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Abstract

Objective: The majority of patients with COVID-19 showed mild symptoms. However, approximately 5% of them were
critically ill and require intensive care unit admission for advanced life supports. Patients in the intensive care unit were
high risk for venous thromboembolism and hemorrhage due to the immobility and anticoagulants used during advanced life
supports. The aim of the study was to report the incidence and treatments of the two complications in such patients.
Method: Patients with COVID-19 (Group |) and patients with community-acquired pneumonia (Group 2) that required
intensive care unit admission were enrolled in this retrospective study. Their demographics, laboratory results, ultrasound
findings and complications such as venous thromboembolism and hemorrhage were collected and compared.

Results: Thirty-four patients with COVID-19 and 51 patients with community-acquired pneumonia were included. The
mean ages were 66 and 63years in Groups | and 2, respectively. Venous thromboembolism was detected in 6 (18%)
patients with COVID-19 and 18 (35%) patients with community-acquired pneumonia (P=0.09). The major type was distal
deep venous thrombosis. Twenty-one bleeding events occurred in 12 (35%) patients with COVID-19 and 5 bleeding events
occurred in 5 (10%) patients with community-acquired pneumonia, respectively (P=0.01). Gastrointestinal system was
the most common source of bleeding. With the exception of one death due to intracranial bleeding, blood transfusion
with or without surgical/endoscopic treatments was able to manage the bleeding in the remaining patients. Multivariable
logistic regression showed increasing odds of hemorrhage with extracorporeal membrane oxygenation (odds ratio: 13.9,
95% confidence interval: 4.0-48.1) and COVID-19 (odds ratio: 4.7, 95% confidence interval: 1.2—17.9).

Conclusion: Venous thromboembolism and hemorrhage were common in both groups. The predominant type of
venous thromboembolism was distal deep venous thrombosis, which presented a low risk of progression. COVID-19
and extracorporeal membrane oxygenation were risk factors for hemorrhage. Blood transfusion with or without surgical/
endoscopic treatments was able to manage it in most cases.
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approximately 5% of the COVID-positive patients were crit-
ically ill and require intensive care unit (ICU) admission,?
where they could receive advanced life supports including
mechanical ventilation, continuous renal replacement treat-
ment (CRRT), extracorporeal membrane oxygenation
(ECMO) and artificial liver support (ALS). ICU patients
were high risk for both venous thromboembolism (VTE) and
hemorrhage due to a combination of immobility and antico-
agulants used during advanced life supports. Both adverse
events could be clinically challenging and associated with
poor prognosis. Up to now, there is no study comparing the
incidence and consequence of hemorrhage and VTE in the
ICU between patients with COVID-19 and patients with
community-acquired pneumonia (CAP). Therefore, in this
study, we report these results and provide prevention and
treatments of the two complications.

Methods
Study population

This retrospective study included consecutive patients
admitted to the ICU as a result of COVID-19 and CAP.
Patients with COVID-19 (Group 1) were enrolled between
10 January 2020 and 26 March 2020 at our hospital, the First
Affiliated Hospital, School of Medicine, Zhejiang University.
If the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) caused pneumonia in the community set-
tings, the pneumonia was also diagnosed as CAP. We selected
patients with CAP (Group 2) between 1 December 2018 and
1 November 2019 in the same hospital. The duration was
before the outbreak of COVID-19, excluding the SARS-
CoV-2 as a pathogen. Inclusion criteria for both groups were
(a) the patient was critically ill and (b) the patient was either
admitted to the ICU directly, or to the general ward at first
and then transferred to the ICU due to the deterioration of the
pneumonia. The diagnosis of COVID-19 was confirmed by
real-time polymerase chain reaction for SARS-CoV-2 RNA.
Patients with CAP were diagnosed according to the guide-
line.!? If the COVID-19 was suspected by clinical symptoms
but not confirmed by positive SARS-CoV-2 RNA, the patient
was excluded. The Clinical Research Ethics Committee of
our hospital approved this study. Written informed consent
was waived due to the urgent need to collect data.

