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ARTICLE INFO ABSTRACT

Keywords: Objectives: Venous thrombosis has been widely described in the setting of severe acute respiratory syndrome

Aortic thrombus coronavirus 2 (SARS-CoV-2) infection; however, arterial thrombosis has rarely been reported. This study aims to

g‘c’)m“a virus assess the incidence, risk factors, interventions, and outcomes of acute aortoiliac arterial thrombosis in patients
VID

with active SARS-CoV-2 infections.

Limb ischemi ‘s . e e .
Tlli:lonllsbfo:;nlf)lism Methods: We present seven SARS-CoV-2-positive patients from our institution who acutely developed thrombi in
Aortoiliac the aortoiliac arterial system (7/2020-1/2021). A systematic review of the literature on aortoiliac arterial throm-

Iliac thrombus bosis in patients with SARS-CoV-2 infections in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines was also performed. The available data from all reported cases in the
literature and at our institution were analyzed.

Results: Thirty published articles and journal correspondences, including 52 patients, were reviewed and ana-
lyzed in addition to our institution’s 7 cases. In total, 59 SARS-CoV-2-positive patients were found to have acute
aortoiliac thrombosis. The abdominal aorta was the most frequent location for the development of a thrombus.
Baseline demographics and medical comorbidities were not significantly different between the symptomatic and
asymptomatic cohorts. Seventy-one percent of patients were symptomatic (lower limb ischemia: 75.0%, renal
infarction: 20.0%, stroke: 12.5%, mesenteric ischemia: 10.0%). All patients with thrombus involving the ascend-
ing aorta, aortic bifurcation, or iliac artery developed thromboembolic or ischemic complications. All patients
received systemic anticoagulation. Fifty-three percent of all patients were managed medically. Ninety-four per-
cent of the asymptomatic patients were managed medically. One asymptomatic patient underwent endovascular
aspiration of a mobile thrombus. Three (23.1%) deaths occurred in the asymptomatic cohort from hypoxic respi-
ratory failure. Fourteen (36.8%) deaths occurred in the symptomatic cohort. The in-hospital mortality rate was
33.3% overall and 43.8% for patients with thrombi involving more than one aortoiliac segment.

Conclusions: The presence of thrombi in the aortoiliac arterial system appears to be a poor prognostic indicator
for patients with active SARS-CoV-2 infections. Medical management of patients with asymptomatic aortoiliac
thrombi may be considered. The presence of thrombi involving the ascending aorta, aortic bifurcation, or iliac
artery may warrant consideration for operative intervention due to the risk for thromboembolic or ischemic
complications. Further study is needed to fully delineate the risk factors, optimal treatment, and outcomes of
arterial thrombosis in the setting of SARS-CoV-2 infection.

Introduction be a surge in case numbers due to variants of severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2). It is well-known that COVID-19

As of September 2021, there were approximately 44 million cases of can be asymptomatic or lead to severe systemic disease characterized

coronavirus disease-2019 (COVID-19) with nearly 700,000 deaths in the by hypoxemic respiratory failure, shock, and multi-organ system failure
United States alone ['!. While national masking and vaccination efforts requiring mechanical ventilation and prolonged hospitalization.

have aided in slowing the effects of the pandemic, there continues to There has been substantial evidence for hypercoagulability, venous

thrombosis, and venous thromboembolism in COVID-19 [211]  How-
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Fig. 1. (A) Computed tomography angiography (CTA) demonstrating a mobile mural thrombus in the proximal descending thoracic aorta, just below the left
subclavian artery takeoff. (B) CTA with three-dimensional vascular reconstruction re-demonstrating the thrombus location. (C) CTA with three-dimensional vascular
reconstruction following percutaneous aspiration thrombectomy of the thrombus demonstrating no evidence of any residual thrombus.

ever, arterial thrombosis and thromboembolism are rarely reported in
the literature on COVID-19. In this report, we therefore present seven
SARS-CoV-2-positive patients who presented to our institution from July
2020 to January 2021 with acute thrombosis of the aortoiliac arterial
system and discuss their management. We also conduct a systematic
review of the early literature to assess and consolidate the available
data on the incidence, risk factors, anatomical distribution, interven-
tions, and outcomes of acute aortoiliac arterial thrombosis in patients
with COVID-19.

