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National Health Commission, People’s Republic of China

– Mild
• Mild clinical manifestations, no pulmonary imaging

– Common
• Fever, respiratory symptoms, pneumonia evidence on X-ray or CT scan

– Severe: meet any of the followings
– respiratory distress syndrome (ARDS), respiratory rate > 30/min.
– SaO2 < 93% at rest state
– O2 arterial partial pressure (PaO2) / O2 inspired fraction (FiO2) < 300 mm Hg, 1 mmHg = 0.133 kPa

– Critically severe: meet any of the followings
– Mechanical ventilation
– Shock
– Combined with other organ failure, patient needing ICU support-monitoring-treatment.



COVID-19: basic clinical classification

8-category ordinal scale score
1 no hospitalisation, no limitations of activities
2 not hospitalised, limitation of activities, home O2 requirement or both
3 hospitalised, not requiring supplemental O2, no longer requiring care

(for infection control or other non-medical reasons) 
4 hospitalised, not requiring supplemental O2, but requiring care

(CIVID-related or not)
5 hospitalised, requiring any supplemental O2
6 hospitalised, requiring non-invasive ventilation or use of high-flow O2 devices
7 hospitalised, invasive mechanical ventilation or extracorporeal membrane oxygenation
8 death

(Remdesivir RCT, ACTT-1)



First-level laboratory data
… and the D-dimer historical sketch



Res Pract Thromb Haemost 2020;4(5):744-751. 

Normal or high platelet count
Mildly to moderately reduced
in the most severe patients

Normal prothrombin time PT
Mild prolongation of the PT
in a minority of patients

High fibrinogen in virtually all patients

Elevated D-dimer levels
in particular in non-survivors

Normal antithrombin levels



Thromb Haemost 2020; Jul 17. doi: 10.1055/s-0040-1714369

22 Chinese studies
4,889 confirmed COVID-19 inpatients

Average D-dimer value: 0.67 µg/ml (0.56-0.78)
Elevated D-dimer value: 29% (20-39)

Severe patients vs. nonsevere patients:
higher D-dimer levels
prolonged prothrombin time (PT)

Non-survivors vs. survivors:
Higher D-dimer levels
Prolonged PT
Decreased platelet count

« DIC »: 6% (3-10)
log risk ratio in survivors vs. non survivors
3.3 (2.2-4.3)





Significant,
but very high heterogeneity across studies (I2=95%) 



Two dozen puplished papers; problems on:

- Manufacturer or type of D-dimer assay?
- Analytical performances of the assay?

- D-dimer units or fibrinogen-equivalent units (2/1)?
- Magnitude of units chosen?

- Normal or disease cut-off, age-related cut-offs?
- Distinction between thromboembolism and DIC?

- Consistency of statistical analysis?

Significant,
but very high heterogeneity across studies (I2=95%) 



Retrospective, 183 patients

71% of non-survivors and 0.6% of survivors
met the criteria for DIC (ISTH score)

during their hospital stay

Abnormal coagulation results,
especially markedly elevated D-dimer values

(> 3 µg/ml: 86%)
are common in deaths.

• Abnormal coagulation results: poor prognosis
• DIC: common in deaths
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Patients with
(very) high D-dimers levels

have a concentration-dependent
higher  28-day mortality

SIC: sepsis-induced Coagulopathy; D-D: D-dimer; ULN: Upper Limit of Normal



N= 170 COVID-19 patients
entering our University Hospital

D-dimers « Ddi »: VIDAS®; FEU
soluble Fibrin monomers: « sFM », Stago; FEU

Discrepancies in fibrin-generation markers…
Something is rotten in the state of D…IC
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N= 170 COVID-19 patients

entering our University Hospital

D-dimers « Ddi »: VIDAS®; FEU
soluble Fibrin monomers: « sFM », Stago; FEU

Results given as « normalised ratios »:
DDi patient / age-adjusted upper threshold

sFM patient / upper threshold 

Discrepancies in fibrin-generation markers…

Discrepancies in fibrin-generation markers…

Something is rotten in the state of D…IC



ICU: intensive care unit; BMI: body mass index;
ARDS: acute respiratory distress syndrome; HFNC: high-flow nasal canula oxygen therapy
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ICU: intensive care unit
ARDS: acute respiratory distress syndrome; IMV: invasive mechanical ventilation ; HFNC: high-flow nasal canula oxygen therapy
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ICU: intensive care unit
ARDS: acute respiratory distress syndrome; IMV: invasive mechanical ventilation ; 

HFNC: high-flow nasal canula oxygen therapy,
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ICU: intensive care unit
ARDS: acute respiratory distress syndrome; IMV: invasive mechanical ventilation ; 

HFNC: high-flow nasal canula oxygen therapy,
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ICU: intensive care unit
ARDS: acute respiratory distress syndrome; IMV: invasive mechanical ventilation ; 

ECMO: extra-corporeal membrane oxygenation; DIC: disseminated intravascular coagulation
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• Elevated D-dimer levels

• Normal sFM levels
– sFM increase 

• in case of an intercurrent transient complication
• or when death is coming

Discrepancies in fibrin-generation markers…
Something is rotten in the state of D…IC



May 21, 2020

Autopsy;

7 lungs from COVID-19 patients
vs.

7 lungs from ARDS 
secondary to influenza A H1N1 infection

10 uninfected control lungs



May 21, 2020

The difference: vascular angiogenesis;
severe intussusceptive angiogenesis

Architectural distortion of the thin wall alveolar plexus

Arrowheads: 
pillar localisations

Autopsy;

7 lungs from COVID-19 patients

7 lungs from ARDS 
secondary to influenza A H1N1 infection

10 uninfected control lungs



Autopsy
7 lungs from COVID-19 patients
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10 uninfected control liungs

May 21, 2020

Interstitial and perivascular
T lymphocytic inflammation / infiltration;

multifocal endothelialitis 
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Endothelial cell destruction,
detectable SARS-COV-2



Autopsy
7 lungs from COVID-19 patients

7 lungs from ARDS secondary to influenza A H1N1 infection
10 uninfected control liungs

May 21, 2020

Interstitial and perivascular
T lymphocytic inflammation / infiltration;

multifocal endothelialitis 

Fibrinous microthrombi in the alveolar septa;
extravasated erythrocytes

and loose network of fibrin in the alveolar space

Endothelial cell destruction,
detectable SARS-COV-2



EBioMedicine 2020; Oct 30:103104. 

