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Abnormal coagulation parameters are associated with poor
prognosis in patients with novel coronavirus pneumonia

Ning Tang1 | Dengju Li2 | Xiong Wang1 | Ziyong Sunl J ThrOmb HaemOSt 2020,18844'847

 Tongji Hospital of Huazhong University of Science and Technology
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TABLE 1 Coagulation parameters of NCP patients on admission EET‘?‘% 3E£ Eﬁ%

Parameters Normal range Total (n = 183) Survivors (n = 162) Non-survivors (n = 21) P values

Age (years) 54.1+16.2 52.4+15.6 64.0 £ 20.7 <.001

Sex (male/female) 98/85 82/80 16/5 .035

With underlying diseases 75 (41.0%) 63 (38.9%) 12 (57.1%) 156

On admission
PT (sec) 11.5-14.5 13.7 (13.1-14.6) 13.6 (13.0-14.3) 15.5(14.4-16.3) <.001
APTT (sec) 29.0-42.0 41.6 (36.9-44.5) 41.2 (36.9-44.0) 44.8 (40.2-51.0) .096
Fibrinogen (g/L) 2.0-4.0 4,55 (3.66-5.17) 4.51 (3.65-5.09) 5.16 (3.74-5.69) 149
D-dimer (ng/mL) <0.50 0.66 (0.38-1.50) 0.61 (0.35-1.29) 2.12(0.77-5.27) <.001
FDP (ng/mL) <5.0 4.0 (4.0-4.9) 4.0 (4.0-4.3) 7.6 (4.0-23.4) <.001
AT (%) 80-120 91 (83-97) 91 (84-97) 84 (78-90) .096

Abbreviations: APTT, activated partial thromboplastin time; AT, antithrombin activity; FDP, fibrin degradation product; NCP, novel coronavirus
pneumonia; PT, prothrombin time (PT).
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Table 1. Clinical Characteristics of the Study Patients, According to Disease Severity and the Presence or Absence of the Primary Composite End Point.*

The NEW ENGLAND JOURNAL of MEDICINE Al Patients
N Characteristic (N=1099) Disease Severity Presence of Primary Composite End Point7
Nonsevere Severe Yes No
(N=926) (N=173) (N=67) (N=1032)
Age
Median (IQR) — yr 47.0 (35.0-58.0)  45.0 (34.0-57.0) 52.0 (40.0-65.0) 63.0 (53.0-71.0) 46.0 (35.0-57.0)

Distribution — no./total no. (%)

O R I G I NA L A RT I C L E 0-14yr 9/1011 (0.9) 8/848 (0.9) 1/163 (0.6) 0 9/946 (1.0)
15-49 yr 557/1011 (55.1) 490/848 (57.8) 67/163 (41.1) 12/65 (18.5) 545/946 (57.6)
50-64 yr 292/1011 (28.9) 241/848 (28.4) 51/163 (31.3) 21/65 (32.3) 271/946 (28.6)
265 yr 153/1011 (15.1) 109/848 (12.9) 44/163 (27.0) 32/65 (49.2) 121/946 (12.8)
Female sex — no. /total no. (%) 459/1096 (41.9) 386/923 (41.8) 73/173 (42.2) 22/67 (32.8) 437/1029 (42.5)
Smoking history — no./total no. (%)
Never smoked 927/1085 (85.4) 793/913 (86.9) 134/172 (77.9) 44/66 (66.7) 883/1019 (86.7)
° ° ° ° ° Former smoker 21/1085 (1.9) 12/913 (1.3) 9/172 (5.2) 5/66 (7.6) 16/1019 (1.6)
Current smoker 137/1085 (12.6) 108/913 (11.8) 29/172 (16.9) 17/66 (25.8) 120/1019 (11.8)
Clinical Characteristics of Coronavirus  —
total no.
° N ° Living in Wuhan 483/1099 (43.9) 400/926 (43.2) 83/173 (48.0) 39/67 (58.2) 444/1032 (43.0)
Contact with wildlife 13/687 (1.9) 10/559 (1.8) 3/128 (2.3) 1/41 (2.4) 12/646 (1.9)
D lS e a S e 2 O 1 9 ln C hlna Recently visited Wuhani: 193/616 (31.3) 166/526 (31.6) 27/90 (30.0) 10/28 (35.7) 183/588 (31.1)
Had contact with Wuhan residents 442/611 (72.3) 376/522 (72.0) 66/89 (74.2) 19/28 (67.9) 423/583 (72.6)
Median incubation period (IQR) — days§ 4.0 (20-7.0) 4.0 (2.8-7.0) 4.0 (20-7.0) 4.0 (1.0-7.5) 4.0 (2.0-7.0)
April 30, 2020 Fever on admission

Patients — no./total no. (%) 473/1081 (43.8) 391/910 (43.0) 82/171 (48.0) 24/66 (36.4) 449/1015 (44.2)

N Engl J Med 2020, 382:1708-1720 Mediantempe‘rature (\Q‘R)f"c 373 (36.7~38‘.0) 373 (36.7*3é.0) 374 (36.753.1) 3638 (36.3—37.3) 37.3 (36.7738:0)

1099456 552D FFT@ = DOI: 10.1056/NEJM0a2002032 e s T e S o

37.5-38.0°C 238/1081 (22.0) 201/910 (22.1) 37/171 (21.6) 10/66 (15.2) 228/1015 (22.5)
38.1-39.0°C 197/1081 (18.2) 160/910 (17.6) 37/171 (21.6) 11/66 (16.7) 186/1015 (18.3)
. . . >39.0°C 38/1081 (3.5) 30/910 (3.3) 8/171 (4.7) 3/66 (4.5) 35/1015 (3.4)
° P C t E d t Fever during hospitalization
rl m a ry o m Os I e n O I n Patients — no. /total no. (%) 975/1099 (88.7) 816/926 (38.1) 159/173 (91.9) 59/67 (88.1) 916/1032 (38.8)
Median highest temperature (IQR) — °C 38.3(37.8-38.9) 383 (37.8-389) 385 (380-39.0) 38.5 (38.0-39.0) 38.3 (37.8-38.9)
hri <375°C 92/926 (9.9) 79/774 (102) 13/152 (8.6) 3/54 (5.6) 89/872 (10.2)
E— I C U b 37.5-38.0°C 286/926 (30.9) 251/774 (32.4) 35/152 (23.0) 20/54 (37.0) 266/872 (30.5)
38.1-39.0°C 434/926 (46.9) 356/774 (46.0) 78/152 (51.3) 21/54 (38.9) 413872 (47.4)
>39.0°C 114/926 (12.3) 88/774 (11.4) 26/152 (17.1) 10/54 (18.5) 104/872 (11.9)
Er F Symptoms — no. (%)
° E Conjunctival congestion 9(0.8) 5(0.5) 4(23) 0 9(0.9)
>Z Nasal congestion 53 (4.8) 47 (5.1) 6(3.5) 2(3.0) 51(4.9)
Headache 150 (13.6) 124 (13.4) 26 (15.0) 8 (119) 142 (13.8)
Cough 745 (67.8) 623 (67.3) 122 (70.5) 46 (68.7) 699 (67.7)
-"J,:A E Sore throat 153 (13.9) 0 (14.0) 23 (13.3) 6 (9.0) 147 (14.2)
Iiih] | ap Sputum production 370 (33.7) 09 (33.4) 61 (35.3) 20 (29.9) 350 (33.9)
Fatigue 419 (33 1) 350 (37.8) 69 (39.9) 22 (32.8) 397 (38.5)
Hemoptysis 0(0.9) 6(0.6) 4(23) 2(3.0) 8(0.8)
. . . . \| u 6 1 (y Shortness of breath 205 (13 7) 140 (15.1) 65 (37.6) 36 (53.7) 169 (16.4)
Primary composite end point : 67fE# 1% S T —T o
Diarrhea (3 s) 32 (3.5) 10 (5.8) 4(6.0) 38 (3.7)
Myalgia or arthralgia 164 (14.9) 134 (14.5) 30 (17.3) 6 (9.0) 158 (15.3)
[ — o) Chills 126 (11.5) 00 (10.8) 26 (15.0) 8(11.9) 118 (11.4)
| ( U A s . 5 /0 Signs of infection — no. (%)
== Throat congestion 19(17) 17 (1.3) 2(12) 0 19 (1.8)
o Tonsil swelling 23 (2.1) 17 (1.8) 6(3.5) 1(15) 2 (2.1)
| |:I\ / l] . 2 3 cy Enlargement of lymph nodes 2(02) 1(0.0) 1(06) 1(15) 1(0.1)
. . (0] Rash 2(0.2) 0 2(12) 0 2(0.2)
Coexisting disorder — no. (%)
L] 0 Any 261 (23.7) 194 (21.0) 67 (38.7) 39 (58.2) 222 (21.5)
L] . 0 Chronic obstructive pulmonary disease 12 (1.1) 6 (0.6) 6 (3.5) 7 (10.4) 5(0.5)
Diabetes 81 (7.4) 53(5.7) 28 (16.2) 18 (26.9) 63 (6.1)
Hypertension 165 (15.0) 124 (13.4) 41(23.7) 2 (35.8) 141 (13.7)
Coronary heart disease 27 (25) 17 (1.8) 10 (5.8) 6(9.0) 21 (2.0)
Cerebrovascular disease 15 (1.4) 11(1.2) 4(2.3) 4 (6.0) 11 (1.1)
b\ WA DI - \ _:|: tl: Hepatitis B infection] 23 (2.1) 22 (2.4) 1(06) 1(15) 22 (2.1)
E . F N d (& :ll_- = Cancer| 10 (0.9) 7(08) 3(17) 1(15) 9(0.9)
Chronic renal disease 8(07) 5(05) 3(L7) 2(3.0) 6(06)
Immunodeficiency 2(0.2) 2(02) 0 0 2(0.2)
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Table 3. Complications, Treatments, and Clinical Outcon
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Table 2. Radiographic and Laboratory Findings.*

Variable

Laboratory findings
Median Pao,:Fio, ratio (IQR)T
White-cell count

Median (IQR) — per mm?