Case Series
Case One

A 61-year-old male with history of hypertension (HTN) and tobacco
usage presented to the emergency department (ED) with shortness of
breath and tested positive for COVID-19. Computed tomography an-
giography (CTA) revealed extensive ground glass opacities with diffuse
patchy consolidations and a 1.4 cm mobile mural thrombus in the prox-
imal descending thoracic aorta, (Fig. 1A and B). The patient was started
on a therapeutic dose of enoxaparin and admitted to the intensive care
unit. Given the mobile nature of the aortic thrombus, percutaneous as-
piration thrombectomy was performed using the AngioVac (AngioDy-
namics, Latham, New York) system. CTA performed four days later re-
vealed no evidence of any residual thrombus or filling defect in the aorta
(Fig. 1C). During the remainder of the patient’s hospital course, he con-
tinued to have dyspnea with exertion and poor exercise tolerance. At
the time of discharge, the patient was started on a three-month course
of apixaban for his thrombotic event. At one-month follow-up, the pa-
tient was recovering well with markedly improved respiratory function
and chest X-ray findings.

Case Two

An 81-year-old male with history of coronary artery disease (CAD),
peripheral arterial disease (PAD), diabetes mellitus (DM), and HTN pre-
sented with altered mental status, shortness of breath, and bilateral
lower extremity claudication and weakness. Rapid nasopharyngeal test-
ing was positive for SARS-CoV-2 infection. Prior to presentation, the pa-
tient was taking aspirin, clopidogrel and rivaroxaban as prescribed by
his cardiologist. In the ED, the patient had undetectable pedal Doppler
signals on the right. CTA revealed occlusion of the right common, inter-
nal and external iliac arteries, with distal reconstitution at the level of
the common femoral artery (CFA). There was also occlusion of the right
anterior tibial (ATA) and dorsalis pedis (DPA) arteries. On the left, the
external iliac artery (EIA) was occluded and reconstituted at the level

of the CFA (Fig. 2). Distally, the left posterior tibial artery (PTA) was
occluded. The patient was admitted to the hospital and started on ther-
apeutic heparin. The etiology of his thrombotic condition was consid-
ered to be SARS-CoV-2-related thrombophilia. The patient underwent
surgical revascularization with right aortoiliac embolectomy, right su-
perficial femoral artery (SFA) embolectomy, and right CFA angioplasty.
Following the completion of the case, the patient’s ankle-brachial in-
dex improved from undetectable prior to surgery to 0.5 on the right. He
was discharged four days later with instructions to continue his home
doses of aspirin, clopidogrel, and rivaroxaban. The patient was seen in
clinic one month later at which time his lower extremity symptoms had
improved.

Case Three

A 67-year-old male with history of DM, HTN, and CAD was admitted
to the hospital from a correctional facility for shortness of breath and left
lower extremity pain. He was found to be positive for COVID-19 with
multifocal pneumonitis. He also had a pulseless left leg with rest pain
and paresthesias. CTA demonstrated multifocal floating thrombi in his
descending thoracic aorta and abdominal aorta, as well as occlusion of
the left popliteal artery with contiguous occlusion of the tibioperoneal
trunk, PTA, and partial occlusion of the peroneal artery (Fig. 3). he was
taken emergently for revascularization of his left leg, with possibility
of treating his aortic thrombi if there was evidence of active throm-
boembolization intraoperatively. He initially underwent an aggressive
lower extremity thrombectomy from femoral, popliteal, anterior tibial
and dorsalis pedis cutdowns with resultant pulsatile flow restored to the
left foot. However, in the postoperative period, he re-occluded the distal
ATA and DPA. He then returned to the operating room for endovascu-
lar stent-graft exclusion of his thoracic and infrarenal aortic thrombi as
well as redo left ATA thromboembolectomy. He again had flow restored
to his foot postoperatively; however, in the ensuing days, he developed
acute coronary syndrome and pressor-dependent shock. While he recov-
ered with no evidence of coronary thrombosis, the skin and soft tissue
in his foot deteriorated significantly and his distal ATA was again noted
to be occluded. He once more was taken back to the operating room
for ATA thrombectomy resulting in restoration of a Doppler signal in
his foot. However, the necrotic tissue at his foot ultimately progressed
and given persistent fevers, a guillotine below-knee amputation (BKA)
was performed. After medical optimization, he was taken back to the
operating room for formal left BKA with closure. The patient was ulti-
mately discharged on therapeutic enoxaparin and later transitioned to
apixaban. CTA one month later demonstrated patency of the stent grafts
without any evidence of residual thrombus.
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Case Four

