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Abstract 

Coronavirus disease-2019 (COVID-19), the disease caused by severe acute respiratory 

syndrome-coronavirus-2, has claimed more than 4.4 million lives worldwide (as of 20 August 

2021). Severe cases of the disease often result in respiratory distress due to cytokine storm, 

and mechanical ventilation is required. Although, the lungs are the primary organs affected 

by the disease, more evidence on damage to the heart, kidney, and liver is emerging. A 

common link in these connections is the cardiovascular network. Inner lining of the blood 

vessels, called endothelium, is formed by a single layer of endothelial cells. Several clinical 

manifestations involving the endothelium have been reported, such as its activation via 

immunomodulation, endotheliitis, thrombosis, vasoconstriction, and distinct intussusceptive 

angiogenesis (IA), a unique and rapid process of blood-vessel formation by splitting a vessel 

into two lumens. In fact, the virus directly infects the endothelium via TMPRSS2 spike 

glycoprotein priming to facilitate ACE-2-mediated viral entry. Recent studies have indicated 

a significant increase in remodeling of the pulmonary vascular bed via intussusception in 

patients with COVID-19. However, the lack of circulatory biomarkers for IA limits its 

detection in COVID-19 pathogenesis. 
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In this review, we describe the implications of angiogenesis in COVID-19, unique features of 

the pulmonary vascular bed and its remodeling, and a rapid and non-invasive assessment of IA 

to overcome the technical limitations in patients with COVID-19. 

Graphical abstract 

 

Keywords: COVID-19, endothelium, vascular remodeling, intussusceptive angiogenesis, 

functional respiratory imaging. 

1. Coronavirus disease-2019 (COVID-19) and the associated clinical challenges 

COVID-19, the disease caused by severe acute respiratory syndrome-coronavirus-2 (SARS-

CoV-2), has infected more than 210 million people and claimed more than 4.4 million lives 

worldwide over a period of nearly two years [1] (as of 20 August 2021). The major symptoms of 

COVID-19 include adult respiratory distress syndrome (ARDS), which originates from post-

infection-cytokine storm [2]. Despite the active research on appropriate therapeutic strategies, a 

definitive and specific treatment is not available for the disease. Remdesivir [3] and 

convalescent plasma [4] [5] have shown positive effects, whereas hydroxychloroquine, an anti-

malarial drug, has yielded contradictory results [6]. Although the respiratory system is the 

primary site affected by the disease [7], increasing clinical evidence suggests the involvement of 

multiple-organs [8].  Therefore, our treatment approaches should have a broad perspective. 

Unlike other SARS diseases, COVID-19 exhibits atypical symptoms such as cardiovascular 

complications, blood clotting, encephalitis, kidney damage, skin rashes, and inflammation of the 
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heart, which led the experts  to think that all these symptoms share a common feature, i.e., the 

"vasculature" [9] [10] [11]. 

The vascular network acts as a transport system to carry blood throughout the body, delivering 

nutrients and oxygen to the tissues and eliminating the tissue -waste products. SARS-CoV-2, 

like a strategic war enemy, attacks the transport system of the body, and hence causes 

multiorgan dysfunctions. Accumulating evidence suggests the development of dysfunctional 

vasculature and endothelial inflammation in the lungs as well as in the other organs [12]. This 

finding is further strengthened by the fact that the endothelium expresses high levels of ACE2 

receptor [13] and furin, the primary binding molecules for SARS-CoV-2 spike protein, and 

protease to help viral entry [14]. Therefore, COVID-19 is much more of a vascular disease than 

estimated.  

2. COVID-19, cytokine storm, and endothelitis 

Most of the mechanisms of SARS-CoV-2 infection are postulated based on its 79.5% genome-

sequence similarities with SARS-CoV owing to the lack of research on its infection [15]. The 

COVID-19 pathogenesis has been classified into four phases that range from infection to 

multiorgan failure.  Phase I involves the entry of the viral particles into the goblet and ciliated 

cells in the upper respiratory tract as a result of binding to ACE2 and via TMPRSS2-assisted 

endocytosis [16]. This process leads to rapid viral replication and development of pyrogenic 

(>80% patients) and pneumonia-like(>20% patients) symptoms [9]. The viral invasion also 

activates the host immune response via pattern recognition receptors (PRRs), toll-like receptor 

(TLR), and NOD-like receptor (NLR), which is followed by the release of interferons (IFNs) 

