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Multisite spontaneous hematomas

and bleeding in critically ill Chinese patients
with COVID-19: two case reports and a
literature review

Sha Sha'? Sun Qi' and Shi Qindong"”

Abstract

Background Anticoagulation is recommended as a standardized therapy for COVID-19 patients according to the
WHO guidelines. However, bleeding events have also been reported. Hemorrhage or hematoma was observed in
sites including the retroperitoneum, brain, alimentary tract, muscles, and soft tissues. Reduction or suspension of
anticoagulants is a common intervention. Transfusion, endoscopic hemostasis, and vascular interventional therapy
have been used to improve the condition.

Case presentation In this article, we present two cases of concurrent multisite hematomas and bleeding at other
sites in patients with SARS-CoV-2 infection. Both patients were treated with heparins and experienced bleeding
after the anticoagulation therapy. Both patients were older with more than two comorbidities, and critical COVID-19.
Laboratory tests revealed a considerable decrease in hemoglobin levels and alterations in the coagulation system.

In the first patient, the main intervention was embolization using angiography. However, we only adjusted the
anticoagulation strategy in the second case. The first patient recovered and was discharged; however, the second
died of other causes. This study provides a retrospective review of typical hemorrhagic cases during anticoagulation
in COVID-19 patients over the course of four years. A relatively comprehensive search was performed in Pubmed by
constructing MeSH subject terms on limiting the search period and specific contents. It summarizes and synthesizes
the research related to heparins and other novel anticoagulants in the context of COVID-19 from the onset of the
pandemic to the present disseminated phase. This study aimed to offer valuable insights and reference points for
developing anticoagulation treatment strategies for patients with COVID-19.

Conclusions Anticoagulation is a crucial treatment option for patients with COVID-19. The difference in
anticoagulant effects is related to the severity of COVID-19. Nafamostat can reduce thrombosis in the extracorporeal
circuits in critically ill patients with COVID-19. The efficacy and safety of novel anticoagulants require further clinical
data. Routine bedside assessments and real-time laboratory monitoring are essential for early identification of
bleeding events during anticoagulant therapy and administering intervention.
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Background

Nearly four years have passed since the start of COVID-
19 pandemic. Omicron is currently the main infectious
strain with the lowest mortality rate. However, during
the Delta pandemic, the global excess mortality was esti-
mated at 14.9 million in 2020 and 2021. In 2021, the pro-
portion of critically ill patients with COVID-19 reached
3.32% in China. Severe coagulation disorder can be pres-
ent in almost 20% of patients with COVID-19 and likely
occurs in the most severe and critically ill COVID-19
cases [1]. According to autopsy studies, thrombosis can
be found at many sites [2, 3]. Increased D-dimer lev-
els have also been observed in critically ill patients with
COVID-19 [4]. Previous studies have demonstrated
that the mechanism associated with COVID-19 related
coagulation abnormalities involve vascular endothelial
cell injury, abnormal fibrinolytic pathways induced by
cytokine storms, coagulation cascade hyperactivation,
downregulation of activated protein C, and inhibition of
fibrinolysis. These processes exacerbate the formation of
pulmonary and intravascular macrothrombi, resulting
in an increased proportion of critical cases and higher
mortality [5, 6]. Anticoagulant therapy has proven to be
effective in reducing COVID-19 mortality, especially in
critically ill patients [7-9]. Both guidelines recommend a
standard anticoagulation strategy according to the differ-
ent conditions and types of COVID-19 [10, 11].

From the end of 2021 to the beginning of 2022,
COVID-19 spread to large areas of Xi'an City in China.
A total of 55 patients were diagnosed with severe or criti-
cal COVID-19. All patients received individualized anti-
coagulation therapy. Among these patients, only four
progressed with bleeding events and two had multisite
hematomas along with bleeding in other organs. One
patient recovered and was discharged, while the other
died of comorbidities.