A 64-year-old male with HTN and CAD was admitted with acute
hypoxic respiratory failure from COVID-19 pneumonia. He was intu-
bated and started on dexamethasone and remdesivir. During his hospi-
talization, he developed an acute non-ST elevation myocardial infarc-
tion and was started on therapeutic anticoagulation. The patient was
scheduled for cardiac catheterization; however, prior to the procedure,
he was noted to have a mottled and cold right lower extremity. The

Annals of Vascular Surgery - Brief Reports and Innovations 2 (2022) 100105

Fig. 2. Computed tomography angiography demonstrating acute
occlusion of the left external iliac artery.

Fig. 3. (A and B) Computed tomography an-
giography (CTA) demonstrating acute mul-
tifocal thrombus formation in the descend-
ing thoracic and abdominal aorta. (C) CTA
demonstrating segmental occlusion of the left
popliteal artery, occlusion of the tibioperoneal
trunk and posterior tibial artery, as well as par-
tial occlusion of the peroneal artery.

vascular surgery service was consulted for evaluation of acute limb is-
chemia. CTA revealed multiple aortic thrombi in the ascending aorta,
proximal arch, descending aorta, and infrarenal aorta (Fig. 4). The pa-
tient also had complete occlusion of the right popliteal artery with dis-
tal reconstitution. There was also complete occlusion of right AT, per-
oneal and PT arteries with no contrast flow into the foot. The patient
was taken to the operating room where Fogarty thromboembolectomies
of the right popliteal and posterior tibial arteries were performed with
subsequent return of a detectable PTA Doppler signal. Four compart-
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ment fasciotomies were also performed. Postoperatively, the patient de-
veloped shock requiring hemodynamic support with vasopressors. On
postoperative day one, he was found to have new cerebral infarctions.
The patient’s family decided for comfort care and inpatient hospice. Life
support was then removed, and the patient expired.

Case Five

A 53-year-old male with DM presented with altered mental status
and tested positive for SARS-CoV-2 infection. CTA revealed bilateral
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Fig. 4. Computed tomography angiography
with three-dimensional vascular reconstruction
demonstrating multiple aortic thrombi in the
ascending aorta, proximal arch, descending
aorta, and infrarenal aorta.

patchy ground glass opacities and consolidations in both lungs, consis-
tent with COVID-19 pneumonia, as well as a non-occlusive free-floating
mural thrombus in the distal aortic arch without extension into the great
vessels (Fig. 5). A CT scan of the brain was also performed and revealed
an acute ischemic stroke in the left centrum semiovale. Medical therapy
was initiated with aspirin, atorvastatin, and therapeutic heparin. Given
the location of the thrombus just distal to the great vessels, it was be-
lieved that the small-vessel ischemic event was more likely secondary
to a viral-induced hypercoagulable state rather than thromboembolism.
Over the subsequent few days, the patient’s mental status improved with
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medical management. Prior to discharge, a CTA was repeated which re-
vealed no interval changes in the location or extent of the thrombus
and no evidence of thromboembolization. The patient was transitioned
to warfarin prior to discharge with plan to continue for anticoagula-
tion therapy for 3 to 6 months. On follow-up, there was no evidence
of residual thrombus on imaging 8 months following the initiation of
anticoagulation.

Case Six

A 76-year-old male with CAD and HTN presented with fevers and
dyspnea. Rapid nasopharyngeal testing was positive for SARS-CoV-2 in-
fection. CTA revealed diffuse pulmonary ground glass opacities and a
1.2 cm eccentric thrombus in the proximal descending aorta (Fig. 6A).
The patient was admitted for COVID-19 pneumonia and started on dex-
amethasone and remdesivir. Given the presence of an acute thrombotic
event, the patient was initiated on systemic anticoagulation. CTA was
repeated 3 days later and revealed no interval changes in the location
or extent of the thrombus. As the patient remained asymptomatic, he
was treated with anticoagulation therapy alone. He was transitioned to
therapeutic enoxaparin to be continued as an outpatient for a duration
for 3 months. The patient was seen in our outpatient clinic two months
later at which time his respiratory status and oxygen requirement had
improved. CTA at that time revealed interval resolution of the aortic
thrombus (Fig. 6B).

