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Abstract
Critical illnesses associated with coronavirus disease 2019 (COVID-19) are attributable to a hypercoagulable status. There is 
limited knowledge regarding the dynamic changes in coagulation factors among COVID-19 patients on nafamostat mesylate, 
a potential therapeutic anticoagulant for COVID-19. First, we retrospectively conducted a cluster analysis based on clinical 
characteristics on admission to identify latent subgroups among fifteen patients with COVID-19 on nafamostat mesylate 
at the University of Tokyo Hospital, Japan, between April 6 and May 31, 2020. Next, we delineated the characteristics of 
all patients as well as COVID-19-patient subgroups and compared dynamic changes in coagulation factors among each 
subgroup. The subsequent dynamic changes in fibrinogen and D-dimer levels were presented graphically. All COVID-19 
patients　were classified into three subgroups: clusters A, B, and C, representing low, intermediate, and high risk of poor 
outcomes, respectively. All patients were alive 30 days from symptom onset. No patient in cluster A required mechanical 
ventilation; however, all patients in cluster C required mechanical ventilation, and half of them were treated with venovenous 
extracorporeal membrane oxygenation. All patients in cluster A maintained low D-dimer levels, but some critical patients in 
clusters B and C showed dynamic changes in fibrinogen and D-dimer levels. Although the potential of nafamostat mesylate 
needs to be evaluated in randomized clinical trials, admission characteristics of patients with COVID-19 could predict 
subsequent coagulopathy.
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Highlights

•	 All patients with COVID-19 treated on nafamostat 
mesylate were alive at 30 days from symptom onset.

•	 Using cluster analysis based on clinical characteristics on 
admission, we identified three subgroups among COVID-
19 patients with different clinical presentations of subse-
quent coagulopathy.

•	 Clinical characteristics on admission are beneficial in 
predicting subsequent coagulopathy and consider indi-
vidualized approaches for thromboembolism.

•	 Since COVID-19-associated coagulopathy resembles DIC, 
a careful evaluation of dynamic changes in coagulopathy, 
as reflected by fibrinogen and D-dimer levels, is essential.

Introduction

Critically ill patients with coronavirus disease 2019 (COVID-
19), caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), primarily present with respiratory 
failure [1]. However, another distinct feature of COVID-19 
is its coagulopathy [2, 3]. Coagulopathy, notably increased 
D-dimer levels, is commonly observed, even on admission, 
among patients with COVID-19 and is associated with sub-
sequent thromboembolic events and severe outcomes [2–6]. 

 *	 Koh Okamoto 
	 kokamoto‑tky@umin.ac.jp

1	 Department of Infectious Diseases, The University of Tokyo 
Hospital, 7‑3‑1 Hongo, Bunkyo‑ku, Tokyo 113‑0033, Japan

2	 Department of Infection Control and Prevention, The 
University of Tokyo Hospital, Tokyo, Japan

3	 Department of Clinical Laboratory, The University of Tokyo 
Hospital, Tokyo, Japan

http://orcid.org/0000-0002-4072-9096
http://crossmark.crossref.org/dialog/?doi=10.1007/s11239-020-02275-5&domain=pdf


650	 I. Osawa et al.

1 3

Although the most effective strategy for treating coagu-
lopathy is yet to be established, the International Society of 
Thrombosis and Haemostasis (ISTH) released an interim 
guidance that recommended consideration of anticoagulant 
therapy for all COVID-19 patients, based on limited evidence 
[7–9].

Although a variety of antiviral agents for COVID-19 has 
been studied extensively, there has been only one agent, 
remdesivir, that has proven to be superior to placebo in ran-
domized controlled trials [10, 11]. Among potential agents, 
nafamostat mesylate (hereafter nafamostat), a serine protease 
inhibitor, could be one of the promising agents for treating 
COVID-19. Nafamostat, which provides sufficient prolonga-
tion of activated partial thromboplastin time (APTT) without 
causing major bleeding complications, has been used as an 
anticoagulant for hemodialysis procedures and disseminated 
intravascular coagulation (DIC) in Japan and South Korea 
[12, 13]. Previous in vitro studies revealed that nafamostat 
blocks the entry of SARS-CoV-2 into the human cell by pre-
venting the fusion of the envelope of SARS-CoV-2 with the 
host cell [14, 15]. Considering its antiviral and anticoagulant 
effects, nafamostat may effectively treat COVID-19 patients, 
particularly those who present with coagulopathy [16]. In 
light of this, we recently reported a case-series study where 
11 critically ill patients with COVID-19 were successfully 
treated with nafamostat in combination with favipiravir, [17] 
another antiviral candidate that potentially exhibits activity 
against SARS-CoV-2 through inhibition of RNA-dependent 
RNA polymerase [18]. The efficacy of nafamostat alone 
or in combination with other agents is being evaluated in 
several phase three randomized trials (jRCTs031200026, 
NCT04418128, and NCT04352400).