Below, we present these two cases and provide a retro-
spective review of typical hemorrhagic cases during anti-
coagulation in patients with COVID-19 over the course
of four years. We also summarized studies on heparins
and other novel anticoagulants. This study aimed to offer
a reference for anticoagulation strategies among patients
with COVID-19.

Case presentation

Case no.1

A 73-year-old man with a long history of hypertension,
diabetic nephropathy, and coronary disease, who had
never accepted the COVID-19 vaccine, was diagnosed
with COVID-19 on December 21, 2021. A real-time poly-
merase chain reaction results (RT-PCR) for SARS-CoV-2

were negative on January 1, 2022. However, he was
admitted to the ICU and required advanced life support
due to a series of severe complications of the SARS-
CoV-2 infection and existing chronic comorbidities. The
laboratory test results are presented in Table 1.

On January 4th, as chronic diabetic nephropathy pro-
gressed to acute renal injury, and oxygenation worsened,
the patient received mechanical ventilation (MV) and
continuous renal replacement therapy (CRRT). Consid-
ering the potential for microthrombosis and the need for
blood purification therapy, clinicians initiated anticoagu-
lation therapy with a therapeutic dose of Low-Molecular-
Weight Heparin sodium (LMWHs). The primary dosage
was 2500 IU and the interval was q12h. Regional citrate
anticoagulation was combined with CRRT. The LWMHs
dosage was adjusted to 5000 IU q12h from January 9th
and was finally regulated to 7500 IU q12h from January
11th, according to laboratory test results.

However, on January 20, 2022, his blood pressure
dropped to 80/50 mmHg (with norepinephrine), and the
heart rate rose to at least 140 bpm on a real-time moni-
tor. Before the patient experienced a disturbance of con-
sciousness, the nurse found early symptoms and signs
of shock, including irritability, thirst, and a weak pulse.
Soon after, he lost consciousness, the skin and mucus
turned pale, and the extremities felt cold. Laboratory
test results are seen in Fig. 1. The patient then under-
went a contrast-enhanced whole body CT scan, revealing
hepatic hemorrhage, right spontaneous retroperitoneal
hematoma, and iliopsoas hematoma. (Fig. 2)

On January 22nd, as the hemodynamics were steady,
he underwent digital subtraction angiography and inter-
ventional embolization treatment. Anticoagulants were
discontinued to prevent rebleeding. Owing to persistent
renal insufficiency, an anticoagulant (nadroparin calcium,
4100 IU) only was administered on the day of intermit-
tent kidney replacement therapy from January 29th. The
cumulative discontinuation days of LMWHs were 11. On
February 3rd, point-of-care ultrasound showed that the
area of fluid within the hematoma was reduced compared
to previously, considering thrombus mechanization
(Fig. 3). The laboratory test results are also presented in
Fig. 1.

Overall, the patient received a total volume of 16 u red
blood cell transfusion, and the plasma transfusion vol-
ume was 1200 ml and the platelet volume was 20 u. On
February 18th, the patient recovered and was discharged.
However, he will require kidney replacement therapy for
the rest of his life due to his chronic renal insufficiency.
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Table 1
casel case2

General information

age 73 90

sex Male Male

vaccination status NV NV

preexisting condition CKD stage 4 Hypertension
Hypertension Atrial
Diabetes Fibrillation
Coronary Disease