Treatment strategies

For Group 1, members of the multidisciplinary team would
discuss the optimal treatment plan for each patient, which
contains individualized antiviral, anti-shock and anti-
hypoxia treatments and advanced life supports.!! For Group
2, the treatments were according to the latest guidelines.!®!2
Advanced life supports included intubation and mechanical
ventilation, ALS, ECMO and CRRT. The ALS, which could

clear cytokines and toxic molecules and supplement albumin
and coagulation factors, was indicated if there was a high
level of inflammatory cytokines or rapid deterioration.'
ECMO was indicated if mechanical ventilation failed to pro-
vide sufficient oxygenation or the patient was not suitable
for long-term ventilation. CRRT was employed for severe
kidney injury. Complete blood count, prothrombin time
(PT), activated partial thromboplastin time (APTT), interna-
tional normalized ratio (INR), fibrinogen and p-dimer were
measured at least once a day. Intermittent pneumatic com-
pression with or without prophylactic anticoagulation (low-
molecular-weight heparin, 100 U/Kg once a day) was used in
all patients for thromboprophylaxis. If VTE was suspected
due to the elevation of p-dimer or the swollen extremities,
ultrasonography and/or computed tomography pulmonary
angiography would be used to detect the thrombosis with
anticoagulants used according to the guideline.'*!> If the
bleeding was suspected, conservative treatments such as
blood transfusion and suspension of anticoagulation were
employed, combined with surgical/endoscopic treatments
used in selected cases. The transfusion threshold was 7-g/dL
hemoglobin. Endoscopic treatments included fiberoptic
bronchoscope intervention and gastroenterological endo-
scope intervention. Surgical treatments included open sur-
gery and embolization of the artery under digital subtraction
angioplasty.

Data collection

We reviewed medical records to extract demographic infor-
mation, laboratory results, computed tomography and ultra-
sound finds, treatment strategies and adverse events of each
patient. The data we collected were documented in standard-
ized data collection forms. For original data, please contact
the corresponding author.

Statistical analysis

Categorical data were compared using the chi-square test or
Fisher’s exact test. Normal and non-normal distributed con-
tinuous data were analyzed using Student’s t test and Mann—
Whitney U test, respectively. Results were given as mean,
median (interquartile range (IQR)) or number (percentage)
wherever appropriate. To explore risk factors associated with
hemorrhage, multivariable logistic regression model was
used. Considering the total number of patients (n=85) in our
study and to avoid overfitting in the model, five variables
were chosen for multivariable analysis, namely age, COVID-
19, CRRT, ECMO and ALS. The choice was based on theo-
retical connection between the variable and hemorrhage.
Anticoagulation was frequently used in CRRT, ECMO and
ALS. Age was related to morbidity.'!” COVID-19 might
also contribute to abnormal coagulation.>'® Statistical analy-
sis was performed via SPSS 22.0 for Windows (SPSS Inc.,
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Table I. Characteristics of patients with COVID-19 and patients with CAP.
Group |: Patients with COVID-19 Group 2: Patients with CAP P value
sample size 34 51 -
Male (%) 24 (71) 34 (65) 0.64
Mean age (range), years 66 (37-91) 63 (36-89) 0.80
Comorbidities (%)
Any 27 (79) 43 (82) 0.78
Hypertension 24 (71) 25 (49) 0.07
Diabetes 7(21) 11 (22) 1.00
COPD 1 (2.9) 10 (18) 0.05
Any heart disease 5(15) 15 (29) 0.19
Cancer 0(0) 5(10) 0.08
Chronic renal insufficiency 6 (18) 15 (29) 0.31
Immunodeficiency 1 (2.9) 4(7.8) 0.64
Smoking (%) 6 (18) 23 (45) 0.0l

CAP: community-acquired pneumonia; COPD: chronic obstructive pulmonary disease.
Data are given as number (%) unless otherwise stated.

Table 2. Coagulation tests.

ltem Group |: Patients with Group 2: Patients with CAP P value Reference range
COVID-19 (n=34) (n=51)

On admission HBG 128 109 <0.0l 131-172g/L

to the hospital ~ PLT 173 196 0.58 83-303 X 107M9/L
INR 1.02 1.29 <0.01 0.85-1.15
PT 12.17 15.20 <0.01 10.00-13.5s
APPT 33.76 35.01 0.66 23.9-33.5s
FBG 4.93 4.94 0.45 2.0-4.0g/L
p-dimer* 604 (median, IQR 340-1048) 3630 (median, IQR 1653-8522) <0.0l 0-700 pg/L

