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Letter to the Editors-in-Chief

Demystifying pulmonary vascular complications in severe coronavirus disease-19 pneumonia
(COVID-19) in the light of clinico-radiologic-pathologic correlation

Coronavirus disease-19 (COVID-19) has spread throughout the
world after its emergence in Wuhan, China in December 2019. The
disease is caused by a single-stranded RNA virus referred to as severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2).

Ever since the outbreak of COVID-19, changes in small segmental or
subsegmental pulmonary vessels were reported in 70–89% cases of
COVID-19 pneumonia on non-contrast chest computed tomography
(CT) in addition to the typical imaging findings of viral pneumonia like
ground glass opacities (GGOs), crazy paving pattern and consolidation
[1]. The novel imaging finding of small pulmonary vessel changes was
variably described as “vessel enlargement or thickening”. This was
believed to be a unique feature of COVID-19 pneumonia which had not
been described earlier in any infectious disease setting. In the absence
of histopathological data, it was speculated to occur due to three pos-
sible mechanisms in isolation or in varying combinations namely, cas-
cading effect of proinflammatory cytokines, small pulmonary vessel
thrombosis and infection induced secondary pulmonary vasculitis [1].
This intriguing feature of pulmonary vascular enlargement or thick-
ening was thought to be contributory to respiratory failure in COVID-19
pneumonia.

The pulmonary post-mortem findings of diffuse alveolar damage
(DAD) in COVID-19 cases fairly corroborate the earlier reported ima-
ging features of GGOs or GGOs mixed with consolidations or acute
respiratory distress syndrome (ARDS) in severe COVID-19 pneumonia
[2–4].

The evidence emerging from autopsy studies attests to the pre-
viously reported imaging observation that small pulmonary vascular
changes are a regular feature of severe COVID-19 pneumonia.

Ackermann M et.al reported that COVID-19 pneumonia is associated
with three distinctive small pulmonary vascular changes on histo-
pathology namely; [1] severe endothelialitis associated with in-
tracellular viral particles and disrupted cell membranes, [2] widespread
small pulmonary vascular thrombosis and, [3] new vessel formation
(neoangiogensis). They also compared the autopsy findings in COVID-
19 pneumonia with the patients who died of ARDS secondary to in-
fluenza (H1N1). A comparative histological analysis of small pul-
monary arteries with a diameter of 1 mm to 2 mm showed widespread
microthrombosis in patients with COVID-19. Small pulmonary arterial
thrombi were 9 times as prevalent in patients with COVID-19 compared
to the patients with influenza (p < 0.001). Additionally, it was ob-
served that new vessel growth was 2.7 times more in COVID-19
pneumonia compared to the influenza pneumonia. Neoangiogensis oc-
curs secondary to tissue hypoxia which indirectly reflects the greater
degree of small pulmonary vessel thrombosis in COVID-19 [2].

In an autopsy study of 12 cases, Wichmann et al. could find the
cause of death within the lungs or in the pulmonary vascular system in
all the cases. They further observed that apart from major pulmonary
vessel thrombosis in 4 cases, microthrombi were regularly found within

the small pulmonary arteries [3].
Lax SF et.al in another autopsy study of 11 cases reported that

segmental or subsegmental pulmonary arterial thrombosis was seen in
all the cases with associated vessel wall inflammation and infraction of
affected lung segments. This was found despite the fact that all cases
had received thromboprophylaxis and none had a clinical suspicion of
venous thrombosis antemortem [4].

The inflammed and thrombosed segmental or subsegmental pul-
monary vessels demonstrated on lung autopsies seem to represent the
imaging correlate of pulmonary vessel enlargement or thickening on
chest CT.

To mitigate the risk of thrombosis in severe COVID-19 infections
anticoagulant prophylaxis is recommended. Currently, the optimal ap-
proach to anticoagulant thromboprophylaxis in COVID-19 is uncertain.
American College of Chest Physicians (ACCP) recommends the prefer-
able use of low-molecular-weight heparin (LMWH) at standard doses
(as per existing guidelines) as anticoagulant thromboprophylaxis in
acutely ill hospitalized and critically-ill COVID-19 patients [5].

Interim clinical guidance from the anticoagulation forum re-
commends the use of standard dose of thromboprophylaxis for all non-
critically ill hospitalized patients with confirmed or highly suspected
COVID-19. However, for critically ill or ICU patients with confirmed or
highly suspected COVID-19 increased doses of thromboprophylaxis
(e.g., enoxaparin 40 mg subcutaneous twice daily, enoxaparin 0.5 mg/
kg subcutaneous twice daily, heparin 7500 units subcutaneous three
times daily, or low-intensity heparin infusion) are recommended [6].