41 consecutive post-mortem samples

Extensive alveolar damage
and thrombosis of the lung micro- and macro-vasculature



EBioMedicine 2020; Oct 30:103104. 

41 consecutive post-mortem samples

Extensive alveolar damage
and thrombosis of the lung micro- and macro-vasculature

Long-term persistence
of viral RNA in pneumocytes and in endothelial cells,

with infected cell syncytia

Contrary to other interstitial pneumonias

several of the COVID-19 features

are not attributable to pneumocyte death

as a consequence of viral replication,

but to the persistence of virus-infected, Spike-expressing cells

in the lungs of the infected individuals



28 papers, 341 cases.

Major histological feature in the lung:
diffuse alveolar damage, hyaline membrane formation

microthrombi in small pulmonary vessels

Forensic Sci Med Pathol 2020; Oct 7:1-18.
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D-dimer



83 COVID19 patients, survivors vs. non-survivors, Dublin, Ireland

D-dimers levels:
consistent with progressive activation 

of coagulation and fibrinolysis 
within the lungs.

Do not typically develop overt DIC;
rare DIC cases: late-stage disease.

The diffuse bilateral pulmonary inflammation
is associated with 

a novel pulmonary-specific vasculopathy



83 COVID19 patients, survivors vs. non-survivors, Dublin, Ireland

D-dimers levels:
consistent with progressive activation 

of coagulation and fibrinolysis 
within the lungs.

Do not typically develop overt DIC;
rare DIC cases: late-stage disease.

The diffuse bilateral pulmonary inflammation
is associated with 

a novel pulmonary-specific vasculopathy

Br J Haematol. 2020 Aug;190(3):e133-e134.

We suggest that D-dimer levels 
represent the degree/extent of lung inflammation

present within the lungs in COVID-19 infection.
This would explain why they relate to outcome.



Extensive alveolar and interstitial inflammation
sharing features with macrophage activation syndrome

Lung-restrictive vascular immunothrombosis
associated with COVID-19

as diffuse pulmonary intravascular coagulopathy,
distinct from DIC,

distinct from macrophage activation syndrome.

Increased circulating D-dimers
(reflecting pulmonary vascular bed thrombosis with fibrinolysis)

with normal platelet and fibrinogen levels
are the key early features



In-hospital COVID-19 patients:
high values of

IL1b, IL1RA, IFNg, TNFa; 
IL7, IL8, IL10, GCSF, GMCSF, PDFG, and VEGF;

ICU patients: higher values of
TNFa, IL2, IL7, IL10, GCSF, MCP1, MIP1A The COVID-19

« cytokine storm »



Severe COVID-19 patients:
macrophage activation syndrome OR immune dysregulation.

Severe respiratory failure:
major decrease of HLA-DR on CD14 monocytes.

CD14 and NK cells cytopenia characteristics of severe COVID-19.

IL-6 blocker Tocilizumab only partially recues
SARS-CoV-2-associated immune dysregulation

Unique pattern of immune dysregulation in severe COVID-19:
IL-6-mediated low HLA-DR expression and lymphocytopenia

associated with sustained cytokine production and hyper-inflammation



Front Immunol 2020; 11:560381 (Sept. 23).

Data suggesting
a preponderant role 

for monocyte-macrophage activation
in the development of immunopathology

of COVID-19 in patients



1,484 patients, 
Mount Sinai Health System in New York city,

March 21 – April 28 2020.

SARS-CoV-2: 
similarities to cytokine-release syndrome

in patients with cancer 
treated with CAR-T cells

Quantification of IL-6, IL-8, TNFa, IL1b
using the ELLA rapid ELISA microfluidic system 

Nat Med 2020;26(10):1636-1643.

TNFa and IL-6 serum levels:
independent* and significant predictors

of disease severity and death

> 35 pg.ml-1> 70 pg.ml-1

• adjusted on multiple parameters, 
D-dimer levels being not independent predictors
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TNFa and IL-6 serum levels:
independent* and significant predictors

of disease severity and death

> 35 pg.ml-1> 70 pg.ml-1

• adjusted on multiple parameters, 
D-dimer levels being not independent predictors
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Immune
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Coagulation
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Res Pract Thromb Haemost 2020;4(5):744-751. 



Severe and critical patients:
Highly impaired interferon (IFN) type 1 response

no  IFN-b, low IFN-a,
associated with: 

persistent blood viral load
exacerbated inflammatory response.
increased TNF-a and IL-6 production and signalling 



Severe and critical patients:
Highly impaired interferon (IFN) type 1 response

no  IFN-b, low IFN-a,
associated with: 

persistent blood viral load
exacerbated inflammatory response.
increased TNF-a and IL-6 production and signalling 

Science. 2020 Sep 24:eabd4585.

At least 101/987 patients (10%) 
with life-threatening COVID-19 pneumonia:

neutralising IgG auto-Abs 
against IFN-a or the 13 types of IFN-a.

The auto-Abs neutralise 
the ability of the corresponding type I IFN-a

to block SARS-CoV-2 infection in vitro. 



Apart from D-dimers…



Increased platelet activation 
and platelet-monocyte aggregate formation

associated with poor outcome 
in severe COVID-19 patients

Platelets from severe COVID-19 patients 
induce monocyte TF expression

through P-selectin and integrin aIIb/b3 signaling

Blood 2020;136:1330-41.



c c

Plasma myeloperoxydase-DNA complexes

COVID-19 autopsies

NETs contribute 
to microthrombi

through platelet-neutrophil 
interactions

in COVID-19 ARDS

NET formation ex vivo 
in COVID-19 neutrophils



Schistocytes

Endothelitis

A component of thrombotic microangiopathy
low ADAMTS-13 



Schistocytes

TH Open 2020;4(3):e203-e206

HemosIL Acustar ADAMTS13 activity

Endothelitis

A component of thrombotic microangiopathy
low ADAMTS-13 



Single-center cross-sectional study
COVID-19 patients: 48 in ICU

20 non-ICU
13 non-hospitalised controls

Markers of endothelial cells and platelet activation

Preserved endogenous anticoagulant activity
Preserved antifibrinolytic activity

Increased:
VWF, sP-selectin, sCD40L
s-thrombomodulin (sTM)

High s-TM blood concentrations (>3.26 ng.ml-1)
associated with impaired survival 



Angiogenesis
Angiopoietin 2,

a marker of endothelial activation, 
is a relevant predictive factor for ICU admission.