On admission APACHE 84 13.9 0.36 -

to the ICU Il score
HBG 123 108 0.01 131-172g/L
PLT 185 197 0.97 83-303 X 107M9/L
INR 0.99 1.22 <0.01 0.85-1.15
PT 12.19 14.49 <0.01 10.00-13.5s
APPT 31.28 34.30 0.08 23.9-33.5s
FBG 5.07 4.83 0.22 2.0-4.0g/L
D-dimer* 825 (median, IQR 585-1104) 3755 (median, IQR 2020-8717) <0.0l 0-700 ng/L

CAP: community-acquired pneumonia; HBG: hemoglobin; PLT: platelet; INR: international normalized ratio; PT: prothrombin time; APPT: activated par-
tial thromboplastin time; FBG: fibrinogen; IQR: interquartile range; ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation.
Data are given as mean unless otherwise stated.
*Fifty results of D-dimer were available in patients with CAP and analyzed in this column.

Chicago, IL, USA). All tests were two-sided, and a P value
less than 0.05 was considered statistically significant.

Results

Demographic information and comorbidities

A total of 34 patients in Group 1 and 51 patients in Group 2
were enrolled in this retrospective study. Their demographic
information and comorbidities were summarized in Table 1.
The mean age was 66 and 63 years in Groups 1 and 2, respec-
tively. The majority of patients were male in both groups.

Patients with CAP tended to smoke and have chronic obstruc-
tive pulmonary disease (COPD). There was no other statisti-
cal difference in demographics and comorbidities detected.

Coagulation test

Results of coagulation tests on admission to our hospital
and to the ICU were summarized in Table 2. Platelet was
within the normal range, and fibrinogen was elevated in
both groups. Hemoglobin level, PT, APTT and INR were
almost normal in Group 1. For Group 2, however, the four
test results were slightly out of the normal range with
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Table 3. Advanced life support, VTE and hemorrhage.

Item Group |: Patients with COVID-19 (n=34) Group 2: Patients with CAP (n=51) P value
Incubation (%) 16 (47) 47 (92) <0.01
ALS (%) 13 (38) 0 (0.0 <0.01
ECMO (%) 12 (35) 10 (20) 0.13
CRRT (%) 12 (35) 13 (25) 0.34
VTE (%) 6 (18) 18 (35) 0.09
Hemorrhage* (%) 12 (35) 5(10) 0.01

CAP: community-acquired pneumonia; ALS: artificial liver support; ECMO: extracorporeal membrane oxygenation; CRRT: continuous renal replacement

treatment; VTE: venous thromboembolism.
Data are given as number (%) unless otherwise stated.

*The patients with hemorrhage met the International Society on Thrombosis and Haemostasis major bleeding criteria.

Table 4. VTE in the ICU.

Item Group |: Patients with Group 2: Patients
COVID-19 (n=6) with CAP (n=18)
Distal DVT Intramuscular 5 16
Tibial 0 5
Peroneal 0 4
Proximal DVT 0 0
Internal jugular vein thrombosis (catheter-related) 3 I
PE 0 !

CAP: community-acquired pneumonia; DVT: deep venous thrombosis; PE: pulmonary embolism; IQR: interquartile range; VTE: venous thromboembo-

lism; ICU: intensive care unit.
Data are given as number.

statistical significance detected. In terms of p-dimer, it was
elevated in both groups with a greater increase in patients
with CAP.

Advanced life support, VTE and hemorrhage

As summarized in Table 3, more ALS was used in patients
with COVID-19, while patients with CAP received more
intubation. Approximately a quarter of patients in both
groups received ECMO or CRRT. VTE was detected in 6
(18%) patients with COVID-19 and 18 (35%) patients with
CAP with no statistical significance (P=0.09). Most of the
VTEs in both groups were distal deep venous thromboses
(DVTs). There was no proximal DVT detected. Internal jug-
ular vein thrombosis was discovered in three patients, all of
which were catheter related. Only one low-risk pulmonary
embolism (PE) in a patient with CAP was detected. Details
were listed in Table 4. The treatments of VTE were individu-
alized. If patients were already receiving ALS, ECMO and/
or CRRT that required anticoagulation, no extra anticoagu-
lant was administered. If not, the treatments would follow
the guidelines.'*!S In terms of hemorrhage, 21 and 5 bleed-
ing events occurred in 12 (35%) patients with COVID-19
and 5 (10%) patients with CAP, respectively (P=0.01).
Details were listed in Table 5. Gastrointestinal bleeding was
the most common in both groups. Compared with Group 2,
more surgical/endoscopic treatments and more blood

transfusion were needed to control the bleeding in patients
with COVID-19. Except the intracranial bleeding that caused
one patient’s death, all the remaining hemorrhages were
restored by conservative treatments with or without surgical/
endoscopic treatments.

