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Comparison of Venous Thromboembolism Risks
Between COVID-19 Pneumonia and Community-
Acquired Pneumonia Patients

Fei Mei," Jiawei Fan," Jinhua Yuan, Zhenzhen Liang, Kewei Wang, Jianfeng Sun, Wenfei Guan, Mingkui Huang, Yu L,
Wayne W. Zhang

OBJECTIVE: The objectives were to investigate and compare the risks and incidences of venous thromboembolism (VTE) between
the 2 groups of patients with coronavirus disease 2019 (COVID-19) pneumonia and community-acquired pneumonia (CAP).

APPROACH AND RESULTS: Medical records of 616 pneumonia patients who were admitted to the Yichang Central People’s Hospital
in Hubei, China, from January 1 to March 23, 2020, were retrospectively reviewed. The patients with COVID-19 pneumonia
were treated in the dedicated COVID-19 units, and the patients with CAP were admitted to regular hospital campus. Risks of
VTE were assessed using the Padua prediction score. All the patients received pharmaceutical or mechanical VTE prophylaxis.
VTE was diagnosed using Duplex ultrasound or computed tomography pulmonary angiogram. Differences between COVID-19
and CAP groups were compared statistically. All statistical tests were 2 sided, and A<0.05 was considered as statistically
significant. All data managements and analyses were performed by IBM SPSS, version 24, software (SPSS, Inc, Chicago, IL).
Of the 616 patients, 256 had COVID-19 pneumonia and 360 patients had CAP. The overall rate of VTE was 2% in COVID-19
pneumonia group and 3.6% in CAP group, respectively (P=0.229). In these two groups, 15.6% of the COVID-19 pneumonia
patients and 10% of the CAP patients were categorized as high risk for VTE (Padua score, >4), which were significantly
different (P=0.036). In those high-risk patients, the incidence of VTE was 12.5% in COVID-19 pneumonia group and 16.7%
in CAP group (P=0.606). Subgroup analysis of the critically ill patients showed that VTE rate was 6.7% in COVID-19 group
versus 13% in CAP group (P=0.484). In-hospital mortality of COVID-19 and CAP was 6.3% and 3.9%, respectively (P=0.180).

CONCLUSIONS: Our study suggested that COVID-19 pneumonia was associated with hypercoagulable state. However, the rate
of VTE in COVID-19 pneumonia patients was not significantly higher than that in CAP patients.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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- See accompanying editorial on page 1958
a novel severe acute respiratory syndrome coro-

COronavirus disease 2019 (COVID-19), caused by
navirus-2 (SARS-CoV-2), has spread around the

Recent publications reported that SARS-CoV-2 infec-

planet. The clinical presentations of COVID-19 vary
from asymptomatic to severe acute respiratory syn-
drome. It has been suggested that coronavirus, like
some other viruses, may also have significant impact
on the hematopoietic and hemostatic systems result-
ing in thrombotic and bleeding complications.'®

tion might increase the risks of venous thromboem-
bolism (VTE), especially in hospitalized patients with
severe symptoms such as COVID-19 pneumonia.®™”
However, the real incidence of VTE in COVID-19 inpa-
tients has not been well documented, and the VTE
risks in COVID-19 patients have not been compared
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Nonstandard Abbreviations and Acronyms

Highlights

CAP community-acquired pneumonia
COVID-19 coronavirus disease 2019

RT-PCR reverse transcription polymerase
chain reaction

SARS-CoV-2 severe acute respiratory syndrome
coronavirus-2

VTE venous thromboembolism

with community-acquired pneumonia (CAP) patients.
This study compares the risks and incidences of VTE
between the 2 groups of patients with COVID-19
pneumonia and CAP.

APPROACH

The authors declare that all supporting data are available
within this article.

