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Abstract

Abnormal blood coagulation often occurs in critically ill patients, which seriously affects their prognosis. This retrospective study
investigated the implications of changes in blood coagulation in patients with coronavirus disease 2019 (COVID-19). Records
were reviewed for patients admitted with COVID-19 between February 4 and 16, 2020. The primary outcome was in-hospital
death. A total of 85 patients were included, of whom 12 died in the hospital. The admission prothrombin time (PT), international
normalized ratio (INR), and levels of D-dimer and fibrin/fibrinogen degradation products (FDP) were significantly higher in non-
survivors than in survivors, while the reverse was true for prothrombin time activity (PT-act) and PaO,/FiO,. Multivariate logistic
regression showed that PT-act < 75% was independently associated with mortality. The area under the receiver operating
characteristic curves for PT-act, D-dimer, and FDP at admission could significantly predict mortality. The AUCs for PT-act
were larger than those for D-dimer and FDP; however, there was no significant difference. After 2 weeks of treatment, the
coagulation parameters of the surviving patients improved. COVID-19 is often accompanied by abnormal coagulation. PT-act at
admission is able to predict mortality in patients with COVID-19 as can D-dimer and FDP levels. PT-act < 75% is independently

associated with mortality.
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Introduction

An unknown pneumonia broke out in Wuhan City in
December 2019, and it was confirmed as an acute respiratory
infectious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2, formerly known as
2019-nCoV). The disease was subsequently named coronavi-
rus disease 2019 (COVID-19) by the WHO on February 11,

>4 Yue-qiang Fu
fuyueqiang@sina.com

Department of Infectious Diseases, The First Affiliated Hospital of
Chonggqing Medical University, Chongqing 400016, People’s
Republic of China

Department of Critical Care Medicine, Children’s Hospital,
Chonggqing Medical University, 136# Zhongshan Er Road, Yu
Zhong District, Chongging 400014, People’s Republic of China

Ministry of Education Key Laboratory of Child Development and
Disorders, Chongqing 400014, People’s Republic of China

4 National Clinical Research Center for Child Health and Disorders
(Chongging), Chongqing 400014, People’s Republic of China

> Third Batch Chongging Medical Aid Team to Wuhan City of Hubei
Province, Chongqing, People’s Republic of China

2020. SARS-CoV-2 is highly contagious and can cause seri-
ous lung injury, resulting in death, and COVID-19 has been
widely spreading and causing great damage in many countries
around the world.

Pneumonia, especially severe pneumonia, can lead to ab-
normal coagulation [1, 2]. Recently, some studies reported
that severe COVID-19 is commonly complicated with coagu-
lopathy, and elevated levels of D-dimer and fibrin/fibrinogen
degradation products (FDP) were associated with poor prog-
nosis in severe COVID-19 [3-6]. SARS-CoV-2 may activate
the innate immune system to clear the virus; however, exces-
sive immune responses can cause inflammatory storms, dam-
age microcirculation, activate the blood coagulation system,
and lead to disseminated intravascular coagulation (DIC).

The influence of coagulation dysfunction on the prognosis
of COVID-19 is attracting increasing attention [3]. However,
studies on the predictive and prognostic values of coagulation
parameters in the setting of patients with COVID-19 are still
limited. The purpose of this retrospective case-control study
was to investigate the predictive values of coagulation param-
eters for in-hospital mortality in patients with COVID-19 and
to compare them. In addition, independent risk factors for
mortality were also explored.
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Patients and methods
Study design

We performed a retrospective cohort study of patients with
COVID-19 who were admitted to the wards of the Third
Batch of Chongqing Medical Aid Team in Wuhan City of
Hubei Province in China from February 4, 2020, to
February 16, 2020.

The Ethics Committee of Children’s Hospital, Chongqing
Medical University (Institutional Review Board of Children’s
Hospital, Chongqging Medical University), approved this ret-
rospective cohort study. The patient records were anonymized
prior to the analysis.