[17]. Moreover, the viral nucleoprotein (N) helps the virus to breach the host immune system 

[18]. These events lead to phase 2 of the infection in which the damaged host cells release 

damage-associated molecular patterns (DAMPs) and undergo pyroptosis. The release of 

DAMPs triggers the generation of cytokines and chemokines in endothelial, epithelial, and 

alveolar macrophages followed by the attraction of mobile immune cells, macrophages, 

monocytes, neutrophils, and T-cells [19]. The accumulation of elevated pro-inflammatory 

molecules and activated immune cells results in a cytokine storm, which in turn makes the 

pulmonary endothelium leaky, hypoxic, and dysfunctional and results into endothelitis [20]. 

These events lead to phase 4 of ARDS during which low blood oxygenation and breathing 

difficulties culminate in multiorgan failure. However, unlike SARS-CoV, SARS-CoV-2 has an 
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additional furin-like cleavage site in the spike protein, which makes making the entire 

endothelium more susceptible to infection [21]. Of all these events, cytokine storm is the most 

critical phase because it acts as a "wildfire" through the endothelium, the single lining of the 

whole circulatory system across the body. Endothelitis disrupts the protective function of the 

endothelium and paves the way for an imbalance in the vascular homeostasis. The disturbed 

vascular homeostasis in turn leads to the failure of multiple organs. Therefore, patients with pre-

existing conditions in which the endothelium is already compromised, such as hypertension, 

diabetes, coronary heart disease, and old age, are more susceptible to fatal COVID-19 [12]. 

Furthermore, in correlation to metabolic activity, the lungs have the largest capillary network 

and, therefore, the largest endothelial surface area. The endothelium is a critical regulator of 

vascular homeostasis. Similar to other endothelia, pulmonary endothelial cells also prevent 

thrombosis by binding to tissue factor pathway inhibitors (TFPIs) and by blocking the action of 

the factor-VIIa–tissue-factor complex [22]. A quiescent or healthy endothelium inhibits platelet 

activation and aggregation as well as the adhesion of platelets and leukocytes to the vessel wall 

[23]. However, pulmonary inflammation or lung injury could cause uncontrolled activation of 

the coagulation cascade, leading to vascular thrombosis or lethal fibrotic-lung symptoms, the 

ARDS. In fact, the comparative transcriptome profile of the lungs obtained during autopsy from 

patients who died from COVID-19 or influenza A(H1N1) showed 79 differentially regulated 

inflammation-related genes [24]. The pathways involving these differentially regulated genes 

were identified and enriched, and their protein-protein interaction (PPI) networks were 

predicted. As expected, the major enriched pathways were ‘cellular response to chemical 

stimulus’, ‘cytokine receptor binding’ and ‘toll-like receptor signaling pathway’. The central 

proteins with the maximum PPI were MAPK1, RHOA, PTK2, and CDC42 (Figure 1). MAPKs 

signaling was found to be at the cross-road for the development of respiratory disorders [25] 

[26] [27]. In addition, inhibition of p38 MAPK improved lung permeability and attenuated 

systemic inflammation [28], whereas RhoA inhibition aided acute lung injury [29]. Furthermore, 

Rho-kinase inhibitors have been proposed in the therapeutic strategies against SARS-CoV-2 

induced acute respiratory distress syndrome [30].  
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Fig. 1 Predicted protein-protein interaction network based on differentially regulated 

inflammation-associated genes in COVID-19 compared to influenza (A/H1N1) lungs (data from 

Ackermann M et al. 2020) 

3. Pulmonary vasculature and its remodeling  

The pulmonary vasculature is a highly specialized circulatory network connecting two 

functionally interdependent organs, namely, the heart and the lungs. The pulmonary vasculature 

is morphologically adapted to: 1) deliver the entire cardiac output under low pressure from the 

right ventricle to the pulmonary microvessels for gaseous exchange; 2) act as a source of 

production, release, and processing of humoral mediators; and 3) serve as a barrier for the 

exchange of fluid and solutes and thus maintain the lung fluid balance. The vessel size in the 

pulmonary vasculature ranges from approximately 6 µm to 3 cm in diameter, with a surface area 

of approximately 70 m
2
. The lung vasculature responds to changes in blood pressure, shear 