Total of 616 pneumonia patients were admitted to the
Yichang Central People’'s Hospital—a tertiary regional
medical center in Hubei, China, from January 1 to March
23, 2020. All the patients presenting with fever or respi-
ratory symptoms had COVID-19 screening tests, and the
diagnosis of COVID-19 pneumonia was made accord-
ing to the following published criteria: (1) symptomatic
patients with bilateral pulmonary infiltrates and multifocal
ground-glass opacities consistent with atypical pneumo-
nia on chest computed tomography scan, (2) rhinopha-
ryngeal specimen reverse transcription polymerase chain
reaction (RT-PCR) test positive for SARS CoV-2, or (3)
SARS CoV-2 gene assay positive.®

Our institution opened fever clinic for COVID-19
patients on January 1, 2020, but RT-PCR test was not
started until the end of January. The suspected COVID-
19 patients were initially diagnosed based on travel/con-
tact history, clinical manifestations, and chest computed
tomography findings. We excluded the patients who were
discharged before RT-PCR test available. All the 616
patients in this study were positive from 1 or 2 rounds
of RT-PCR tests during hospitalization. The patients who
presented with diagnosed COVID-19 pneumonia were
directly admitted to the dedicated units. The patients
with clinical manifestations and imaging evidence of
pneumonia, but negative for first COVID-19 test, were
admitted to transitional isolated units until repeated tests
were performed. Those patients who were confirmed to
have COVID-19 infection by the repeated test were then
transferred to the dedicated units. The patients who were
negative per repeated COVID-19 test were then trans-
ferred to regular hospital wards from transitional units.

Medical records of the 616 patients were reviewed
retrospectively. This study was approved by the Insti-
tutional Review Board of the Yichang Central People’s
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¢ This study investigated and compared the risks and
incidences of venous thromboembolism between
the 2 groups of patients with coronavirus disease
2019 (COVID-19) pneumonia and community-
acquired pneumonia.

+ COVID-19 pneumonia was associated with hyper-
coagulable state.

* The rate of venous thromboembolism in COVID-19
pneumonia patients was not significantly higher than
that in community-acquired pneumonia patients.

Hospital. Informed written consent was not required for
this deidentified retrospective study. Patients’ demo-
graphic data were collected and analyzed statistically.
The risks of VTE were assessed using Padua prediction
score.® All patients received VTE prophylaxis following
standard protocols with low-molecular-weight heparin
or unfractionated heparin or mechanical intermittent
pneumatic compression device if contraindicated to anti-
coagulants. High-risk (Padua score, >4) patients were
screened using Duplex ultrasound or computed tomog-
raphy pulmonary angiogram to rule out VTE.

Descriptive analyses were reported as relative fre-
quencies for discrete variables. Continuous variables
were reported as meantSD or median and interquartile
range for normal and non-normal distributed variables,
respectively. To determine the differences of observa-
tional parameters between COVID-19 pneumonia and
CAP groups, y? test, Fisher exact test, t test, or Mann-
Whitney U test were performed. All statistical tests were
2 sided, and <0.05 was considered as statistically sig-
nificant. All data managements and analyses were per-
formed using IBM SPSS, version 24, software (SPSS,
Inc, Chicago, IL).

RESULTS

Of the 616 patients, 256 (men:women, 131:125; age,
55.5 [0.5-87] years) were diagnosed to have COVID-
19 pneumonia, and 360 patients (men:women, 211:149;
age, 61 [15-95] years) had CAP. Demographics and
characteristics of all patients were collected and sum-
marized in Table 1. In general, COVID-19 pneumonia
patients were younger with less underlying diseases,
whereas more CAP patients had chronic comorbidi-
ties, including coronary artery disease, cerebrovascular
disease, hypertension, diabetes mellitus, and history of
malignancy. However, acute liver and renal dysfunc-
tion occurred more common in COVID-19 pneumonia
patients, especially in critically ill patients (Table 1).
Overall rate of VTE was 2% in COVID-19 pneumo-
nia group and 3.6% in CAP group, respectively, with no
significant difference (P=0.229; Table 2). D-dimmer
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Table 1. Demographics and Characteristics of COVID-19 Pneumonia and CAP Patients

