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Fig. 1 Brain computed tomography (CT) images in Case 1 and Case 3.

Case 1: Fig. 1 shows the brain CT images of the patient in Case 1 6 days after ICU admission. Heterogeneous high-density areas are
visible at the subcortex of the right superior frontal gyrus, right superior temporal gyrus, and left middle temporal gyrus (white
arrows). These high-density areas are surrounded by low-density areas, and the boundary between these areas is unclear. Multiple
slight high-density lesions are also visible at the supratentorial subcortex, and the boundary between these areas is unclear. These
findings indicated a diagnosis of cerebral hemorrhagic infarction. Case 3: Brain CT images of the patient in Case 3, 6 days after ICU
admission. Two homogeneous high-density areas with irregular borders are visible at the subcortical right cingulate gyrus and left
middle frontal gyrus (white arrowheads). These high-density areas (white areas) indicated a diagnosis of intracerebral subcortical
hemorrhage.

Table 2 Various coagulation/fibrinolysis markers of severe COVID-19 patients at the time of ICU adomssion

Case Plt. count PT.INR APTT Fbg FDP D-D TAT PIC PAI-1 AT

(x 10%/mm?) (sec.) (pg/mL)  (pg/mL) (ug/mL) (ng/mL) (pg/mL) (ng/mL) (%)

1 18.8 1.01 34.8 572H 24H 8.3H 29.2H 5.2H 154H 108

2 9.0L 0.91 27.4 594H 45H 17.8H 87.6H 5.5H 32 104

3 5.7L 1.08 29.4 345 454H 186.7H 19.0H 27.9H 23 84

4 229 1.15 37.0 505H 11H 5.0H 16.6H 0.7 30 85

5 25.1 1.08 29.7 722H 28H 13.3H 6.1H 2.7TH 49 90

6 19.7 1.19H 39.6H 757TH 35H 13.9H 7.2H 3.9H 60H 69L

Normal Range 15.3-34.8 0.85-1.15  24.0-38.0 200400 <5 <1.0 <3.0 <0.8 <50 80-130

COVID coronavirus disease; ICU intensive care unit; Plt. Platelet; PT-INR prothrombin time-international normalized ratio; APTT activated partial
thromboplastin time; Fbg Fibrinogen; FDP fibrin/fibrinogen degradation product; D-D D-dimer; TAT thrombin-antithrombin complex; PIC plasmin
alfa2-plasmin inhibitor complex; PAI-1 plasminogen activator inhibitor-1; AT antithrombin. H abbreviation of Low which High means above upper
limit; L abbreviation of Low which means below normal lower limit

C, FDP, D-dimer (&6 T LIRMEZE 2 Tw» E5BIC, TAT 3B CTIER FIRE2 82 Twis.
72. PAI-1 1% Case 1 & Case 6 TLH L TW/izahs, £ (2) H#EDICEZWMEEZXO7
NPAMIIEF#HPEN TS - 72. ZOfh, Fbg & PIC ICU ABERE 0 £ 4E DIC i2 Wi 2k #E 2 2 7 % Table 3

RIS PR



402

W29, F % 7% DIC B 2R CTH AR D DIC A 2 7
REM L2 %, JAAMDIC ZWiH#E Y Tl 6 Bl

Table 3 Various DIC diagnostic criteria scores of severe
COVID-19 patients at the time of ICU admission

JAAM ISTH JSTH

Case DIC  overtDIC  DIC
1 1 2 3
2 4% 4 5%
3 6* 4 6*
4 1 2 2
5 4% 3 3
6 4% 1 2
DIC confirmed score =4 =5 =5

Numbers with an asterisk (*) indicate DIC. DIC disseminated
intravascular coagulation; COVID coronavirus disease; ICU
intensive care unit; JAAM Japanese Association for Acute
Medicine; ISTH International Society on Thrombosis and
Hemostasis; JSTH Japanese Society on Thrombosis and
Hemostasis