Reinforces the hypothesis of 
COVID-19-associated

microvascular dysfunction



Clin Infect Dis 2020; Jul 16:ciaa1007

Excess sFlt1

in critically ill
COVID-19
patients.

Dupont V. et al.

Angiogenesis:
Angiopoietin 2,

sFlt1

Reinforces the hypothesis of 
COVID-19-associated

microvascular dysfunction



Increased number
of circulating

endothelial cells

in COVID-19
patients.

Khider L. et al.

J Thromb Haemost 2020; 18:2391-9Clin Infect Dis 2020; Jul 16:ciaa1007

Angiogenesis:
Angiopoietin 2,

sFlt1
Endothelial cells

Reinforces the hypothesis of 
COVID-19-associated

microvascular dysfunction

Excess sFlt1

in critically ill
COVID-19
patients.

Dupont V. et al.



Rauch A, Dupont A, Goutay J, Caplan M, Staessens S, Moussa M, Jeanpierre E, 

Corseaux D, Lefevre G, Lassalle F, Faure K, Lambert M, Duhamel A, 

Labreuche J, Garrigue D, De Meyer SF, Staels B, Van Belle E, Vincent F, Kipnis E, 

Lenting P, Poissy J, Susen S; Lille Covid Research Network(LICORNE)

Circulation. 2020 Sep 24. doi: 10.1161/CIRCULATIONAHA.120.050907

Cultured human pulmonary microvascular endothelial cells

+

patient’s platelet poor, plasma;

Incubation: 1 hour;

Assessment of mitochondrial activity.

Direct and rapid
cytotoxic effect

of plasma
on pulmonary

microvascular

endothelial cells
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Circulation. 2020 Sep 24. doi: 10.1161/CIRCULATIONAHA.120.050907

Cultured human pulmonary microvascular endothelial cells

+

patient’s platelet poor, plasma;

Incubation: 1 hour;

Assessment of mitochondrial activity.

Higher cytotoxic effect of plasma
associated with a more pronounced hypoxaemia 

and organ dysfunction

Direct and rapid
cytotoxic effect

of plasma
on pulmonary

microvascular

endothelial cells



SARS-CoV-2

D-dimers

Fibrin Fibrin

D-dimers

Endothelial
activation / inflammation / damage



Antiphospholipid antibodies



Very severely compromised patients
Multiple arterial thrombosis

Solid-phase aPL Ab, IgA isotype
LA not detected

No idea of aPL Ab titers;
No idea of aPL Ab persistence

First,
a cartoonish paving stone thrown into the pond

N Engl J Med 2020;382(17):e38. 



Retrospective
187 patients with LA testing, March 1 - April 30, 2020; Montefiore hospital, Bronx, NY 
City

LA-positive rate (dRVVT):
COVID-19 negative: 22% (27/119)

thrombosis in 34% 
COVID-19 positive:  44% (30/68)

thrombosis in 63%
higher CRP levels

Adjustement for CRP levels: LA associated with thrombosis, OR 4.39 (1.45-14.6)

COVID-19: 
high prevalence of a positive LA



Ann Rheum Dis 2020; Aug 4. doi: annrheumdis-2020-218100.

As high as 57% 
of both « criteria and non-criteria » positive aPL Abs

in patients with severe and critical COVID-19!



medRxiv 2020; Jun 19. doi: 2020.06.17.20134114. 

Prevalence, specificity, and clinical association          
of anti-phospholipid antibodies 

in COVID-19 patients: 
are the antibodies really guilty? 

122 patients, Lombardia, Italy

anti-b2GP1 IgG/IgA/IgM: the most frequent
15.6% / 6.6% / 9.0%

No association of aPL Abs with thrombosis

Anti-b2GPI-D1 and anti-b2GPI-D4-D5: rare;
only 5.3% aPL Ab positive sera.

COVID-19: aPLAbs mainly directed against b2GP1, 
but display epitope specificity different from aPL Abs in APS

Differences and doubts



J Thromb Haemost 2020; Jul 3. doi:10.1111/jth.14994. 

Prospective

COVID-19 patients admitted to the ICU
Ghent university hospital, Blegium

Patients were mainly single LA-positive

No clear relation with thrombosis

Triple positivity and high aCL/ab2GP1 titers: very rare

aPL Abs are mostly transient

(LA: 9/10 negative on a second occasion)

Differences and doubts



Strong doubts…

J Thromb Haemost. 2020 May 7:10.1111/jth.14893.

« False-positive LA testing might be expected

in patients with COVID-19 

given the marked elevation of CRP.

Many assays to detect LA are sensitive to CRP,

resulting in false positive results. »



COVID-19 and aPL Abs:

apart from striking case reports,
no methodologically correct prospective work

allowing to support
a direct link between a SARS-CoV-2-mediated aPL Ab induction

and thrombotic events.



Treatment: antithrombotics



Tongji hospital, China

Reprospective study
449 patients with severe COVID-19

at least one of:
respiratory rate > 30/min

SaO2 < 93%;

PaO2/FiO2 < 300 mm Hg

99 received heparin, for at least 7 days
criteria???
« prophylactic LMWH dose in most of the users »

28-days mortality, multivariate analysis, all patients:
heparin use 1.65 (0.93-2.92) p=0.088, NS…



Tongji hospital, China
Reprospective study
449 patients with severe COVID-19

at least one of:
respiratory rate > 30/min
SaO2 < 93%;
PaO2/FiO2 < 300 mm Hg

99 received heparin, for at least 7 days
criteria???
« prophylactic LMWH dose in most of the users »

28-days mortality, sub-group analysis:

SIC: sepsis-induced coagulopathy, ISTH’score

« Heparin treatment appears to be associated
with better prognosis

in severe COVID-19 patients with coagulopathy »

28-days mortality, multivariate analysis, all patients:
heparin use 1.65 (0.93-2.92) p=0.088, NS…



17 Spanish hospitals
Retrospective study

2,075 patients admitted with COVID-19
March 1st- April 20th 2020

Heparin use in 1,734
Criteria?
Dose? Duration?

Heparin use:
lower in-hospital mortality

aOR* 0.42 (0.26-0.66) p<0.001

*adjusted for age, gender, SaO2<90%, 
temperature > 37°C, 
and other treatments.

Mortality in heparin-treated patients:
14%.



