (intra-abdominal) infection.” The difference
between treating these infections and bacterial meningitis is
the dose of antibiotics. Most antibiotics have a poor penetra-
tion from blood to CSF due to the blood-brain barrier, and
therefore, larger doses of antibiotics are required for treating
bacterial meningitis than other infections.

Before PMX

parentheses is the number of cases. The
dotted line is the mean. GCS, Glasgow
Coma Scale; SOFA, sequential organ failure
assessment

After PMX

4.1 | Rapid improvement of impaired
consciousness

Treatment resulted in dramatic improvement of impaired
consciousness rapidly (Figure 2A). SOFA score, however,
showed no immediate significant improvement (Figure 2B).
A possible reason is that PMX-DHP tends to deplete platelets
and increase SOFA score for several days.

4.2 | Clinical effect on S pneumoniae
Streptococcus pneumoniae is the most common causative
agent of bacterial meningitis.sb’”’18 Previous studies have re-
ported mortality rates of patients with pneumococcal menin-
gitis as 14% (n = 58),% 20% (n = 310),"® and 24% (n = 87)."
In our study, four patients had pneumococcal meningitis and
all four survived, which is considerably better than in previ-
ous reports. Also, de Gans et al* showed that 15 of 58 (26%)
patients with pneumococcal meningitis treated with conven-
tional therapy had GOS scores of 1-4 at 8 weeks after admis-
sion. In our study, 3 of 4 patients had a GOS score of 5, with
the remaining one patient having a GOS score of 4 at dis-
charge. Our results can be regarded as favorable with respect
to those obtained by de Gans et al.

4.3 | Mechanism of effect of PMX-DHP in
bacterial meningitis

The mechanism remains uncertain at this time. In the patho-
physiology of bacterial meningitis, bacterial components
such as lipopolysaccharide (LPS, endotoxin), lipoteichoic
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_ = N PN _ PN _ acid (LTA), and peptidoglycan induce tumor necrosis factor
c = 2228 ) (TNF)-a and interleukin (IL)-1, leading to leukocyte activa-
[ © © = & ®© IS . . . L.
a - - & a — a ~ tion, vascular endothelial damage, and coagulation activation
through the cytokine and arachidonic acid cascades.” When
= this inflammation spreads to the brain parenchyma and cere-
E bral blood vessels, it causes cerebral edema, increased intrac-
§ ranial pressure, cerebrovascular disability, cerebral vasculitis,
9 .
g a Ea) Q¥ a3 9 5 and neuronal damage, which leads to poor outcomes such as
neurological sequelae and death.” PMX-DHP may suppress
g q Y supp
= inflammation by absorbing activated leukocyteszo and LTA?!
£ and reducing pro-inflammatory cytokines.”*** Eight of our
) 10 patients were identified to have Gram-positive bacteria,
E 2 & 8 n g 8 3 S which do not have lipopolysaccharide. However, PMX fibers
were reported to adsorb LTA,21 and PMX-DHP is effective
= for septic shock due to Gram-positive bacteria.'"1?
E E The theory of cytokinesis proposes that removal of cy-
= 2 © -N.-M . - tokines and endotoxins by blood purification therapy results
g oS a =n — '} .. . .
o2 = v in improvement of cell function. This may cause polymor-
honuclear leukocyte relocation and monocyte migration to
N N N N B8 p y y g
= c¥feccTcecgeTd the infection site.”* Cases 1 and 7, for example, where repeat
CSF analysis was performed relatively early after PMX-DHP,
initially showed an increase in cell count. Relocation of leu-
23 kocytes may occur immediately after PMX-DHP.
Sz
)
TE 2 I3HFR8¢eegeser"
4.4 | Starting PMX-DHP early was
= - associated with favorable outcomes
s | E
= = = . .
g 2 o™ - - N = 8 Five of our 10 patients had unfavorable outcomes (GOS
5 <o) ° o ® ¥ ¢ F = 0 2 © o E . .
= E £ = At i © B = : score < 4) even though PMX-DHP was used in addition to
N E steroid and antibiotic therapy. There are two possible reasons
= & ' . . . .
‘é“; E g3 ®n g n R oA g o é for this. The first is a delay in starting PMX-DHP, because
= g % = ~ @ - - 98 =2 2 cytokines are released within several hours of the onset of
= o) . S . . . . .
B <10 - E bacterial meningitis and increase rapidly in CSF in animal
% faoococaoococo o '§ models® and humans.?® Also, early treatment with dexa-
g g3 U N M N N e methasone was associated with reduced risk of unfavora-
S —~ = —~ —~ —~ - — [a A . . .
E = . - ble outcomes.* As with corticosteroid therapy, PMX-DHP
= 9 3 é é should be performed as early as possible. We attempted to
E. § 3 % E start PMX-DHP within 48 hours of the onset of meningi-
§ SE g 8F "7 2 tis, and 5 of the 6 patients for whom this was started within
% g :» 48 hours had favorable outcomes, with a GOS score of 5.
2 S = . .
= = g A However, none of the four patients in the delayed group had
E E g § favorable outcomes (Table 3). Thus, starting PMX-DHP
= £ A . .
:‘§> E 'g e @ g e o n e = o ] early may be associated with favorable outcome. Indeed, the
S AalgE v~ © ® ©w B ~ S a = timing of PMX-DHP initiation is reported to be an impor-
<k l = = . . . . .
2 E s £ tant factor for survival in patients with sep51s.27’28 We rec-
A=) - o @
2 &| 5= § = ommend that PMX-DHP be performed as soon as possible
S 21835 223058 ey 27 . :
£ S|l 825 F 2828 28 for bacterial meningitis with impaired consciousness (GCS
O 155) [5) 8 — — — ~ <t E LL:
rlo S — 27 score < 12).
ae -E 4 There are several reasons why PMX-DHP was not per-
ﬁ E - formed within 48 hours in these four patients. Case 1 was
A g . ..
= § E S 5 the first case, and the decision to perform PMX-DHP took
< OFf — a oo & »nn © ~ 0 oo = 3 5 .
= Z < some time. Case 7 was referred to our department only after
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(A) (B)