Platelet counts

11 4 4173 DIC & Wi S 4L, ISTH overt DIC 13 ¥
TIE DIC &S SN 72EBNILME <, JSTH DIC M
HHe Y R YeHE T T 6 Bl 2 BT DIC & B &
N, &BWiEEHET DIC OBIIIX S D E RS,
3) MERERERREL S CICEEDIC BEHE

27 DREBEZEE

(1) MERERERRE

BEEMRERMAEORE 8 HH T TORHMWEILE
Fig. 2-1 (global blood Coagulation/fibrinolysis marker)
B X U'Fig. 2-2 (blood coagulation/fibrinolysis marker)
(R MUVMREL RS 1 6] (case 3) % Bk 10x
10Ymm’ PLECHERS L7z, PT-INR 1k H b 4 2313
(Z0.9~12 DFEPANTHER L, K& CIEHHIPH 2%
Bid b2 Eldmd o7z, APTT IZ#EE Case 3 Z Fi
WTIEH R %A Ll 5 7278, Case 6 LML 45 B4 i
ZATRESIERT 2FIMA 572, Fogld% < HIE
R R THER L, B B EE TR
fili % T 0 %5 39134825 72, FDP & D-dimer & AEHIIZ
o THEDEEIHA DO, BIEMP X
FIEH BB Z B> Tw/z, 72, Casel & 313#E

(x10%/mm3) (sec.)
300 1.4 =60
250 1.2 50
200 1 40
0.8
30
150 0.6
100 0.4 20
50 g 0.2 10
0 0 0
Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8
Fbg D-dimer
(pg/mL) 1098 1349 1212 1077 (pg/mL) 283 (1g/mL)
21000 1119 1315 1552 1479 >140 454260 227 >0 1867_1182
2 " 2 N = 0
800 - e . \ 120 50
t'(\/ et \ 100 40
600 : i < = 80
R bt ar i PP Sem T o 30
400 o= S0 g, e 0 20 20
it TS0, N
200 20 10
0 0 0
Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8
Casel Case2 Case3
——————— Case4 =-=-=--=--- Case5 —:-—:-—" C(aseb

Fig. 2-1 Dynamic profile of global blood coagulation/fibrinolysis markers in patients with severe COVID-19.

Timeline charts illustrate the changes of coagulation/fibrinolysis markers in each 6 patients with severe COVID-19 after ICU

admission. PT-INR prothrombin time-international normalized ratio; APTT activated partial thromboplastin time; Fbg Fibrinogen;

FDP fibrin/fibrinogen degradation product. The gray area in each table represents the normal range.
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rhAT administration; 1,800U/day

Fig. 2-2 Dynamic profile of blood coagulation/fibrinolysis markers in patients with severe COVID-19.

Timeline charts illustrate the changes of coagulation/fibrinolysis markers in each 6 patients with severe COVID-19 after ICU

admission. COVID coronavirus disease; TAT thrombin-antithrombin complex; PIC plasmin alfa2-plasmin inhibitor complex; PAI-1

plasminogen activator inhibitor-1; rhAT recombinant human antithrombin. The gray area in each table represents the normal range. In

Case 6 thAT concentrate was administered for 5 days from Day 2.

BV S 72 AT L7225, B 6eH 2o 2WICH L
A L7z, %72, Case2 X% 8% H A5 FDP 250 1L 5-
L7z, TATIE, Cased 2%, HEOEIHL LD
D, ICU AZK2HIEH FRZ B2 THRE L. &
HH, Wo AT L72b 00, Casel, 3,5 1358
6WHPOEH L7z, F72, PIC b [ERIZ Case 4
&, BEOEIHLDOD, ICU AZERENSIE
WERABZTHER L. &ldh, wolARKT
L72b®D®D, Casel & 313 7THRHALLHEA L.
PAI-1 13 2 IR EFR O 50 ng/mL %8 2 T 1L 5A
FTAHRER S WS N2D%, 100 ng/mL PLEIC ER L7
JEBNE 2B (Case 1,6) THh o7z #dHIZ AT G
flEAS50% AT & 72 o 729EBI X 2 B (Case 2, 6) T,
95 16l (Case 6) 1E55 290 H 2 H@IE AL ©
I AT (recombinant human AT: thAT) %%l 1,800 U/day
Z 5 HE#i7E L 7.

