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Abstract: The COVID-19 pandemic has affected millions of people and led to significant mortality and morbidity. Patients
with severe COVID-19 infection may have endothelial inflammation, leading to pseudoaneurysm formation with a risk of
massive bleeding. We discuss the role of interventional radiology in its management. Methods. This retrospective study
was conducted between May 2021 and November 2021. The inclusion criteria were all COVID-19-positive patients who
presented with massive hemorrhage and were referred to interventional radiology. Demographics, clinical manifestations,
imaging findings, endovascular management, and outcomes were analyzed for all included patients. Results. All 8 patients
underwent endovascular embolization of pseudoaneurysms that were detected after contrast-enhanced computed tomog-
raphy study of the chest, head, and neck. Successful embolization was achieved in all 8 patients. Two patients underwent
lobectomy following embolization. No major complications were noted. There were no further episodes of bleeding. Con-
clusions. COVID-19 patients can present with acute massive hemorrhage 2 to 6 months after documentation of the initial
infection. Secondary fungal infection following COVID-19 is a known complication. These patients require multimodality
treatment. Endovascular management is safe and effective in most patients. Surgical backup is required for patients who
do not respond to endovascular management.
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Introduction

Pseudoaneurysms of major vessels are rare yet important entities
because of their risk of rupture and unpredictable life-threatening
bleeding. The COVID-19 pandemic commenced in January 2020
has affected millions of people all over the world with significant
multiorgan involvement, causing high rates of morbidity and
mortality. Patients with severe COVID-19 infection may have
endothelial inflammation leading to pseudoaneurysm formation
with a risk of increased bleeding (Figure 1). This retrospective
study followed 8 patients with COVID-19 infection with associ-
ated vascular involvement leading to pseudoaneurysm formation
and bleeding that was managed with endovascular intervention,
highlighting the role of interventional radiology in the manage-
ment of these patients.

Results

This retrospective study, conducted between May 2021 and
November 2021 with prior approval by the institutional review
board, included COVID-19-positive patients proven by real-time

reverse transcription—polymerase chain reaction (RTPCR) test
who presented with massive hemorrhage and were referred to
interventional radiology. Patient demographics, clinical manifesta-
tions, imaging findings, endovascular management, and outcomes
were analyzed.

Eight patients were included during this study period; all were
men between ages 34 and 61 (Table 1). Positivity to COVID-19
RTPCR test was detected over a period of 2 to 6 months prior
to the acute hemorrhage. Six patients presented with massive he-
moptysis; 2 presented with severe epistaxis. A contrast-enhanced
computed tomography angiography was done in all patients. All 6
patients who presented with massive hemoptysis were detected to
have pulmonary arterial pseudoaneurysms with associated cavitary
lesions in the lungs (Figure 2). Among the 2 patients who pre-
sented with nasal bleed, 1 had a biopsy and culture-proven invasive
fungal sinusitis with an internal maxillary artery pseudoaneurysm,
probably of mycotic etiology. The second patient also diagnosed
with invasive fungal sinusitis had multiple sinonasal debridements
outside before presenting with massive epistaxis wherein a diagno-
sis of internal carotid artery pseudoaneurysm was made, probably
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Table 1. Demography.
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Flow chart for the pathogenesis of vascular pathology

Average age 34 to 61 years

Gender all men

COVID-19 positive proven by real-time reverse
transcription—polymerase chain

reaction testing

Average duration between COVID-19 | 2 to 6 months
positivity and development of symp-

toms of bleeding

Presentation 6 patients presented with hemoptysis;

2 patients presented with nasal bleed

Pulmonary artery pseudoaneurysms
total number

8 (in 6 patients)

Internal maxillary artery 1
pseudoaneurysm

Internal carotid artery 1
pseudoaneurysm

Fungal elements positive in 6 patients;

negative in 2 patients

On insulin treatment for diabetes
mellitus

6 patients

Chest findings 6 patients had cavitary changes with
consolidation and peripherally distrib-

uted ground-glass opacity patterns

2 patients had sinusitis changes
with bony erosions and soft tissue
thickening

Nasal bleeding

Embolizing materials used Amplatzer vascular plug (Abbott) (3),

coils (4), glue (1)

local anesthesia in 7 patients;
general anesthesia in 1 patient

Anesthesia

secondary to iatrogenic or mycotic etiology. The presence of
concomitant COVID-19 infection in these patients predisposed
them to impairment of cell-mediated immunity, immune dysregu-
lation, and a decrease in CD4 and CDS8 counts, increasing their
vulnerability to fungal infections. In 6 patients it was possible to
obtain samples for fungal elements through biopsy. Endovascular
embolization was performed under local anesthesia in 7 patients,
and under general anesthesia in 1 patient. Different embolic agents
were used: coils (Figures 3A and 3B), Amplatzer vascular plug
(Abbott) (Figures 4A and 4B, Figures 5A and 5B), and glue
(Figures 6A and 6B). However, 2 patients underwent lobectomy
for extensive parenchymal disease apart from pseudoaneurysm.
One patient with pulmonary artery pseudoaneurysm had contrast
extravasation into the cavity during the procedure. All patients
had cessation of hemorrhage. However, 2 patients required pul-
monary lobectomy because of extensive parenchymal disease after
embolization for the pseudoaneurysm.