Hospital Clinic Barcelona, Spain
23 COVID-19 patients (11:ward, 12: ICU)
LMWH enoxaparin

No 10%
< 0.5 mg/kg/d 30%
0.5-1.5 mg/kg/d 40%
> 1.5 mg/kg/d 20%

Despite LMWH treatments:

Thrombin Generation Test, rTF 5pmol/L: N°
Deficient in ICU patients
(but much higher anti-Xa activities…)

ROTEM: largely within the normal range

Clot Lysis Time: higher values 
No difference ward vs. ICU

High values of
D-dimers, thrombin-antithrombin TAT
and plasmin-antiplasmin PAP complexes

Persistent in vivo activation of coagulation and fibrinolysis despite anticoagulant therapy;
low therapeutic anticoagulant regimens are often insufficient to downregulate coagulation activation



Retrospective study
15 patients, ICU, Cambridge, UK

In vitro recovery: ratio of observed increase in anti-Xa activity
of patient sample from baseline
on
normal supplemented pooled plasma from baseline

Evidence of heparin resistance in critically unwell COVID-19 patients;
optimal thromboprophylaxis?



No significant correlation 
between LMWH dose and anti-FXa activity

Anti-Xa below the target range: 23% of the patients
Anti-Xa above the target range: 46% of the patients

Uppsala, Sweden
31 COVID-19 patients, ICU

Dalteparin (Fragmin®) sc
< 70kg: 5,000 IU
70-90 kg: 7,500 IU
> 90kg: 10,000 IU

Anti-FXa activity target range: 0.2-0.4 IU/ml

5 patients had a symptomatic VTE event

Standard prophylactic doses of LMWH may be insufficient
Monitoring LMWH effect? Interpreting in relation to risk is difficult… 



J Thromb Thrombolysis 2020; Aug 3:1-8. 

Subgroup pooled prevalence of VTE:
prophylactic: 38% (10%-70%)
prophylactic + therapeutic: 27% (17%-40%)

High prevalence of thromboprophylaxis failure
among COVID-19 patients

admitted to ICU.

Individualised rather than protocolised 
VTE thromboprophylaxis

would appear prudent at interim.



J Am Coll Cardiol. 2020 Jul 7;76(1):122-124.

Days since admission

Observational, retrospective
March 14 – April 11, 2020
2,773 patients, COVID-19,
Mount Sinai Health System in New York, USA.
786 (28%) received systemic treatment-dose anticoagulation (AC)

Multivariate proportional hazards model:
longer duration of AC treatments

associated with a reduced risk of mortality;
aHR 0.86 per day (0.82-0.89)

Major bleeding:
AC neg: 1.9%, AC+: 3%, p=0.2

Suggest systemic treatment-dose anticoagulation may be associated with improved outcomes



Retrospective, observational
February 27 – April 24 2020
468 hospitalised patients, Providence, USA 

Initial use of HIP:
Improved 30-days mortality

aRR 0.26 (0.07-0.97), p=0.045

No increased rate of bleeding (p=0.11)
Standard prophylaxis SP:
Enoxaparin 40mg, UFH 5,000 IUx3, apixaban 2.5 mgx2

High intensity prophylaxis HIP
Enoxaparin 40mgx2, UFH 7,500 IUx3

Therapeutic anticoagulation AC:
Enoxaparin 1 mg/kgx2; warfarin INR 2-3;
apixaban 5 mgx2; rivaroxaban 20 mg

Choice: let to the discretion of the admitting provider.

Severe COVID-19 cases:
D-dimers stable or decreased with HIP or AC

Suggests a role of anticoagulation in mitigating adverse outcomes associated with COVID-19



Single-center, 
cross-sectional analysis 

of deceased patients 
in a prospective cohort,

first 4 weeks 
of COVID-19 pandemic in Michigan,

March13- April 8
William Beamont Hospital, 

Royal Oak, USA

Kaplan-Meier analysis
of time to death;

AC: anticoagulation;
pAC: prophylactic AC;

tAC: therapeutic AC *

Multivariate Cox proportional hazards model

In deceased COVID-19 patients,
anticoagulation was associated

with a delay of death
in a dose-dependent manner

* Intravenous UFH, aPTT > 45 sec.
enoxaparin 1mg/kg twice daily or 1.5 mg/kg once daily
warfarin INR 2-4
DOAC rivaroxaban and apixaban



Eur J Haematol 2020; Oct 11. doi: 10.1111/ejh.13533

Retrospective analysis of a large cohort
3,480 consecutive COVID-19 patients, 

tested positive between March 13th, 2020 and May 5th,
hospitalised within 8 hospitals in Southern Michigan, USA.

a Per 10-year increase b Reference: BMI 18.5-30 kg.m-2

c Reference is no anticoagulation
ICU: intensive care unit; AKI: acute kydney injury

Higher doses of anticoagulation were associated with prolonged survival, especially in critically ill patients,
but this larger effect size came at the cost of excess of non-disabling bleeding



1- COVID-19 patients admitted to the hospital:
assessment for their thrombotic and haemorrhagic risk.

2- Unless contraindicated, prophylactic LMWH
must be administered.

3- When a procoagulant profile is confirmed: 
extended or intermediate-dose LMWH 
should be considered,
mainly in patients admitted to ICU

4- In case of severe disease progression, 
the increase of LMWH dose up to therapeutic one
should be considered



Res Pract Thromb Haemost 2020; 4:731-6.

Therapy   Research questions



LOW RISK

- Non-hospitalised patients,
BMI < 30 kg.m-2,
no added risk factor for VTE
(such as active cancer,
recent history of VTE,…)

No thromboprophylaxis

Thrombotic risk levels in patients with COVID-19
according to BMI, 

need of O2 or mechanical assistance,
and other risk factors for thrombosis 



INTERMEDIATE RISK

- BMI < 30 kg.m-2,
no need for high-flow nasal O2 therapy
or mechanical ventilation,

LMWH, standard prophylactic dose or fondaparinux

LMWH: enoxaparin 4,000 IU/24h 
enoxaparin 2,000 IU/24h if ClCr 15-30 ml/min
tinzaparin   3,500 IU/24h if ClCr > 20 ml/min
dalteparin   5,000 IU/24h if ClCr > 30 ml/min

Fondaparinux:         2.5 mg. /24h if ClCr > 50 ml/min.