We used multivariable logistic regression model to
explore risk factors with hemorrhage. Due to the amount of
patients (n=85 in total) and previous findings, we included
five variables, namely age, COVID-19, ALS, ECMO and
CRRT. Multivariable logistic regression showed increasing
odds of hemorrhage with ECMO (P < 0.01, odds ratio (OR):
13.9, 95% confidence interval (CI): 4.0-48.1) and COVID-
19 (P<0.05, OR: 4.7, 95% CI: 1.2-17.9).

Discussion

The COVID-19 pandemic, which is caused by the virus
SARS-CoV-2, has put huge pressure on the medical system
worldwide. The treatments for this disease are three-fold.
For general population, it is important to keep social dis-
tancing, wash hands, cut travel'” and wear masks. For
patients with mild and moderate COVID-19, Fangcang
shelter hospitals, which are large, temporary hospitals built
by converting public venues into health-care facilities, are
necessary to isolate them from their families and communi-
ties and provide medical care.?’ For severe and critically ill
patients, dedicated tertiary hospitals are needed to provide
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Table 5. Hemorrhage in the ICU.

Item Patients with COVID-19 (n=12) Patients with CAP (n=5)
Conservative Surgical/endoscopic Conservative Surgical/endoscopic
treatments alone treatment treatments alone treatment
Location Gastrointestinal 3 6 2 0
Tracheal and pulmonary 2 2 | 0
Retroperitoneal 2 2 0 0
Procedure-related | 2 | 0
Superficial | 0 0 0
Intracranial 0 0 | 0
Transfusion (median, IQR)—U* 21.5 (10-33) 2.0 (0.0-3.5)

CAP: community-acquired pneumonia; IQR: interquartile range; ICU: intensive care unit.

Data are given as number unless otherwise stated.
*One unit (U) of blood transfusion was 200 mL.

intensive care and advanced life supports. Approximately
5% patients with COVID-19 are critically ill and require
ICU admission.? With strong life supports and treatments,
the mortality of COVID-19 can be decreased to a low level.
In this study, we compared the demographics, results of
coagulation tests as well as the incidence and consequence of
hemorrhage and VTE between the two groups. One particu-
lar interest of our study was the VTE and hemorrhage, the
two common complications occurring during critical care.
VTE included DVT and PE. The incidence of DVT could
be over 30% among patients in the ICU despite thrombo-
prophylaxis.?'? DVT would lead to swollen extremities and
was closely related to PE in the short term. It also might
result in post-thrombotic syndrome in the long term. Our
results showed that most of the VTE detected in the two
groups belonged to distal DVT, especially intramuscular
venous thrombosis, which was considered to have a low risk
of progression.?! Proximal DVT and PE were rare. The sole
PE detected was stratified as low risk.'"> A few catheter-
related internal jugular vein thromboses were detected. Its
incidence would be high if patients received thoracic or car-
diovascular surgery.??* Among patients without surgery in
ICU, symptomatic deep vein thrombosis related to catheters
was as low as 1%.% The high incidence and low mortality
risk of VTE in this study may be explained by use of a pneu-
matic compression device and prophylactic anticoagulation,
close monitoring including b-dimers and ultrasonography as
well as anticoagulants used during advanced life supports.
Hemorrhage was another major concern in the ICU.
Except intubation and mechanical ventilation, other
advanced life supports including ALS, CRRT and ECMO
usually required anticoagulation, which might cause hemor-
rhage. The stress ulcer incurred by the pneumonia and proce-
dures such as catheterization in central veins and femoral
arteries might also lead to bleeding. In our study, 12 (35%)
patients with COVID-19 and 5 (10%) patients with CAP suf-
fered hemorrhage. Approximately half of the bleeding in
patients with COVID-19 needed surgical/endoscopic

treatments. The intracranial bleeding resulted in one death,
while the remaining patients survived this adverse event,
which suggested that a combination of conservative treat-
ments and surgical/endoscopic treatments could deal with
the bleeding in most cases.