severity of COVID-19 critical critical

BMI(kg/m?) 283 202
Onset and Progress

Date of onset 2021/12/21 2021/12/17
Date of entering ICU 2022/1/4 2022/1/1
Duration between onsetand 13 15
entering ICU(d)
Days of invasive mechanical 9 >28
ventilation(d)
Days of renal replacement >28 /
therapy(d)
Anticoagulation Therapy
Date of starting anticoagulants  2022/1/4 2022/1/1
Date of hematoma or 2022/1/21 2022/2/7
hemorrhage
Duration between starting 18 37
anticoagulation and first
bleeding event(d)
Initial dose LMWHs LMWHs
(2500 1U g12h) (2500 1U g12h)
Dosage at hematoma or LMWHs Nadroparin
bleeding (7500 1U gq12h) Calcium
(3264 IU qd)
Sites of hematoma or bleeding hepatic hemorrhage scapula
retroperitoneal muscular
hematoma(right) hematoma(left)
iliopsoas retroperitoneal
hematoma(right) hematoma(left)
gastrointestinal tract  gastrointestinal
tract
Interventions 1.TAE anticoagula-
2.anticoagulation tion suspended
suspended
3.nafamostat
mesilate
Cumulative days of anticoagu- 28 29
lation therapy(d)
Cumulative days of suspend- 11 6
ing anticoagulation(d)
Transfusion
RBC(u) 16 16
Platelet(u) 20 /
Plasma(ml) 1200 800
Outcomes Alive Died

NV=Not Vaccinated; BMI=Body Mass Index; LMWHs=Low-Molecular-Wight
Heparin Sodium; TAE=Transarterial Embolization; RBC=Red Blood Cell;
CKD=Chronic Kidney Disease

Case no.2
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The second patient was a 90-year-old male, with chronic
hypertension and atrial fibrillation who was receiving
warfarin anticoagulant therapy. He had never received
the COVID-19 vaccine and was diagnosed with COVID-
19 on December 17, 2021. His RT-PCR results were
negative on December 31, 2021. Due to severe respira-
tory symptoms, the patient was admitted to the ICU on
January 1, 2022. MV was induced via tracheal intubation.
The doctors arranged for daily monitoring of respiratory
mechanics and intermittent alveolar lavage under fiber-
optic bronchoscopy. Laboratory test results on admission
are presented in Fig. 1.

Anticoagulation therapy was initiated on the patient’s
admission to the ICU due to atrial fibrillation and the
prevention of microthrombosis for COVID-19. The anti-
coagulation regimen was LMWHs, 2500 IU, q12h. The
routine blood test results were closely monitored. On
January 10th, as both the D-dimer and fibrin degrada-
tion products (FDP) levels increased, the LMWHs were
adjusted to 5000 IU at q12h. Unfortunately, on January
21st, the patient experienced an episode of fibrillation,
and D-dimer and FDP levels increased again. Amio-
darone was administered to restore the sinus rhythm,
and heparin nebulization anticoagulation was added.
To prevent thrombosis and reduce the risk of bleeding,
the anticoagulation regimen was changed to continuous
pumping of nadroparin calcium (3264 IU, qd). During
treatment, the patient was closely monitored for coagu-
lation function and other relevant laboratory indices
in case of gastrointestinal bleeding. The patient’s occult
blood test results remained positive on January 31st. On
February 7th, a point-of-care ultrasound examination
detected an 8.0*3.3*9.8 cm hematoma in the soft tissue
of the left scapula and a 7.6*3.2 cm hematoma in the left
retroperitoneum (Fig. 4). The drainage fluid in the gas-
trointestinal decompression tube turned red, indicating
bleeding from the upper alimentary tract.

Therefore, anticoagulation therapy was discontinued
immediately, with urgent transfusion of red blood cells
and plasma. Six days later, the left subscapular hematoma
was reduced to 1.5*1.7 cm, and the left retroperitoneal
hematoma had disappeared. During the entire process,
the patient received a total volume of 16 u red blood
cell transfusion and the plasma transfusion volume was
800 ml. Unfortunately, the patient died from severe respi-
ratory failure.

Literature review

Method

In this literature review, the authors conducted a rela-
tively comprehensive search of Pubmed using MeSH
subject terms on COVID-19 and anticoagulation. The
inclusion criteria were limited to randomised controlled
trials(RCTs) or meta-analyses published between 2020
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Fig. 1 The laboratory test results of patients from admission to discharge or death. The upper two charts represent the first patient, and the lower chart
represents the second patient