GO-term/pathway Description Count in gene set False discovery rate Symbol

GO:0070887 Cellular response to chemical stimulus 46 of 2672 5.83e-27 

GO:0005126 Cytokine receptor binding 18 of 272 3.03e-17

hsa04620 Toll-like receptor signaling pathway 11 of 102 1.55e-12
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stress, fluid viscosity, and vascular resistance, which, when present in excess, lead to vascular 

remodeling. In the lungs, vascular remodeling is a predominant phenomenon during 

development; however, it also occurs in many pathological conditions such as pulmonary 

hypertension (PH) and chronic obstructive pulmonary disease (COPD). In PH and COPD, 

vascular remodeling is characterized by thickening of the arterial wall and, reduced vessel 

lumen, which ultimately lead to increased pulmonary vascular resistance. Hypoxia drives 

vascular wall alterations in PH and COPD and further controls the hypoxia-dependent factors 

such as erythropoietin, glucose transporters, vascular endothelial growth factor (VEGF), 

endothelin-1, and nitric oxide (NO) production. At the cellular level, the major events involving 

vascular remodeling are proliferation, migration, and hypertrophy of the smooth muscle cells 

(SMCs) and the epithelial-mesenchymal transition of the endothelial cells to SMCs. Although 

pulmonary vascular remodeling occurs in PH and COPD, the degree of remodeling reported in 

the lungs of patients with COVID-19 is much higher. These patients display show a rapid 

increase in angiogenesis, along with increased thrombosis, endothelitis, and vascular 

inflammation.   

4. COVID-19 and angiogenesis 

Angiogenesis refers to the formation of new blood vessels from pre-existing ones. Although 

there have been studies relating COVID-19 to endothelitis. Ackermann et al. reported for the 

first time the association between COVID-19 and angiogenesis. The researchers found 2.7 times 

higher (p < 0.001) angiogenesis in the lungs of  patients with COVID-19 than in patients with 

influenza [24]. Comparative transcriptome profile of the lungs obtained during autopsy from 

patients who died of  COVID-19 or influenza A(H1N1) showed 69 differentially regulated 

angiogenesis-related genes [24]. The enriched pathways involving these differentially regulated 

genes and their predicted protein-protein interaction (PPI) networks were identified. The major 

enriched pathways included ‘blood vessel morphogenesis, ‘focal adhesion’ and ‘PI3K-Akt 

signaling pathway’ (Figure 2). Although angiopoietin-2 (angpt-2) in the plasma is reported to 

be a marker of endothelial activation for intensive care unit admission in patients with COVID-

19 [31], it was not differentially regulated at mRNA level in the lungs in patients with COVID-

19 when compared to those with influenza A(H1N1) [24]. 
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Fig. 2 Predicted protein-protein interaction network based on differentially regulated 

angiogenesis-associated genes in COVID-19 compared to influenza (A/H1N1) lungs (data from 

Ackermann M et al. 2020) 

Based on the biophysical features, angiogenesis is classified as sprouting or intussusceptive 

(splitting). Historically, sprouting angiogenesis (SA) has been studied extensively since its 

discovery over two centuries ago, whereas Burri et al. were the first investigators to describe IA 

in the late 1990s [32]. Both types of angiogenesis occur in virtually all the organs during 

embryonic development as well as in adults [33]. In SA, a single cell called “tip-cell” leads the 

growth of the vessel toward the stimulus; generally, the surrounding tissues that are deprived of 

oxygen and nutrients secrete proangiogenic factors, such as VEGFA and HIF1. The process 

includes the basic steps of enzymatic degradation of the capillary basement membrane, 

endothelial cell (EC) proliferation, directed migration of the ECs, tubulogenesis, vessel fusion, 

vessel pruning, and pericyte stabilization [33]. In a competitive manner, an endothelial cell with 

FGF2

GO-term/pathway Description Count in gene set False discovery rate Symbol

GO:0048514 Blood vessel morphogenesis 40 of 381 4.73e-47 

hsa04510 Focal adhesion 18 of 197 2.49e-18

hsa04151 PI3K-Akt signaling pathway 16 of 348 3.81e-12
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high VEGFR2 activity becomes a tip cell and suppresses the neighboring cells, making them 

remain stalked cells by activating DLL4-NOTCH1-VEGFR2 signaling [34]. Furthermore, NO 

regulates the direction of tip cell migration via the eNOS-NO-cGMP pathway [35]. 

In contrast to SA, IA is recently discovered and underexplored. Subsequent to Ackermann el 

al.’s report on its role in COVID-19 pathology [24], IA has become the focus of research and a 

key target to develop strategic treatment against COVID-19 during the ongoing pandemic. In 

fact, Burri discovered the intussuscepted mode of vascular growth in pulmonary capillaries in 

rats [32].   