Distribution — no./total no. (%)
>10,000 per mm?
<4000 per mm?
Lymphocyte count

Median (IQR) — per mm?

Distribution — no./total no. (%)

/R

<1500 per mm?

All Patients ) 3
(N=1099) 3FEE Disease Severity EE—E
Nonsevere Severe
(N=926) (N=173)
3.9 (29-4.7) 3.9 (2.9-4.5) 4.0 (2.8-5.2)
4700 4900 3700
(3500~ 6000) (3800-6000) (3000-6200)

58/978 (5.9)
330/978 (33.7)

1000
(700-1300)

731/879 (83.2)

39/811 (4.8)
228/811 (28.1)

19/167 (11.4)
102/167 (61.1)

1000 800
(800-1400) (600-1000)

584/726 (80.4) 147/153 (96.1)

Presence of Composite Primary End Point

Yes
(N=67)

2.9 (2.2-5.4)

6100
(4900- 11,100)

15/58 (25.9)
8/58 (13.8)

700
(600-900)

50/54 (92.6)

No
(N=1032)

4.0 (3.1-4.6)

4700
(3500- 5900)

43/920 (4.7)
322/920 (35.0)

1000
(700-1300)

681/825 (82.5)

Platelet count

Median (IQR) — per mm?

Distribution — no./total no. (%)
<150,000 per mm3

168,000

(132,000-207,000)

315/869 (36.2)

172,000
(139,000-212,000)

137,500
(99,000-179,500)

225/713 (31.6) 90/156 (57.7)

156,500
(114,200-195,000)

27/58 (46.6)

169,000
(133,000-207,000)

288811 (35.5)

“Median hemoglobin (IQR) — g/dI:
Distribution of other findings — no./total no. (%)

C-reactive protein =10 mg/liter
Procalcitonin =0.5 ng/ml
Lactate dehydrogenase =250 U/liter
Aspartate aminotransferase >40 U/ liter
Alanine aminotransferase >40 U/liter
Total bilirubin >17.1 ymol/liter
Creatine kinase =200 U /liter

Creatinine =133 pmol/liter

p-dimer =0.5 mg/liter

DY A ~—

13.4 (11.9-14.8)

135 (12.0-14.8) 12.8 (11.2-14.1)

12.5 (10.5-14.0)

13.4 (12.0-14.8)

481/793 (60.7) 371/658 (56.4) 110/135 (81.5) 41/45 (91.1) 440/748 (58.8)
35/633 (5.5) 19/516 (3.7) 16/117 (13.7) 12/50 (24.0) 23/583 (3.9)
277/675 (41.0) 205/551 (37.2) 72/124 (58.1) 31/44 (70.5) 246/631 (39.0)
168/757 (22.2) 112/615 (18.2) 56/142 (39.4) 26/52 (50.0) 142/705 (20.1)
158/741 (21.3) 120/606 (19.3) 38/135 (28.1) 20/49 (40.8) 138/692 (19.9)
76/722 (10.5) 59/594 (9.9 17/128 (13.3) 10/48 (20.8) 66/674 (9.8)
90/657 (13.7) 67/536 (12. 5) 23/121 (19.0) 12/46 (26.1) 78/611 (12.8)
12/752 (1.6) 6/614 (1.0) 6/138 (4.3) 5/52 (9.6) 7/700 (1.0)
260/560 (46.4) 195/451 (43.2) 65/109 (59.6) 34/49 (69.4) 226/511 (44.2)

All Patients
Variable (N=1099) Disease Severity Presence of Composite Primary End Poir
Nonsevere Severe Yes No
(N=926) (N=173) (N=67) (N=1032)
Complications
Septic shock — no. (%) 12 (L1) 1(0.1) 11 (6.4) 9 (13.4) 3(03)
Acute respiratory distress syndrome — no. (%) 37 (3.4) 10 (1.1) 27 (15.6) 27 (40.3) 10 (1.0)
Acute kidney injury — no. (%) 6 (0.5) 1(0.1) 5(2.9) 4(6.0) 2(02)
Disseminated intravascular coagulation — no. (%) 1(0.1) 0 1 (0.6) 1(1.5) 0 |
Rhabdomyolysis — no. (%) 2(0.2) 2(0.2) 0 0 2(0.2)

Physician-diagnosed pneumonia— no./total no. (%)  972/1067 (91.1) 800/894 (89.5) 172/173 (99.4)

Median time until development of pneumonia (IQR) — ¢

After initial Covid-19 diagnosis 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-2.0)
After onset of Covid-19 symptoms 3.0 (1.0-6.0) 3.0 (1.0-6.0) 5.0 (2.0-7.0)
Treatments
Intravenous antibiotics — no. (%) 637 (58.0) 498 (53.8) 139 (80.3)
Oseltamivir — no. (%) 393 (35.8) 313 (33.8) 80 (46.2)
Antifungal medication — no. (%) 31(2.8) 18 (1.9) 13 (7.5)
Systemic glucocorticoids — no. (%) 204 (18.6) 127 (13.7) 77 (44.5)
Oxygen therapy — no. (%) 454 (41.3) 331 (35.7) 123 (71.1)
Mechanical ventilation — no. (%) 67 (6.1) 0 67 (38.7)
Invasive 25 (2.3) 0 25 (14.5)
Noninvasive 56 (5.1) 0 56 (32.4)
Use of extracorporeal membrane oxygenation — no. (%) 5(0.5) 0 5(2.9)
Use of continuous renal-replacement therapy — no. (%) 9 (0.8) 0 9(5.2)
Use of intravenous immune globulin — no. (%) 144 (13.1) 86 (9.3) 58 (33.5)
Admission to intensive care unit— no. (%) 55 (5.0) 22 (2.4) 33(19.])
Median length of hospital stay (IQR) — days 12.0 (10.0-14.0) 11.010.0-13.0) 13.0 (11.5-17.0)

63/66 (95.5)

0.0 (0.0-3.5)
4.0 (0.0-7.0)

60 (89.6)
36 (53.7)
8 (11.9)
35 (52.2)
59 (88.1)
40 (59.7)
25 (37.3)
29 (43.3)
5(7.5)
8 (11.9)
7 (40.3)
55 (82.1)
14.5 (11.0-19.0)
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909/1001 (90.8)

0.0 (0.0-1.0)
3.0 (1.0-6.0)

577 (55.9)
357 (34.6)
23 (2.2)
169 (16.4)
395 (38.3)

(2.6)
0
27 (2.6)
0
1(0.1)
117 (11.3)
0
12.0 (10.0-13.0)



Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China
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- | £EBE ICU JEICU
=Y — — \|
2020535 1 E 2 E i T {’L" A IZJT’ LJ 7LL’ 41 EIE{&J All patients (n=41) ICU care (n=13) No ICU care (n=28) p value
@ I:I:' White blood cell count, x10° per L 6-2 (4-1-10-5) 11:3 (5-8-12-1) 5.7 (3:1-7-6) 0011
<4 10/40 (25%) 1/13 (8%) 9/27 (33%) 0-041
. - 4-10 18/40 (45%) 5/13 (38%) 13/27 (48%)
RT-PCR1RE CTSARS-CoV-2% & HERS +10 12/40 (30%) 7113 (54%) 5/27 (19%)
Neutrophil count, x 10° per L 5-0 (3-3-8-9) 10-6 (5-0-11-8) 4.4 (2:0-6-1) 0-00069
Lymphocyte count, x10° per L 0-8 (0-6-1-1) 0-4 (0-2-0-8) 1.0 (0-7-1-1) 0-0041
E Jli‘lz/ﬁ D |:|:| 9%1@ Lj: 49 ﬁ <1.0 26/41 (63%) 11/13 (85%) 15/28 (54%) 0045
° _ o 21.0 15/41 (37%) 2/13 (15%) 13/28 (46%)
1 3 A (32 % ) b\ | C U L(— A IZJE Haemoglobin, g/L 126-0 (118-0-140-0) 122-0 (111-0-128-0) 130-5 (120:0-140-0) 0-20
Platelet count, x10° per L 1645 (131.5-263-0) 196-0 (165-0-263-0) 149-0 (131-0-263-0) 0-45
N <100 mm/\ix 2/40 (5%) 1/13 (8%) 1/27 (4%) 0-45
I C U A ﬁﬁg“ t 3E I C U A FEE{gIJ —C\J:I:l $§C 2100 38/40 (95%) 12/13 (92%) 26/27 (96%)
Prothrombin time, s PT 11-1 (10-1-12-4) 12.2 (112-13-4) 107 (9-8-12-1) 0012
Activated partial thromboplastin time,s ~ 27-0 (24-2-34-1) 26-2 (22-5-33-9) 277 (24-8-341) 0-57
\,"_ \,"_ D-dimer, mg/L DY 14 ~¥—  05(03-13) 2:4(0-6-14-4) 0-5(0:3-0-8) 0-0042
I C U IE1§!J (’j: 3E I C U IE1§!J (J: D Albumin, g/L 31-4(28-9-36-0) 27-9 (26-3-30-9) 347 (30-2-36.5) 0-00066
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BT ¢ 137THER. FET544ES