Discussion

COVID-19 infection has affected people worldwide since
2020 after its initial outbreak in Wuhan, China. It has caused
significant mortality and morbidity, causing millions of deaths

following COVID-19 infection.

COVID-19 infection
v

Endothelial damage has been directly linked with
vasculitis, resembling that in polyarteritis
nodosa/Kawasaki disease.

v

Although uncommon, pulmonary
cavitation has been documented in severe
cases of COVID-19 pneumonia.

v

Besides the severe inflammation and endothelial
dysfunction related to COVID-19 infection resulting
in weakening of the arterial wall, the cavitary
pneumonia may be associated with the development
of the pulmonary artery pseudoaneurysm, much
like formation of Rasmussen’s aneurysms in
chronic cavitary tuberculosis.

Figure 1. Flow chart for the pathogenesis of vascular
pathology following COVID-19 infection.

B Pulmonary artery pseudoaneurysm
Internal maxillary artery pseudoaneurysm
Internal carotid artery pseudoaneurysm

Figure 2. Pseuodoaneurysm distribution.

to date. COVID-19 infection is known to affect multiple organs
such as the lungs, heart, brain, and skin, with the lung being
most common.' Patients with COVID-19 usually present with
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Figure 3A. Coil embolization. (A) Chest X-ray posteroanterior
view showing cavitation with surrounding changes of consolida-
tion involving the left lower zone. (B) High-resolution computed
tomography chest axial image showing cavitation with internal
debris and surrounding areas of consolidation involving the left
lower lobe. (C) and (D) Axial and coronal images in the medias-
tinal window showing an aneurysm involving the posterior basal
segmental branch of the left descending pulmonary artery.

.
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Figure 3B. Coil embolization. (A), (B), and (C) Frontal and lat-
eral images from a selective catheter angiogram of the segmen-
tal branches of the left descending pulmonary artery showing the

aneurysm. (D) Coil embolization of the segmental branch with
coil mass in situ and non-opacification of the aneurysm.

complaints of fever, cough, malaise, and difficulty breathing.'
Diabetes mellitus is an independent risk factor for COVID-19
infection.' Fungal infection was a known complication following
COVID-19 infection, especially in those with poorly controlled
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Figure 4A. Bilateral pseudoaneurysm embolized using Am-
platzer vascular plug (Abbott). (A) Chest X-ray posteroanterior
view showing areas of consolidation involving the bilateral lower
zones. (B) and (C) Contrast-enhanced computed tomography
(CT) of the chest axial image in lung window showing areas of
consolidation with cavitations, bronchiectasis with bronchial wall
thickening involving the bilateral lower lobes and lingular seg-
ments. (D), (E), and (F) Contrast-enhanced CT chest axial and
coronal images in the mediastinal window show a pseudoaneu-
rysm involving the anterior basal segmental branch of the left de-
scending pulmonary artery and posterior basal segmental branch
of the right descending pulmonary artery.

A

Figure 4B. Bilateral pseudoaneurysm embolized using Am-
platzer vascular plug (Abbott). (A) Left descending pulmonary
artery angiogram showing the pseudoaneurysm arising from
the anterior basal segmental branch. (B) Post vascular plug
placement within the left descending pulmonary artery shows
nonopacification of the aneurysm. (C) and (D) Right pulmonary
artery angiogram shows a pseudoaneurysm arising from the
posterior basal segmental branch. (E) Selective microcatheter
angiogram depicts the pseudoaneurysm well. (F) Post vascular
plug placement within the posterior basal segmental branch
angiogram shows non-opacification of the aneurysm.

blood sugar and who have been treated with immunosuppres-
sive agents such as steroids.>? Pulmonary complications follow-
ing COVID-19 infection were mainly related to fibro-cavitary
changes.” Hemorrhage following fungal infection was mainly
due to vascular involvement and formation of pseudoaneurysm.°

Vascular Disease Management® Volume 19, No. 8, August 2022 E124



Figure 5A. Amplatzer plug (Abbott) placement. (A) Chest
X-ray posteroanterior view shows an area of cavitation with
surrounding consolidation involving the left lower zone. (B)
Contrast-enhanced computed tomography (CECT) chest with
high-resolution CT window axial image shows cavitation with the
surrounding area of consolidation involving the superior segment
of the left lower lobe. (C), (D), and (E) CECT chest axial and
coronal images showing an aneurysm involving the left descend-
ing pulmonary artery’s superior and lateral segmental branches.