From February 4, 2020, to February 16, 2020, consecutive
patients in the wards with SARS-CoV-2 infection confirmed
by real-time reverse transcription polymerase chain reaction
(RT-PCR) assay from nose and throat swab samples, and with
pneumonia confirmed by computed tomography (CT) exam-
ination and coagulation test completed within 12 h after ad-
mission were enrolled. Patients with specific cardiovascular
disease who used anticoagulants before admission were also
excluded.

Coagulation tests, which included prothrombin time (PT),
prothrombin time activity (PT-act), the international normal-
ized ratio (INR), activated partial thromboplastin time
(APTT), thrombin time (TT), fibrinogen (Fib), D-dimer, fi-
brin/FDP, and antithrombin III activity, were performed using
a Sysmex CS5100 automatic coagulation analyzer (Japan) and
proprietary reagents.

Data collection

The variables examined were age, sex, body mass index
(BMI), comorbidities, PT, PT-act, INR, APTT, TT, Fib, D-
dimer, FDP, antithrombin III activity, PaO,/FiO,, lymphocyte
count, platelet (PLT) count, chest computer tomography, and
the application of prophylactic anticoagulation after
admission.

Outcome
The primary outcome was in-hospital death.
Statistical analysis

Data were analyzed using SPSS 21.0 (SPSS Inc. Chicago, IL,
USA). Continuous variables are shown as medians (interquar-
tile ranges, IQRs), and categorical data are shown as percent-
ages. Comparisons of two medians were performed using the
Mann-Whitney U test, and comparisons of percentages were
performed with the chi-square test. Multivariate analysis was
performed to determine whether PT-act < 75% was a risk
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factor for mortality after adjusting for other variables.
Receiver operating characteristic (ROC) curves (MedCalc
v15.11.4, Ostend, Belgium) were used to determine blood
coagulation parameters at admission as predictors of mortali-
ty. The median coagulation parameters at admission and 2
weeks later were compared using the Wilcoxon test. A P value
< 0.05 was considered statistically significant for all analyses.

Results
Clinical characteristics

A total of 93 patients were admitted during the study period,
85 of whom met the inclusion criteria for this study. Eight
patients were excluded according to the exclusion criteria.
The median age of the patients was 63.0 (54.5, 70.0) years,
ranging from 31 to 89 years. Forty-eight (48/85, 56.47%)
patients were male, and 45 (45/85, 52.94%) patients had at
least one chronic comorbidity. Hypertension (35.29%), diabe-
tes (14.12%), and coronary heart disease (11.76%) were the
most common comorbidities. The percentages of admission
Pa0,/FiO, < 200 and CRP > 80 mg/L in the non-survivors
were significantly higher than those in the survivors.
Compared with those of survivors, the lymphocyte and plate-
let counts of non-survivors were significantly lower.
Prophylactic anticoagulant therapy (enoxaparin, 40 mg once
daily) was used in 47 patients for approximately 5 days after
admission. Comparisons of the demographic and clinical
characteristics of the survivors and non-survivors are shown
in Table 1.

Coagulation parameters of survivors and non-
survivors

The admission PT, INR, and levels of D-dimer and FDP were
significantly higher in the non-survivors than in the survivors,
while the reverse was true for PT-act (Table 2). Meanwhile,
the percentages of those with PT > 13 s, PT-act < 75%, D-
dimer > 0.55 mg/L, and FDP > 5 mg/L were significantly
higher in non-survivors than in survivors (Table 2).

Univariate and multivariate logistic regression analyses
were performed to determine whether admission PT-act <
75% was independently associated with mortality (Table 3).
Admission PT-act < 75% (adjusted odds ratio (OR) = 25.623;
95% confidence interval (CI): 2.639-248.750; P = 0.005) was
an independent risk factor for mortality when the other vari-
ables were controlled.