O1ERI (48%) HMHEFEESHD
58fEHI (30%) Hi=IE
36MERI (19%) D HEFRIE
155E6 ( 8%) HDMIERE

FHERF

e

Fei Zhou*, Ting Yu*, Ronghui Du*, Guohui Fan*, Ying Liu*, Zhibo Liu¥, Jie Xiang*, Yeming Wang, Bin Song, Xiaoying Gu, Lulu Guan, Yuan Wei,

Total Non-survivor Survivor p value
(n=191) (n=54) (n=137)

(Continued from previous page)

Anaemia 29 (15%) 14 (26%) 15 (11%) 0-0094

Platelet count, x10° per L 206-0 1655 220-0 <0-0001

(155-0-262-0) (107-0-229-0) (168-0-271-0)
<100 13 (7%) 11 (20%) 2 (1%) <0-0001

Albumin, g/L 323 (29-1-35-8) 291(26:5-31-3)  33.6(30-6-36-4) <0-0001

ALT, U/L 300 (17:0-46:0)  40-0 (24-0-51.0)  27-0(15:0-40-0)  0-0050
>40 59/189 (31%) 26 (48%) 33/135 (24%) 0-0015

Creatinine >133 umol/L 8/186 (4%) 5(9%) 3/132 (2%) 0-045

Lactate dehydrogenase, U/L ~ 300-0 521.0 2535 <0-0001

(234-0-407-0) (363:0-669-0) (219-0-318.0)
>245 123/184 (67%) 53 (98%) 70/130(54%) <0-0001

Creatine kinase, U/L 215 (13-0-72-4) 39.0 (19-5-151.0)  18.0(12:5-521)  0-0010
>185 22/168 (13%) 11/52 (21%) 11/116 (9%) 0-038

High-sensitivity cardiac 41(2:0-14-1) 222 (5-6-83-1) 3.0 (1-1-5'5) <0-0001

troponin |, pg/mL
>28 24/145 (17%) 23/50 (46%) 1/95 (1%) <0-0001

Prothrombintime, s 11-6 (10-6-13-0) 12:1(11-2-137) 11-4 (10-4-12-6) 0-0004
<16 171/182 (94%) 47 (87%) 124/128 (97%) 0-016*
16 11/182 (6%) 7 (13%) 4/128 (3%)

D-dimer, ug/mL 0-8(0-4-3-2) 52 (1.5-21-1) 0-6 (0-3-1:0) <0-0001
<05 55/172 (32%) 4(7%) 51/118 (43%) <0-0001*
>0-5to<1 45/172 (26%) 6 (11%) 39/118 (33%)
>1 72/172 (42%) 44 (81%) 28/118 (24%)

Serum ferritin, pg/L 7220 14353 503-2 <0-0001

(377-2-1435-3) (728-9-2000-0) (264-0-921.5)
>300 102/128 (80%) 44/46 (96%) 58/82 (71%) 0-0008

IL-6, pg/mL 7-4 (5:3-10-8) 110 (7-5-14-4) 6-3 (5:0-7-9) <0-0001

Procalcitonin, ng/mL 0-1(0-1-0-1) 0-1(0-1-0-5) 0-1(0-1-0-1) <0-0001
<01 114/164 (70%) 19/51 (37%) 95/113 (84%) <0-0001*
20110 <0-25 30/164 (18%) 16/51 (31%) 14/113 (12%)
20-25t0 <05 6/164 (4%) 3/51 (6%) 3/113 (3%)

14/164 (9%) 13/51 (25%) 1/113 (1%)
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Total Non-survivor Survivor p value
(n=191) (n=54) (n=137)

(Continued from previous page)

Anaemia 29 (15%) 14 (26%) 15 (11%) 0-0094

Platelet count, x10° per L 206-0 1655 220-0 <0-0001

(155-0-262-0) (107-0-229-0) (168-0-271-0)
<100 13 (7%) 11 (20%) 2 (1%) <0-0001

Albumin, g/L 32:3(29:1-35-8) 291(26:5-31-3)  33.6(30-6-36-4) <0-0001

ALT, U/L 30-0 (17-0-46-0)  40-0 (24:0-51.0)  27-0 (15-0-40-0)  0-0050
>40 59/189 (31%) 26 (48%) 33/135 (24%) 0-0015

Creatinine >133 umol/L 8/186 (4%) 5(9%) 3/132 (2%) 0-045

Lactate dehydrogenase, U/L ~ 300-0 521.0 253.5 <0-0001

(234-0-407-0) (363:0-669-0) (219-0-318.0)
>245 123/184 (67%) 53 (98%) 70/130(54%) <0-0001

Creatine kinase, U/L 215 (13-0-72-4) 39-0 (19-5-151-0)  18:0(12:5-52:1)  0-0010
>185 22/168 (13%) 11/52 (21%) 11/116 (9%) 0-038

High-sensitivity cardiac 41(2:0-14-1) 222 (5-6-83-1) 3.0 (1-1-5'5) <0-0001

troponin |, pg/mL
>28 24/145 (17%) 23/50 (46%) 1/95 (1%) <0-0001

Prothrombintime, s 11-6 (10-6-13-0) 12:1(11-2-137) 11-4 (10-4-12-6) 0-0004
<16 171/182 (94%) 47 (87%) 124/128 (97%) 0-016*
216 11/182 (6%) 7 (13%) 4/128 (3%)

D-dimer, ug/mL 0-8(0-4-3-2) 52 (1.5-21-1) 0-6 (0-3-1:0) <0-0001
<05 55/172 (32%) 4 (7%) 51/118 (43%) <0-0001*
>0-5to<1 45/172 (26%) 6 (11%) 39/118 (33%)
>1 72/172 (42%) 44 (81%) 28/118 (24%)

Serum ferritin, pg/L 7220 14353 503-2 <0-0001

(377-2-1435-3) (728-9-2000-0) (264-0-921.5)
>300 102/128 (80%) 44/46 (96%) 58/82 (71%) 0-0008

IL-6, pg/mL 7-4 (5-3-10-8) 11.0 (7-5-14-4) 6-3 (5:0-7-9) <0-0001

Procalcitonin, ng/mL 0-1(0-1-0-1) 0-1(0-1-0-5) 0-1(0-1-0-1) <0-0001
<01 114/164 (70%) 19/51 (37%) 95/113 (84%) <0-0001*
20110 <0-25 30/164 (18%) 16/51 (31%) 14/113 (12%)
20-25t0 <05 6/164 (4%) 3/51 (6%) 3/113 (3%)