All, n (Range/%) COVID-19, n (Range/%) CAP, n (Range/%) P Value

Total number 616 256 360
Age, y 58.5 (0.5-95) 55.5 (0.5-87) 61 (15-95) 0.005
Men 342 (55.5) 131 (51.2) 211 (58.6) 0.067
>65yold,y 215 (34.9) 77 (30.1) 138 (38.3) 0.034
Hospital stay, d 14 (4-60) 28 (5-58) 9 (4-60) <0.001
CAD 140 (22.7) 29 (11.3) 111 (30.8) <0.001
CVD 89 (14.4) 15 (5.9) 74 (20.6) <0.001
Hypertension 161 (26.1) 60 (23.4) 101 (28.1) 0.199
Diabetes mellitus 89 (14.4) 46 (18.0) 43 (11.9) 0.036
History of VTE 5 (0.8) 0 (0) 5 (1.4) 0.079*
History of malignancy 110 (17.9) 4 (1.6) 106 (29.4) <0.001
Acute liver dysfunction 13 (2.1) 12 (4.7) 1(0.3) <0.001
Acute renal failure 20 (3.2) 15 (5.9) 5(1.4) 0.002
CTPA 6(0.974) 0 (0) 6(1.7) 0.044*
Treatment

Mask oxygen inhalation 68 (11.0) 51 (19.9) 17 (4.7) <0.001

Corticosteroid use 237 (38.5) 151 (59.0) 86 (23.9) <0.001

CRRT 20 (3.2) 15 (5.9) 5(1.4) 0.002

ECOM 1(0.2) 1(0.4) 0(0) 0.416*

Ventilator support 99 (16.1) 45 (17.6) 54 (15.0) 0.391
Death 30 (4.9) 16 (6.3) 14 (3.9) 0.180

%? test. CAD indicates coronary artery disease; CAP, community-acquired pneumonia; CRRT, continuous renal replacement therapy; CTPA,
computed tomography pulmonary angiogram; CVD, cerebrovascular disease; ECOM, extracorporeal membrane oxygenation; and VTE, venous

thromboembolism.
*Fisher exact test.

was elevated in both groups (Table 3). Average Padua
score was significantly higher in COVID-19 group, com-
pared with CAP group (2.36£1.51 versus 1.88%1.36;
P<0.001). In these two groups, 15.6% (40 of 256) of the
COVID-19 pneumonia patients and 10% (36 of 360) of
the CAP patients were categorized as high risk for VTE
development with a Padua score >4. The percentage of
high-risk patients in COVID-19 group was significantly
higher than that in CAP group (P=0.036).

Subgroup analysis showed that in the high-risk
(Padua score, >4) patients, the incidences of VTE were
12.5% (5 of 40) in COVID-19 pneumonia group and
16.7% (6 of 36) in CAP group, with P=0.606 (Table 4).
The incidence of VTE in the critically ill patients who
required ventilator support was 6.7% (3 of 45) in COVID-
19 group and 13% (7 of 54) in CAP group, respectively
(Table 4). Vertical comparison within each group showed
the incidence of VTE in the patients who required ventila-
tor support was higher than that in the patients without
ventilator support (Table b). However, cross-comparison
demonstrated no statistical difference between the
COVID-19 pneumonia and CAP groups (P=0.484).

The length of hospital stay of the COVID-19 pneumonia
patients was significantly longer than CAP patients (28 ver-
sus 9 days; R<0.001). In-hospital mortality rate was 6.3% in
COVID-19 group versus 3.9% in CAP group, but statistical
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difference was not reached (P=0.138; Table 1). In COVID-
19 pneumonia group, 1 patient on ventilator support devel-
oped acute arterial ischemia with gangrene toes and fingers.

DISCUSSION

Previous publications documented that coronaviruses
may have strong influences on hematopoietic and
hemostatic systems and are associated with thrombotic
complications.”®'9"2 The mechanisms are potentially
due to endothelial cell dysfunction secondary to infec-
tion,""® venous stasis because of immobilization dur-
ing hospitalization especially in critically ill patients, and
hypoxia stimulation.” Antiphospholipid, anticardiolipin,

Table 2. The Overall VTE Incidences in COVID-19 and CAP
Groups

All, % COVID-19, % CAP, % P Value
PE 4(0.6) 1(0.4) 3(0.8) 0.869*
DVT 15 (2.4) 4(1.6) 11 (3.1) 0.236
VTE 18t (2.9) 5 (2.0) 13t (3.6) 0.229

¥? test. CAP indicates community-acquired pneumonia; COVID-19, coronavi-
rus disease 2019; DVT, deep venous thrombosis; PE, pulmonary embolism; and
VTE, venous thromboembolism.