ROC curve analyses of mortality

Area under the curve (AUC) analysis was used to predict
mortality. Admission PT-act D-dimer and FDP could predict



Ann Hematol (2021) 100:45-52 47
Table 1 Demographics and
clinical characteristics of the All patients Survivors Non-survivors P
survivors and non-survivors
Subjects, n 85 73 12 -
Age (years) 63.00 (54.50, 70.00)  62.00 (54.5, 69.50) 67.00 (52.50, 74.75)  0.340
Gender, male, n (%) 48 (56.47%) 39 (53.42%) 9 (75.00%) 0.162
BMI 23.14 (21.70,24.62)  23.14 (21.67,24.23)  23.63 (21.99,27.03)  0.281
Any comorbidity, n (%) 45 (52.94%) 36 (49.32%) 9 (75.00%) 0.099
Hypertension, n (%) 30 (35.29%) 24 (32.88%) 6 (50.00%) 0.250
Coronary heart disease, n 10 (11.76%) 8 (10.96%) 2 (16.67%) 0.570
%
Di(abz:tes, n (%) 12 (14.12%) 9 (12.33%) 3 (25.00%) 0.243
COPD, n (%) 5 (5.88%) 3 (4.11%) 2 (16.77%) 0.087
Illness onset to admission 13.00 (10.00, 15.00)  13.00 (10.00, 15.50)  12.00 (9.25, 14.75) 0.429
days
Lyill};}lll(zcyte counts (% 0.97 (0.64, 1.42) 1.00 (0.77, 1.43) 0.59 (0.51, 0.85) 0.009
10°/L
PLT ) 218.00 (164.50, 222.00 (181.50, 161.00 (126.25, 0.013
270.00) 274.00) 238.75)
CRP > 80 mg/L, n (%) 22 (25.88%) 15 (20.55%) 7 (58.33%) 0.006
Pa0,/FiO, < 200, n (%) 32 (37.65%) 23 (31.51%) 9 (75.00%) 0.004
Prophylactic 47 (55.29%) 40 (54.79%) 7 (58.33%) 0.819
anticoagulation

BMI body mass index, COPD chronic obstructive pulmonary disease, CRP C-reactive protein, PLT platelet

mortality in patients with COVID-19 (Table 4 and Fig. 1). The
AUC for PT-act was 0.905 (95% CI: 0.822 to 0.958, P <
0.001), that for D-dimer was 0.816 (95% CI: 0.717 to 0.891,
P < 0.001), and that for FDP was 0.830 (95% CI: 0.734 to
0.903, P < 0.001) (Table 4). The AUCs for admission PT-act
were larger than those for admission D-dimer and FDP in
patients with COVID-19; however, there were no statistically
significant differences (AUC for PT-act vs. AUC for D-dimer,
P=0.216; AUC for PT-act vs. AUC for FDP, P =0.281). The
cut-off point of 76% that was obtained for the PT-act area had
the maximum sensitivity (100%) and specificity (78.08%) for
predicting mortality (Table 4).

Dynamic profile of coagulation parameters after 2
weeks of hospitalization in survivors

In the survival group (n = 73), the condition of patients
improved, and chest CT also gradually improved. Four
patients were well enough for discharge within 2 weeks
after admission. Fifty-eight hospitalized survivors
underwent coagulation tests 2 weeks after treatment.
After 2 weeks of hospitalization, PT, INR, APTT, and
FIB were significantly lower than at baseline, while the
reverse was true for PT-act (Table 5). Furthermore,
among 12 patients whose admission PT-act was <
75%, 10 patients had PT-act values that became higher
than 75% after 2 weeks of treatment (Table 5).
Finally, all survivors (n = 73) were discharged.

Discussion

Coagulation dysfunction seems to be an important issue in
patients with COVID-19. Recently, some researchers ana-
lyzed the clinical and laboratory findings of COVID-19 and
found that severe patients often had prolonged PT, increased
D-dimer levels, low fibrinogen, and DIC [6, 7]. Inflammatory
storms are a feature of severe COVID-19. Compared with
moderate patients, severe patients more frequently had dys-
pnea and lymphopenia, with markedly higher levels of IL-2R,
IL-6, IL-10, and TNF-«x [8]. The severe inflammatory state
secondary to COVID-19 leads to severe derangement of he-
mostasis and prominent alternation of coagulation parameters
[4, 9—11]. It is generally believed that deterioration of coagu-
lation parameters during the disease course is closely associ-
ated with COVID-19 worsening and death.