Although many reports have focused on abnormal coagu-
lation parameters on admission, a few others have reported 
on the subsequent changes in coagulation factors and their 
association with patient outcomes [4, 19–22]. In this study, 
we aimed to (1) use clustering analysis to identify the latent 
subgroups among COVID-19 patients based on their admis-
sion characteristics and (2) describe the differences in the 
subsequent changes in fibrinogen and D-dimer levels among 
the clusters, while on treatment with nafamostat and favip-
iravir, to inform strategies that could better control coagu-
lopathy in COVID-19 patients.

Methods

Study design and population

This retrospective descriptive study was conducted at the 
University of Tokyo Hospital, a tertiary medical center 
in Tokyo, Japan. We included patients with COVID-19 
(aged ≥18 years) who were hospitalized between April 

6 and May 31, 2020, and treated with nafamostat (a dose 
of 0.20 mg/ kg) and favipiravir (a dose of 3600 mg on 
day 1 and, subsequently, 1600 mg per day) for 14 days or 
until clinically improved. Additional methylprednisolone 
for acute respiratory distress syndrome　as well as anti-
coagulants (i.e., intravenous heparin or direct oral antico-
agulants) were used at the discretion of each physician. 
We excluded patients who were on comfort measures. All 
data were retrospectively retrieved from electronic health 
records. The presence of SARS-CoV-2 in sputum or naso-
pharyngeal-swab samples was confirmed using real-time 
polymerase chain reaction (RT-PCR; Roche, Switzerland). 
In addition, patients were tested again before discharge 
when their fever and respiratory symptoms had resolved, 
because the Japanese governmental policy required two 
consecutive negative RT-PCR assays before discharge 
from the hospital to confirm the viral clearance during 
the study period. The Institutional Review Board of the 
University of Tokyo approved this study (#3538) and the 
Institutional Treatment Board of the University of Tokyo 
Hospital approved the treatment protocol for COVID-19 
(#202001CL). The informed consent was obtained from 
all patients.

Statistical analysis

Cluster analysis

To identify the latent subgroups among COVID-19 patients 
on admission, we used partitioning around medoids, which 
is a machine-learning-based clustering approach. On admis-
sion, the following variables were used for clustering: demo-
graphics [i.e., age, sex, body mass index (BMI), and days 
from symptom onset to admission], coexisting disorders 
(i.e., diabetes mellitus, hyperlipidemia, and hypertension), 
and laboratory data [i.e., PaO2/FiO2 ratio, white blood cell 
(WBC) count, the ratio of lymphocyte to total WBC count, 
hemoglobin (Hb), platelet count, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), total bilirubin 
(T-Bil), lactate dehydrogenase (LDH), blood urea nitrogen 
(BUN), serum creatinine (SCr), C-reactive protein (CRP), 
prothrombin time (PT), APTT, fibrinogen, and D-dimer], 
which are well-known predictors of severe COVID-19 out-
comes, according to past studies [22, 23]. We used Gower’s 
distance measure to calculate distances between variables 
and determined the optimal number of clusters using the 
consensus matrix heatmaps as well as the consensus cluster-
ing methods (i.e., the elbow method and cumulative distri-
bution function) [24]. In addition, we visually evaluated the 
clusters using the t-distributed stochastic neighbor embed-
ding (t-SNE) method [25].
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Comparisons of COVID‑19 subgroups treated 
with nafamostat

We defined the outcomes of each subgroup as (1) mor-
tality within 30 days from symptom onset, (2) days from 

admission to two consecutive negative RT-PCR results, 
and (3) days from symptom onset to two consecutive nega-
tive RT-PCR results. To delineate and compare the char-
acteristics, treatments (i.e., the use of favipiravir, methyl-
prednisolone, anticoagulants [i.e., heparin or direct oral 

Table 1   Characteristics on admission, treatments, and outcomes of all patients treated with nafamostat mesylate and each subgroup

BMI body mass index, WBC white blood cells, AST aspartate aminotransferase, ALT alanine aminotransferase, T-Bil total bilirubin, LDH lactate 
dehydrogenase, BUN blood urea nitrogen, SCr serum creatinine, CRP C-reactive protein, PT prothrombin time, APTT activated partial thrombin 
time, DOAC direct oral anticoagulants, VV-ECMO venovenous extracorporeal membrane oxygenation, PCR polymerase chain reaction, IQR 
interquartile range
a Variables not used for cluster analysis
b One patient in cluster C was excluded only from these analyses since the PCR result did not turn negative by 31th May, 2020 (35 days after 
onset and 30 days after admission)
Values represent n (%), unless otherwise indicated