(©) (D)

FIGURE 3 Brain MRI diffusion-
weighted image (A) and FLAIR image (B)
in case 10 presenting with subarachnoid
abscess (arrowheads) and ventriculitis
(arrows) on hospital day 12. Brain MRI
diffusion-weighted image (C) and FLAIR
image (D) in case 9 presenting with
subarachnoid abscess (arrowheads) and
ventriculitis (arrows) on hospital day 29

GOS score at discharge
Time to PMX-DHP 5 1-4
<48 h 5 cases (83.3%) 1 case (16.7%)
>48 h 0 cases (0%) 4 cases (100%)

Note: Fisher's exact test, P = .0476.

TABLE 4 Time from onset to PMX-
DHP and GOS score at discharge

Total cases

6 cases

4 cases

Abbreviations: GOS, Glasgow Outcome Scale; PMX-DHP, direct hemoperfusion with polymyxin

B-immobilized fiber.

lengthy treatment (6 days) in other departments. Case 8 was
referred to our department from another hospital after 2 days.
Case 10 had alcoholic cirrhosis and hyperammonemia, and
bacterial meningitis was diagnosed only after treatment of
hepatic encephalopathy.

The second possible reason for unfavorable outcomes
is ventriculitis. Ventriculitis is associated with refractory
meningitis, with a mortality rate of 40%-80%.? There were
five patients with ventriculitis in our study (cases 3, 4, 6,
9, and 10). The three patients with non-K pneumoniae in-
fection (cases 3, 4, and 6) were discharged with favorable
outcomes, whereas both patients with K pneumoniae infec-
tion (cases 9 and 10) had unfavorable outcomes possibly

due to infection with hypervirulent (hypermucoviscous)
Kpneumoniae.30

A standard PMX-DHP procedure comprises two sessions
of 2 hours each. Prolonging the duration and/or performing

. . 31
more than two sessions may improve the outcome.

4.5 | Limitations

There are several limitations of this study. First, the number
of patients was small, which limits the generalization of the
results. Second, there was no control group; this made it diffi-
cult to statically evaluate the true effects of the improvement
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in impaired consciousness. Third, we did not measure en-
dotoxin levels and thus could not clarify the mechanism in-
volved in the improvement of impaired consciousness. We
intend to address these limitations in future research.

5 | CONCLUSION
To our knowledge, this is the first study to report the suc-
cessful use of PMX-DHP alongside conventional steroid
and antibiotic therapy for bacterial meningitis. Bacterial
meningitis is a neurological emergency. Our results suggest
a possible role for PMX-DHP in combination with stand-
ard therapy in the rapid improvement of consciousness in
patients with severe bacterial meningitis. Accordingly,
we suggest that PMX-DHP be started at the earliest pos-
sible opportunity in combination with conventional steroid
plus antibiotic therapy for the treatment of severe bacterial
meningitis presenting with sepsis regardless of shock and
with impaired consciousness (GCS score < 12). Further
large-scale studies are required to confirm the clinical
effectiveness.

ACKNOWLEDGMENTS
This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

CONFLICT OF INTEREST
None declared.