As one of the most important parameters, PT is widely used
to assess coagulation function in the clinic. Many studies have
explored the change in PT in patients with COVID-19 [7-9,
12—15]. Chen et al. [8] showed that the PT was not signifi-
cantly different between severe cases and moderate cases with
COVID-19. Han et al. [5] also reported that there was no
significant difference in PT between patients with different
levels of severity of COVID-19 and healthy controls.
However, more studies reported that severe patients had sig-
nificantly prolonged PT compared with non-severe patients
[16-18]. In addition, two studies on COVID-19 indicated that
non-survivors had higher PT levels than survivors [6, 12]. We
also found that admission PT was significantly higher in non-
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Table2 Comparison of coagulation parameters between survivors and non-survivors

Normal range All patients Survivors Non-survivors P
Subject - 85 73 12 -
PT (s) 9-13 12.20 (11.55, 12.75) 12.00 (11.50, 12.50) 13.05 (12.80, 14.00) 0.000
9-13, n (%) 70 (82.35%) 64 (87.67%) 6 (50%) 0.002
> 13, n (%) 15 (17.65%) 9 (12.33%) 6 (50%) 0.002
PT-act (%) 75-135 81.70 (74.83, 92.75) 84.70 (77.40, 93.28) 71.2 (62.45, 74.80) 0.000
<75, n (%) 27 (31.76%) 16 (21.92%) 11 (91.67%) 0.000
75-135, n (%) 58 (68.24%) 57 (78.08%) 1 (8.33%)
INR 0.76-1.24 1.05 (0.99, 1.10) 1.03 (0.98, 1.07) 1.13 (1.10, 1.21) 0.000
0.76-1.24, n (%) 83 (97.65%) 73 (100%) 10 (83.33%) 0.000
> 1.24, n (%) 2 (2.35%) 0 2 (16.67%)
APTT (s) 25-31.3 29.40 (26.60, 31.85) 29.50 (26.30, 31.65) 29.30 (27.78, 32.80) 0.319
<25, n (%) 6 (7.06%) 6 (8.22%) 0 0.488
25-31.3, n (%) 52 (61.18%) 45 (61.64%) 7 (58.33%)
>31.3,n (%) 27 (31.76%) 22 (30.14%) 5(41.67%)
TT (s) 1421 18.40 (17.20, 19.70) 18.00 (17.20, 19.70) 19.35 (18.03, 22.60) 0.079
14-21, n (%) 77 (90.59%) 69 (94.52%) 8 (66.67%) 0.002
> 21, n (%) 8 (9.41%) 4 (5.48%) 4 (33.33%)
Fib (g/L) 2-4 4.56 (3.33,5.24) 4.56 (3.48,5.26) 3.62 (2.48, 5.30) 0218
<2,n (%) 4 (4.71%) 2 (2.74%) 2 (16.67%) 0.025
2-4, n (%) 28 (32.94%) 22 (30.14%) 6 (50.00%)
>4, n (%) 53 (62.35%) 49 (67.12%) 4 (33.33%)
D-Dimer (mg/L) 0-0.55 0.76 (0.39, 2.21) 0.63 (0.34, 1.46) 4.11 (0.81, 52.69) 0.000
0-0.55, n (%) 35 (41.18%) 34 (46.58%) 1 (8.33%) 0.013
> 0.55, n (%) 50 (58.82%) 39 (53.42%) 11 (91.67%)
FDP (mg/L) 0-5 2.82 (1.09, 7.60) 1.93 (0.94, 5.14) 31.00 (3.61, 108.86) 0.000
0-5, n (%) 59 (69.41%) 55 (75.34%) 4(33.33%) 0.003
>5, n (%) 26 (30.59%) 18 (24.66%) 8 (66.67%)
Antithrombin IIT activity (%) 80-120 86.00 (78.20, 94.15) 86.80 (78.50, 94.70) 80.10 (70.95, 89.30) 0.100
<80, n (%) 25 (29.41%) 19 (26.03%) 6 (50%) 0.091
80-120, n (%) 60 (70.59%) 54 (73.97%) 6 (50%)