Figure 5B. Amplatzer plug (Abbott) placement. (A) and
(B) Left descending pulmonary artery angiogram showing an
aneurysm involving the superior and lateral branches. (C)
and (D) Amplatzer plug placement within the descending
pulmonary artery and post embolization angiogram showing
non-opacification of the aneurysm. (E) and (F) Follow-up
contrast-enhancing computed tomography chest showing
non-opacification of the aneurysm and the left descending
pulmonary artery with plug in situ.

Patients with severe COVID-19 infection may have endothelial
inflammation and secondary fungal infection, leading to pseudoa-
neurysm formation with a risk of increased bleeding.>® Fungal
sinusitis following COVID-19 infection is a well-known entity
that can cause bleeding due to the involvement of the internal and
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Figure 6A. Glue embolization. (A) Chest X-ray posteroante-
rior view showing cavitation with surrounding changes of con-
solidation involving the left upper zone. (B) High-resolution
computed tomography chest axial image showing cavitation
with internal debris and surrounding areas of consolidation
involving the left upper lobe. (C) and (D) Axial and coronal
images showing a small pseudoaneurysm involving the upper
lobe apicoposterior branch of the left pulmonary artery.

I '(f ARG

Figure 6B. Glue embolization. (A) Left pulmonary artery
angiogram showing a slight irregularity involving the apicopos-
terior segmental branch. (B) Microcatheter injection revealed
contrast extravasation into the cavity suggestive of pseudoa-
neurysm rupture. (C) Glue injection fills the artery and the lin-
ing of the cavity. (D) Follow-up contrast-enhanced computed
tomography chest after surgical removal of the left upper
lobe showing non-filling of the pseudoaneurysm and surgical
sutures noted in situ.
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Figure 7A. Internal carotid artery pseudoaneurysm. (A)
and (B) Axial magnetic resonance imaging (MRD images
diffusion-weighted imaging sequence shows areas of diffusion
restriction involving right frontal, parietal, and occipital lobes.
(D) and (E) Corresponding areas of low apparent diffusion
coefficient are noted, suggestive of the infarct. (C) and (F)
Post-contrast MRI axial and coronal images show a pseudoa-
neurysm arising from the lacerum part of the right internal
carotid artery.

external carotid vessels.*?® Extracranial carotid artery aneurysms
are found most frequently in the common carotid artery at or
near the bifurcation, less frequently in the internal carotid artery
(Figures 7A and 7B), and least often in the external carotid
artery.”® Ongoing studies of the precise molecular underpinnings
of mycotic pseudoaneurysms suggest that arterial wall breakdown
is likely caused by matrix-degrading enzymes produced by ei-
ther seeded bacteria or inflammatory cells of the host response.®
Diabetes and fungal infections are more frequently documented,
which could result in mycotic aneurysm, spontaneous rupture,
and massive hemorrhage.**?

Pulmonary artery pseudoaneurysm is a rare but important en-
tity because of its high risk of life-threatening hemorrhage.>>*'?
Peripheral branches of the lower lobe pulmonary artery are most
commonly affected.>>'" A pseudoaneurysm is different from a
true aneurysm because there is no wall except for the hema-
toma that is surrounding and containing it.**'"'> The etiology
of a pulmonary artery pseudoaneurysm is inflammatory erosion
secondary to tuberculosis (Rasmussen aneurysm), necrotizing
pneumonia, bacterial endocarditis, mucormycosis, or vasculitides
(Marfan syndrome, Behget’s disease, etc.). Other causes include
necrotic cavitary lung carcinoma, congenital heart disease, and
traumatic injury. latrogenic pseudoaneurysm secondary to pul-
monary artery catheter placement has also been reported.***!!
Internal maxillary artery pseudoaneurysm is rare and is more
commonly encountered following trauma and iatrogenic injury
(Figures 8A and 8B).”®"* These patients present with massive
or moderate bleeds, which can lead to death in about 50% of
cases if left untreated.?* The most common artery leading to
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Figure 7B. Internal carotid artery (ICA) pseudoaneurysm.
(A) Computed tomography (CT) face bone window coronal
image shows bony destruction involving the maxillary sinus
with postoperative changes as a part of debridement for
mucormycosis. (B) Contrast-enhanced CT (CECT) face axial
image shows a pseudoaneurysm arising from the right internal
carotid artery lacerum part. (C) Volume-rendered images from
the CECT face show the pseudoaneurysm facing medial and
anterior. (D) Anteroposterior and lateral images from the right
ICA angiogram show the pseudoaneurysm arising from the
right ICA lacerum segment. (E) Coiling of the artery was
done distal and proximal to the pseudoaneurysm. (F) Post
embolization angiogram from the left ICA shows filling of bilat-
eral middle cerebral and anterior cerebral arteries with no
perfusion defects.

