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LS

fR1% (Table 1)

e & 72 SR ERH 1E 4T, PSSP (penicillin-susceptible
S. pneumoniae) b L < 1 PISP (penicillin-intermediate S. preumoniae)
THY, MEHEEEBCHEZ -7z EEEE7 )7
FUy, LR ATRALERMH L, & CEZEIZR
T, REZMHE L, BT LER 1 % B & 26 TRl
AatEL 7.

TFHRAEELS 61 (50%) T, FAEAHE Med 70 (57~79)
B, FEEER AL 1 BITCHERIR O REN D o 72 2 & DA
HIE I o7z, FHREIEEIS B (50%) T, SMEERIT
Med 74 (43~79) &, FEREREUTHERIGAS 1B, v > /73ELC
xh U A s 16, CEMES S Y TV T ) v &
WIR L T 7zEBI2S 2 lds - 7.

APt 1 HH® Glasgow Coma Scale (GCS) &, FHARREE
TlE Med 10 (6~14), PHEIHETIE Med9 (8~14) TH
D, Exkror (P=083). AR 1EMEZO GCS I, Pk
REHIE Med8(4~14), —F, FHREFHFIZEHTI THY,
TERARRCIIEMRFEE S RISELE L Tz (P =0.005).

FRE STHEZ XG5 T TOMMIE, FHARMET
Med2 (1~9) H, TERI#HTMed3 (2~8) H7Zo7:. Hl
B AT O A FIEER G LERNE, PERANBRETIZS 6,
TFHEIFH I 207, RIEREAT oA FEEBEH L
TeTFHAREES GO 6, UM SR L7225 3 4,
KA <, kMO 4 % THE L CHURSER G- PR L
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ToREBIAS 2 BI72 o 72, BIEREAT O A FEOGFHILTHED
BWHTEWEAID S - 7225, PURSERG-ANI R L 7 E 5
IZBRAUST R TR 2 o7z (P=05). B DIC 227
WA T, IMEEL DA, D-dimer O EEA 5 disseminated
intravascular coagulation (DIC) % AH%E L C, PukelESE % ffH
L7EBIDS PRARBETABIH ), ABEtMed2 (1~3) HH
OG- STz, [ARRIC DIC 2% L CFRRIFETY
46T, Med2 (1~2) HH2BHG SN T/, ABREON
BEESE OB EMTEH CEIE a0 (P =0.78).

JNE B & OB R O FRE O 1T

FAEDIREENZ OV T, BRI G-l L 72, ABEEEOjf
WMk (P =075 LR (P =075), &EiED
HEAIRREL (P =0.75) L LIRS (P =0.75), ABEFD
BElEH (P=0.92) &8 (P=060) 3ETFHEARIHELR
TFHEOMTEIZ o7z, 512, B E LA ERE
DR 7ML 72 (Fig. 1). BEMREI M TE %205 720E
Bl1 ANz 9BII BT, TRARR, BRIEFFHE DI, BT
BEEIIE R 2 BB LT, IS ER S, 5 &l
WZhofz, DX D, DR FHEDRBRYI DWW TIEMEER-
X h o7

ML EEE R DFAZE D F-E 12DV Tl (Table 2), I/MRE
&, ABEEEOfHE, H/ME, fMiEs Ak 1 HEOMEO A
fli L7225, @ CHBEERICEERro72. 2 DIC A a7
EA L 728, 4 UL EOSERNIZT BB S5 BT 36
(60%), FHEITEEAS BIH 361 (60%) T, HEMEO LR
b MHER 27212 72 22 > 72 Fibrinogen, D-dimer & MjfEH 127
7 h o7z —J, TAT SMBER TEIZ R D572, FHEAR
B#Tld Med 16.6 (15.3~21.8) pgl, FHEIFH TlT Med

Table 1 Clinical features and treatment for pneumococcal meningitis.