Thrombotic risk levels in patients with COVID-19
according to BMI, 

need of O2 or mechanical assistance,
and other risk factors for thrombosis 



HIGH RISK

- BMI < 30 kg.m-2 under high-flow nasal O2 therapy
or mechanical ventilation

- BMI > 30 kg.m-2 without high-flow nasal O2 therapy
or mechanical ventilation, with added risk factors for VTE

- BMI > 30 kg.m-2 with high-flow nasal O2 therapy
or mechanical ventilation, without added risk factors for VTE

LMWH, intermediate dose prophylaxy 
UFH if renal insufficiency

Enoxaparin 4,000 IU/12h
Enoxaparin 6,000 IU/12h if weight > 120 kg
UFH 200 IU/kg/24h if ClCr <30 ml/min

Monitoring anti-FXa activity:
LMWH: avoid overdose, 

maintain < 1.2 IU/ml for enoxaparin
UFH: target 0.3-0.5 IU/ml 

and platelet count every 48 hours

Thrombotic risk levels in patients with COVID-19
according to BMI, 

need of O2 or mechanical assistance,
and other risk factors for thrombosis 



VERY HIGH RISK

- BMI > 30 kg.m-2 with high-flow nasal O2 therapy
or mechanical ventilation, with added risk factors for VTE

- ECMO (venovenous or veno arterial)
- Unexplained catheter thrombosis
- Dialysis filter thrombosis
- Marked inflammatory syndrome and/or hypercoagulability 

(e.g. fibrinogen > 8 g/L and/or D-dimers > 3 µg/ml

LMWH at curative dose, UFH if renal insufficiency

Enoxaparin 100 IU/kg/12h
without exeeding 10,000 IU/12h

UFH 500 IU/kg/24h if ClCr < 30 ml/min

Reevaluatre the dose in case of multiorgan failure
or consumption coagulopathy

Monitoring anti-FXa activity:
LMWH: avoid overdose, 

maintain < 1.2 IU/ml for enoxaparin
UFH: target 0.5-0.7 IU/ml 

and platelet count every 48 hours

Thrombotic risk levels in patients with COVID-19
according to BMI, 

need of O2 or mechanical assistance,
and other risk factors for thrombosis 



Retrospective, observational
7 medical departments in Northern Italy
Non-critically ill COVID-19 patients

Enoxaparin 4,000 UI (2,000 if severe renal failure)
Fondaparinux 2.5 mg (1.5 mg if severe renal failure)

Clinically syptomatic thrombotic events:
Fondaparinux: 4/148, 2.7%
Enoxaparin: 5/160, 3.1% p=0.83

Rate of major or clinically significant bleeding
Fondaparinux: 7/148, 4.7%

Enoxaparin: 1/160, 0.6% p=0.03

The use of fondaparinux in place of LMWH in patients with non-critically ill COVID-19 infectious disease
should be discouraged.



Mucha SR, Dugar S, McCrae K, Joseph D, 
Bartholomew J, Sacha GL, Militello M.

Cleve Clin J Med 2020; 87(8):461-468. 

Systematic monitoring, every 48 hours:
D-dimers

Fibrinogen
PT/INR
aPTT

High risk D-dimer level:
at least 6 times the upper limit,

3.0 µg/ml (3,000 ng) FEU
Tang N. et al., J Thromb Haemost 2020; 18(4):844-7 
Cui S. et al., J Thromb Haemost 2020; 18(6):1421-4

Use of point-of-care ultrasonography:
« POCUS »

Category 1: D-di < 3.0, no evidence of VTE
Category 2: D-di > 3, POCUS negative.
Category 3: Confirmed thrombosis
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COMPARISON OF PUBLISHED GUIDELINES 
FOR MANAGEMENT OF COAGULOPATHY 
IN CRITICALLY ILL COVID-19 PATIENTS 



• International society for Thombosis and Haemostasis’ interim guidance (ISTH-IG)

– J Thromb Haemost 2020; 18:1023-6.

– J Thromb Haemost 2020; 18:2057-8.  

• Scientific and Standardisation Committee of the ISTH (ISTH-SCC)

– J Thromb Haemost 2020; 18:1859-65

• American Society of Hematology (ASH)

– https://www.hematology;org/covid-19/covid-19-and-vte-antocoagulation

– https://www.hematology;org/covid-19/covid-19-and-coagulopathy

• American College of Chest Physicians (ACCP)

– Chest 2020; 158(3):1143-63

• American College of Cardiology (ACC)

– J Am Col Cardiol 2020; 75(23):2950-73

• Center for Disease Control and Prevention (CDC) guidelines

– https://www.covid19treatmentguidelines.nih.gov/

https://www.hematology;org/covid-19/covid-19-and-vte-antocoagulation
https://www.hematology;org/covid-19/covid-19-and-coagulopathy
https://www.covid19treatmentguidelines.nih.gov/


Laboratory testing for risk stratification and triage?
ISTH-IG D-dimer, PTT, platelet count and fibrinogen: all patients, helpful for risk stratification

(D-di raised 3 to 4 fold, prolonged PT, platelets < 100 G/L, fibrinogen < 2 g/L)
Monitoring of patients after admission: helpful 
(more aggressive treatments, experimental treatment to consider if parameters worsen)

ISTH-SCC States further study is required. Very elevated D-di > 6 times upper limit of normal                   
is consistent predictor of thrombotic events and poor overall prognosis.

ACCP Not mentioned

ACC Similar to other acutely ill medical patients without COVID-19, regular monitoring             
of platelet count, PT, D-di and fibrinogen important to diagnose worsening coagulopathy. 
Treatment of underlying conditions of DIC and bacterial superinfections important.

ASH D-di, PTT, platelet count and fibrinogen. Worsening of the parameters may predict more 
aggressive critical care and experimental therapies might be considered.

CDC Lack of prospective data demonstrating laboratory testing in risk stratification of patients 
with asymptomatic or mild infection.  Insufficient data to recommend for or against using 
laboratory values to guide management.



Biomarkers to guide anticoagulation?
ISTH-IG Not mentioned

ISTH-SCC D-dimers should not be used solely to guide anticoagulation regimens

ACCP Not mentioned

ACC D-dimer > 2 times the upper limit: may suggest that patient is at high risk of VTE and 
consideration of extended prophylaxis (up to 45 days) in patients at low risk of bleeding.
Further investigation needed to determine the role of APLAs in pathophysiology                      
of COVID-19-associated thrombosis.

ASH No particular change to regimen recommended for patients with lupus-like inhibitors.             
TEG and ROTEM should not be used routinely to guide management.