Case Seven

A 55-year-old male who was diagnosed with COVID-19 pneumonia
3 weeks prior presented with paresthesias and mild pain in his right
toes. He had been started on outpatient apixaban following his recent
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Fig. 5. Coronal (A) and sagittal (B) views from
a computed tomography angiography scan
demonstrating a nonocclusive free-floating mu-
ral thrombus in the distal aortic arch.

Fig. 6. (A) Computed tomography angiogra-
phy (CTA) revealing a 1.2 cm eccentric throm-
bus in the proximal descending aorta. (B) CTA
performed two months following the initial
scan demonstrating interval resolution of the
thrombus with anticoagulation therapy.

hospitalization due to concern for SARS-CoV-2-related hypercoagulabil-
ity. The patient reported that his symptoms started three weeks prior to
his hospitalization for COVID-19. He did not have ischemic rest pain
or skin changes on examination and both DPA pulses were palpable.
CTA was performed and revealed a non-occlusive thrombus in the in-
frarenal abdominal aorta along with absence of contrast enhancement
at the distal right PTA with some reconstitution at the plantar artery
(Fig. 7). There were also bilateral patchy pulmonary opacities consis-
tent with COVID-19 pneumonia. The patient was admitted and started
on a therapeutic heparin for his thrombosis. His symptoms in the set-
ting of an infrarenal aortic thrombus were concerning for potential mi-
croemboli showering to his digital arteries. In the subsequent days, his
pain was well controlled and the numbness of his right toes was stable.
The patient was discharged home on aspirin, clopidogrel, and apixa-
ban. At 5-month follow-up, CTA revealed interval decrease in size of
the infrarenal aortic thrombus. As such, we recommended continuing
anticoagulation and antiplatelet agents for an additional 6 months with
repeat CTA and clinic visit at that time.

Systematic Review of the Literature
Methods

A systematic review of the literature on acute aortoiliac arterial
thrombosis in patients with SARS-CoV-2 infections from December 2019
to January 2021 was performed in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses guidelines
(Fig. 8). The Medline (PubMed interface) and Scopus databases were
queried to identify studies eligible for inclusion. The electronic search
was conducting using the following strategy: (coronavirus OR COVID-
19) AND (aorta OR aortic OR aortoiliac OR iliac) AND (thrombus OR
thrombosis OR thrombotic OR occlusion). Only articles in the English
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Medline (PubMed interface) to identify studies eligible for inclusion
From December 2019 to January 2021
52 Citation(s)

A
52 Non-Duplicate

Citations Screened
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Fig.7. Coronal (A) and sagittal (B) views from
a contrast tomography angiography scan was
demonstrating a non-occlusive thrombus in the
infrarenal abdominal aorta.

Fig. 8. Preferred Reporting Items for System-
atic Reviews and Meta-Analyses Flow Diagram.

Inclusion/Exclusion
Criteria Applied

12 Articles Excluded
After Title/Abstract Screen

A
40 Articles Retrieved

9 Articles Excluded
After Full Text Screen

Inclusion/Exclusion

Criteria Applied

1 Article Excluded
During Data Extraction

A

30 Articles Included

language were included. We then reviewed the bibliography of included
studies to detect other potentially eligible articles to further extend our
search.

The search results were first screened by title and abstract, with
those of potential relevance selected for full-text review. Articles were
eligible for inclusion if they met the following criteria: (1) were
case reports/case series/imaging reports/retrospective studies/letters-
to-journal-editors, (2) described patients with a confirmed COVID-19 di-
agnosis, (3) reported clear extractable data on aortoiliac arterial throm-
botic complications. Data extraction was conducted by 2 independent
reviewers. For each article, the following information was extracted:
the surname of the first author, the type of study, sample size, demo-
graphic characteristics, medical comorbidities, anatomical location of
the thrombi, other concurrent arterial or venous thrombosis, treatment,
and mortality. Any variances arising during the data extraction process
were resolved by a consensus among authors. The available data from

all reported cases in the literature and at our institution were extracted,
pooled, and analyzed. The authors included imaging reports, letters-to-
journal-editors, and concise clinical reports in the analysis due to the
paucity of published articles on this topic.