Underlying Adjunctive Intravenous . GCS GCS GOS
No  Age, gender disease steroid anti-coagulant Warfarin (Day 1) (Day 7) (3 month)
treatment (Starting Day) y ¥

1 73, M Diabetes (+) =) =) 10 4 1
2 69, M =) (+) Day 2 =) 14 11 2
3 70, M ()] (+) Day 1 -) 10 4 2

4 79, M =) (+) Day 3 =) 6 8 4
5 57, F ()] (+) Day 2 -) 10 14 4

Post-splenectomy

6 79, M (Lymphora) =) Day 2 =) 8 15 5

7 79, M =) =) Day 2 =) 9 15 5

8 66, M Atrial fibrillation =) Day 2 (+) 14 15 5

Diabetes Basal

9 8M skull fracture ) © © 12 15 >
10 74, F Atrial fibrillation +) Day 1 +) 3 15 5

Pituitary adenoma

(+), positive; (-), negative; M, male; E female; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale (1: dead, 2: vegetative state, 3:

severely disabled, 4: moderately disabled, and 5: good recovery).
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Fig. 1 Patient clinical course and cerebrospinal fluid findings after starting intravenous antibiotics.
(Left) Horizontal axis: hospital days after admission; vertical axis: leukocyte count (/pl). (Right) Horizontal axis: hospital
days after admission; vertical axis: polynuclear leukocyte count (/p!). Dotted line with squares: poor prognosis case. Solid

line with circles: good prognosis case.

Table 2 Laboratory data: platelet count and coagulation profile.

Sample size GOS 14 GOS 5
P value
Total (GOS 1-4/GOS 5) Median (min-max) Median (min-max)

Platelet 10 (5/5)
Count at Day 1 (/i) 13.9 (3.3-26.5) 15.3 (9.2-21.1) 0.75
Minimum count (/) 10.4 (2.2-16.7) 9.4 (7.3-19.8) 0.60
Platelet-decline 0.69 (0.63-0.75) 0.79 (0.58-0.95) 0.25
Fibrinogen (mg/dl) 10 (5/5) 532 (435-702) 423 (307-585) 0.35
D-dimer (pg/ml) 10 (5/5) 10.5 (1.2-503.3) 10.4 (2.2-42.8) 0.75
TAT (ng/l) 8(3/5) 16.6 (15.3-21.8) 7.9 (1.4-16.6) 0.07
JAAM DIC score 10 (5/5) 4 (1-8) 4 (1-4) 0.45

platelet-decline = (minimum platelet count)/(day 1 platelet count); TAT, thrombin-antithrombin complex; JAAM DIC score: Japanese
Association for Acute Medicine Disseminated Intravascular Coagulopathy score. Normal ranges: Platelets, 1.45 % 10'-35 x 10"/u/;
Fibrinogen 160-360 mg/d/; D-dimer, less than 1.0 pg/m/; TAT, less than 3.0 pg/l; JAAM DIC, less than 4. GOS, Glasgow Outcome
Scale (1: dead, 2: vegetative state, 3: severely disabled, 4: moderately disabled, and 5: good recovery).

7.9 (14~16.6) ngl 72-o7:. SHICFHABECIZHEIEL
3BIETIZBWT TAT 715 pgl Lh E72 57248, FHABIFHET
12 5 Bl 4 61T TAT 25 15 pg/l Kiilicdh v (Fig. 2 LX), [F
B L IS M 0 2228 12 BRI A 121 %2 L 72 D-dimer
L0 Y THEABEEL BIFEEOE % S SO 2 1] fElE )
RMES T X, B JEERTE PR RRIE S FEE T 2 & L BB AR Bl | 2k
LCTINT 7)Y EZHRL TV 2 BIEFEPRITFT, &3
\Z PT-INR #%3.25 7257z, TAT (X, Med 4.65 (1.4~7.9) ng/l
Thbh, Tv77) rEARL TR 72#E05 Med 16.0
(4.7~21.8) ug/ll 72572 2 LA TRAE 72 - 72 (Fig. 2 X)) .