(2) EEDICZWHMEXEZOT

KA DIC ZWiRIEZ 27 OHE8HH T TORHM
At % Fig. 3 \I/RT. ICU AZERED JAAM DIC 2l

RIS PR

FEHETDIC EZW L7203 46 (Case2,3,5,6) T,
CNOHEFNCEA T Z A e M ufEsgE e v E
Y2 1) ¥ (recombinant human soluble thrombomodulin:
rhsTM, Recomodulin®) (380 U/kg/day) % %% 1% H 7>
P55 L7z (Fig.3). 4614 34] (Case2,5,6) 23
L# TR CDIC 22 HEEBL L7z, Case 11355 696 H
A7 5k%), DICEBK LA, MHIZZH
P P IAE 28 2 & B L 72728, rthsTM 13565 L
o iz. F72, Case 6 D 29w H D AT G HEAE A
DR% EBo7720, MHKXD 5 HRM rhAT 85
1,800 U/day % #fi7e L 7z.

ISTH overt DIC & Wi 25 #E T3 ## % @ U CTHE—
Case 372 8 W HIZ DIC £ B EN7zDATH - 7.
JSTH DIC Wi 254 Tl ICU AZE K IZ DIC & 2l
EN7z26] (Case2,3) (&—H DIC % 5 BB L 72,
Z D% Case 3DHIRL, B8 HDKER TIX 26
(Case 1,3) 2°DIC TH o 7-.



404

JAAM DIC

ISTH overt DIC

JSTH DIC

(infectious type)

A‘\\ ’_’—/_

e

~

ORrNWhUON®
7| 4
/
/
/
/
\
\
\
\
:\'._.\\
p \
! N
OFRNWRUIO N

S -~ T~

<

ORNWARUON®

TN ~

Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8

Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8

Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8

Case 2 ] rhsTM administration; 380U/kg/day Case 2 ] rhsTM administration; 380U/kg/day Case 2 ] rhsTM administration; 380U/kg/day
Case3 Lg > Case3 Lg > Case3 Lg. >
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Fig.3 Dynamic profile of various DIC diagnostic criteria scores in patients with severe COVID-19 patients.

Timeline charts illustrate the changes of various DIC diagnostic criteria scores in each 6 patients with severe COVID-19 patients after

ICU admission. DIC disseminated intravascular coagulation; COVID coronavirus; JAAM Japanese Association for Acute Medicine;

ISTH International Society on Thrombosis and Hemostasis; JSTH Japanese Society on Thrombosis and Hemostasis; thsTM

recombinant human soluble thrombomodulin; thAT recombinant human antithrombin. The horizontal black line indicates the score for

diagnosing DIC according to each DIC diagnostic criteria. The JSTH DIC score of Case 6 is a reference value since rhATIII was

replenished for 5 days from Day 2.
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ECMO OHEEEFNAEH L72ER b H Y, R fipa
WOMEEIZFED 2 S DD, PTIINR, APTT & b 4%
L7z P BACIE R AR & L C A3 2 3H3 A5
72 =7, ICU AZEKED PAI-1 (& 2 B 2 By W CIEH
HHANICH Y, TOHROBEBRTH 1HIZRVTEL
W EFIERED o7z, S 5T, TAT & PIC & B ICU
AZRCTIEH ERZBZTEA LTV 20,
—HKTLZ2bDDTAT 2% 6 W HIZ, T 72 PIC A%
5579 H 25 FHIZHE LA L7IERIAY 2 JER] (Case
1,3) f#4E L 7. FDP & D-dimer d M#EIZ, ICU A%
RRICBEFIC LA LTBY, —HARTF L7222 79 H
2 Case 1,3 TH EAZREOZ. B, ICU AZEKEZ
FDP & D-dimer B’EfHCTH > 722 L0, HHIIHE
LA HiE R 3 ¥ B R ML A 2 B W V3 Bl R i Al < B K
JEAK % Z80F, WEEERE CT, BEER CT 7 & DN F B
MR a—2%0E L7225, HOPRIMmEIERD 5k
o7z,