To explore the risk factors for bleeding, we used the mul-
tivariable logistic regression model. Five possible factors,
namely age, COVID-19, ALS, ECMO and CRRT, were ana-
lyzed. Its results showed only ECMO (OR: 13.9, 95% CI:
4.0-48.1) and COVID-19 (OR: 4.7, 95% CI: 1.2-17.9) were
risk factors of hemorrhage in patients in the ICU.

Age was frequently related to adverse events and poor
prognosis. Previous studies reported that age was a risk fac-
tor for mortality in patients with COVID-19."7 Our study
showed that age did not contribute to the hemorrhage, sug-
gesting that the hemorrhage could happen in any patient.

According to the regression analysis, the ALS was also
not related to hemorrhage. The ALS system was useful for
clearing cytokine storm and exchanging plasma, which could
filter toxic metabolites, balance fluid volume and provide
serum albumin and coagulation factors.'3 Although heparini-
zation was needed for the system, massive plasma (approxi-
mately 2000mL) could be exchanged into the patient and
protamines would be used to neutralize heparin, which con-
tributed to hemostasis. In terms of CRRT, there were three
widely used anticoagulants, namely, unfractionated heparin,
low-molecular-weight heparin and citrate. Heparin and cit-
rate could be regionally administered. Compared with hepa-
rin, high-quality evidence demonstrated that regional citrate
had a bleeding rate less than 5% in critically ill patients and
had a low risk of circuit loss, filter failure and heparin-
induced thrombocytopenia.?®2? Therefore, it was considered
a satisfactory anticoagulant. With the developments of anti-
coagulants in CRRT, our regression analysis excluded the
CRRT as a risk factor for bleeding in critically ill patients
with pneumonia.

ECMO was another vital life-saving technique.
Venovenous ECMO was able to provide oxygenation in
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respiratory failure,*3! and venoarterial ECMO could be a
complementary strategy for high-risk PE,*>3 cardiogenic
shock** and lung transplantation.3® Complications including
limb ischemia, brain injury and hemorrhage were preva-
lent.’*37 Thrombocytopenia, acquired von Willebrand syn-
drome and anticoagulation during the procedure might
explain its bleeding tendency.’®* Reduction from standard
to low anticoagulation regimens decreased incidence of
bleeding in half to approximately 20%.° Short-term hepa-
rin-free operation may be performed to control fatal bleed-
ing."" Although the bleeding was common, days on ECMO
was not associated with a decrease in the platelet count, and
death due to hemorrhage accounted for approximately 3%
reasons for discontinuation of ECMO.3#4! Our results also
showed that ECMO was a risk factor for bleeding and most
patients would survive this adverse event with a combination
of conservative treatments and surgical/endoscopic
treatments.

The regression results indicated that COVID-19 was a
risk factor for bleeding as well. The COVID-19 tended to
affect multiple organs that expressed angiotensin-converting
enzyme 2 (ACE2), such as the lungs, heart, gastrointestinal
tract and kidney.*? In severe patients with COVID-19, abnor-
mal coagulation and low level of platelets were observed.>*
Pathology results also showed a reduction of blood cells in
the all three classes in bone marrow.* In critically ill patients,
end-stage disseminated intravascular coagulation might take
place and lead to bleeding.** All these might explain the
probability of hemorrhage in patients with COVID-19.

This study had three main limitations. First, it was a retro-
spective study, which indicated the level of evidence could
be improved further. The baseline of the two groups was not
the same in some aspects. More smoking, more COPD,
lower hemoglobin and higher p-dimer were noted in Group
2, which might be confounding factors. Second, it must be
noted that the capacity of the study hospital was not over-
whelmed. We had ample supply of devices, medicine and
blood transfusion, which was vital to treat critically ill
patients. Third, the Chinese government covered all the med-
ical expense of patients with COVID-19. Since there was no
restriction of costs and the only aim was to save patients’
lives, the treatments for patients with COVID-19 might be
more aggressive compared with patients with CAP. In addi-
tion, there was no power calculation taken for estimation of
sample size, which was also a limitation.

Conclusion

VTE and hemorrhage were common in both groups. The pre-
dominant type of VTE was distal DVT, which presented a
low risk of progression. COVID-19 and ECMO were risk
factors for hemorrhage. Blood transfusion with or without
surgical/endoscopic treatments was able to manage it in most
cases.
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