“x? test with continuity correction.

tOne patient had both PE and DVT in CAP group.
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Table 3. Platelet Counts and D-Dimmer in COVID-19 Pneumonia and CAP Patients

COVID-19, CAP,
Laboratory Test (Normal Range) Mean (0 -Q,) M (Q-Q,) z P Value
Platelets (125-350) 162 (131-203) 205 (146-274) 5.822 <0.001
D-dimmer (0-0.5 pg/mL) 0.51 (0.31-0.83) 0.59 (0.31-1.64) 2.687 0.007

Mann-Whitney U test. CAP indicates community-acquired pneumonia; and COVID-19, coronavirus disease 2019.

and anti—f,-glycoprotein | antibodies were detected in 3
patients with complicated severe COVID-19 infection,’
but data in large series of patients were not available.
The mechanisms of this novel SARS-CoV-2 on throm-
botic system have not been clearly understood.

Recent cohort studies and case reports suggested
that the VTE risks were increased in COVID-19
patients.2"1®'" Current interim guidelines recommend
to assess VTE risk in all COVID-19 patients admitted
to hospital and provide pharmacological prophylaxis
to all high-risk patients.’®'® |t was also suggested that
anticoagulant treatment was associated with decreased
mortality in severe COVID-19 patients.® However, no
previous study has compared the VTE risks between
the 2 groups of COVID-19 pneumonia patients and
CAP patients. We conducted a retrospective chart
review study to investigate the difference of VTE risks
between the 2 groups of COVID-19 pneumonia and
CAP patients, who were treated during the same time
period at the same hospital with 2600 regular beds and
500 dedicated COVID-19 beds located in the Hubei
province—the epidemic center in China.

Patients in the COVID-19 group were younger and
healthier, whereas CAP patients had more chronic
underlying diseases, such as coronary artery disease,
cerebrovascular disease, hypertension, and diabetes
mellitus. This reflected the characteristics of COVID-19
spreading among the populations who were socially more
active (Table 1). Notably, rates of acute kidney and liver
dysfunction were significantly higher in COVID-19 pneu-
monia patients than in CAP patients (5.9% versus 1.4%,
P=0.002, and 4.7% versus 0.3%, <0.001, respectively).
Cytokine storm might be one of the mechanisms causing
multisystem organ dysfunction.’3® In-hospital mortality

Table 4. Incidences of VTE in High-Risk Patients and Criti-
cally lll Patients

COVID-19
Pneumonia CAP P Value
Patients with Padua score >4 n=40 n=36 0.606
VTE 5 (12.5%) 6 (16.7%)
Non-VTE 35 (87.5%) 30 (83.3%)
Patients requiring ventilator n=45 n=54 0.484
support
VTE 3 (6.7%) 7 (13%)
Non-VTE 42 (93.3%) 47 (87%)

%2 test. CAP indicates community-acquired pneumonia; COVID-19, coronavi-
rus disease 2019; and VTE, venous thromboembolism.
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was as higher as 6.3% in COVID-19 pneumonia group
versus 3.9% in CAP group but not statistically different
(P=0.18). The length of hospital stay of the COVID-19
pneumonia patients was significantly longer than CAP
patients. The main reason was COVID-19 patients had to
wait until they became asymptomatic and were negative
from 2 separate SARS-CoV-2 tests.