During the analysis, all variables were coded as either present or ab-
sent. Descriptive statistics were performed for all variables. A Student
t-test was used to compare continuous variables, and Chi-Square anal-
ysis was used to compare categorical variables. Categorical data were
reported as percentages. All P-values were two-sided, with a statistical
significance level of <0.05 selected. All missing data points were not
imputed but treated as missing data. All analyses were performed with
IBM SPSS Statistics for Windows (version 24, IBM Corp, Armonk, New
York).

When sufficient information was available from the article, patients
were divided based on the presence or absence of symptoms related
to the presence of the aortoiliac thrombosis. Patients were considered
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Table 1
Age, gender, and medical comorbidities of reported patients with aortoiliac arterial thrombosis in the setting of SARS-CoV-2 infection.
All Patients Validn  Asymptomatic Patients Validn  Symptomatic Patients Validn  P-Value
Mean Age (Years) 64.2 58 63.7 15 64.2 40 0.87
Male Gender 48 (84.2%) 57 11 (73.3%) 15 34 (87.2%) 39 0.221
Hypertension 32 (60.4%) 53 7 (46.7%) 15 25 (65.8%) 38 0.2
Hyperlipidemia 12 (22.6%) 53 3 (20.0%) 15 9 (23.7%) 38 0.773
Diabetes Mellitus 13 (24.5%) 53 4 (26.7%) 15 9 (23.7%) 38 0.82
Prior Stroke or Transient Ischemic Attack 3 (5.7%) 53 1 (6.7 %) 15 2 (5.3%) 38 0.842
Prior or Current Tobacco Use 10 (18.9%) 53 2(13.3%) 15 8 (21.1%) 38 0.518
Peripheral Arterial Disease 3 (5.7%) 53 0 (0.0%) 15 3 (7.9%) 38 0.263
Coronary Artery Disease 8 (15.1%) 53 1 (6.7%) 15 7 (18.4%) 38 0.282
Atrial Fibrillation 3 (5.7%) 53 0 (0.0%) 15 3 (7.9%) 38 0.263
History of Deep Vein Thrombosis or Pulmonary Emboli 3 (5.7%) 53 0 (0.0%) 15 3 (7.9%) 38 0.263
Table 2
Aortoiliac arterial territories affected by acute thrombosis in the setting of SARS-CoV-2 infection.
All Patients (n=59)  Asymptomatic Patients (n=16)  Symptomatic Patients (n=40)  P-Value

Ascending Aortic Thrombus 5 (8.5%) 0 (0.0%) 5 (12.5%) 0.138

Aortic Arch Thrombus 12 (20.3%) 7 (43.8%) 4 (10.0%) 0.004

Descending Aortic Thrombus 17 (28.8%) 10 (62.5%) 7 (17.5%) 0.001

Abdominal Aortic Thrombus 27 (45.8%) 2 (12.5%) 23 (57.5%) 0.002

Aortic Bifurcation/Iliac Artery Thrombus 20 (33.9%) 0 (0.0%) 20 (50.0%) 0

Concomitant Infrainguinal Arterial Thrombosis 16 (27.1%) 0 (0.0%) 16 (40.0%) 0.003

Concomitant Infrapopliteal Arterial Thrombosis 13 (22.0%) 0 (0.0%) 13 (32.5%) 0.009

symptomatic if they developed signs of more distal arterial ischemia (ex.
lower limb ischemia, renal infarction, and/or acute cerebral ischemia).
Cerebral infarction attributed to ascending aorta or aortic arch throm-
bosis was determined in cases where a thrombus was located prior to
the ostium of one of the great vessels.

Results

The systematic review revealed thirty articles (17 case reports/series,
9 letters-to-journal-editors, 3 brief clinical imaging reports, and 1 retro-
spective study) detailing 52 SARS-CoV-2-positive patients with acute
aortoiliac arterial thrombosis [1241], The available information from
these cases were compiled and analyzed in addition to our institution’s
7 cases. In total, 59 patients were included in the analysis.

The mean age of patients was 64.2 years (range: 33-85) and 84.2% of
patients were males. Details regarding medical history was available for
53 (89.8%) of 59 patients, of which 32 (60.4%) had HTN, 12 (22.6%)
had hyperlipidemia, 13 (24.5%) had DM, 3 (5.7%) had a prior stroke or
transient ischemic attack, 10 (18.9%) had a history of tobacco usage, 3
(5.7%) had PAD, 8 (15.1%) had CAD, 3 (5.7%) had atrial fibrillation,
and 3 (5.7%) had prior deep vein thrombosis or venous thromboem-
bolism. As shown in Table 1, there was no significant difference in the
age, gender, and medical comorbidities of patients in the symptomatic
and asymptomatic cohorts (all P > 0.05).