Vo E S covID-19 BFIEEEL LT ICU
ICAZE L7 p U Bem & IICm b tE L T8
D10 BRERRIAERE O Y — 2 d [HEEIHIE] o
BHZEL TP oz, ZOHEO—DL LT,
SARS-CoV-2 [ZIME PN IZEHZEA L TEG L, I
BHREZFRTHZ ED%invitro B L W in vivo DIES
THSPIZENRTEY, ZOMENENDOEEIRE
A%, COVID-19 3 THI%E S 5 Fi il 5 E R/ i
BRIEROEKRTH 5D H 5 V. 20k &k
R BLE OFIETERE 1T TR 4 Al E RS 24 b
HA YA b — 2T KB EHE 70 M5 PR RS L &
% L 7= BUMEYE DIC OFIETRRE L B> TBY, 2
DIENDS COVID-19 BH OB ERE R T DS [HEH
HAE | 2B o TRENH L. M2 T,
COVID-19 BH M HEJE{L L, Acute respiratory distress
syndrome ™~ & HEJE LT ICU NAE T AR FAE D
59~10 HEi#T "2, Jo0E 403 BeE ok E % 2
T 5, EIELASER L, ICUEBSLEE 25 X

FRIESN PR

9 RN T BEFERR SRR N Y — DSBS
RBTCENEBAT LWL H 5 L E5T5. &
D728, COVID-19 HH DO EIE{L DRI FDP & D-
dimer ® L AREL L THRZ BT LMK D EED
N5 PEofREY, FHE COVID-19 BEIIH

L CIEB BT IO, METiEICH 3 2 &40k
ERBICOFEBVPLE L RS, 2F ), COVID-19
BEE, BEFIRINEREDOR Y X7 BEHETH D,
PR 2 FERT 5 LY, 20—l
BOHEICD TR ET 2LEND D L EZ D, FE,
A IREER U 72 6 REBIH 2 BN I I AE 28 (Case 1)
T O R Pt (Case 3) #ABFL, Mket:a bt
HED AR 63 LA BFE 2 RRBR L 7=, 6 Bl 2 B
WCAPE L 2 E B T I E A PHEAS S %
WHeEDH 5 L Bbhs. 2o H & LT, SARSCoV
AHRARSRICHEBEA T 2 FAREICHE SN T
w5 ¥ SARSCoV-2 I SARSCoV & Iz ~R—% 2
OF A VRBIZHEHENE 2 Eh D, PR
WCHBRAT 2R HE SN D, BARIIME
RMENEOMBMIEAL, ChbxkEETLH
(2 & o TIMAFIGRHZE B2 U, o i Ro A 98 0 F8 9
VA7 #HRKEELDOTE RN EER S,

HHE COVID-19 B # (& ECMO X IfiL g L ff i %
MifT 3 5 A% <, PustE Al & LC UFH %45
T 5O ITH 505, FREFIHNEEE O R IAE
PEE R ICHRTHEL R VWHEPIHESNL 20D,
UFH O 582 @ L bEL, =%~
FELTOAPTT IZ#E 60~80 D& Z 5,
COVID-19 BHIZB L CTix 40~60 B (IEH LR
DRET) ICHOLREEEZL ST L
I UFH OG5 B4 R ET 572D X TRERRD
TEG® (thromboelastography) % ROTEM® (rotational
thromboelastometry) 72 & TEG Z i L, L&
R B RE & RN I 2 D BYHELZZFM L C, UFH 4% 5
B ZIOICHETARETHD. HHWVIE, Pt
#l X UCEPis e AYERE L ™Y, i £ ffE A
VHRONM OIS —F T s L Bbhs. 20
P & LC, SARS-CoV-2 DJEZD YN TdH %
A OVAAMEE L YT M ORI & Ol G %
FHIES 22 2T, &4V ADR KB Z R
I AR ASHIfF CX A L LTHIEHENT