Overall
n = 15

Cluster A
n = 4

Cluster B
n = 5

Cluster C
n = 6

p value

Demographics
 Age, median (IQR) 63.0 (60.0–69.0) 62.5 (58.3–64.5) 69.0 (68.0–76.0) 60.0 (51.3–66.5) 0.138
 Male sex 13 (86.7) 4 (100.0) 3 (60.0) 6 (100.0) 0.152
 BMI, median (IQR) 23.5 (22.3–26.7) 23.7 (22.9–25.0) 22.3 (22.3–23.5) 25.5 (23.8–28.6) 0.515
 Days from symptom onset to admission (days) (IQR) 8.00 (7.00–11.0) 8.00 (7.25–9.00) 7.00 (7.00–11.0) 9.50 (8.25–10.8) 0.798

Coexisting disorders
 Diabetes mellitus 6 (40.0) 0 (0.0) 5 (100.0) 1 (16.7) 0.002
 Hyperlipidemia 3 (20.0) 0 (0.0) 1 (20.0) 2 (33.3) 0.736
 Hypertension 6 (40.0) 0 (0.0) 2 (40.0) 4 (66.7) 0.141

Laboratory data
 PaO2/FiO2, median (IQR) 160 (109–241) 262 (21–293) 202 (160–228) 101 (84.5–120) 0.034
 WBC count (/mm3), median (IQR) 6.00 (5.05–8.30) 4.90 (4.15–6.22) 5.60 (4.70–6.60) 9.05 (6.55–11.3) 0.095
 The ratio of lymphocyte to total WBC (%), median (IQR) 14.7 (11.0–18.9) 17.6 (14.6–20.7) 14.7 (13.2–17.6) 11.1 (8.93–16.6) 0.433
 Hemoglobin (g/dL), median (IQR) 15.0 (13.5–16.4) 13.6 (13.1–14.5) 13.8 (12.6–16.4) 16.2 (15.2–16.4) 0.183
 Platelet count (× 104 /mm3), median (IQR) 20.0 (18.0–27.9) 20.4 (17.2–23.3) 19.6 (16.5–25.1) 25.3 (19.4–30.6) 0.386
 AST (U/L), median (IQR) 50.0 (41.0–55.5) 53.0 (44.0–72.0) 45.0 (39.0–49.0) 54.5 (45.8–58.0) 0.328
 ALT (U/L), median (IQR) 38.0 (24.5–55.0) 57.0 (47.5–58.8) 35.0 (20.0–38.0) 41.0 (27.5–52.3) 0.204
 T-Bil (mg/dL), median (IQR) 0.80 (0.50–0.85) 0.60 (0.50–0.72) 0.80 (0.50–0.90) 0.80 (0.65–1.32) 0.50
 LDH (U/L), median (IQR) 423 (362–592) 267 (200–416) 406 (386–410) 606 (462–781) 0.028
 BUN (mg/dL), median (IQR) 19.30 (14.9–27.6) 20.9 (13.6–27.7) 21.3 (15.4–27.6) 19.1 (17.0–21.9) 0.934
 SCr (mg/dL), median (IQR) 0.92 (0.71–1.03) 0.97 (0.91–1.06) 0.92 (0.74–0.92) 0.76 (0.59–1.01) 0.543
 CRP (mg/dL), median (IQR) 10.5 (5.42–13.4) 4.36 (1.43–8.06) 6.08 (4.76–12.2) 16.2 (15.2–16.4) 0.033
 PT (seconds), median (IQR) 12.5 (11.8–13.5) 11.7 (11.3–12.0) 12.1 (11.9–13.0) 13.50 (12.7–13.9) 0.077
 APTT (seconds), median (IQR) 28.8(28.2–31.3) 28.5 (28.2–28.7) 31.9 (31.7–32.3) 28.2 (28.0–28.7) 0.009
 Fibrinogen (mg/dL), median (IQR) 619 (557–683) 605 (574–641) 572 (493–761) 632 (569–686) 0.99
 D-dimer (µg/mL), median (IQR) 1.30 (0.95–2.40) 1.00 (0.65–1.83) 1.10 (1.10–1.20) 2.60 (1.40–9.72) 0.078