14/164 (9%) 13/51 (25%) 1/113 (1%)
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Univariable OR pvalue  Multivariable pvalue UnivariableOR pvalue  Multivariable pvalue
(95% Cl) OR (95% Cl) (95% Cl) OR (95%Cl)
Demographics and clinical characteristics (Continued from previous column)
Age, years™ 114 <0-0001 110 0-0043 Creatinine, pmol/L
(1:09-118) (1.03-1-17) <133 1 (ref)
Female sex 0-61 0-15 133 439 0.048
(vs male) (0-31-1-20) (1-01-1906)
Currentsmoker 223 0-20
(vs non- (065.763) Lactate dehydrogenase, U/L
smoker) =245 1 (ref)
Comorbidity present (vs not present) >245 ‘;5'43 g 0-0002
Chronic 540 0056 - o (610-338.44)
obstructive  (0-96-30-40) Creatine kinase, U/L
lung disease <185 1 (ref)
Coronary 21-40 <0-0001 214 0-48 >185 2:56 0-043
heart disease  (4-64-98.76) (0-26-17-79) (1-03-6-36)
Diabetes 285 0-0062 High-sensitivity cardiac troponin |, pg/mL
(1:35-6-05) <28 1 (ref)
Hypertension ~ 3.-05 0-0010 28 80.07 <0.0001
(1:57-5-92) (10:34-62036)
Respiratory rate, breaths per min D-dimer, pg/mL
<24 L(ref) <0-5 1 (ref) - 1 (ref)
>24 48:1918 " <0-0001 >05 1.96 032 214 052
(4-34-1819) (0-52-7-43) (0-21-2139)
SOFA score 6-14 <0-0001 565 <0-0001
>1 20-04 <0-0001 18-42 0-0033
(3-48-10-85) (2:61-12:23) (6-52-61-56) (2-64-128:55)
qSOFA score 12.00 <0-0001 Prothrombintime. s
(5-06-28-43) % ! B
Laboratory findings < (ref) )
. >16 4.62 0.019
White blood cell count, x 10” per L (129-16.50)
<4 (0%763—2-10) 056 Serum ferritin, pg/L
410 1(ref) ) <300 1 (ref) \
00 -10 0-00
>10 660 <0.0001 -3 (2?0 4-4058) ?
(3-02-14-41)
IL-6, pg/mL* 112 0-0080
Lymphocyte 0-02 <0-0001 019 0-13 (103-123)
count, (0-01-0-08) (0-02-1-62)
x 10° per L* Procalcitonin, 13{-375 0-011
L* 1-81-104-40
ALT, UL g/  —
<40 1 (ref) . . . OR=0dds ratio. SOFA=Sequential Organ Failure Assessment. gSOFA=Quick SOFA.
ALT=alanine aminotransferase. IL-6=interleukin-6. *Per 1 unit increase.
>40 2:87 0-0018
(1-48-5-57) Table 3: Risk factors associated with in-hospital death
(Table 3 continues in next column)
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Fei Zhou*, Ting Yu*, Ronghui Du*, Guohui Fan*, Ying Liu*, Zhibo Liu¥, Jie Xiang*, Yeming Wang, Bin Song, Xiaoying Gu, Lulu Guan, Yuan Wei,
Hui Li, Xudong Wu, Jiuyang Xu, Shengjin Tu, Yi Zhang, Hua Chen, Bin Cao

Univariable OR pvalue  Multivariable pvalue UnivariableOR pvalue  Multivariable pvalue

(95% Cl) OR (95% Cl) (95% Cl) OR (95%Cl)
Demographics and clinical characteristics (Continued from previous column)
Age, years™ 114 <0-0001 110 0-0043 Creatinine, pmol/L
(1:09-118) (1.03-1-17) 133 1(ref)
Fema[eI sex 00;11 % 0-15 133 439 0048
(vs male) (031-120) (1-01-19-06)
Currentsmoker 223 0-20
(vs non- (0:65-7-63) Lactate dehydrogenase, U/L
smoker) <245 1 (ref)
Comorbidity present (vs not present) >245 4543 0-0002
Chronic 5.40 0056 . o (e
obstructive (0-96-30-40) Creatine kinase, U/L
lung disease <185 1 (ref)
Coronary 21-40 <0-0001 214 0-48 >185 2:56 0-043
heart disease  (4-64-98.76) (0-26-17-79) (1-03-6-36)
Diabetes 285 0-0062 High-sensitivity cardiac troponin |, pg/mL
(1:35-6-05) <28 1 (ref)
Hypertension 13405 , 0-0010 228 80.07 <0-0001
(1:57-5-92) (10:34-62036)
Respiratory rate, breaths per min D-dimer, pg/mL
=24 1(ref) <0-5 1 (ref) - 1 (ref)
>24 ) ‘8’-‘8.9‘ o <0-0001 - - >05 196 032 214 052
(0-52-7-43) (0-21-2139)
2 >1 20-04 <0-0001 18-42 0-0033
% 1& W\E ? (6:52-61.56) (2-64-128.55)

Prothrombin time, s
<16 1 (ref)

ﬂi .l‘.ll:/_\ >16 462 0019
[ ] R x
IiiIT_I (1.29-16-50)

Serum ferritin, pg/L

<300 1 (ref) -
[ S O FA 2 | J; >300 9-10 0-0038
(2:04-40-58)
IL-6, pg/mL* 112 0-0080

(1:03-1-23)

- &E (OR2.14) e 5750
+ DY1V—LR% (OR18.42)

OR=0dds ratio. SOFA=Sequential Organ Failure Assessment. gSOFA=Quick SOFA.
ALT=alanine aminotransferase. IL-6=interleukin-6. *Per 1 unit increase.

Table 3: Risk factors associated with in-hospital death
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Risk Factors Associated With Acute Respiratory Distress Syndrome

and Death in Patients With Coronavirus Disease 2019 Pneumonia  "M!P: 32167524
in Wuhan. China JAMA Intern Med. 2020 Mar 13;e200994.

Table 1. Demographic Characteristics of Patients With
Coronavirus Disease 2019 Pneumonia

201fE@Wuhan Jinyintan Hospital in China Study population No. (%)
No. of patients 201
2019F12H25H~2016FE1H26H Age, median (IQR), y 51 (43-60)
Sifollow-up 2020415 13H - e
<65 161 (80.1)
N _ A= Highest patient temperature, median (IQR), °C 38.8 (38.3-39.0)
ARDSICER - JET D251 D W TIRE >39 (high fever) 77 (38.3)
<39 93 (46.3)
= . . Y EA Gender
Female 73 (36.3)
ﬂsﬁ‘l:% O) H 9&1@ LEJ: 51 ﬁ Study population No. (%)
Clinical outcomes
S84E (41.8%) HARDSICIERE ARDS 84 (41.8)

ICU admission 53 (26.4)

AATERIB4ATER (52.4% ) HFET Death 44 (21.9)
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Table 4. Bivariate Cox Regression of Factors Associated With ARDS Development or Progression

Table 3.Clinical Characteristics and Initial Laboratory Indices Among Patients With and Without ARDS (continued)

All patients Patients with ARDS
Without ARDS, No. (%) With ARDS, No. (%) Difference Alive, No. (%) Died, No. (%) Difference
Clinical characteristics  (n= 117) (n=84) (95%C1)? Pvalue® (n= 40) (n = 44) (95%C1)? P value®
Infection-related indices
hs-CRP, mg/L 23.40 (6.65t057.80) 83.00(39.45 t0 152.40) 46.70(32.50 to 64.00) <.001  69.20(26.60t0120.80) 90.85 (44.55 to >160) 17.92(-8.60 to 45.00) 17
IL-6, pg/mL 6.29(5.36t07.83) 7.39(5.63t010.89) 0.93(0.07t01.98) .03 6.05(5.12t06.99) 10.07(7.36 t0 14.80) 3.88(2.20t06.13) <.001
_ESR, mm/h 47.70 (40.00 to 64.30) 52.40(40.00 to 71.00) 4.00(-2.00 to 11.60) .20 51.60 (40.00to 70.00) 59.50(39.50 to 72.50) 1.80(-9.00 to 14.51) 74
Serum ferritin,ng/mL  457.66 (223.73t0702.65) 1029.28(546.26 t0>2000) 545.50(332.15t0754.44) <.001 853.00 (33033 t01968.57) 1096.21(559.41t0>2000) 102.55(-185.63t0412.71) .34
Coagulation function
PT,s 10.60(10.10t0 11.50) 11.70(11.10t0 12.45) 1.00(0.70t0 1.30) <.001 11.75(10.95t0 12.45) 11.60(11.10t0 12.45) 0.00(-0.50to 0.60) .87
APTT, s 29.75 (25.55t0 32.85) 26.00(22.55 to 35.00) -1.70(-3.90t0 0.60) 13 29.60 (24.00t0 35.75) 24.10(22.251028.35) -3.10(-7.00t0 -0.20) .04
D-dimer, pg/mL 0.52(0.33t00.93) 1.16 (0.46 t05.37) 0.52(0.21t0 0.94) <.001 0.49(0.31t01.18) 3.95(1.15t010.96) 2.10(0.89t05.27) .001

Abbreviations: a-HBDH, a-hydroxybutyric dehydrogenase; ARDS, acute respiratory distress syndrome; ALT,
alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate aminotransferase; CK-MB,
creatine kinase muscle-brain isoform; ECMO, extracorporeal membrane oxygenation; ESR, erythrocyte
sedimentationrate; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; IMV, invasive mechanical
ventilation; IQR, interquartile range; NMV, noninvasive mechanical ventilation (including high flow supply and
face mask); LDH, lactate dehydrogenase; LDL, low-density lipoprotein; PT, prothrombin time.

? Difference in location for continuous variables (by Hodges-Lehmann method) and in percentage for categorical
variables (With ARDS vs Without ARDS or Died vs Alive).

®Mann-Whitney-Wilcoxonwas used for continuous variables, and x* test was used for categorical variables, if not
specified.

¢ Fisher exact test.