406

B, T LM 5H 5 EEbRL. &
B, N\M 2T ICIEREIEHE LToO®ED Y
7 AEICTHEE T 2 LETH 5.

b ) — O S N XL, ICU AZEK O AT I EAE
2160 (Case6) ZFrE, 80% L EDHD, Rl d
552 9% H 12 50% % T 0l - 72 Case 6 C rhAT # 5
1,800 U/day #fi7e % 5 H 50 L7228, £SO %E
BICIZAEMETIZ50% % TS &7 <, AT #ANIX
RETE Lo 7z, B, WUMLEEPE%GE B 525 O BRI AT
PRI OISR T X B E oIk, @I
BT BEEDKT, LT RF —XIZX 550,
OMAEEMMEICHEC X 2 MEN~ORH, % &8
HLTKT LY, Mt DIC B# o AT WA AS
BEHEFEIEE LRBICEHS LT 26N T
W2 L, AEEER L 72 6 5E B O AR
APACHEII 2 I 7 % SOFA 2 2 7 7 b & L7z Fill
JELCHIL 50% L ETH o 7228, ICU AZEKFD AT i
PEMELE S BIAS80% UL ECIEHHPHNTH 72, 2D
Z &6, HHAE COVID-19 B OB HE TUAEIRRE 138
WOMMIEBEOREL R, ATHEMIZIET L
BVDOT, TOMPUTEEILETH L. TD720,
AT IETEAEIC X 2 B FE RT3 8 1 2 R&E TH
%. HHE COVID-19 BEH O AT GV AMET L 2w
HBHVIIKT LT HIRAINT CTh 5 BLHII AT
%L, SHOBEHETH 5.

M0 R, AIalkEER L 72 A COVID-19 BEH D
BEFERARE 08y — VIR 2 [RRA T R
TlE%L, b [BETGER] OMEEL T
BY, BHEOBRYIENY — 2 EIZHL NIRRT
W7z, 20728, DICIHEI AT B0 M2 ik
ORMATFES. A D DIC DIHREICH AT 5 0EH0
ZFRGET L7z, €O, TR TR ] %A S
HOREWERBETD 220G AR X3 %
rhsTM O 7&3%) 4 2 % thsTM R 12 & 2 DIC 205
OBEBLAEIF LR % ST 2 SO 2 S
N2 &h6, A ldthsTM B 512 & % DIC iR
WEO VT2 W L7z, G & L C rhsTM Hilifx
B2 @R L2388 M & LC, HEE COVID-19 HE D AT
W PEAEASRE A 70% DL EMERE S hiTw 2555
AT BHNORFNILEE L\ W L7253, rhsTM 1358
Bz b0 v ¥ Y OFFET TORPUEERFEVEH % 56H#E 5

%7280, WMEAFHES DR WES ho .
TM AR & - THMEIL Z 15 thrombin activatable
fibrinolysis inhibitor (TAFI) 1%, #iiA B o HIREIK
DI E G55 5D H 55, 72 COVID-19
V203 2 B R B 12 thsTM D TR AR X
NTHY 2, ISTH A4 L 7= “ISTH interim guidance
on recognition and management of coagulopathy in
COVID-19” ¥ T iA##E & LT rhsTM 2SRk X
TWRHLREEZEZERLTHRE L. AT, EhE
COVID-19 DIERE & LT, &H A Mh A VIE (%
£ M4 AN —2)"P R PR 2 )%k