Treatmentsa

 Favipiravir 15 (100.0) 4 (100.0) 5 (100.0) 6 (100.0) 0.99
 Methylprednisolone 7 (46.7) 2 (50.0) 0 (0.0) 5 (83.3) 0.022
 Anticoagulants (Heparin or DOAC) 11 (73.3) 1 (25.0) 3 (60.0) 6 (100.0) 0.165
 Mechanical ventilation 7 (46.7) 0 (0.0) 1 (20.0) 6 (100.0) 0.001
 VV-ECMO 3 (20.0) 0 (0.0) 0 (0.0) 3 (50.0) 0.075

Outcomesa

 Mortality within 30 days from symptom onset 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.99
 Days from admission to 2 consecutive negative PCR (days), 

median (IQR)b
14.5 (10.0–20.8) 17.0 (13.0–21.3) 12.5 (8.75–17.3) 13.0 (10.3–19.5) 0.620

 Days from symptom onset to 2 consecutive negative PCR (days), 
median (IQR)b

23.0 (21.0–27.8) 23.5 (22.0–27.0) 23.5 (18.3–28.8) 22.5 (21.0–26.3) 0.684
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anticoagulants], mechanical ventilation, and venovenous 
extracorporeal membrane oxygenation [VV-ECMO]), and 
outcomes of each cluster, we used Kruskal-Wallis and Fish-
er’s tests, as appropriate. We constructed line graphs to visu-
alize dynamic changes in fibrinogen and D-dimer levels in 
patients with COVID-19 and associated coagulopathy from 
each cluster. In addition, we graphically displayed sequential 
changes in D-dimer/fibrinogen ratio, a specific marker for 
embolism [26, 27].

The results of two-tailed tests with P < .05 were con-
sidered to be statistically significant. All analyses were 
conducted using R version 3.6.1 (R Foundation, Vienna, 
Austria).

Results

Among the 26 patients who were hospitalized, 16 were 
treated with nafamostat and favipiravir, 6 with favipiravir 
(primarily due to the limited supply of nafamostat), and 4 
without any antiviral agents. One patient on nafamostat and 
favipiravir and another on no antiviral agents were transi-
tioned to comfort measures soon after admission; thus, they 
were excluded from the analysis. Among 15 patients in the 
final cohort (Table 1), the median age was 63.0 years and 13 
patients were men. Twelve, seven, and three patients out of 
fifteen required intensive care, mechanical ventilation, and 
VV-ECMO, respectively. No patients died nor developed 
thromboembolic events 30 days from symptom onset. Three 
patients developed phlebitis at the peripheral intravenous site 
secondary to nafamostat treatment.

In terms of the clustering approach, we found that the 
three-class model was optimal, judging from the consensus 
matrix heatmaps, elbow method, cumulative distribution 
function curve, and t-SNE plot (Figs. 1, 2). The characteris-
tics and outcomes of all patients and clusters are presented in 
Table 1. In summary, the patients who belonged to cluster A 
had high PaO2/FiO2 ratios and low LDH, CRP, and D-dimer 
levels. The patients who belonged to cluster C were likely 
to have hyperlipidemia and hypertension. Further, they had 

low PaO2/FiO2 ratios; high WBC counts; and high LDH, 
CRP, and D-dimer levels. The levels of patients in cluster B 
measured between those of the patients in cluster A and clus-
ter C. Accordingly, the patients in cluster A did not require 
mechanical ventilation and VV-ECMO; however, all patients 
in cluster C required mechanical ventilation and half of them 
were treated with VV-ECMO. Nevertheless, there was no 
significant difference in days from symptom onset or admis-
sion to two consecutive negative RT-PCR results among the 
three subgroups.

Clinical courses of coagulopathy, as reflected by changes 
in fibrinogen and D-dimer levels, in patients with COVID-19 
from each cluster are shown in Fig. 3. In cluster A, D-dimer 
maintained a low level; however, some critically ill patients 
in clusters B and C showed dynamic changes in coagula-
tion parameters (e.g., D-dimer level was increasing, while 
fibrinogen level was decreasing).

Discussion

Using cluster analysis, we statistically classified 15 patients 
with COVID-19 treated with nafamostat mesylate into 3 sub-
groups: cluster A, B, and C. Given that low PaO2/FiO2 ratios 
as well as elevated LDH and D-dimer levels on admission 
are risk factors for poor outcomes in COVID-19 as per previ-
ous studies, [22, 23] the risk for poor outcomes was expected 
to be low, intermediate, and high for clusters A, B, and C, 
respectively. In addition, some critical patients in clusters B 
and C (e.g., patient C-2 on mechanical ventilation and VV-
ECMO in Fig. 3) showed dynamic changes in coagulation 
parameters (i.e., fibrinogen and D-dimer levels).