APTT activated partial thromboplastin time, FDP fibrin/fibrinogen degradation products, Fib fibrinogen, /NR international normalized ratio, PT
prothrombin time, PT-act prothrombin time activity, 77 thrombin time

Table 3 Univariate and
multivariate logistic regression to
identify risk factors at admission
related to mortality
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Univariate P Multivariate P

Unadjusted OR (95% CI) Adjusted OR (95% CI)
PT-act < 75% 42.533 (5.083-355.908) 0.001 25.623 (2.639-248.750) 0.005
D-dimer > 0.55 mg/L 9.075 (1.113-73.987) 0.039  2.146 (0.146-31.547) 0.578
FDP > 5 mg/L 6.111 (1.644-22.715) 0.007  2.623 (0.387-17.762) 0.323
Fib < 2.00 g/L 7.100 (0.897-56.196) 0.063  99.886 (0.133-74878.420)  0.173
Pa0,/FiO, < 200 6.522 (1.613-26.364) 0.009  3.082 (0.549-17.310) 0.201
Lymphocyte counts (x 10°/L)  0.277 (0.059-1.289) 0.102  0.219 (0.011-4.433) 0.323

CI confidence interval, FDP fibrin/fibrinogen degradation products, OR odds ratio, PT-act prothrombin time

activity
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Table 4 AUCs determined from
ROC curves for predictors of AUC 95% C1 P Optimal cut-off value Sensitivity Specificity
mortality due to COVID-19
PT-act 0.905 0.822~0.958 <0.001 76% 100.00 78.08
D-Dimer 0.816 0.717~0.891 <0.001 2.52 mg/L 66.67 83.56
FDP 0.830 0.734~0.903 < 0.001 9.66 mg/L 66.67 86.30

AUC area under the curve, CI confidence interval, FDP fibrin/fibrinogen degradation products, PT-act prothrom-

bin time activity

survivors than in survivors, while the admission PT values of
most patients (70/85, 82.35%) were in the normal range (9 to
13 s) in the present study.

It is worth noting that variability in thromboplastin reagents
may lead to large interlaboratory differences in PT results. The
INR is widely used in the clinic and is able to make the results
of different laboratories comparable by standardizing different
reagents: INR = (PTest/PToormal)", Where PT,e refers to the
PT value of patient, PT,;mq) refers to the PT value of normal
control health, and ISI indicates the International Sensitivity
Index of the thromboplastin reagent used. In the present study,
we found that the INR values were significantly higher in non-
survivors than in survivors; however, 97.65% of INR values at
admission were within the normal range (0.76—1.24).

PT-act also provides a common international scale for PT
reporting as a supplement. The calculation formula of PT-act
is as follows: PT-act = [PTormal — (PThommal X 0.6)])/[PTiest —
(PThommar * 0.6)] X 100%. PT-act has the similar clinical sig-
nificance as PT and can accurately reflect the activity of co-
agulation factors II, V, VII, and X. The decrease in coagula-
tion factor synthesis, DIC, and hyperfibrinolysis could
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Fig. 1 Receiver operating characteristic curves for the ability of D-Dimer,
FDP, and PT-act to predict in-hospital mortality in patients with COVID-
19

significantly prolong PT and decrease PT-act. In this study,
PT-act was significantly lower in non-survivors than in survi-
vors. We also show that the incidence of PT-act < 75% at
admission was markedly high (91.67%) in non-survivors,
while it was 21.92% in survivors, and the percentage of ab-
normal PT and INR values in non-survivors was 50% and
16.67%, respectively. Therefore, we argue that PT-act may
better reflect the severity of patients than PT and the INR.