CDC Insufficient data to recommend for or against using haematological and coagulation 
parameters to guide management decisions



VTE prophylaxis regimen and preferred medications
ISTH-IG LMWH (standard dosing)

ISTH-SCC LMWH or UFH.
Intermediate intensity LMWH: can be considered in high-risk critically ill patients (50% of 
responders) and may be considered in non-critically hill hospitalised patients (30%).
Several advantages of LMWH over UFH.
Regimens may be modified based on extremes of body weight (50% increase if obese), 
severe thrombocytopenia  (?), or worsening renal function.

ACCP LMWH (standard dosing)

ACC Enoxaparin 40 mg or similar LMWH regimen.
SC Heparin (5000 U twice or three times a day) if renal dysfunction (CrCl<30 ml/min).
Insufficient data to consider routine therapeutic or intermediate dose anticoagulation
(only a minority of the panellists considered intermediate -32%- to therapeutic –5%- intensity 
reasonable)

ASH LMWH over UFH (standard dosing) to reduce exposure unless risk of bleeding outweighs 
risk of thrombosis

CDC LMWH or UFH. insufficient data to recommend for or against
the increase of anticoagulation outside of a clinical trial.



Therapeutic regimens and preferred medications
ISTH-IG Not mentioned
ISTH-SCC Not mentioned
ACCP LMWH or fondaparinux over UFH.  

UFH preferred if high bleeding risk and in renal failure or needing imminent procedures. 

Recommend increasing dose of LMWH by 25-30% if recurrent VTE on therapeutic LMWH

ACC Medication regimen can change depending on comorbidities (renal, hepatic, gut, platelets)

Prefer parenteral anticoagulation (UFH) given it may be withheld temporarily
LMWH in patients unlikely to need procedures
DOACS may have risks in settings of organ dysfunction related to clinical deterioration

ASH LMWH or UFH over DOACs due to reduced drug-drug interactions and shorter half-life.

CDC Standard regimens for non-COVID-19 patients



When hold anticoagulation
ISTH-IG Signs of active bleeding or platelets < 25 G/L.

Abnormal APTT or PT not a contraindication to thromboprophylaxis.

ISTH-SCC No specific recommendations. 50% of respondents report holding if platelets < 25 G/L.

ACCP Not mentioned.

ACC Patients with moderate or severe COVID-19 on chronic therapeutic anticoagulation,             
with DIC without overt bleeding: consider the indication and the risk,                                     
adjust dose or discontinue. Reduce the intensity of anticoagulation                                               
unless there is an exceeding risk of thrombosis.

ASH Thromboprophylaxis is recommended in the absence of active bleeding even if 
abnormal coagulation tests, held only if platelets < 25 G/L or fibrinogen < 0.5 g/L. 
Abnormal PT or APTT not a contraindication.
Therapeutic anticoagulation: to be held if platelets < 30-50 G/L or fibrinogen < 1.0 g/L.

CDC Active haemorrhage or severe thrombocytopenia (?)



When to use mechanical thromboprophylaxis
ISTH-IG Not mentioned
ISTH-SCC Mechanical thromboprophylaxis, pneumatic compression devices being preferred,             

when pharmacological prophylaxis is contraindicated. Multimodal thromboprophylaxis           
with mechanical methods considered by 60% of the respondents.

ACCP Suggest critically ill who have a contraindication to pharmacological 
thromboprophylaxis.
Suggest against adding if receiving pharmacological thromboprophylaxis

ACC Pneumatic compression devices when pharmacological prophylaxis is contraindicated
Use of both (pharmacological + mechanical) reasonable for 55% of the panellists                 
even if lack of high-quality evidence

ASH Pneumatic compression devices when pharmacological prophylaxis is contraindicated
CDC Not mentioned



When to consider therapeutic anticoagulation
ISTH-IG No specific recommendations.

ISTH-SCC Not for primary prevention, no RCT.
Consider increased intensity of anticoagulation regimen (from prophylactic to intermediate, 
or intermediate to therapeutic) in patients without confirmed VTE but deteriorating 
pulmonary status or ARDS.  

ACCP Patients with PE or proximal DVT.

ACC Key to VTE treatment. No distinction between confirmed and suspected VTE. 

ASH Consider increased intensity of anticoagulation regimen (from prophylactic to intermediate, 
or intermediate to therapeutic) or change anticoagulant in patients with recurrent 
thrombosis of catheters and extracorporeal circuits on prophylactic anticoagulation 
regimens. 

CDC When a clinically suspected VTE is present or highly suspected. 
Insufficient data to recommend for or against the increase of anticoagulation intensity . 



When to consider thrombolytics
ISTH-IG Not mentioned
ISTH-SCC Not mentioned
ACCP PE with hemodynamic instability or signs of obstructive shock not at high bleeding risk

Peripheral thrombolysis recommended over catheter-directed thrombolysis
ACC Multidisciplinary evaluation for intermediate and high risk patients with VTE.

Haemodynamically high risk PE: systemic fibrinolysis; 
catheter-based therapies for situations not amenable to systemic fibrinolysis

ASH Not mentioned
CDC Insufficient data to recommend for or against. Pregnant women: only if life-threatening 

haemodynamic instability, due to risk for maternal haemorrhage.  



Duration of therapeutic anticoagulation
ISTH-IG Not mentioned
ISTH-SCC Minimum of 3 months
ACCP Minimum of 3 months
ACC Not mentioned
ASH Not mentioned
CDC Not mentioned



Monitoring of patients receiving LMWH
ISTH-IG Advised in patients with severe renal impairment

ISTH-SCC No specific recommendations. 

ACCP Body weight adjusted doses for LMWH do not require laboratory monitoring 
in majority of patients

ACC Not mentioned

ASH Not mentioned

CDC Not mentioned



Monitoring of patients with elevated PTT               
receiving therapeutic anticoagulation

ISTH-IG Not mentioned
ISTH-SCC Not mentioned
ACCP Not mentioned
ACC Not mentioned
ASH May necessitate anti-Xa monitoring of UFH given artefactual increases in PTT

CDC Not mentioned



Monitoring of patients receiving 
therapeutic anticoagulation

ISTH-IG Not mentioned

ISTH-SCC No specific recommendations. 
Expert clinical guidance statements target an anti-factor Xa level of 0.3-0.7 IU/ml for UFH.