IL-6&DY 1V —IZ
ARDSICEERUEBETES. FOHTRERIETEHEHZL

From ARDS to Death
ARDS Death
Patient characteristics and findings HR (95% CI) Pvalue HR (95% CI) Pvalue
Clinical characteristics
Age (265 vs <65), y 3.26 (2.08-211) <.001 6.17 (3.26-11.67) <.001
Gender (male vs female) 1.47 (0.92-2.36) 11 0.56 (0.30-1.05) .07
Eisgehsé'; patient temperature (239 °C vs 1.77 (1.11-2.84) .02 0.41(0.21-0.82) .01
Comorbidities
Hypertension (yes vs no) 1.82(1.13-2.95) .01 1.70(0.92-3.14) .09
Diabetes (yes vs no) 2.34(1.35-4.05) .002 1.58(0.80-3.13) .19
Laboratory findings
Hematologic
Neutrophils, 10%/L 1.14 (1.09-1.19) <.001 1.08(1.01-1.17) .03
Lymphocytes, 10°/L 0.37 (0.21-0.63) <.001 0.51(0.22-1.17) 11
CD3, 100/pL 0.83 (0.72-0.96) .01 0.81(0.59-1.11) 1S)
CD4, 100/pL 0.74 (0.59-0.93) .01 0.83(0.51-1.35) 45
CD8, 100/pL 0.74 (0.53-1.04) .08 0.51(0.24-1.09) .08
Biochemical
Total bilirubin, pM 1.05(1.02-1.08) .001 1.07 (1.02-1.12) .003
AST, U/L 1.02 (1.01-1.03) <.001 0.99 (0.98-1.01) 45
ALT, U/L 1.00 (1.00-1.01) .09 1.00(0.98-1.01) 43
Albumin, 10 g/L 0.49 (0.37-0.66) <.001 0.19(0.07-0.49) .001
Globulin, 10 g/L 2.32(1.45-3.71) <.001 1.91(1.01-3.61) .05
Prealbumin, mg/L 0.99 (0.98-0.99) <.001 1.00(0.99-1.00) 31
Urea, mM 1.13(1.09-1.18) <.001 1.13(1.06-1.20) <.001
Creatinine, 10 uM 1.05(1.01-1.10) .02 1.04(0.97-1.11) 31
Glucose, mM 1.13(1.08-1.19) <.001 1.00 (0.92-1.08) .92
CK-MB, U/L 1.01(1.00-1.02) 12 0.99(0.97-1.01) 46
Cholinesterase, x103U/L 0.81(0.73-0.90) <.001 0.84(0.73-0.97) .02
Cystatin C, mg/L 1.69 (1.31-2.19) <.001 1.80(1.28-2.53) .001
LDH, 100 U/L 1.61(1.44-1.79) <.001 1.30(1.11-1.52) .001
a-HBDH, 100 U/L 1.74 (1.52-1.99) <.001 1.34(1.13-1.60) .001
LDL, mM 0.63 (0.44-0.88) .008 0.84 (0.54-1.31) 45
Infection-related indices
hs-CRP, mg/L (>5 vs <5) 4.81(1.52-15.27) 008 NA NA
IL-6, pg/mL 1.02 (1.00-1.05) .09 1.03 (1.01-1.05) .01
ESR, mm/h 1.01 (1.00-1.02) 1) 1.01(0.99-1.02) =2
Serum ferritin, ng/mL (>300 vs <300) 3.53(1.52-8.16) .003 5.28(0.72-38.48) 10
Coagulation function
PT,s 1.56 (1.32-1.83) <.001 1.08 (0.84-1.38) .54
APTT, s 0.97 (0.94-1.01) -5 0.96 (0.91-1.00) .06
D-dimer, pg/mL 1.03(1.01-1.04) <.001 1.02(1.01-1.04) .002
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Table 1 Characteristics of COVID-19 ARDS and non-COVID-19 ARDS

Age—median, IQR

Male—n (%)

Medical history—n (%)
Malignancies/hemopathies
Cardiovascular diseases
Thrombo-embolic event
Cerebrovascular diseases
Immune diseases
Diabetes
Chronic liver disease
Chronic renal disease
Respiratory disease
Baseline SAPS Il—median, IQR
Baseline SOFA—median, IQR

PaO,/FiO, on ICU admission (mmHg)—median,
IQR

Invasive mechanical ventilation—n (%)
Baseline heparin treatment—n (%)

Prophylactic dosing®

Therapeutic dosing

ECMO—n (%)

ECMO duration (days)—median, IQR

Population before matching (n=383)

Non-COVID-19} COVID-
ARDS (n=233)] 19 ARDS

74 [63;81] 63 [53; 71] <0.001
164 (70.4) 122 (81.3) 0.02
31 (134) 9 (6.0) 0.02
143 (61.4) 72 (48) 0.01
3(5.6) 8 (5.3) 0.92
23 (10) 7 (4.7) 0.06
3(5.6) 427) 0.17
51(21.9) 30 (20) 0.66
(9) 4(2.7) 0.01

8(16.3) 6 (4.0) <0.001
49 (21.2) 21 (14) 0.07

61 [49; 76] 49 [37; 64] <0.001

11109, 13] 8 1[5, 10] <0.001

142 [93; 195] 125[97;170] | <0.02

233 (100) 150 (100) 1

188 (80.7) 105 (70) 0.27
45(19.3) 45 (30) 0.02
10 (4.3) 12 (8.1) 0.124
8[5.3;10.8] 7[43;11] 0.642

Population after matching (n=222)

Non-COVID-19 COVID-19 ARDS (n=77) p-value

ARDS (n=145)

72 [61;80] 68 [61; 75]
112 (77.2) 63 (81.8)
14 (9.7) 6 (7.8)

85 (58.6) 42 (55.6)
9(6.2) 7 (9.1)

8 (5.5) 5(6.5)

7 (4.8) 4(5.2)

29 (20) 17 (22.1)
7 (4.8) 339
14(9.7) 5(6.5)

36 (24.8) 11 (14.3)
54 [45; 69] 53 [46; 67]
10[8,13] 9(7,12]

118 [89; 174]

135[99; 181]

145 (100) 77 (100)
110 (75.9) 60 (77.9)
35 (24.1) 17 (22.1)
7 (4.8) 4(5.2)

10 [7.0; 11.5] 6.5 [4.5; 9]

0.593
0.426

0.678
0.753
042

0.788
0.951
0.589
0.816
0.438
0.207
0.560
0.204
0.520

0.768
0.697
0.952
0.527

SOFA, sequential organ failure assessment; SAPSII, simplified acute physiology score lI

@ Prophylactic dosing was 4000 Ul/day for low molecular weight heparin or if contra-indicated, unfractioned heparin at 5-8 U/kg/h



Table 3 Outcomes of COVID-19 ARDS and non-COVID-19 ARDS

Population before matching (n=383) Population after matching (n=222)
Non-COVID- COVID- OR[95%IC] p-value Non-COVID- COVID- OR[95%IC] p-value
19-ARDS 19-ARDS 19-ARDS 19-ARDS
(n=233) (n=150)
| Thrombo-embolic complica- 14 (6) 27 (18) 34[1.7-7.3] <0001 74.8) 9(11.7) 26[1.1-6.1] 0.04
tions—n (%)
Pulmonary embolisms—n (%) 3 (1.3) 25 (16.7) 15.2[45-804] <0.001 3(2.1) 9(11.7) 6.2 [1.6-234] 0.01
Deep vein thrombosis—n (%) 3 (F=2 \L\D n . 1 ”}‘_J s 1 2(14) 0 (0) PR
Myocardial infarction—n (%) 6 (. ?Bﬁﬁ?/g;ﬁm;\/}ﬁ:ﬁf? 0.09 2(14) 0(0) A ZE1EA0OR6.2 | |
Cerebral ischemic attack—n 1 (= e 16'7,A’T 25 £ ~__N1855] 068 0(0.0) 0 (0) - -
(%)
Limb ischemia—n (%) 0 (0) 1(0.7) Inf [0.0-Inf] 0.78 0(0.0) 0 (0) - -
Mesenteric ischemia—n (%) 3 (1.3) 1(0.7) 0.5 [0.0-6.5] 0.98 2(14) 1(1.3) 0.96 [0.09-9.8] 097
Nb of RRT filter per dialyzed 1 [2-1] 3 [2-7] — <0.001 20[1.0-2.5] 3.0[2.0-6] — 0.03
patient—median, IQR
_Nb of RRT filter per day of 0.3[0.3;0.5] 0.7 [0.5; 1] — <0.001 0.3[0.3;04] 0.7[0.5; 1] — <0.001
RRT—median, IQR
ECMO oxygenator thrombo-  1/10 (10) 2/12 (16.7) - 0.59 1/7 (14.3) 0/4 (0) — -
sis—n (%)
Hemorrhagic complications— 1 (1.8) 4 (2.7) 241[0.27-285] 06 2(1.4) 0(0) - -
n (%)

ARDS, acute respiratory distress syndrome; ECMO, extracorporeal membrane oxygenation; RRT, renal replacement therapy



Table 2 Coagulation parameters of COVID-19 patients

All patients (n=150)