hemoptysis 1s the bronchial artery, which constitutes around
80% to 90%.*>"? Hemoptysis related to the pulmonary artery
constitutes around 10%.'"'* Multidetector computed tomography
(MDCT) pulmonary angiography is the modality of choice to
diagnose pulmonary artery aneurysms.>*'“? It provides detailed
information about the presence, number, size, shape, and origin
of pulmonary artery aneurysms.>>'* MDCT also allows detailed
assessment of the orientation and size of the aneurysmal sac and
size of the neck on multiplanar reconstruction.*'"” It also gives an
overall idea about the pathology, and the involved lung segment
eventually helps in planning the treatment accordingly.*!*!>!
Digital subtraction angiography has the advantage of allowing
endovascular intervention at the time of diagnosis.*'>'* Ultra-
sound and magnetic resonance imaging are also used in cases of
aneurysms involving neck vasculature.>'*!2

Management of these pseudoaneurysms usually involves a multi-
disciplinary approach. Multiple treatment approaches are available:

+61L14 The conservative

conservative, surgical, and endovascular.
approach mainly consists of medical management by treating the
underlying disease with antifungal drugs, such as tranexamic acid.
Surgical management usually consists of either ligation of the
involved artery, bypass graft after ligation, and resection of the
involved lung segment and vasculature.>*'"""> Medical and surgical
management of massive hemoptysis is associated with a mortality

rate ranging from 35% to 100%.%>*
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Figure 8A. Internal maxillary artery pseudoaneurysm. (A)
Chest X-ray shows a small area of consolidation involving the
left lower zone. (B) Coronal computed tomography (CT) of the
face shows bony destruction involving the anterior part of the
hard palate on the right side with hypodense content within the
right maxillary and ethmoid air sinuses. (C) and (D) Contrast-
enhanced CT face showing a pseudoaneurysm adjacent to the
right maxillary sinus arising from the internal maxillary artery. (E)
Bony destruction involving the hard palate. (F) Hypodense con-
tent noted within the right maxillary and ethmoidal air sinuses.

Endovascularintervention is a minimally invasive technique that
is used to treat these types of pseudoaneurysms.**!" Pulmonary
artery pseudoaneurysms can be treated with multiple techniques,
such as coil embolization of the involved artery, plug placement
within the involved artery, glue embolization of the aneurysm,
and placement of a stent graft across the aneurysm.*!*!! If the an-
eurysm is peripherally placed and is not accessible via a transarterial
approach, ultrasound-guided injections such as thrombin or glue
can be tried." The endovascular approach is minimally invasive
compared with surgery.”'’ Mortality, morbidity, and complication
rates following endovascularinterventionare lower compared with
surgery.>!'! Hospital stays following endovascular intervention are
usually lower.”!"” Endovascular embolization has an initial suc-
cess rate of 95%, and surgery is reserved for those patients where
multiple sittings of embolization have failed.**>'?

Conclusion

COVID-19 patients can present with acute massive hemor-
rhage 2 to 6 months after documentation of the initial infection.
Secondary fungal infection with or without diabetes mellitus fol-
lowing COVID-19 is a known complication. A high index of
suspicionisrequired to evaluate for pseudoaneurysm when patients
present with massive bleeding from the upper respiratory tract.
These patients require a multidisciplinary approach; endovascular
management is safe and effective, and surgical backup is required
for patients who do not respond to endovascular management. B
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Figure 8B. Internal maxillary artery pseudoaneurysm. (A)
and (B) Right external carotid artery angiogram both antero-
posterior and lateral images show a pseudoaneurysm arising
from the internal maxillary artery. (C) Selective microcatheter
angiogram shows the aneurysm better. (D) Coil embolization
of the internal maxillary artery is done near the aneurysm. (E)
Post coil embolization angiogram shows non-opacification

of the aneurysm. (F) Follow-up magnetic resonance imag-
ing post contrast axial image shows non-opacification of the
pseudoaneurysm.
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