ACCP Monitor anti-Xa levels in all patients receiving UFH                                                        
given potential of heparin resistance

ACC Not mentioned

ASH May necessitate anti-Xa monitoring of UFH given artefactual increases in PTT

CDC Per standard of care for patients without COVID-19



Recommendations on anticoagulation on discharge
ISTH-IG No specific recommendations

ISTH-SCC Either LMWH or approved post-discharge prophylactic anticoagulation regimens 
(DOACs) should be considered in patients with high VTE risk criteria.
Duration: 14 days at least, up to 30 days.
Aspirin not recommended.  

ACCP Can be considered in patients at low risk of bleeding if a clinical benefit is suggested

ACC Reasonable to consider extended prophylaxis with LMWH or DOACs for up to 45 days 
in patients at high risk of VTE (D-di > 2 times the upper limit, reduced mobility, active 
cancer) and low risk of bleeding. 

ASH Reasonable to consider approved post-discharge prophylactic anticoagulation 
regimens, or aspirin if criteria from trials for post-discharge thromboprophylaxis are met.

CDC Routine venous thromboprophylaxis post-discharge is not recommended.
Approved prophylactic regimens if high risk for VTE and low risk of bleeding                       
using criteria from clinical trials.



Correction of active bleeding
ISTH-IG Transfuse to keep platelet count > 50 G/L, fibrinogen > 1.5 g/L, PT ratio < 1.5.

ISTH-SCC Not mentioned.

ACCP Not mentioned.

ACC Transfuse platelets to maintain > 50 G/L in patients with DIC and active bleeding,                                             
or if platelets < 20 G/L in patient at high risk of bleeding or requiring invasive procedures.                               
FFP (15-25 ml/kg) if active bleeding with either prolonged PT or PTT ratios (> 1.5)                   
or decreased fibrinogen < 1.5 g/L.                                                                                         
Fibrinogen if persistent hypo fibrinogenaemia < 1.5 g/L.                                               
Prothrombin complex concentrates if FFP not possible.                                               
Tranexamic acid not to be used routinely.

ASH Transfuse one adult unit of platelets if < 50 G/L, give 4 units of plasma if INR > 1.8,               
and fibrinogen concentrate (4g) if fibrinogen < 1.5 g/L.
Patients with severe coagulopathy and bleeding:                                                              
consider 4 prothrombin complex concentrates (25 U/kg) instead of plasma.

CDC Not mentioned.



Thromb Haemost 2020; Aug 22. doi: 10.1055/s-0040-1715837. 

« The wide disparity 
in institutional recommendations
highlight the existing equipoise 

regarding antithrombotic management 
in patients with COVID-19,

the lack of true standard of care,
the need for data from

robust, prospective RCTs
to guide clinical practice »

4/15: thromboprophylaxis using enoxaparin 40 mg daily
8/15: D-di thresholds to risk-stratify patients
8/15: higher risk patients: intermediate-dose LMWH
4/15: higher risk patients: full-dose LMWH (3), apixaban (1)
1/15: clinical prediction rules, Wells’ + VTE-BLEED scores
1/15: empiric fibrinolysis for salvage  therapy in severe hypoxia
8/15: postdischage outpatients thromboprophylaxis



Other treatments



Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell L, Staplin N, Brightling C, 
Ustianowski A, Elmahi E, Prudon B, Green C, Felton T, Chadwick D, Rege K, Fegan C, 

Chappell LC, Faust SN, Jaki T, Jeffery K, Montgomery A, Rowan K, Juszczak E, Baillie JK, 
Haynes R, Landray MJ

N Engl J Med 2020; Jul 17:NEJMoa2021436. doi: 10.1056/NEJMoa2021436. 

Controlled, open-label trial
oral or intravenous dexamethasone 6 mg once daily

for up to 10 days (N=2,104)
vs. usual care alone (N=4,321)

Randomisation: March 19 - June 8, 2020

Primary outcome: 28-day mortality
22.9% vs. 25.7%, p<0.001.

Dexamethasone 6 mg: lower 28-day mortality
if either invasive mechanical ventilation

or oxygen support alone
at randomisation



Anti-cytokine therapies in severe COVID-19?

Second wave of disease:
major determinant of outcomes; 

both innate and adaptative cytokines

Waiting for results of RCTs



JAMA Intern Med 2020; Oct 20. doi: 10.1001/jamainternmed.2020.6252

Reduced time to death and risk of death at 30 days
but important differences in treatment groups at baseline
and risk of residual confounding despite adjustments



JAMA Intern Med 2020; Oct 20. doi: 10.1001/jamainternmed.2020.6252

Reduced time to death and risk of death at 30 days
but important differences in treatment groups at baseline
and risk of residual confounding despite adjustments

JAMA Intern Med 2020; Oct 20. doi: 10.1001/jamainternmed.2020.6820

JAMA Intern Med. 2020 Oct 20. doi: 10.1001/jamainternmed.2020.6615.

Lack of blinding and placebo control
Very different study populations

Hospitalised patients in France, moderate to severe COVID-19, 
only requiring low-flow O2
Tocilizumab may improve outcomes at 14 days,
(non-invasive ventilation+mechanical ventilation+death) 
but unclear significance of this finding
(similar death rates at day 28).

Hospitalised patients in Italy, severe COVID-19, 
high-flow O2 nasal canula, not yet ICU-level care
Stopped early for futility



JAMA Intern Med 2020; Oct 20. doi: 10.1001/jamainternmed.2020.6252

Reduced time to death and risk of death at 30 days
but important differences in treatment groups at baseline
and risk of residual confounding despite adjustments

JAMA Intern Med 2020; Oct 20. doi: 10.1001/jamainternmed.2020.6820

JAMA Intern Med. 2020 Oct 20. doi: 10.1001/jamainternmed.2020.6615.

Lack of blinding and placebo control
Very different study populations

Hospitalised patients in France, moderate to severe COVID-19, 
only requiring low-flow O2
Tocilizumab may improve outcomes at 14 days,
(non-invasive ventilation+mechanical ventilation+death) 
but unclear significance of this finding
(similar death rates at day 28).

Hospitalised patients in Italy, severe COVID-19, 
high-flow O2 nasal canula, not yet ICU-level care
Stopped early for futility

« Newly released  randomised trials suggest a potential role for tocilizumab but not show clear evidence of efficacy,
in contrast to observational studies. Do not support the routine use. 

Reconsider tocilizumab use only if more compelling data from ongoing RCTs emerges.  