MRI it lL o #is
e
10 4B CHE MRI % diffusion-weighted image (DWI),

HR) = AT ED TRE L BETRICOWTL,
DWIIZ#&H L CHeat L7z (Fig. 3). #)IA MRI O #igid AR
Med 2 (1~5) HHIZfTV, ABMBHNOHSEN I Med 2
(1~6) 72572,

IMEE N O DWI S5 51, FHRARIETIE 46 (80%)
TRRD72N, FHRBIFEETIZORTH ), FHRARBE TS 2>
72 (P=0.02). DWI DNFEEWNIHEORHEELHb L, O
DWI &5k & T, HEEFUEA 3% LTH 0, MBI 2 iz
2Lz SN2 (Fig. 3A, LU, DWI- M %E), @mkjE-
CLBETHEDERR R %L KINEZ B IZBRE L 72 DWI 18
Fi (Fig. 3B, LAF, DWI- B EBRIEARZ), GOKMHEIZH
WL, BEHIC)L#H 7 T, LRI % £\, Virchow-Robin spaces
(VRS) DEATIZIH-> T DWI g5 % 29 59%% (Fig. 3C,
LIF, DWIVRS %) o 3HHHICHMISHET 2 2 L8 T &7
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Fig. 2 Relationships between the thrombin-antithrombin complex (TAT), Glasgow Outcome Scale (GOS), and PT-INR.
(Left) Horizontal axis: GOS; vertical axis: TAT (ug/l). (Right) Horizontal axis: PT-INR; vertical axis: TAT (pg/l). Triangular
markers indicate patients taking warfarin.

<A> <B>

Fig. 3 Summary of abnormal MRI findings.

A: Diffusion-weighted image (A-1: axial view: TR, 8,000 ms; TE, 92.5 ms; b-value, 1,000 sec/mm®) and T,-weighted image (A-2: axial view,
1.5 T; TR, 3,000 ms; TE, 65 ms) reveal high signal intensity in the corona radiata. B: Diffusion-weighted image (B-1: axial view: TR, 9,000 ms;
TE, 74.8 ms; b-value, 1,000 sec/mm?) reveals high signal intensity along the cerebral cortex. T,-weighted gadolinium-enhanced image (B-2:
axial view, 1.5 T; TR, 500 ms; TE, 8 ms) reveals enhancement in the pia-subarachnoid space. C: Virchow—Robin space exhibits high signal
intensity on diffusion-weighted image (C-1: axial view: TR, 6,000 ms; TE, 75.2 ms; b-value, 1,000 sec/mm?) and low intensity on the apparent
diffusion coefficient map (C-2). T,-weighted image (C-3: axial view, 1.5 T; TR, 3,000 ms; TE, 64.8 ms) reveals high signal intensity around an
abnormal signal in the Virchow-Robin space. D: Intraventricular debris exhibits high signal intensity on diffusion-weighted image (axial view,
TR, 6,000 ms; TE, 75.2 ms; b-value, 1,000 sec/mm?).
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fEGI 1 (Fig. 4) Tix, AR5 H HOUEES MRI C, DWI-
HRRIEIRZE % 780 T /e, HIMPT R, RIS (Fig. 4A),

55 : 893

M SRS A — 3 L 7o SE AT L Tz, MRS 191
(Fig. 4B~D), WIRIZ—3 L CHFEE O BIHEZEAL 2D 5
N7z, X, BEHEASRO SN &L b2, HhERERD
JAEMILEE L — SRR 2 D ROy, BB & & b I
IR ERDSIRICRE L C0 b o 72 MAERRZIZO W
TIE, /NEAR % AR I BEA 0 S MR R — #0 1  af s
TERULRED 7253, HRSHFISOMZEDS H 37 > T 7 KIMED IR
LM IR R CLLIMAE KA RIE T 2T AEERO o 7z
JEBI 2 (Fig. 5) Tid, FEH MRI (Fig. 5A) @, DWI-VRS J%
w72, VRS (SIS HRRER AR 0 B 1 o SAEMNRIR 1 %
R, IEE & OB RSN 22 5 TV 7z (Fig. 5B, C). VRS
JF ORI I 2 L 2 7B 725 (Fig. 5D), ML
FREZRD S A L) BRIMERIEIBD o7z,

z =

LS L 7 Ml S BRI PRI 25 10 BllL, 4Bk L TR
PIEZ D B D IR E G ST 7z 10 B 5 6]
(50%) 1£3 7 H#d GOS 4 LT TFHRABRTHY, ik
ERE MR DO T HICB VT, #50%I1E GOS 234 LIF VP &
W) fEROHE E A L7, B0 REICEDL L TFHRARD