AUTHOR CONTRIBUTION

YS: involved in research concept and design, data analysis
and interpretation, and writing the article. YS, SK, MY, KS,
and NM: involved in collection and/or assembly data. Y'S and
MS: involved in critical revision of the article. YS, SK, MY,
MS, KS, and NM: involved in final approval of article.

DATA AVAILABILITY STATEMENT

The datasets obtained and/or analyzed during the current
study are available from the corresponding author upon rea-
sonable request.

ORCID

Yoko Suzuki “= https://orcid.org/0000-0002-0498-9704
Shingo Kawakami “= https://orcid.
org/0000-0003-1184-122X

Minako Yamada = https://orcid.org/0000-0002-4970-0994
Nobuya Maeda = https://orcid.org/0000-0002-8300-4044

REFERENCES
1. van de Beek D, Farrar JJ, de Gans J, et al. Adjunctive dexametha-
sone in bacterial meningitis: a meta-analysis of individual patient
data. Lancet Neurol. 2010;9(3):254-263.

10.

11.

12.

13.

14.

16.

17.

18.

McGill F, Heyderman RS, Panagiotou S, Tunkel AR,
Solomon T. Acute bacterial meningitis in adults. Lancet.
2016;388(10063):3036-3047.

. Fuentes-Antras J, Ramirez-Torres M, Osorio-Martinez E, et

al. Acute community-acquired bacterial meningitis: update on
clinical presentation and prognostic factors. New Microbiol.
2019;41(4):81-87.

de Gans J, van de Beek D, European Dexamethasone in Adulthood
Bacterial Meningitis Study Investigators. Dexamethasone in adults
with bacterial meningitis. N Engl J Med. 2002;347(20):1549-1556.

. van de Beek D, Cabellos C, Dzupova O, et al. ESCMID guide-

line: diagnosis and treatment of acute bacterial meningitis. Clin
Microbiol Infect. 2016;22(Suppl 3):S37-S62.

Societas Neurologica Japonica, Japanese Society of Neurological
Therapeutics and Japanese Society for Neuroinfectious Disease.
Practical Guidelines for Bacterial Meningitis. Tokyo, Japan:
Nankodo Co., Ltd. 2014 (in Japanese).

Curz DN, Antonelli M, Fumagalli R, et al. Early use of polymyxin
B hemoperfusion in abdominal septic shock: the EUPHAS ran-
domized controlled trial. JAMA. 2009;301:2445-2452.

Dellinger RP, Bagshaw SM, Antonelli M, et al. Effect of targeted
polymyxin B hemoperfusion on 28-day mortality in patients with
septic shock and elevated endotoxin level: the EUPHRATES
Randomized Clinical Trial. JAMA. 2018;320(14):1455-1463.
Klein DJ, Foster D, Walker PM, Bagshaw SM, Mekonnen H,
Antonelli M. Polymyxin B hemoperfusion in endotoxemic
septic shock patients without extreme endotoxemia: a post
hoc analysis of the EUPHRATES trial. Intensive Care Med.
2018;44(12):2205-2212.

Shoji H, Tani T, Hanasawa K, Kodama M. Extracorporeal endo-
toxin removal by polymyxin B immobilized fiber cartridge: de-
signing and antiendotoxin efficacy in the clinical application. Ther
Apher. 1998;2(1):3-12.

Nakamura T, Ushiyama C, Suzuki Y, et al. Hemoperfusion with
polymyxin B-immobilized fiber in septic patients with methicil-
lin-resistant Staphylococcus aureus-associated glomerulonephritis.
Nephron Clin Pract. 2003;94(2):c33-c39.

Nanishi E, Hirata Y, Lee S, et al. Polymyxin-B immobilized col-
umn-direct hemoperfusion for adolescent toxic shock syndrome.
Pediatr Int. 2016;58(10):1051-1054.

Suzuki Y, Kawakami S, Yamada M, Nakase H. Streptococcus
pneumoniae meningitis treated successfully with polymyxin
B-immobilized fiber therapy: a case report. Clin Neurol.
2013;53(10):827-830 (in Japanese).

American College of Chest Physicians/Society of Critical Care
Medicine Consensus Conference. Definitions of sepsis and organ
failure and guidelines for the use of innovative therapies in sepsis.
Crit Care Med. 1992;20(6):864-874.

. Jennet E, Bond M. Assessment of outcome after severe brain dam-

age. Lancet. 1975;1(7905):480-484.