Baseline coagulation parameters

Platelet count (10%/L)—normal range: 200 [152; 267]
150-400.10%/L
MM g v 7 E2ED30~40%H \DIC% FERE aPTT—normal range: 0.7-1.2 1.2[1.1;1.3]
PT (%)—normal range: >70% 84 [73;91]
%n(’:;(\j- L/ TCOV'D’IQ@%%T‘L& INR—normal range: 1.00-1.15 1.12 [1.05; 1.25]
D-dimers (mg/L)—normal range: < 0.5 mg/L 2.27 [1.16; 20]
. Fibrinogen (g/L)—normal range: 2-4 g/L 6.99 [6.08; 7.73]
* ISTH overtA 1 %EFH LY 71’ ] OA Antithrombin activity (%)—normal range: 91[78;102]
50-150%
e JAAM-DICAX ) %ﬁﬁ LY 7",___ i GA@ o FactorV (%)—normal range: > 70% 136 [115; 150]
Factor VIII (%)—normal range: 60-150% 341 [258; 416]
VWEF activity (%) 328 [212; 342]
vWEF antigen (%)—normal range: 50-150% 455 [350; 521]
Lupus anticoagulant®—n (%) 50/57 (87.7)
C OVI D _1 9%% 0) D I C%EEE x jJ : Z\‘A Screen patient (s) 68.6 [59.5; 85.4]
Screen ratio—normal range: < 1.2 1.63[1.43;2.04]
“ Confirm patient (s) 43.9[40.9; 48.4]
Confirm ratio—normal range: < 1.2 1.25[1.13;1.46]
Screen/confirm ratio—normal range: < 1.2 1.4 1[1.25;1.48]

E_ I:%‘I I C U ::‘\% T #&i é n T L\ % D I C All results are given in median [IQR], except if specified otherwise

aPTT, activated partial thromboplastin time; INR, international normalized ratio;
PT, prothrombin time; vVWF, von Willebrand factor

# Measured during ICU stay
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Table 2
Local protocol for thromboprophylaxis in participating centres for pa|tients admitted to the intensive care unit during the study period.
: \ (] ~-\b
site 3D DIRLT FRIRLARE 7O ~ 3L
Leiden University Medical Center nadroparin 2850 IU sc per day or 5700 IU per day if body weight > 100 kg
Erasmus University Medical Center Nadroparin 5700 IU per day; nadroparin 5700 IU sc twice daily from April 4th 2020 and onwards
Amphia Hospital Breda Nadroparin 2850 IU sc per day or 5700 IU per day if body weight > 100 kg;

nadroparin 5700 IU sc per day from March 30th 2020 and onwards FRA/NY Y ESFAINY Y
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Table 3
Description of thrombotic complications.

Type of event Number of cases Relevant details
Pulmonary embolism ﬂﬁigﬁ 25 — 18 cases with at least PE in segmental arteries, 7 cases PE limited to subsegmental arteries
Other venous thromboembolic events 3 — 1 proximal deep-vein thrombosis of the leg

— 2 catheter related upper extremity thrombosis
Arterial thrombotic events 3 — All ischemic strokes

Note: acute pulmonary embolism was diagnosed with CT-pulmonary angiography, deep vein thrombosis/upper extremity vein thrombosis was diagnosed with
ultrasonography, strokes were diagnosed with CT.
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Figure 2. Microthrombi in the Interalveolar Septa
of a Lung from a Patient Who Died from Covid-19.

The interalveolar septum of this patient (Patient 4 in
Table S1A in the Supplementary Appendix) shows
slightly expanded alveolar walls with multiple fibrinous
microthrombi (arrowheads) in the alveolar capillaries.
Extravasated erythrocytes and a loose network of fi-
brin can be seen in the intraalveolar space (hematoxy-
lin—eosin staining; the scale bar corresponds to 50 ym).
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Intussusceptive angiogenesis: Its emergence, its characteristics,
and its significance
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COVID-19: Consider Cytokine Storm Syndromes and
Immunosuppression

Puja Mehta 1, Daniel F McAuley 2, Michael Brown 2, Emilie Sanchez 4, Rachel S Tattersall °
, Jessica J Manson ¢, HLH Across Speciality Collaboration, UK

Affiliations + expand
PMID: 32192578 DOI: 10.1016/S0140-6736(20)30628-0

EFEOCOVID-19TIR YL MAL VAR —LDEEL W EEZ SN,

sHLH& COVID-191E 1 1> (IL-2. IL-7. GCSF. INF-y. TNFa7Zx &) H¥EBIL TWS,

1=

TJIUFUNERETZZEPILENERELTNEZ S I RIEREEcs 2225012,



Immune mechanisms of pulmonary intravascular
coagUIopathy in COVID_19 pneU monia Lancet Rheumatol 2020

Published Online
May 7, 2020

Dennis McGonagle, James S O’Donnell, Kassem Sharif, Paul Emery, Charles Bridgewood https://doi.0rg/10.1016/
$2665-9913(20)30121-1

COVID-19ZBEMDRERIL, M PEBEOZFRGRIE L HFECD < ERRHNMNEME & M TH 5
Zhiz¥ o077 —YEMHLEEMEEE (MAS: macrophage activation syndrome) & JREEDFELL T 5.

BHC T IBEEMERNRELEEEE (DIC: disseminated intravascular coagulation) &RENER S,
FHDRFETCOVID-197 - JL A MAE (FHEE I (. [RER%RFifi I E FEIE I Zr B4 S i S Y AL T2 X

OCFAEICHRRCHBEICECDRIEZERE ULBRENXA A ZXLDMASERIRREZ5| S U,
FERFNIMERZE ST 5.



Immune mechanisms of pulmonary intravascular
coagulopathy in COVID-19 pneumonia
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DIC linked to HLH or MAS

MAS

Clinical features
Onset
Hepatosplenomegaly
Adenopathy

Pulmonary involvement (%)

PIC linked to COVID-19

COVID-19

sHLH

Acute
+++

++

2%

Subacute

;00% F (CFm

Thrombosis Multi-organ clotting Mainly lung (occasional CNS and peripheral thrombosis
reported; related to DIC evolution?)
v
Bleeding Generalised é%llé Intrapulmonary microhaemorrhage HI'I] P E] |l | I|_[ﬂ1

Active infection considerations

Laboratory parameters

Liver function

Yes usually for primary HLH; secondary HLH might
not have driving infection

Decreased synthetic function including fibrinogen
and other clotting factors; raised transaminase +++

Thought to be ongoing alveolar infection

Preservation of liver synthetic function; +/-

Anaemia +++ -
Thrombocytopenia +++ Normal or low
Immune cell cytopenia ++ No but lymphopenia is a feature of COVID-19 in general

Creatine kinase
TroponinT

Haemophagocytosis

+ (skeletal and cardiac origin)
+

Generalised to marrow, liver, and other sites
detectable in >80%

+ (worse prognosis)
++with high levels associated with worse outcome

Occasional intrapulmonary and regional lymph node
haemophagocytosis reported

Evolution DIC secondary to MAS PIC might evolve into DIC; PIC might occur without MAS
Coagulation and immunology markers

Elevated prothrombin time or activated [+ +or normal

partial thromboplastin time

Fibrinogen levels Decreased Normal or slight increase

Fibrin degradation products or D-dimer Increased Increased

C-reactive protein Elevated Elevated

Ferritin elevation 4+ Elevated

Hypercytokinaemia +++ ++

Present (+), usually present (++), frequently present (+++), or abser

DIC=disseminated intravascular coagulation. HLH=haemophagocy
coagulopathy. COVID-19=coronavirus disease 2019.

Table 1: Differences and similarities between DIC and PIC

COVID19&MAS or HLHEITWB H
HHEANZZREOMIRSRMYEY V/VHEBEREE (sHLH) &IFERS




Proinflammatory cytokines
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Panel: Immune factors contributing to pulmonary
intravascular coagulopathy

- Diffuse alveolar damage and inflammation

« Diffuse interstitial inflammation

« Extensive pulmonary macrophage activation (MAS-like)

« Dysregulation of pulmonary innate immune responses
(eg, ACE2 receptor expression downregulation)

« Adaptive immune responses to COVID-19

« Activation of innate immunity with older age

« Age-related coagulation cascade changes

« Mechanical ventilation forcing viral immunostimulatory
molecules into microvasculature, increasing the
propensity towards immunothrombosis

MAS=macrophage activation syndrome. ACE2=angiotensin-converting enzyme 2.
COVID-19=coronavirus disease 2019.

Panel :
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A Diffuse alveolar disease B Bronchopneumonia
in coronavirus

Larger lung surface area involved
in a coronavirus infection than in
bronchopneumonia due to

ubiquitous expression of ACE2 on
type |l pneumocytes

Coronavirush'ACE2 & f& &

Type Il pneumocytes

Coronavirus
ACE2N 1 BY ffaiiia (c #3118 =y N p =t
—REEICHE *%Z - # KB (T4 )L AEPHE)
5@; - SO E - IR B,

Capillary Type | pneumocytes



Fig. 1: Targeting complement in SARS-CoV-2-associated lung injury.