JAMA Intern Med 2020; Oct 20. doi: 10.1001/jamainternmed.2020.6557.



Randomised, double-blind, placebo-controlled trial

SARS-CoV-2-mediated severe acute respiratory syndrome
plus hyperinflammation state

CRP > 50 mg/L, ferritin > 500 ng/ml, or D-di > 1000 ng/ml
and at least two of:

fever > 38°C
pulmonary infiltrate
need for supplementary O2 to maintain SaO2 > 92%

2(161):1 (82), a single dose 8 mg/kg
Primary outcome: intubation or death
Secondary efficacy outcomes:

clinical woersening
discontinuation of supplemental O2



Randomised, double-blind, placebo-controlled trial

SARS-CoV-2-mediated severe acute respiratory syndrome
plus hyperinflammation state

CRP > 50 mg/L, ferritin > 500 ng/ml, or D-di > 1000 ng/ml
and at least two of:

fever > 38°C
pulmonary infiltrate
need for supplementary O2 to maintain SaO2 > 92%

2(161):1 (82), a single dose 8 mg/kg
Primary outcome: intubation or death
Secondary efficacy outcomes:

clinical woersening
discontinuation of supplemental O2

NS

HR 0.83 (0.38-1.81)
p=0.64

HR 1.11 (0.59-2.10)
p=0.73 HR 0.94 (0.67-1.30)

p=0.69

Adverse events: neutropenia < 1 G/L (13% vs. 1%, p=0.0002)



Retrospective cohort study
San Raffaele Hospital in Milan, Italy

Moderate-to-severe ARDS, 
Non-invasive ventilation outside the ICU,

Hyperinflammation (CRP > 100 mg/L, ferritin > 900 ng/ml)

Anakinra:
high dose IV: 5 mg/kg x2, N=29

vs.
retrospective cohort (!), N=16 



Retrospective cohort study
San Raffaele Hospital in Milan, Italy

Moderate-to-severe ARDS, 
Non-invasive ventilation outside the ICU,

Hyperinflammation (CRP > 100 mg/L, ferritin > 900 ng/ml)

Anakinra:
high dose IV: 5 mg/kg x2, N=29

vs.
retrospective cohort (!), N=16 

Anakinra No- Anakinra

CRP levels

“Treatment with high-dose anakinra was safe
and associated with clinical improvement in 72% of patients” 

Survival (%)

No adjustment for confounders



Retropective, 22 patients, 3 centers
acute severe respiratory failure + systemic inflammation

O2 requirement > 4l/min, CRP > 110 mg/L
12 treated vs. 10 non treated 
Anakinra IV, 300 mg per day, 5 days, then tapering over 3 days 

No death, best clinical improvement,
more days without invasive mechanical ventilation.

Rapid effect:
decrease of fever and CRP at day 3 

Anakinra
Control



Retropective, 22 patients, 3 centers
acute severe respiratory failure + systemic inflammation

O2 requirement > 4l/min, CRP > 110 mg/L
12 treated vs. 10 non treated 
Anakinra IV, 300 mg per day, 5 days, then tapering over 3 days 

No death, best clinical improvement,
more days without invasive mechanical ventilation.

Rapid effect:
decrease of fever and CRP at day 3 

Anakinra
Control

Hospital Paris St Joseph
Patients: 52 prospectivelly treated vs. 44 historical, non-treated

SaO2 < 93% under oxygen 6 L/min. 
or aggravation: SaO2 < 93% under 3L/min

and loss of 3% of SaO2 in ambiant air over 24h.

Anakinra 100 g SC twice a day 72 h then 100 mg per day, 7 days

Main outcome: 
admision to the ICU for invasive mechanical ventilation, or death.

32/44

13/52 Multivariate analysis:
aHR=0.22 (0.10-0.49) p=0.0002

Waiting for
double-blind RCTs. 



7 RCTs with at least one interventional arm containing an anakinra-based treatment

ANACONDA study: French multicentre, open-label, randomized, controlled superiority trial 
standard of care and Anakinra vs. standard of care 
hospitalised patients with COVID-19 infection and worsening respiratory symptoms

primary outcome: patient alive and free of mechanical ventilation
71 included patients

Anakinra, 100mg IV every 6 hours, day 1, 2 and 3. 
Day 4 to day 10: Anakinra 100mg every 12 hours. 

Has been suspended on October 30, 2020:
the interim review of data shows an unexplained early excess mortality in the intervention arm. 

!!



Double-blind, RCT
Patients hospitalised with COVID-19, lower respiratory tract infection
Remdesivir: 200 mg D1, then 100 g daily up to 10 days, vs. placebo

541 vs. 521
Primary outcome:

Initially: comparison of the 8-category ordinal scale scores on D15
Then… time to recovery up to day 29 

i.e. discharge or hospitalisation for infection-control purposes only



Double-blind, RCT
Patients hospitalised with COVID-19, lower respiratory tract infection
Remdesivir: 200 mg D1, then 100 g daily up to 10 days, vs. placebo

541 vs. 521
Primary outcome:

Initially: comparison of the 8-category ordinal scale scores on D15
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Median recovery time:
10 days (9-11) vs. 15 days (13-18)

Mortality:
D29: 11.4% vs. 15.2%, NS

Benefit: most apparent in patients receiving low-flow O2 (ordinal score 5)
Interaction tests:

greater benefit with respect to mortality and recovery in lower ordinal score categories



Conclusion



• A new coagulopathy model
– initial focalised coagulopathy with systemic shadows
– secondary endotheliopathy
– terminal systemic dissemination

• The crowning glory of the thrombo-inflammation concept
– the era of clinical applications for cytokine assays 

• Uncertainties on anticoagulation
– what we have learned over time shows its limits
– benefit / risk ratios of prophylactic modalities to be specified
– the pitfalls and limitations of observational studies
– the temptation of pragmatic individual adaptation, the pioneer syndrome

• More than ever, blinded RCTs are an absolute necessity



Knowledge is a navigation in a sea of uncertainty, 
through archipelagos of certainty.

Knowledge progresses by integrating uncertainty into it, 
not by exorcising it.

Edgard Morin, 
French philosopher and sociologist

Still a lot of uncertainties



• Haematology 
• Gynaecology - Obstetrics
• Intensive Care Unit
• Internal & Vascular Medicine
• Diagnostic Imaging
• Clinical Research Unit

• The NOHA network

Mario KON, placenta