It has been reported that SARS-CoV-2 increases the
risk for VTE in COVID-19 patients.?” Our data showed
similar findings as the average Padua score was signifi-
cantly higher in COVID-19 group than that in CAP group.
However, the rates of VTE were not statistically differ-
ent between the 2 groups, 2% versus 3.6% (P=0.229).
These numbers of VTE in our groups were similar to pre-
vious report as 2.9% in COVID-19 patients.®

In this study, the percentage of high-VTE-risk patients
with Padua score >4 was 15.6% in COVID-19 pneu-
monia group, which was significantly higher than the
rate of 10% in CAP group (P=0.036). Longitudinal sub-
group analysis demonstrated that the incidence of VTE
increased from 2% in the entire COVID-19 group as a
whole to 12.5% in the high-VTE-risk COVID-19 pneu-
monia patients with Padua score >4. In CAP group, the
incidence of VTE increased from overall 3.6% to 16.7%
in high-VTE-risk patients (Padua score, >4). Cross group
comparison demonstrated that the differences of VTE
between COVID-19 and CAP groups were not statisti-
cally significant (P=0.606). These findings suggested
that SARS-CoV-2 infection was associated with hyper-
coagulable state especially in high-risk patients. How-
ever, the actual VTE incidence in COVID-19 pneumonia
group was not significantly higher than that in CAP
patients (2% versus 3.6%; P=0.229).

It was also reported that severity of the SARS-CoV-2
infection was associated with increased VTE risk®>™”
However, direct comparison of the VTE rates in critically
ill patients has not been performed. Our analysis com-
pared the incidences of VTE in the patients who required
ventilator support with the patients with mild-to-moderate
symptoms. Longitudinal comparison in COVID-19 group
showed that the rates of VTE increased to 6.7% in ven-
tilator support patients from 0.9% in the patients without
respiratory distress, although statistical significance was
not reached (P=0.054). In CAP group, the incidence of
VTE was significantly higher in the patients who required
ventilator support than that in the patients with no venti-
lator support, 13% versus 2% (F<0.001).
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Table 5. The Incidences of VTE in Critically lll and Noncriti-
cally Ill Patients

Ventilator Support | Nonventilator Support | P Value
6.7% (3/45) 0.9% (2/211) 0.054
13% (7/54) 2% (6/306) <0.001

VTE in COVID-19
VTE in CAP

¥? test with continuity correction. CAP indicates community-acquired pneumo-
nia; COVID-19, coronavirus disease 2019; and VTE, venous thromboembolism.

Our study revealed that elevated Padua prediction
scores and increased VTE risks, which reflected hyper-
coagulable state, were associated with the severity
of COVID-19 pneumonia and CAP. However, the inci-
dences of VTE were not statistically different between
these 2 groups based on cross group analyses. These
real-world data suggested that SARS-CoV-2 infection
might, similar to CAP, increase the VTE risk but did not
further result in higher actual VTE events when routine
deep venous thrombosis prophylaxis was given. We
could imagine that complex mechanisms are involved in
the pathophysiological processes of VTE development in
the patients with SARS-CoV-2 infection. Attempting to
interpret our findings that VTE incidence was not higher
in COVID-19 pneumonia group than in CAP group, one
possible explanation might be that COVID-19 patients
were younger with fewer underlying diseases. Addition-
ally, higher rates of acute liver and renal dysfunction in
COVID-19 patients might cause some degree of coagu-
lopathy.?® In contrast, chronic comorbidities and history of
malignancy were more common in CAP group (Table 1),
which could result in higher VTE risks.

There were several limitations in this report. First, this
was a retrospective chart review study with patient selec-
tion bias. Second, the small numbers of VTE rates in sub-
group analysis might generate type Il statistical errors.
Third, the underlying chronic comorbidities and different
treatment regimens might also play an important role in
VTE development. Finally, It has been reported that the
sensitivity of RT-PCR test was 83.3% for the first round
and 91.7% after repeated.?’ Theoretically, the false
negative tests could result in some crossover diagnoses
between the COVID-19 and CAP groups. Fortunately,
we did not have any later diagnosed COVID-19 pneumo-
nia from the CAP group.

In summary, our study suggested that COVID-19
pneumonia was associated with hypercoagulable state
according to the Padua prediction scores, especially in
critically ill patients. However, the incidence of VTE in
COVID-19 group was not significantly higher than that
in CAP patients. We agree that attention on VTE pro-
phylaxis should be paid to the patients with COVID-19
infection. However, further investigations should be
conducted to evaluate whether extra or stronger VTE
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prophylaxis, compared with CAP, is necessary for the
patients with COVID-19 pneumonia.
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