From: Complement as a target in COVID-19?
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23 April 2020 Complement as a target in COVID-19? Nature Reviews Immunology (2020)
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Pharmacological Agents Targeting
Thromboinflammation in COVID-19: Review and

Implications for Future Research

(FRL v k@)

Thromb Haemost. 2020 May 30.
doi: 10.1055/s-0040-1713152. Online ahead of print.
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ORIGINAL ARTICLE jtj“

Anticoagulant treatment is associated with decreased mortality
in severe coronavirus disease 2019 patients with coagulopathy

Ning Tang! | Huan Bai' | Xing Chen' | Jiale Gong' | Dengjuli® | Ziyong Sun'

Tongji HospitallZ ARz U 7=449fE NAREREEDNIECRICHEZRSZ DD AN

2020413 1H~2R13H ERFCOVID- 19U T D LD ITER
EELRZSEICERIAEICHE Ik # =300/ BARMEEREZFIE=93% (Z&ERF) . P/F=300mmHg

TABLE 1 |ISTH SIC scoring system

Iﬁﬂgﬁ . /)R :I:Z:Iet count (x10%/L) jcore ngio
- HIMZREHLH S SICZTF : . : o
- ABRHAE<7HME ' PT-INR 2 14

- RERFPAREDCERMNGV BIMEZBELMESNEXOY SoFA " ) .

e 1 8}7%5'%5% Total score for SIC 24

Abbreviations: INR, International Normalized Ratio; SOFA, sequential
organ failure assessment.
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ORIGINAL ARTICLE

jth

Anticoagulant treatment is associated with decreased mortality
in severe coronavirus disease 2019 patients with coagulopathy

Ning Tang? | Huan Bai' | Xing Chen' | Jiale Gong! | DengjulLi® | Ziyong Sun

NN VRE

TABLE 2 Clinical and coagulation characteristics of patients being classified as severe COVID-19

Parameters
Age (years)
Sex ratio (male/female)
With underlying diseases
Receiving heparin
Meeting SIC criteria
Coagulation parameters
PT (s)
Platelet count (x10°/L)
D-dimer (ng/mL)

Normal range

11.5-14.5
125-350
<0.5

Total (n = 449)
65.1+12.0
268/181

272 (60.6%)
99 (22.0%)

97 (21.6%)

15.2+5.0
215+ 100
1.94(0.90-9.44)

S=FE

Survivors (n = 315)

63.7+12.2
178/137
181 (57.5%)
69 (21.9%)
42 (13.3%)

14.6+21
231+£99
1.47 (0.78-4.16)

FOEANICY YorBHFAICY v=7HBEM E

FEFE

Nonsurvivors (n = 134)

68.7+11.4
90/44

91 (67.9%)

30 (22.4%)
55 (41.0%)

16.5+8.4
178 £ 92

4.70 (1.42-21.00)

P values

<.001
.036
136
.910
<.001

<.001
<.001
<.001

1786HERFIHN AR

1786 consecutive
patients with COVID-19
entering Tongji hospital

1261 classified as mild

4

and moderate COVID-19

126 1EGI D ERIE~HEfE

TERERI RS

76 met the exclusion
criteria

¥

A49fEBIMEFECOVID-19

v

449 classified as severe COVID-19

S

99 with heparin treat for 7 d
or longer

350 without heparin treat or
treating less than 7 d

~ANY VB E=THE T AN iz Lor<7HM
Q9fER! 350%E

. !

30 died within 28-d

S0fEFIZE — ]

104 died within 28-d

104FERIZEL

SIRDOILTEXIL30.3% vs 29.7% TCEEER L (p=0.917)
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Anticoagulant treatment is associated with decreased mortality

in severe coronavirus disease 2019 patients with coagulopathy —_
28HECED S LT =M

TABLE 3 Multivariate correlative factors of 28-day mortality in

severe COVID-19

28-day mortality Univariate analysis

Treating with Nontreating with Odds ratio (95%
Patients with heparin, % heparin, % Cl) P value
SIC score > 4 40.0 64.2 0.372 .029 Multivariate analysis
(n=97) (0.154-0.901)
SIC score < 4 29.0 22.6 1.284 419 Odds ratio (95% Cl) P value
(n = 352) (0.700-2.358)
" _ Age 1.033(1.013-1.055) .002
D-dimer<1ULN  33.3 9.7 4.667 .260
(n =34) (0.320-68.03) Sex ratio 0.677 (0.425-1.078) .100
D-dimer > 1ULN  30.2 32.7 0.934 788 , ) )
(n = 415) (0.569-1.533) With underlying diseases 0.861 (0.538-1.379) 534
D-dimer >2ULN 321 36.9 0.810 435 Treating with heparin 1.647 (0.929-2.921) .088
(n=317) (0.477-1.375)
D-dimer > 3 ULN 311 425 0.611 093 Prothrombin time 1.107 (1.008-1.215) .033
i =258} (e sl Platelet count 0.996 (0.993-0.998) .001
D-dimer >4 ULN  33.3 44.5 0.623 118
(n = 224) (0.345-1.127) D-dimer 1.058 (1.028-1.090) <.001
D-dimer >5ULN  34.9 48.8 0.563 071
(n = 190) (0.301-1.050) . _ ooy 27
D-dimer > 6 ULN  32.8 52.4 0.442 017 Dg 'f 7 S PTs O Hp ‘128 E %t—r C‘.: *E Bﬂ
(n = 161) (0.226-0.865) .
D-dimer >8 ULN  33.3 54.8 0.412 011 SlC Z :l 7 24\ D9 ’r 7 — > 6U LN _C‘" ‘j:
(n = 150) (0.207-0.817)

Abbreviation: ULN, upper limit of normal (0.5 pg/mL for D-dimer).

ANINY DV REBERBTIHETERIET
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FIGURE 2 A paired bar chart showing the mortality between heparin users and nonusers in stratified patients. D-D, D-dimer; SIC+, SIC
score = 4; SIC-, SIC score < 4; ULN, upper limit of normal (0.5 pg/mL); a, P < .05 between heparin users and nonusers
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COVID-19 ic ¥51J 3 PriggEpEEIcBE L <
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Chairman/DIC SSC of the International Society on Thrombosis and Haemostasis
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Association of Treatment Dose Anticoagulation with In-Hospital Survival Among
Hospitalized Patients with COVID-19
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Ventilation (N= 395)
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RECOMMENDATIONS AND GUIDELINES

Jul

ISTH interim guidance on recognition and management of

coagulopathy in COVID-19

1. D-dimer* :
2. Prothrombin time |
3. Platelet count :
4. Fibrinogen** 1
9 v
1. D-dimer markedly raised*** 1. D-dimer not markedly raised
2. Prothrombin time prolonged 2. Prothrombin time normal
3. Platelet count <100 x 109/L 3. Platelet count normal
4. Fibrinogen <2.0 g/L 4. Fibrinogen elevated
Admit (even if no other concerns) If admitted for other clinical reasons, If discharged, use as baseline for
Monitor once or twice daily Monitor daily if re-presenting with symptoms
In all patients
\
h Start prophylactic dose
Worsenin: : :
g low molecular weight heparin In non-bleeding patients, keep
> platelet count above 25 x 109/L
J In bleeding patients, keep

» platelet count above 50 x 109/L
> fibrinogen above 1.5 g/L

= Blood products as per protocol (see box on the right) > PT ratio <1.5 (not the same as INR)

= Consider experimental therapies

Please discuss with transfusion services
in view of likely blood scarcity

FIGURE 1 Algorithm for the management of coagulopathy in COVID-19 based on simple laboratory markers. * The list of markers is
given in decreasing order of importance. ** Performing fibrinogen assays may not be feasible in many laboratories but monitoring the levels
can be helpful after patient admission. *** Although a specific cut-off cannot be defined, a three- to four-fold increase in D-dimer values may
be considered significant. Any one of the values in this table may be considered significant
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@ E S C European Heart Journal - Cardiovascular Pharmacotherapy

European Society doi:10.1093/ehjcvp/pvaad36
of Cardiology

i

All Admitted
Patients With
COVID-19
Symptoms*:
[
High risk of Low risk of
thﬁgﬁxggg!m? thromboembolism?
Respiratory Rate >gi4 J
Decreased O2 saturation < 90% ; —— !
Elevated C-Reactive protein
_Rising Q—Dimer levels
Elevated Fibrinogen levels D-Dimer >3 D-Dimer levels <0.50 D-Dimer 0.5-3
= mcg/mL FEU** meg/mL FEU** meg/mL FEU
\ ! I
Enoxaparin Enoxaparin Enoxaparin 40
Img/kg BID*** 40 mg daily mg BID***
N\
epann drip
paremcﬁl (PE)
protocol (active 2
prothromboplastin Heparin d{‘p %PE
time [ target protocol (aP
o?'%’(l;gs) target of 60-85)
. —— J ¥ =
' Continue
If Positive — therapeutic
Perform Point of anticoagulation

Care Ultrasound
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If Negative S EnOXaparin 40 mg
BID“‘

Figure | Tailored algorithm/protocol for the management of coagulopathy in COVID-19 patients. *High bleeding risk patients are excluded. Also
exclude patients with platelet count <50 000; INR >2. **FEU, fibrinogen equivalent unit. ***Adjust enoxaparin dose for renal failure.