However, despite the use of standard prophylactic anticoagulation a
high incidence of thrombotic complications in patients with COVID-19
infection have been reported by numerous recent studies.

In a scoping review of thrombosis risk in COVID-19, Al-Ani et al.
analyzed various studies from different countries and concluded that
the cumulative incidence of pulmonary thromboembolism (PTE) in the
COVID-19 population is higher despite the use of routine thrombo-
prophylaxis [7].

Klok et al. reported a remarkably high incidence (31%) of throm-
botic complications including PTE and arterial thrombosis in ICU pa-
tients with COVID-19 infection despite the use of low molecular weight
heparin thromboprophylaxis [8].

A French multicentre ICU study of 150 COVID-19 patients, de-
monstrated a 43% prevalence of thrombosis despite the use of pro-
phylactic or therapeutic anticoagulation [9]. Thomas et.al observed a
cumulative incidence of 27% and 4% of venous thromboembolism and
arterial thrombosis, respectively in their cohort despite the patients
receiving prophylactic heparin [10].

van Dam et al. reported that PE phenotype in patients with COVID-
19 is different from PE patients without COVID-19 pneumonia.
Profound small pulmonary vessel thrombosis, involvement of the per-
ipheral arteries of the lung as reported by this study supports in-situ
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immunothrombosis as a contributory pathophysiological mechanism
for increased risk of thrombosis in COVID-19 [11].

Desborough et al. found an imaging-proven thrombosis rate of 15%
in severe COVID-19 patients. Among these patients with thrombosis
only 5% were not thought to be due to immunothrombosis [12].

In contrast, Tang et.al reported a significantly higher D-dimer and
fibrin degradation product levels in the non-survivors of COVID-19
pneumonia compared to survivors suggesting that coagulation ab-
normalities are associated with poor prognosis. This possibly points to a
globally increased coagulation activation and thus argues against im-
munothrombosis as the sole underlying pathophysiological mechanism
of thrombosis in COVID-19 [13].

In light of these rapidly emerging corroborative clinical, radi-
ological and pathological data, suggesting a remarkably high pre-
valence of thrombotic events in COVID-19 pneumonia with frequent
pulmonary vascular involvement, it seems plausible to search for other
contributory or additive pathophysiological mechanisms in addition to
the coagulation dysfunction to account for the high incidence of
thrombotic events in severe COVID-19.

The histological finding of widespread pulmonary microvascular
thrombosis suggests that not all PTE in COVID-19 are “embolic” in
nature and it is reasonably possible that in-situ pulmonary vascular
thrombosis (immunothrombosis) contributes to a significant proportion
of PTE cases. This notion is further strengthened by the increasingly
reported occurrence of higher PTE events in severe COVID-19 despite
the use of guideline-recommended thromboprophylaxis.

This emerging hypothesis that not all pulmonary thrombotic events
in COVID-19 are embolic could have major therapeutic implications.
Overabundant inflammatory response in patients with severe COVID-19
infection associated with severe endothelialitis possibly increases the
likelihood of thromboembolic disease and in turn explains the high
frequency of PTE. SARS-CoV-2 recruits angiotensin converting enzyme
2 (ACE2) receptors expressed by the endothelial cells and cause en-
dothelial injury which is indicated by the elevated levels of von
Willebrand factor (vWF) and Factor VIII in COVID-19. This raises a
pertinent query of whether focusing on anticoagulation alone is the
right approach to reduce the thrombotic risk in COVID-19 patients. This
approach of “anticoagulation alone” may not address all events of
thrombosis and also treating all patients with higher doses of antic-
oagulants may be counterproductive as it increases bleeding compli-
cations.

In-situ immunothrombosis, a consequence of severe endothelialitis
accelerated by the severe inflammatory response in the background of a
procoagulant environment seems to be a contributory pathophysiolo-
gical mechanism for the high incidence of thrombotic complications in
COVID-19. The vascular endothelium is essential for the maintenance of
vascular homoeostasis. COVID-19-endotheliitis could explain the mi-
crocirculatory dysfunction in different vascular beds and their resultant
clinical consequences in patients with COVID-19. The mounting evi-
dence emanating from imaging, histopathological and clinical data
suggesting in-situ immunothrombosis as a contributory pathophysio-
logical mechanism for the high rate of thrombotic complications in
COVID-19 pneumonia will open alternative targets of therapy to cut
down the risk of thrombosis in COVID-19. Targeting inflammation in
conjunction with stabilizing the endothelium and rational

anticoagulant management might be a preferable approach to lower the
thrombotic risk in severe COVID-19.
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