5. IA and its regulation 

The word intussusception originates from a Latin word meaning ‘growth within itself’, which 

also describes the morphological features of transluminal pillars in the vessels. These pillars are 

formed when endothelial cells of opposite luminal walls protrude and join together in the lumen, 

followed by the invasion of pericytes and fibroblasts (Figure 3) [36]. IA is a rapid process of 

expansion and remodeling of the vascular bed in the tissue and is highly sensitive to the shear 

stress concentrations of growth factors [37] [38]. In several models, it has been shown that 

sprouting is the initial mode of angiogenesis, whereas IA occurs later on during the maturation 

and expansion of the vascular bed [39] [40] [41]. Although no biomarker has been identified for 

IA, several factors have been described for its regulation, such as hemodynamic forces [36], 

growth factors, and angiogenic markers. Among the hemodynamics forces, reduced blood flow 

has been shown to enhance IA in a chick chorioallantoic membrane (CAM) model [42]. 

Contradictory findings have been reported regarding the effect of growth factors on IA. For 

example, reduction in VEGF has been  shown to induce vascular remodeling by IA [43]; 

however, in other studies, the VEGF exposer has been documented  to induce IA in the CAM 

model  [44] [45]. Although further investigations are required, researchers speculate that the 

differential effects of VEGF on IA could be due to the quantity of VEGF, expression of 

VEGFRs, and the qualitative distribution of VEGF in the tissue microenvironment [46]. In 

general, tip-cell-markers demonstrate similar effects on both IA and SA. For example, Tie-2 

induces tip-cell formation in SA, whereas its deletion results in a reduction of intraluminal pillar 

formations, along with other cardiovascular malfunctions [47]. Similarly, overexpression of 

Ang-1 causes vessel enlargement without affecting SA [48]. Other than Tie-2 and Ang-1, 
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Ephirin B2 [49] and recombinant erythropoietin [50] also affect IA, as a inferred from different 

models. 

 

Fig 3. Schematic representation of intussusception pillar formation in blood vessel and factors 

involved (adapted from [51]) 

6. Aggressive remodeling of the pulmonary Vasculature in COVID-19 

The lungs of patients with COVID-19 exhibit damaged endothelium, distorted vascularity, and 

intussusceptive pillars, which are not observed in the lungs of patients with influenza. IA 

features are more prominent in the lungs of patients with COVID-19  than in those with 

influenza [24]. Comparative gene expression studies in the lungs of patients with influenza and 

COVID-19  revealed the upregulation of angiogenic markers such as HIF1α, RBPJ, FGF2, 

PDGFA, NOS3, VEGFA, CTNNB1, and WNT5A [24]. Hypoxia is one of the main 

pathophysiological drivers of vascular remodeling in both health and disease [52]. Upregulation 

of HIF1α in the lungs of patients with COVID-19 could be a result of decreased blood flow 

because of thrombus formation in the blood vessels (Figure 4).  

Intussusception

pillar

Intussuscepted

holes Vessel bifurcation

Blood flow            Shear stress          VEGF gradient         TIE2
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Fig. 4 Schematic representation of cytokine storm-driven events in a blood vessel of the lungs of 

patients with COVID-19 

In an experimental model, the HIF-1-VEGFA-VEGFR2 signaling axis mediated pathological 

vascular remodeling via intussusception [53]. Additionally, RBPJ is a transcriptional repressor 

of Notch signaling [54] and is upregulated in the lungs of patients with COVID-19 [24]. 

Although Notch inhibition promotes SA, its inhibition in pre-existing vascular beds induces IA 

[55]. Therefore, upregulation of RBPJ in the lungs of patients with COVID-19 could also induce 

IA by suppressing Notch signaling. A recent meta-analysis as well as deep sequencing data from 

our laboratory suggested the upregulation of  IA-like marker genes, such as HMOX1, SMA, 

CTNNB1, SULF2, NG2, ENG, TEM8, PECAM1, F8, CD34, ANGPT, CXR4, and CALD1, in a 

tumor cell-induced IA milieu [56]. Among them, HMOX1 and CTNNB1 were upregulated in 

the lungs of patients with COVID-19 [24]. 