COVID-19
IARNTDOAREE

A

[

|

HMHigh RiskldBR7:
Mm/MR <5/, INR>2(HERH
T/ x5/ VT

BEIC & 0 BEID D E

MAREE/NL YR ? migER—Y 277
Labored breathing
MEIR % > 24 0]/
R {LIETSp02<90%
CRPLER DY A ~N— D¥ 1 ~N— DA ~N—
DYAY—LE > 3ug/ml <0.5pg/ml 0.5~3ug/ml
7470/ 0V ER
I T/ FH5NRU> I/ FHNRU> T/ FHNRU>
ICUARE ? 1mg/kg 2[E1/H 40mg/kg 40mg 2[@/H
YES NO
e VA
AR B E 1mg/kg 2[EI/H
(fiZE 70~ 3)L) or
APTTS —4" K AVAURY 2] ‘b e S
60~85%) (ES A =) R LR E T
APTTY —4" h60~85%) Z Sy
\ J
! »| POCUS
T/ 5NV
@'lﬁ 40mg 1H2[E

(CDe-escalate




Mount Sinai COVID-19 Anticoagulation Algorithm

- - - Version 1.1 (April 9, 2020) Inclusion: All admitted patients with
Admitted patients with moderate or r:g d‘:::'o e :\le’:‘é 80\3?[;?1"98 wi
severe COVID-19 Exclusion: High risk of bleeding as

judged by treating physician

Obtain at baseline and daily:

High Risk# - - CBC, PT/PTT, D-dimer
1 O, requirement Apixaban 2.5-5mg PO

1 D-dimers BID* or - —

T creatinine Enoxaparin SC 40mg QD Hold antlcoagulatlon if:

- Platelet count <50,000; INR>1.5

[ CRP - Evidence of current or recent
Enoxaparin SC Apixaban 5_mg I_’O BID ble.eding
Yes Amglkg BID (or heparin drip per If patlents_ take AC at horr_ie: _
PE protocol)* - May switch to therapeutic enoxaparin

or heparin (as per algorithm) for the
duration of hospitalization, unless
contraindicated

Rivaroxaban may be used in place

of Apixaban at any indication

Admitted to an ICU?

Discharged COVID-19 patient on
therapeutic anticoagulation while
hospitalized

Heparin drip per PE .
protocol (goal PTT 70 - Apixaban Smg BID*
110) or Enoxaparin SC oré\djusted _Dgse Consider Prophylactic AC for 2 weeks post
1mg/kg BID. noxaparin discharge (Apixaban 5mg PO BID for 2 wks)
Consider tPA protocol.

#High Risk: No precise metrics exist. Consider exam (eg O, sat<90%, RR >24), 10, TRRT —Renal Replacement Therapy
requirement (eg, 24L NC), labs (eg, 1d-dimers, C-reactive protein) } If 280 years of age or weight <60 kg, reduce apixaban to 2.5 mg BID
AEfficacy and dose not established: prophylactic or treatment doses acceptable * If CrCl <30: enoxaparin 0.5mg/kg BID with anti-Xa level after 3rd dose




Mount Sinai COVID-19 Anticoagulation Algorithm

Definition of high risk for progression to ICU

- There is insufficient evidence to precisely define “high-risk” or provide specific cut-off values for
individual factors

- Clinicians should consider a combination of exam findings (e.g, labored breathing, RR >24, decreased
0O, sat<90%), increased O, requirement (eg, 24L NC), and lab biomarkers (eg, elevated CRP, elevated
creatinine, rising d-dimer >1.0).

Rationale for early anticoagulation

- Pathophysiology of COVID-19 associated respiratory disease is consistent with pulmonary vascular
thromboemboli with increased dead space ventilation

- Autopsy studies have demonstrated venous thromboembolism in deceased coronavirus patients'’

- Early anticoagulation is necessary to prevent propagation of microthrombi at disease presentation

- Anticoagulation may be associated with decreased mortality?

Rationale for choice of anticoagulant

- Heparins bind tightly to COVID-19 spike proteins3+4

- Heparins also downregulate IL-6 and directly dampen immune activation®
- DOACSs do not appear to have these anti-inflammatory properties

- Rivaroxaban can be used in place of Apixaban in this algorithm
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Coagulation abnormalities and thrombosis in patients with
COVID-19

Marcel Levi Jecko Thachil « Toshiaki Iba « Jerrold H Levy
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Panel: Management of coagulopathy in patients with
severe COVID-19

Diagnostic approach

+ Repeated (every 2-3 days) assessment of:
+ D-dimer
+ Prothrombintime
+ Platelet counts

Therapeutic management
+  Subcutaneous low molecular weight heparin for all
patients hospitalised
« Consider venous thromboembolism in patients with rapid
respiratory deterioration and high D-dimer
concentrations
Do CT angiography or ultrasound of the venous
system of the lower extremities
« Ifdiagnostic testing is not possible and there are no
bleeding risk factors, consider therapeutic
anticoagulation
« Otherinterventions (such as plasma exchange, or
administration of other anticoagulants or anti-
inflammatory drugs) are experimental and should be
considered in a clinical trial setting only

THE LANCET
Haematology
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. Estimated Estimated
. Estimated (Act .
Primary ual) Study Primary Study

Purpose Completion Completion
P Start Date Date Date

Estimated . Intervention .
Study Type Enrollment Allocation Model Masking

Antithrombotic Therapy to Ameliorate Complications of COVID-19 ( ATTACC))

January

interventiona 3000 Randomized — , oo one Treatment ~ May 2020  January2021 ey

(Clinical trial) Assignment (Open Label)

Intermediate or Prophylactic-Dose Anticoagulation for Venous or Arterial Thromboembolism in
Severe COVID-19: A Cluster Based Randomized Selection Trial (IMPROVE-COVID)

Parallel Single (Outcome November
Assignment s Assessor) Treatment May 2, 2020 2020

Interventional
100

(Clinical trial) Randomized

April 2021

Preventing COVID-19-associated Thrombosis, Coagulopathy and Mortality With
Low- and High-dose Anticoagulation: a Randomized, Open-label Clinical Trial

Parallel Single (Outcome April 28, November 30,  November 30,

Interventional
200 Assignment s Assessor) Treatment 2020 2020 2020

(Clinical trial) Randomized

Enoxaparin for Thromboprophylaxis in Hospitalized COVID-19 Patients:
Comparison of 40 mg o.d. Versus 40 mg b.i.d. A Randomized Clinical Trial

Treatment May 14, August November
2020 2020 2020

Parallel None (Open

Interventional
2712 Assignment label)

(Clinical trial) Randomized
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Row | Saved | Status Study Title Conditions Interventions Locations
1 N Recruiting Coagulopathy of COVID-19: A Pragmatic Randomized Controlled e COVID-19 e Drug: Therapeutic Anticoagulation e St. Michael's Hospital
Trial of Therapeutic Anticoagulation Versus Standard Care Toronto, Ontario, Canada
2 Notyet  Anticoagulation in Critically Ill Patients With COVID-19 (The e COVID-19 e Drug: Enoxaparin sodium e Weill Cornell Medicine
recruiting  IMPACT Trial) e Drug: Unfractionated heparin New York, New York,
[ NEW | - United States
e Drug: Fondapariniux

e Drug: Argatroban

3 Recruiting A Randomized Trial of Anticoagulation Strategies in COVID-19 e COVID-19 ¢ Drug: Enoxaparin Higher Dose ¢ NYU Langone Health

e Drug: Lower-dose prophylactic New York, New York,
United States

anticoagulation

4 Not yet Safety and Efficacy of Therapeutic Anticoagulation on Clinical e Cardiovascular e Drug: Enoxaparin
recruiting Qutcomes in Hospitalized Patients With COVID-19 Diseases
UNEW « COVID-19
5 Recruiting Intermediate or Prophylactic-Dose Anticoagulation for Venous or e COVID-19 e Drug: Enoxaparin Prophylactic Dose e Columbia University
EET  Arterial Thromboembolism in Severe COVID-19 e \enous ¢ Drug: Heparin Infusion Medical Center
Thromboses e Drug: Heparin SC New York, New York,
. United States
¢ Arterial e Drug: Enoxaparin/Lovenox Intermediate Dose
Thrombosis
6 B Recruiting Preventing COVID-19 Complications With Low- and High-dose e COVID e Drug: Enoxaparin e Geneva University
Anticoagulation e Sars-CoV2 Hospitals
Geneva, Switzerland
7 Notyet  Trial Evaluating Efficacy and Safety of Anticoagulation in Patients e COVID19 e Drug: Tinzaparin or unfractionated heparin e Réanimation hopital Louis
recruiting  With COVID-19 Infection, Nested in the Corimmuno-19 Cohort Pneumonia Mourier

Colombes, Hauts De Seine,
France

e réanimation hopital Cochin
Paris, France
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