Of the 59 patients analyzed, 5 (8.5%) developed thrombus in the
ascending aorta, 12 (20.3%) developed thrombus in the aortic arch,
17 (28.8%) developed thrombus in the descending aorta, 27 (45.8%)
developed thrombus in the abdominal aorta, and 20 (34%) developed
thrombus at the level of the aortic bifurcation and/or iliac arteries
(Table 2). Sixteen (27.1%) patients had concomitant infrainguinal ar-
terial thrombotic occlusions and 13 (22.0%) patients had concomitant
infrapopliteal arterial thrombotic occlusions. All patients with concomi-
tant infrainguinal and infrapopliteal occlusions developed signs of limb
ischemia. Ten (16.9%) patients had evidence of a pulmonary embolism.
Fifty-six (94.9%) patients had information regarding their clinical pre-
sentation and were separately analyzed in symptomatic and asymp-
tomatic cohorts. Forty (71.4%) patients were symptomatic from the
aortoiliac arterial thrombosis or an associated distal thrombotic oc-
clusion (lower limb ischemia: 75.0%, renal infarction: 20.0%, stroke:
12.5%, mesenteric ischemia: 10.0%). The management strategies uti-

lized are detailed in Table 3. Fifty-three percent of all patients were
managed medically. Forty-three percent of patients underwent surgi-
cal intervention for management of the aortoiliac arterial thrombus or
an associated ischemic/thromboembolic complication. Eleven percent
of patients underwent systemic or catheter-directed thrombolysis. All
patients received systemic anticoagulation. Ninety-four percent of the
asymptomatic patients were managed medically. One asymptomatic pa-
tient (Case I) underwent endovascular aspiration of a mobile thrombus.
The overall in-hospital mortality rate was 33.3%. The in-hospital mor-
tality rate was 23.1% in the asymptomatic cohort (all from hypoxic res-
piratory failure) and 36.8% in the symptomatic cohort (P = 0.363). The
in-hospital mortality rate was 43.8% for patients with thrombi involving
more than one aortoiliac segment.

Ascending Aorta Cohort

Four (80.0%) of the five patients with thrombi involving the as-
cending aorta developed cerebral infarction attributed to arterial throm-
boembolism. While all patients with ascending aortic thrombi were
symptomatic in this population, there was a lack of significance when
compared with the asymptomatic group (P = 0.138). Four (80%) pa-
tients were managed medically, and all patients received systemic anti-
coagulation. One (20%) patient with multifocal aortic thrombi required
lower extremity arterial thromboembolectomy (Case 4). Two (40.0%)
of patients in this group expired during their hospitalization.

Aortic Arch Cohort

Sixty-four percent (7/11) of patients with thrombus in the aortic arch
were asymptomatic, while 36% (4/11) were symptomatic. Two (18%)
patients developed limb ischemia, two (18%) patients developed mesen-
teric or renal ischemia, and two (18%) patients developed cerebral in-
farction. Three (27%) symptomatic patients underwent an operation for
thromboembolic disease resulting in limb or mesenteric ischemia. Of the
9 patients with mortality information available, 4 (44%) expired during
their hospitalization. Of the patients who survived the index hospital-
ization and had follow-up information available (n=5), the thrombus
had either reduced in size or resolved at the time of last follow-up in 4
(80%) patients with the use of systemic anticoagulation.

Descending Aorta Cohort
10 (58.9%) patients with thrombus in the descending aorta were
asymptomatic, while 7 (41.1%) were symptomatic. Of the 7 patients
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Table 3
Reported management strategies and in-hospital mortality for SARS-CoV-2-positive patients with acute aortoiliac arterial thrombosis.
All Patients Validn  Asymptomatic Patients =~ Validn  Symptomatic Patients =~ Validn  P-Value