Fig.2 Computed Tomography images of the patients'hematomas. This image shows the 14.5¥11*11.3 cm hepatic hematoma and the 24.7%12.6*12.6 cm
retroperitoneal hematoma (white arrows)
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Fig. 3 Computed Tomography and ultrasound images of the patients'hematomas. The image of the hepatic hematoma taken on Jan.13th, and b shows
the area diminished on Feb.3rd (white arrows). The point-of-care ultrasound images shows the changes in retroperitoneal hematoma.(c: 24.7%12.6%12.6 cm;

d: 15.2*9.6*8.8 cm, white arrows)
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Fig. 4 Point-of-care ultrasound images of the patients' hematomas. This image shows the 8.0*3.3*9.8 cm hematoma under the left scapula (a) and the

7.6*3.2 cm hematoma in the left retroperitoneum (b) (white arrows)

and 2023, focusing on topics such as heparins, novel
anticoagulants, or anticoagulant bleeding complications.
Ultimately, 11 RCTs or meta-analyses were included in
the literature review. The authors summarised four pre-
viously published case reports on anticoagulant dosage
and bleeding complications, which also reported possible
dose-related haematoma complications.

Discussion

With the outbreak and pandemic of COVID-19 pro-
gressing to the current disseminated stage, anticoagulant
therapy has gained prominence as a primary treatment
strategy, particularly for patients with severe or critical
COVID-19 [11]. Early autopsy studies have found wide-
spread microthrombi and macrothrombi throughout the
bodies of patients with COVID-19 [2, 3]. SARS-CoV-2
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induces an exacerbated inflammatory response, leading
to pulmonary injury encompassing microvascular and
endothelial dysfunction, culminating in secondary coag-
ulation abnormalities and thrombus formation. These
pathological processes exacerbate the clinical course and
increase the mortality rates in patients with COVID-19.
Upon heparins binding to the spike protein of SARS-
CoV-2, competitively inhibiting viral entry, thereby miti-
gating potential inflammatory cascades and secondary
coagulopathies [12]. The 2020 HESACOVID study dem-
onstrated improvements in P/F ratio, more ventilator-
free days, and enhanced survival outcomes with heparin
administration [4]. A recent study suggested that hepa-
rins might not significantly enhance clinical outcomes in
critically ill patients with COVID-19 compared to other
anticoagulants or conventional methods [13]. However,
its role in reducing thrombotic events in patients with
COVID-19 remains unequivocal. A meta-analysis con-
ducted this year further supports the efficacy of heparin
in lowering thrombotic risk among patients in the ICU
[14].

Hemorrhage is a critical concern in heparin antico-
agulation therapy. From 2020 to 2022, clinicians from
different countries and areas reported cases of spon-
taneous retroperitoneal or muscular hematoma with a
prophylactic or therapeutic dosage of heparins among
COVID-19 patients. These illustrative cases are summa-
rized in Table 2. These findings align with the risk factors
observed in our reported cases, demonstrating a predis-
position to severe bleeding, including life-threatening
hemorrhages, among middle-aged to elderly males with
concomitant chronic ailments. The COVID-PACT study
underscored that while heparins at full therapeutic doses
did not increase in-hospital mortality rates in critically ill
COVID-19 patients, hemorrhagic events predominantly
manifested as moderate to severe, necessitating transfu-
sion therapy. Given the absence of subgroup analysis dif-
ferentiating outcomes between UFH and LMWHs in this

Page 6 of 8

study, differences in bleeding tendencies attributable to
varying heparin-based drugs remain unclear [15]. UFH
may confer greater advantages in critically ill COVID-19
patients with concomitant renal insufficiency [16]. More-
over, another randomized controlled trial (RCT) implied
that escalated anticoagulation doses may increase the
risk of bleeding in critically ill patients, with excessively
high anticoagulation dosages increasing the incidence of
major hemorrhagic events [17]. Patients with COVID-19
in the ICU may not necessarily derive substantial benefits
from aggressive anticoagulation compared to the prophy-
lactic dose [13, 14]. The efficacy of heparins at both pro-
phylactic and therapeutic doses remains contentious for
COVID-19 patients in the ICU. Given the heterogeneity
of anticoagulation requirements in critically ill COVID-
19 patients, determining the optimal dosage poses a
greater challenge [18]. Additionally, factors such as hepa-
rin-induced thrombocytopenia, prone positioning venti-
lation, cardioversion, and extracorporeal circulation may
augment bleeding risk during heparin anticoagulation in
critically ill patients [19-21].