At present, there is only one study involving PT-act in
patients with COVID-19 [5]. Han et al. [5] reported that PT-
act was lower in SARS-CoV-2 patients compared to healthy
controls and that PT-act decreased with increasing severity of
the disease; however, this study did not explore the effect of
PT-act on the outcome of patients with COVID-19. The re-
searchers did not focus on the PT-act, which may be because
the PT-act was not a conventional indicator of coagulation
function in the clinic, and some hospitals did not carry out
PT-act testing.

Many studies on COVID-19 have focused on the D-dimer
level. COVID-19 patients with D-dimer levels > 2.0 ug/mL
had a higher incidence of mortality than those with D-dimer
levels < 2.0 ug/mL, and the authors argued that D-dimer could
be an early and helpful marker to improve the management of
COVID-19 patients [19]. Another study showed that 16 pa-
tients with COVID-19 ARDS had elevated D-dimer levels
(5.5 pg/mL, interquartile range 2.5-6.5) [20]. A meta-
analysis showed that approximately 37.2% of patients with
COVID-19 had an elevated D-dimer level [21]. The signifi-
cant elevation of D-dimer in severe novel coronavirus pneu-
monia (NCP) patients was a good index for identifying groups
at high risk of venous thromboembolism [13]. Tang et al. [6]
found that markedly elevated D-dimer and FDP levels are
common in deaths due to NCP. Tang et al. [14] used heparin
to treat patients and reported that the 28-day mortality of hep-
arin users was lower than that of non-users in patients with D-
dimer levels > 6-fold of the upper limit of normal (32.8% vs.
52.4%, P = 0.017). Our study showed that the levels of D-
dimer in 58.82% (50/85) of patients with COVID-19 were
larger than the upper limit of normal (0.55 mg/L), and the
non-survivors had significantly higher D-dimer levels than
the survivors.

Multivariate logistic regression analysis showed that ad-
mission PT-act < 75% was an independent risk factor for

@ Springer



50

Ann Hematol (2021) 100:45-52

Table 5 Coagulation parameters

in the survival group at admission Normal range Admission After 2 weeks P
and after 2 weeks of admission

Subject 58 58

PT (s) 9-13 12.00 (11.50, 12.53) 11.20 (10.70, 11.53) 0.000
9-13, n (%) 50 (86.21%) 56 (96.55%) 0.047
> 13, n (%) 8 (13.79%) 2 (3.45%)

PT-act (%) 75-135 84.70 (76.98, 93.23) 99.80 (92.80, 107.48) 0.000
<75, n (%) 12 (20.69%) 2 (3.45%) 0.011
75-135, n (%) 46 (79.31%) 55 (94.83%)
> 135, n (%) 0 1 (1.72%)

INR 0.76-1.24 1.03 (0.98, 1.07) 0.95 (0.92, 0.98) 0.000
0.76-1.24 58 (100%) 58 (100%)

APTT (s) 25-31.3 29.60 (26.30, 31.60) 26.20 (25.28, 27.50) 0.000
<25, n (%) 3 (3.53%) 13 (22.41%) 0.000
25-31.3, n (%) 38 (65.52%) 43 (74.14%)
>31.3,n (%) 17 (29.31%) 2 (3.45%)

TT (s) 1421 18.30 (17.20, 19.70) 18.10 (17.40, 19.03) 0.533
1421, n (%) 54 (93.10%) 58 (100%) 0.042
>21, n (%) 4(6.90%) 0

FIB (g/L) 2-4 4.50(3.37,5.12) 2.96 (2.52,3.41) 0.000
<2 1.(1.72%) 4 (6.90%) 0.000
24 20 (34.48%) 47 (81.03%)
>4 37 (63.79%) 7 (12.07%)

D-Dimer (mg/L) 0-0.55 0.77 (0.38, 1.71) 0.59 (0.38, 0.98) 0.058
0-0.55, n (%) 25 (43.10%) 28 (48.28%) 0.576
> 0.55, n (%) 33 (56.90%) 30 (51.72%)