Another characteristic feature of COVID-19 is the cytokine storm. “Inflammation” links for the 

set of genes were individually checked in the deep sequencing data to examine their 

implications in dysregulated IA in COVID-19-affected lungs. An interplay between Glu-Leu-

Arg tripeptide-containing CXC chemokines and CXCL helps the mobilization and recruitment 

of inflamed cells under inflammatory conditions [57] [58]. As previously described, endothelitis 

is a major event recorded in COVID-19 that is correlated with microvasculopathy in the lungs. 

The circulating level of angpt-2 is associated with increased pulmonary edema and mortality in 

patients with ARDS [59]. In this connection, a clinical trial has been enrolled in 

clinicaltrials.gov for exploring the effect of targeting angpt-2 in patients with COVID-19 [60]. A 
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study by Kümpers et al. demonstrated a direct link between the blood levels of angpt-2, and 

mortality in 43 critically ill patients with sepsis [61]. Furthermore, in connection with IA-

associated genes and inflammation, PECAM-1, an endothelial marker, is known for its pro-

inflammatory role in leukocyte diapedesis [62] and also facilitates chemokine-mediated 

directional migration of leukocytes to the inflammatory sites [63]. TEM-8 is not an 

inflammatory signaling molecule; however, a recent study has signified that a TEM-8-specific 

chimeric antigen receptor treatment to mice is effective against pulmonary inflammation in the 

lungs [64]. Soluble endoglin is a glycoprotein produced by the cleavage of the extracellular 

domain of the membrane-bound endoglin [65], which binds to several ligands such as TGF-β1, 

BMP-9, and BMP-10 [66] and acts as a cytokine modulator. Increased level of soluble endoglin 

in the plasma is associated with cardiac conditions [67]. Sulf2 is upregulated in inflammation 

[68]. A previous work has shown that the inflammatory cytokine tumor necrosis factor-α (TNF-

α) induces Sulf1 expression in human lung fibroblasts [69], and the Sulf1 has also been reported 

to be upregulated in the lungs of patients with COVID-19 [24]. Li et al. (2019) demonstrated 

that MALAT1-driven inhibition of Wnt signal impedes the proliferation and inflammation in 

CTNNB1 promoter methylation in rheumatoid Fibroblast-Like Synoviocytes. MALAT1 

suppresses the transcription and expression of CTNNB1, and the silenced MALAT1 stimulates 

the nucleation of β-catenin and the secretion of inflammatory cytokines, including interleukin-6, 

interleukin-10, and TNF-α [70].  

7. Degree of vascular intussusceptions and COVID-19 severity 

Progressive respiratory failure occurs in patients with COVID-19. IA and an increase in the 

vascular bed are also observed in the lungs of the patients. As stated previously, intussusception 

is a rapid mode of vascular remodeling and could be directly correlated with the increase in the 

vascular bed in the lungs. Therefore, it is obvious to look for the correlation between the 

severity of COVID-19 and the degree of vascular intussusception in the lungs of the patients. 

Here, we present a hypothetical model postulating the progressive IA with four different phases 

of COVID-19 severity (Figure 5).  
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Fig. 5 Hypothetical model of progressive intussusceptive angiogenesis in the lungs of patients 

with COVID-19: the images represent flour- dough construction of an artistic impression based 

on the observations by Ackermann et al. 2020 

8. Vascular remodeling-driven chronic hypoxia in patients with COVID-19 

 The work of Taylor et al (2010) suggested that IA is a tissue-level vascular adaptation to 

chronic systemic hypoxia in the adult mouse retina [71]. Silent hypoxia is emerging as a 

hallmark of COVID-19. In general, thrombofibrosis and endothelial–mesenchymal transition in 

patients with COVID-19 is believed to be promoted by hypoxia-induced activation of 

endothelial cells, IA, and the activation of mesenchymal cells and immune cells. Apart from the 

findings of IA in COVID-19 post-mortem lung tissue, the work of Ackermann et al. (2020) [72] 

demonstrated intussusception of the vessels in the heart, liver, kidney, brain, and 

lymphoreticular organs. Therefore, hypoxia is a common denominator for the systemic damages 

caused by silent hypoxia in patients with COVID-19 [72] [73] [74] [75]. Silent hypoxia induces 

alarmingly low oxygen saturation levels (~ 50%–80% saturation) without any breathing trouble 

in patients with COVID-19 [76], which is a matter of concern since the patient feels no 

discomfort. One of the manifestations of COVID-19 is the lack of hypoxic vasoconstriction in 
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the lungs, which promotes hyperfusion within a lung that has already undergone respiratory 

damage [76] [77].   