Several studies to date have described the dynamic 
changes in coagulation factors during the course of illness 
[4, 19–22]. Although they summarized their original data 
in various ways, they consistently revealed a significantly 
dynamic difference in coagulation factors between survivors 
and non-survivors as well as a steady increase in D-dimer 
levels in the early phase (the first 2 weeks of the disease). 
We described the different patterns of dynamic changes 

Fig. 1   Consensus matrix heatmaps for different numbers of clusters. The heatmaps, based on hierarchical clustering, indicate that patients 
treated with nafamostat mesylate could be categorized into ≥ three clusters with relatively clear boundaries
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in coagulation parameters among three subgroups, which 
were statistically classified, based only on patient charac-
teristics on admission and not on their outcomes. Given that 
some patients in clusters B and C had noticeable increases 
in D-dimer levels, patients with specific features (e.g., low 
PaO2/FiO2 ratios; high CRP; and history of diabetes mel-
litus, hypertension, and hyperlipidemia), even without 
elevated D-dimer levels on admission, may benefit from 
preemptive anticoagulation therapy to prevent progressive 
coagulopathy.

COVID-19-associated coagulopathy resembles DIC and 
is associated with enhanced fibrinolysis rather than sup-
pressed fibrinolysis as with other infectious-disease-related 
DIC [2, 3, 16]. As Tang et al. observed that fibrinogen ini-
tially increased and then rapidly decreased about 10 days 
after admission in COVID-19 non-survivors, [4] there may 
be a transition point from suppressed to enhanced fibrinoly-
sis in the clinical course of COVID-19. Our discovery of 
some critically ill patients in clusters B and C having an 
initial increase in D-dimer levels with a subsequent decrease 
in fibrinogen levels was consistent with Tang et al.’s obser-
vation, [4] and these dynamic changes in fibrinogen and 
D-dimer levels may indicate the development of thrombo-
embolism and subsequent increased risk of hemorrhage. 
Wichmann et al. reported autopsies revealing that 58% of 
patients had deep venous thrombosis, unsuspected before 
death, [28] meaning that new thromboembolism could not 
be recognized, if not critical. A D-dimer/fibrinogen ratio, 
calculated using the formula: (D-dimer [µg/ml] / fibrinogen 
[mg/dL]) × 100, has proven to be a specific marker for embo-
lism, [26, 27] and the ratio above 1.0 had 94% specificity 
in the diagnosis of pulmonary embolism in non-COVID-19 
patients [26]. Indeed, as shown in Fig. 3, a high D-dimer/
fibrinogen ratio (above 1.0 in some patients) may also sug-
gest clinically silent thromboembolism. Fortunately, no 
patient experienced any critical thromboembolic or hemor-
rhagic events as within 30 days from their symptom onset. 
Notwithstanding, monitoring the trend of this ratio as well as 
fibrinogen and D-dimer levels may be useful in the predic-
tion and management of coagulopathy in COVID-19.

However, our study has the following limitations. First, 
it is a retrospective, single-arm descriptive study of fifteen 
patients with COVID-19 treated with nafamostat and favi-
piravir in an academic hospital. Therefore, it is uncertain 
if our favorable outcomes are primarily attributable to 
nafamostat and favipiravir. However, considering that the 
anti-SARS-CoV-2 effect of nafamostat has been suggested 
in vitro, [14, 15] its antiviral and anticoagulant activities 
could work synergistically against COVID-19 with coagu-
lopathy [16, 17]. Second, additional anticoagulants (i.e., 
intravenous heparin or direct oral anticoagulants), used 
on some patients, might have contributed to the dynamic 
changes in fibrinogen and D-dimer levels observed in this 

study. Third, while there is no definite rule for the minimum 
sample size for clustering approaches [29] and the indicative 
variables appear to be distributed appropriately, our small 
sample size requires extra caution when interpreting our 
findings. Further studies are needed to confirm our findings.

Conclusions

Using cluster analysis based on their admission status, we 
statistically classified patients with COVID-19 into three 
clusters that subsequently had different dynamic changes in 
fibrinogen and D-dimer levels. Individualized approaches—
the use of prophylactic and enhanced anticoagulants when 
there is high risk of thromboembolism—are necessary 
together with the careful evaluation of dynamic changes in 
coagulopathy, as reflected by fibrinogen and D-dimer levels. 
Further research regarding the effectiveness of nafamostat 
against COVID-19 and its effects on COVID-19-associated 
coagulopathy is urgently necessary for guiding physicians 
towards the optimal treatment strategy.
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