Kanda Y. Investigation of the freely available easy-to-use soft-
ware 'EZR' for medical statistics. Bone Marrow Transplant.
2013;48(3):452-458.

van de Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma JB,
Vermeulen M. Clinical features and prognostic factors in adults
with bacterial meningitis. N Engl J Med. 2004;351(18):1849-1859.
Brouwer MC, Heckenberg SGB, de Gans J, Spanjaard L, Reitsma
JB, van de Beek D. Nationwide implementation of adjunctive
dexamethasone therapy for pneumococcal meningitis. Neurology.
2010;75(17):1533-1539.


https://orcid.org/0000-0002-0498-9704
https://orcid.org/0000-0002-0498-9704
https://orcid.org/0000-0003-1184-122X
https://orcid.org/0000-0003-1184-122X
https://orcid.org/0000-0003-1184-122X
https://orcid.org/0000-0002-4970-0994
https://orcid.org/0000-0002-4970-0994
https://orcid.org/0000-0002-8300-4044
https://orcid.org/0000-0002-8300-4044

832 WI LEy_CIinicaI Case Reports

19.

20.

21.

22.

23.

24.

25.

26.

SUZUKI ET AL.

Open Access,

Kastenbauer S, Pfister HW. Pneumococcal meningitis in adults:
spectrum of complications and prognostic factors in a series of 87
cases. Brain. 2003;126(5):1015-1025.

Abe S, Seo Y, Hayashi H, et al. Neutrophil adsorption by poly-
myxin B-immobilized fiber column for acute exacerbation in
patients with interstitial pneumonia: a pilot study. Blood Purif.
2010;29(4):321-326.

Jaber BL, Barrett TW, Cendoroglo Neto M, Sundaram S, King
AJ, Pereira BJ. Removal of cytokine inducing substances by poly-
myxin-B immobilized polystyrene-derivative fibers during in vitro
hemopertfusion of 10% human plasma containing Staphylococcus
aureus challenge. ASAIO J. 1998;44(1):48-53.

Shimizu T, Hanasawa K, Sato K, et al. The clinical significance
of serum procalcitonin levels following direct hemoperfusion with
polymyxin B-immobilized fiber column in septic patients with col-
orectal perforation. Eur Surg Res. 2009;42(2):109-117.

Kushi H, Miki T, Nakahara J, et al. Hemoperfusion with an immo-
bilized polymyxin B fiber column reduces circulating interleukin-8
concentrations. Ther Apher Dial. 2006;10(5):425-429.

Rimmele T, Kellum JA. Clinical review: blood purification for sep-
sis. Crit Care. 2011;15:205.

Barichello T, dos Santos I, Savi GD, et al. Tumor necrosis factor
alpha (TNF-alpha) levels in the brain and cerebrospinal fluid after
meningitis induced by Streptococcus pneumoniae. Neurosci Lett.
2009;467(3):217-219.

Coutinho LG, Grandgirard D, Leib SL, Agnez-Lima LF.
Cerebrospinal-fluid cytokine and chemokine profile in patients
with pneumococcal and meningococcal meningitis. BMC Infect
Dis. 2013;13:326.

217.

28.

29.

30.

31.

Tanaka T, Tabata T, Fujino K, Tsujita Y, Eguchi Y. Impact of tim-
ing of polymyxin B-immobilized fiber column direct hemoper-
fusion on outcome in patients with septic shock: a single-center
observational study. Acute Med Surg. 2019;7(1):e446.

Chihara S, Masuda Y, Tatsumi H, et al. Early induction of di-
rect hemoperfusion with a polymyxin-B immobilized column
is associated with amelioration of hemodynamic derangement
and mortality in patients with septic shock. J Artif Organs.
2017;20(1):71-75.

Hazany S, Go JL, Law M. Magnetic resonance imaging of in-
fectious meningitis and ventriculitis in adults. Top Magn Reson
Imaging. 2014;23(5):315-325.

Shon AS, Bajwa RP, Russo TA. Hypervirulent (hypermucoviscous)
Klebsiella pneumoniae: a new and dangerous breed. Virulence.
2013;4(2):107-118.

Yamashita C, Hara Y, Kuriyama N, Nakamura T, Nishida O.
Clinical effects of a longer duration of polymyxin B-immobilized
fiber column direct hemoperfusion therapy for severe sepsis and
septic shock. Ther Apher Dial. 2015;19(4):316-323.

How to cite this article: Suzuki Y, Kawakami S,
Yamada M, Sohmiya M, Shibuya K, Maeda N.
Clinical effects of polymyxin B-immobilized fiber
column direct hemoperfusion for severe bacterial
meningitis: A series of 10 cases. Clin Case Rep.
2020;8:823-832. https://doi.org/10.1002/ccr3.2756



https://doi.org/10.1002/ccr3.2756