Interestingly, despite dynamic adjustments in heparin
dosage guided by monitored activated partial throm-
boplastin time and activated clotting time, one of these
two patients exhibited frequent coagulation and throm-
bus formation in the extracorporeal circuits during
CRRT. However, circuit thrombosis and mucosal bleed-
ing diminished with the concomitant use of NM. NM is
a novel anticoagulant with a short half-life and is rapidly
metabolized in the body. This new anticoagulant has
demonstrated favorable anti-inflammatory and anticoag-
ulated qualities, especially in patients with sepsis during
blood purification, enhanced survival rates, and reduced
bleeding risk [26]. An earlier study showed that NM
potently inhibited SARS-CoV-2 spike protein-mediated
fusion in a cell fusion assay system and inhibited SARS-
CoV-2 infection in vitro in a cell type-dependent manner
[27].

Table 2
No. Age(y) Gender Preexisting diseases Anticoagulants Sites of bleeding Dosage at Interventions Out-
bleeding comes
1 86[22] female cardiovascular disease enoxaparin hematoma in the left thigh 6000 IU bid Transfusion alive
2 81[22] male hypertension T2DM enoxaparin hematoma in the right 8000 IU bid TAE died
IHD thigh transfusion
3 69[23] male CAD enoxaparin hematoma in the right 1 mg/kg per TAE alive
hypertension psoas muscle day transfusion
T2DM
4 62 [24] male not mentioned enoxaparin left iliopsoas muscle 40 mg TAE alive
per day transfusion
5 79241 male not mentioned UFH right iliopsoas muscle with  not mentioned TAE died
retroperitoneal hematoma transfusion
6 57[25] male none enoxaparin right retroperitoneal and 40 mg surgery alive
psoas muscle hematoma per day transfusion

TAE=Transarterial Embolization; UFH=Unfractionated Heparin; IHD=Ischemic Heart Disease; CAD=Coronary Heart Disease; T2DM=Diabetes Mellitus Type 2
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Related studies conducted in Japan and Korea sug-
gested that a combination of heparin and NM therapy
may be more effective in overcoming COVID-19-related
coagulopathy and disseminated intravascular coagulation
[28, 29]. A 2022 United Kingdom RCT did not support
the efficacy of intravenous NM in critically ill COVID-19
patients [30]. In high-risk bleeding scenarios necessitat-
ing support from extracorporeal circulation devices, such
as CRRT and extracorporeal membrane oxygenation,
NM remains a viable anticoagulation measure to ensure
proper circuit operation and minimize bleeding risk.

While NM has demonstrated advantages in extracor-
poreal anticoagulation in this Xi'an experience, it was
administered in combination with heparin rather than
independently. The extrapolation of results from RCTs
investigating other novel anticoagulants, such as Prosta-
glandin Eland tissue factor inhibitors, is constrained by
factors such as sample size, severity of COVID-19, and
different treatment scenarios [18, 31]. Therefore, large-
scale studies are required to validate the treatment effects
and adverse reactions of these novel anticoagulants.

Conclusions

Anticoagulant therapy plays a pivotal role in the manage-
ment of COVID-19 patients. However, the heterogene-
ity of disease severity in critically ill COVID-19 patients
necessitates dose adjustments, with vigilance for bleed-
ing complications, especially fatal hemorrhagic events, in
high-risk populations such as elderly males with under-
lying chronic conditions. Although NM demonstrated
extracorporeal anticoagulation advantages in this case
report, the evaluation of novel anticoagulants in COVID-
19 patients requires robust clinical data. Routine bedside
assessments, real-time laboratory monitoring, and the
concurrent use of multiple coagulation markers are cru-
cial for identifying early interventions for bleeding events
during anticoagulant therapy.
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