FDP (mg/L) 0-5 1.93(0.93, 5.67) 1.84 (0.56, 4.75) 0.146
0-5, n (%) 42 (72.41%) 45 (77.59%) 0.520
>5,n (%) 16 (27.59%) 13 (22.41%)

Antithrombin IIT activity (%) 80-120 87.80 (78.20, 95.38) 90.50 (80.38, 95.88) 0.126
<80, n (%) 16 (27.59%) 13 (22.41%) 0.520

80-120, 1 (%)

42 (72.41%)

45 (77.59%)

APTT activated partial thromboplastin time, FDP fibrin/fibrinogen degradation products, FI/B fibrinogen, /NR
international normalized ratio, P7 prothrombin time, P7-act prothrombin time activity, 77 thrombin time

mortality in patients with COVID-19 in the present study;
however, admission D-dimer > 0.55 mg/L was not an inde-
pendent risk factor for mortality. Zhou et al. [12] reported that
multivariable regression showed increasing odds of in-
hospital death associated with D-dimer > 1 pg/mL on admis-
sion. Liu et al. [22] found that increased D-dimer levels at
admission were closely related to death through multivariable
logistic regression. Wu et al. [23] also reported that D-dimer
was associated with progression from ARDS to death in bi-
variate Cox regression analysis. Of course, the differences
between our study and other studies may be due to the differ-
ent research designs and indicator screening. However, the
value of PT-act at admission should be given adequate atten-
tion when treating patients with COVID-19.

The accuracy of coagulation parameters for predicting in-
hospital mortality was evaluated using ROC curve analysis.
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We found that PT-act, D-dimer, and FDP are significant pre-
dictors of mortality. Combined with the fact that PT-act < 75%
is an independent risk factor for patient death, we argue that
PT-act is a useful index for predicting COVID-19 patient
death. Liu et al. [11] reported that using ROC analyses, the
AUC values for PT, FDP, and D-dimer at admission were
0.892, 0.81, and 0.809, respectively, for predicting in-
hospital mortality in patients with COVID-19. Another study
on COVID-19 also indicated that the AUCs of PT and D-
dimer at admission were 0.643 and 0.742 for predicting mor-
tality, and they increased to 0.937 and 0.851, respectively, at
the composite endpoint [22]. Combined with these studies, we
argue that the specific parameters of coagulation function,
including PT-act at admission, can effectively predict the
prognosis of patients with COVID-19. Although serial mea-
surements may provide more information and guide
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treatment, testing coagulation parameters at admission still has
the advantage of providing doctors with key information in a
timely manner and helping doctors give relevant treatments
quickly at the early stage of hospitalization.

This study has several limitations. First, this retrospective
study was limited by factors that are inherent to retrospective
analysis. Second, this was a single-center retrospective study,
and the results may not be representative due to the small
sample size. However, it may be the first clinical study
concerning the predictive value of PT-act at admission for
mortality in patients with COVID-19. A multicenter study
with a larger sample size is needed to verify our results.
Third, we only collected blood coagulation tests at admission
and 2 weeks after hospitalization, which may not accurately
reflect the continuous dynamic changes of coagulation.
Fourth, because there is no ultrasound screening of blood
vessels, we do not have data about the occurrence of thrombi
in patients. Last, the relatively high mortality rate is related to
the severe condition of the patients (the admission PaO,/FiO,
of 68 patients was less than 300) and inadequate early medical
conditions. Despite these limitations, we found that PT-act at
admission has a predictive and prognostic value, which can
enable clinicians to identify patients with COVID-19 who are
at a great risk of death in the early stage of the disease.

Finally, it was needed to point out that 81 of the 85 patients
included in the present study were also part of other study
[24], which did not involve coagulation.

Conclusions

COVID-19 is often accompanied by abnormal coagulation.
PT-act at admission is able to predict mortality in patients with
COVID-19 as can D-dimer and FDP levels. Moreover, PT-act
< 75% is independently associated with mortality.
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