Managed Medically 29 (52.7%) 55 15 (93.8%) 16 14 (35.9%) 39 0
Received Systemic Anticoagulation 43 (100%) 43 14 (100%) 14 29 (100%) 29 -
Required an Operation 24 (42.9%) 56 1 (6.3%) 16 23 (57.5%) 40 0
Open Surgery 22 (91.7%) 24 0 (0.0%) 1 22 (95.7%) 23 -
Endovascular Therapy 5 (20.8%) 24 1 (100.0%) 1 4 (17.4%) 23 -
Received Thrombolytic Agents 6 (10.9%) 55 1 (6.3%) 16 5 (12.8%) 39 0.478
In-Hospital Mortality 17 (33.3%) 51 3 (23.1%) 13 14 (36.8%) 38 0.363

who developed thromboembolic or ischemic symptoms attributed to the
thrombus, 2 developed mesenteric ischemia, 2 developed cerebral in-
farctions, 2 developed renal infarction, and 4 developed lower limb is-
chemia. Four patients in this cohort required surgical intervention, one
of which was for asymptomatic disease (Case 1: aspiration thrombec-
tomy of a mobile thrombus), and 1 patient required catheter-directed
thrombolysis with subsequent ischemic small bowel resection for an
embolic superior mesenteric artery occlusion. Twelve (70.1%) patients
were managed with anticoagulation alone. Of the 14 patients with out-
come information available, 3 (21.4%) patients expired during their hos-
pitalization secondary to severe pneumonia and/or multiple end-organ
damage.

Abdominal Aorta Cohort

23 (92.0%) patients with thrombus in the abdominal aorta devel-
oped symptoms, while 2 (8.0%) were asymptomatic (P = 0.002). Twenty
of the 23 symptomatic patients developed lower limb ischemia, while
the other 3 cases developed renal infarction. Of these 20 patients, 12
had concomitant iliac artery thrombosis, 9 had associated concomi-
tant infrainguinal arterial occlusions, and 8 had infrapopliteal arte-
rial occlusions. Seventeen (68.0%) patients in this group underwent
an operation to either treat the primary thrombus or an associated is-
chemic/thromboembolic complication. Fifteen patients underwent sur-
gical thrombectomy, 2 patients underwent percutaneous stent-graft ex-
clusion of thrombus, and 2 patients required axillobifemoral bypass con-
struction. Of the 17 patients who underwent an operation, 7 (41.2%)
expired during their hospitalization.

Aortic Bifurcation/Iliac Artery Cohort

All patients (n=20) with a thrombus at the level of the aortic bi-
furcation and/or iliac artery developed acute lower limb ischemia.
All patients received systemic anticoagulation and 15 patients under-
went surgical treatment of the primary thrombus or an associated
ischemic/thromboembolic complication. Thirteen patients underwent
surgical thrombectomy, 2 patients underwent axillobifemoral bypass,
and 1 patient underwent successful catheter-directed thrombolysis. The
4 patients who were managed medically all expired from severe systemic
disease due to COVID-19 requiring vasopressor support. Four (21.1%)
patients expired following an operation during their hospitalization,
with only one dying from a major hemorrhage.

Discussion

This institutional case series and systematic review demonstrates
that acute aortoiliac arterial thrombosis is a potentially fatal compli-
cation of SARS-CoV-2 infection. From our analysis, it appears that this
complication primarily affects middle-aged males. Most patients in this
analysis had a history of HTN, which is a known risk factor for vascular
inflammation. However, statistical analysis failed to identify any comor-
bid conditions as a significant risk factor for developing symptomatic
arterial thrombosis. Our analysis showed that the abdominal aorta was
the most frequently reported location of thrombus formation. The over-
all in-hospital mortality rate was 33.3% and was even higher (43.8%)
for patients with thrombi involving more than one aortoiliac segment,

suggesting that the presence of thrombi in the aortoiliac arterial system
appears to be a poor prognostic indicator for patients with COVID-19.

The full mechanism of arterial thrombosis in COVID-19 remains un-
clear. Ackermann et al. conducted lung autopsies from patients who died
from COVID-19 and found signs of severe endothelial injury associated
with the presence of intracellular virus and disrupted cell membranes
1421, Histologic analysis of the pulmonary vessels showed widespread
thrombosis with microangiopathy and perivascular T-cell infiltration
1421, Also of note, prior studies have shown that COVID-19 can cause de-
rangements in coagulation parameters in critically ill patients including
elevated D-dimer and fibrinogen levels, increased Factor VIII activity,
low normal functional protein C activity, and increased von Willebrand
factor activity [3-48] Antiphospholipid antibodies can also occur in pa-
tients with COVID-19 [49-501, These factors may play a role in COVID-
19 associated hypercoagulability and the development of acute arterial
thrombosis. In our institutional case series, no patient had a history of
any inherited or acquired prothrombotic conditions outside of the viral-
induced hypercoagulable state caused by SARS-CoV-2 infection.