9. Challenges pertaining to IA assessment in patients with COVID-19: Could functional 

respiratory imaging (FRI) be helpful? 

As stated previously, IA is a rapid process, and the lack of distinguished biomarkers makes it 

difficult to diagnose the condition. However, a pulmonary scan based on the changes in vascular 

hemodynamics could overcome these challenges.  

FRI is based on multidetector CT (MDCT) and computational fluid dynamics (CFD); the 

method combines the structural and functional assessment of the airways and their vasculature 

[78]. A low-dose CT scan of the lungs, obtained at functional residual capacity and total lung 

capacity levels, allows a patient-specific reconstruction of the airways [79]. FRI has been 

successfully used previously in examining microvascular pruning and CT-derived markers of 

pulmonary blood loss in the smallest caliber vessels during pulmonary vascular remodeling in 

smokers [80]. Recently, the technique has also been  used in pulmonary scanning to examine the 

vascular hemodynamics and the size of blood vessels in patients with COVID-19 [81]. 

However, there is no correlation between IA, the size of blood vessels, and blood volume in the 

lungs of patients affected by COVID-19, if any.  

In this study, the authors included healthy volunteers (n = 107) and patients with COVID-19 (n 

= 103). They scanned the pulmonary vasculatures, analyzed the size of the blood vessels, and 

classified  the blood vessels into three types based on their cross-sectional area: small vessels (0- 

-<5 mm
2
), mid-sized vessels (5- -<10 mm

2
), and large vessels (10- -<140 mm

2
). The volume of 

the vessels with more than 40 mm
2
 did not change between the lungs of healthy volunteers and 

those affected by COVID-19. The vessels between 5 - 30 mm
2
 were increased in the lungs of the 

patients with COVID-19; however, the volume of small vessels (1- -<5 mm
2
) was reduced 

(Figure 6). 
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Fig. 6 Visual representation of the blood vessels colored according to their size. Red denotes the 

small vessels, yellow the mid-size vessels, and blue the larger vessels (top). Spectrum plot 

describing the blood volume as a function of the blood vessel cross-sectional area for the large 
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spectrum reflecting most blood vessels visible in the HRCT (bottom). The figure is adapted from 

[81] with prior permission (License number: 5162351383355) 

Hence, it is apparent that the small vessels are merged to form mid-sized vessels in the lungs of 

patients with COVID-19. The same phenomenon occurs in IA, and multiple studies have shown 

that the smaller vessels join together and form larger vessels or perhaps bag-like structures. 

Here, it is unlikely that the larger vessels split into mid-sized vessels because as their volume 

remained unchanged in the lungs of patients affected by COVID-19.  

Another interesting point is that there was no difference in the blood volume between the lungs 

of healthy volunteers and those affected by COVID-19, which signifies the redistribution of 

blood among the blood vessels of different sizes [81]. 

10. Summary 

The present review has summarized our understanding of vascular patterning and angiogenesis 

in the pulmonary vascular bed and has hinted the possible research directions for deciphering 

the concept of IA in the lungs of patients affected by COVID-19. The patients exhibit severe 

pulmonary complications in different phases of the disease. COVID-19 induces pneumonia, 

ARDS, and sepsis. Pulmonary edema fills the air sacs with fluid, limiting their access to oxygen 

and causing shortness of breath, cough, and other symptoms. Since the lung is the most difficult 

organ to manage clinically in patients with COVID-19, there is a desperate attempt to 

comprehend the remodeling process of the lung vascular bed. Especially, in the scenario of 

long-term complications related to COVID-19, it is critical to investigate the pulmonary 

vascular bed and the interplaying microenvironment of angiocentric T-cell inflammation, 

thrombotic microangiopathy, and flow-regulated IA. In the past year, several investigators 

asserted the pro-intussusceptive milieu of the pulmonary vascular bed. The work by Ackermann 

et al. has convincingly presented IA in the lungs of patients with COVID-19 who succumbed to 

the disease. Subsequently, the concept of lung IA has been fortified by the contributions of other 

groups, including Ackermann et al. [24] [75] [82] [83]. However, an authentic and high-

resolution analysis of pulmonary bed vascular patterning and perfusion in the lungs of patients 

affected by COVID-19 is required. An emerging technology, IA-supported FRI, could be 

beneficial in elucidating the functional aspects of pulmonary vascular perfusion in COVID-19 

pathology.  
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