Fig. 4 Case 1: Pathological findings.
A: Cerebral infarction in the right frontal lobe. Gross. B: Thrombi and accumulation of inflammatory cells in the subarach-
noid space at the center. Inflammatory cells infiltrating the superficial cerebral cortex (hematoxylin-eosin stain [HE],
%X 30, Bar = 500 pm). C: The boundary between the cortex and subarachnoid space is well demarcated on the right side
but poorly demarcated on the left side because of inflammatory cell infiltration (HE, X 75, Bar = 200 um). D: Signs of
ischemic change on the left side. Neutrophils infiltrating the brain parenchyma with micro-hemorrhaging and vasculitis
only in the small vessels on the right side (HE, X 75, Bar = 200 pum).
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Fig. 5 Case 2: MRI and pathological findings.
A: Brain MRI diffusion-weighted image (axial view, 1.5 T; TR, 9,000 ms; TE, 74.8 ms; b-value, 1,000 sec/mm®) reveals
high signal intensity along the Virchow-Robin space. White arrow indicates the biopsy site. B-D: Microscopic images of
the brain. B: Inflammatory cells infiltrating the Virchow-Robin space. No signs of vasculitis (hematoxylin-eosin stain [HE],
%X 30, Bar = 500 pm). C: Extensive inflammatory cell infiltration with necrosis in the cortex around the Virchow-Robin
space (HE, X 75, Bar = 200 pm). D: Signs of ischemic change (HE, % 150, Bar = 100 pm).

L LC, fihofMiafbArZ L {, BEAVEMETDH
BEENTVAEHYY, ZHSIFHROFHARAH L BIFEFO
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B e SR IR & R, INEEE & OB AR I %2 o
TD LA S > 72, Jili JEBRE 14 B 2¢ 0 SEBRB) ) T 1L, VRS
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55 : 895

Laboratory and MRI
findings

Systemic

Intracranial

Pneumococcal meningitis |

S

//’

N

[ DIC

—

[ Cerebral vasculitis ]

e

TF comes in contact with
intracranial blood

Increased thrombin production

High TAT level
(intracranial)

Diffuse cerebral
Kintravascular coagulation

High signal intensity
on DWI

Cerebritis =========}-="- ="
A (cortex/VRS)

l

l
l

High TAT level
(blood)

l

High signal intensity

Ischemic change

Poor prognosis

on DWI

Fig. 6 Abnormal findings related to cerebrovascular complications in patients with pneumococcal meningitis.

Cerebrovascular complications with pneumococcal meningitis may be caused by systemic DIC and cerebral vasculitis, as
well as diffuse cerebral intravascular coagulation. Cerebrovascular complications could contribute to a poor prognosis
and may be caused by cerebritis. [schemic changes and cerebritis may be indicated by high signal intensity on DWI. High
intracranial TAT level may be indicated by a high blood TAT level. DIC, disseminated intravascular coagulation; TF, tissue
factor; TAT, thrombin-antithrombin complex; DWI, diffusion-weighted image: VRS, Virchow-Robin space.

b DWI BSOS NE LV ITELH Y 7 Lo
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SN TEY O MEE RO R ) MR T
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Ischemic changes and blood coagulation abnormalities
as complications of pneumococcal meningitis
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One explanation for cerebral infarctions that occur as a complication of pneumococcal meningitis is blood coagulation
abnormalities. We investigated the clinical features, laboratory test results, magnetic resonance imaging (MRI) findings,
and pathological features of 10 patients with pneumococcal meningitis between 2006 and 2013 to examine the abnormal

findings that may be associated with prognosis. Five patients (50%) that had Glasgow Outcome Scale scores between 1

and 4 were classified as the poor outcome group. In this group, the MRI revealed a high signal intensity on the diffusion-
weighted image (DWI), and there was an abnormal signal along the cerebral cortex and Virchow-Robin spaces, which
were characterized pathologically by ischemic changes. The plasma thrombin-antithrombin complex (TAT) levels showed

greater differences between the poor and good prognosis groups than platlet and D-dimer levels; this suggested that high

plasma TAT levels indicate a poor prognosis.

cerebral infarction

(Rinsho Shinkeigaku (Clin Neurol) 2015;55:889-896)
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