HENTWDH, ZhF TORE T rhsTM IZPLRIE
PRI R0 M PR PR 2 % Jdi 2 vl
LTWwWbIenb, rshTM 25— L Lz #K
5. 75 1:13 JAAM DIC Wi Akt 2 0 7 % 3 H 5#fi L 7
A5 380 Ukg/H%E 6~7 HM¥x5 L7z, &5 L7-4
B 3 1A% thsTM #& TR 23 C DIC 2 H#EBL L 72, 4
B OFER2 S, thsTM 1& COVID-19 Hi 3K 0 % [ #t i5
B ORIEIZAER TS Y DIC B L LT X
AHEHNTH L E- DN, B, thsTMETHDE
6HHDPHLREDRITH B D DD TAT DF LA %572
», % 7% H25 FDP, D-dimer, PIC D 5% 72
D7z, ¥FIZ Case 31356 6 9% H MBI %2 & BF L7z,
Case 3 IZOWVWTRATREME LT, JAAMDIC A
I7HDay4 T4 FETITL72A, TOHHFLEAL
Day7, 8 C7 Tho7z. LHL, thsTMIEGIE1 7 —
VOHAKTHZ 6 HEITHT L, BEG2FEM L%
Motz GROREERE 2, H5RTRICIER
T b CRFEMERITEDO R Z D 72 4%, DIC
AT AP LS L7 A T F R G & R (2 S
L, MetEmZ e miming s i x& &b
nrz-.

WZERRAL & LT, AMGEHI M OH% A& TO
Bt Th b, BEHEFED 6 flL LR VHFEIRT S
N5, 5#IEZIiH% TOEE COVID-19 BH BT
% GEERE R OBz Eii L, €Oz
Wt $ 2 UENHLLEZD.

FHZ ORI (COl) DBAR -
FERER R - BERe e & ek 7 7 —~
(BR)), Wrge# (athige, LFENFZE, F4F45%) on

H A AR 1 127 22
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L7 7 —~ (Bk)), BRIRWFZE GRER) (/NEF3E 5, T3
(BR), AUA3L3E (bR), P38 13E (Bk), MSD (%) )
ZOMDFEZ ORI (COI) DR :

A CIERMEIZB L TRIR TR & 35 & o F|
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Characteristics of coagulation/fibrinolysis abnormalities in severe novel
coronavirus disease 2019 (COVID-19) patients —Case series—

Hiroyasu ISHIKURA ™, Junichi MARUYAMA, Yuhei IRIE, Yoshito IzuTANI, Maiko NArTo,

Megumi Koig, Kota HosHINO, and Yoshihiko NAKAMURA

Department of Emergency and Critical Care Medicine, Faculty of Medicine, Fukuoka University

We report the characteristics of coagulation/fibrinolysis abnormalities in 6 severe coronavirus disease 2019
(COVID-19) patients. One of 6 patients had a platelet count of < 10 x 10*/mm?® during the 8-day observation
period from ICU admission. Both prothrombin-international normalized ratio and activated partial

thromboplastin time remained almost within the normal ranges throughout the 8 days. In contrast, fibrin

degradation products and D-dimer levels remained above the upper limits of the normal ranges throughout the 8

days, and levels in 2/6 cases increased markedly from day 7. Therefore, we strongly suspected as if an

“enhanced-fibrinolytic type” but not a “suppressed-fibrinolytic type” coagulation/fibrinolysis abnormality,

despite COVID-19 being an infectious disease. Disseminated intravascular coagulation (DIC) developed in 4/6

cases, according to the Japanese Association for Acute Medicine criteria DIC diagnostic criteria, and these

cases were treated with recombinant human soluble thrombomodulin (thsTM) for 6—7 days. After the rhsTM

treatment the DIC status improved in 3/4 cases.

Key words: COVID-19, novel coronavirus, coagulation/fibrinolysis abnormalities, DIC, recombinant human

soluble thrombomodulin (rhsTM)
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