Optimal anticoagulant dosing to reduce thrombosis in patients with
COVID-19 has been investigated. It is generally accepted that all hospi-
talized adults with COVID-19 should receive pharmacologic thrombo-
prophylaxis, unless there is a significant risk of bleeding present. Per
the NIH COVID-19 Treatment Guidelines Panel, the use of anticoagu-
lants for routine prevention of venous or arterial thrombosis in non-
hospitalized patients with COVID-19 is not recommended [51. For hos-
pitalized, non-pregnant adults without evidence of venous thromboem-
bolism, the Panel recommends against using anticoagulants to prevent
arterial thrombosis outside of the usual standard of care for patients
without COVID-19 [511, The Panel also recommends against routinely
continuing thromboprophylaxis for patients with COVID-19 after hospi-
tal discharge (511,

Patients with COVID-19 are typically evaluated using CT scans fo-
cused on the lungs. However, incidental findings of aortic thrombus
warrant further investigation and treatment. In patients with signs of
limb ischemia who test positive for COVID-19, we recommend that tho-
racoabdominal CTA be performed to evaluate for an aortoiliac thrombus
as a potential embolic source. All patients who are diagnosed with an
aortoiliac arterial thrombus should be started on systemic anticoagula-
tion to prevent further thrombus propagation and reduce the risk for
thromboembolism.

In our analysis, all but one asymptomatic patient was managed medi-
cally. One patient underwent endovascular aspiration of a mobile throm-
bus due to concern for a possible future embolic complication. As there
were no cases of thrombosis-associated mortality in the asymptomatic
cohort, medical management of patients with isolated asymptomatic
aortoiliac arterial thrombi should be considered.

Patients who were symptomatic from their aortoiliac arterial throm-
bosis were most likely to develop limb ischemia. The majority (57.5%)
of symptomatic patients required surgical intervention to either remove
the primary thrombus or treat an associated ischemic/thromboembolic
complication. It appears that those individuals who needed an operation
were primarily those who developed lower limb ischemia in the setting
of aortic bifurcation or iliac thrombi either by itself or associated with
more proximal aortic thrombi. As such, this data suggests that lower
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extremity ischemia is the most common etiology for intervening in pa-
tients with aortoiliac thrombi.

In our study population, all patients with thrombus involving the as-
cending aorta, aortic bifurcation, or iliac artery developed thromboem-
bolic or ischemic complications. As such, thrombosis of these aortoiliac
territories may warrant consideration for operative intervention to re-
duce the risk thromboembolic or ischemic events. Revascularization to
treat acute limb ischemia due to thrombotic occlusion should be based
on overall patient clinical status and survivability from their SARS-CoV-
2 infection.

A major limitation of this study is that the data relies on a small num-
ber of articles, primarily single-institution case reports/series and jour-
nal correspondences. There is also inherent selection and publication
bias among published reports, as many asymptomatic and uneventful
cases may have gone unreported in the literature. Larger, well-designed
prospective or retrospective studies are critically needed to confirm
these findings and fully delineate the risk factors, optimal treatment,
and outcomes of arterial thrombosis in the setting of SARS-CoV-2 infec-
tion.

Many questions remain unanswered regarding COVID-associated
aortoiliac arterial thrombosis. Further research is required to better elu-
cidate the arterial thrombotic mechanism, the ideal type and duration
of anticoagulation therapy, and the indications for medical and surgical
management of these thromboses. Investigation efforts should also focus
on obtaining vascular biopsies at the time of surgery in these patients
to identify potential biomarkers that may be associated endothelial acti-
vation/dysfunction. Due to the relatively low number of reported cases
at our institution and in the published literature, it is difficult to defini-
tively assert any correlation exists between the severity of COVID-19 in-
fection and the development of arterial thrombosis. Additional studies
using a prospective database should be conducted to evaluate whether
the following factors increase risk for arterial thrombosis in patients
with COVID-19: presence of consolidations on chest radiographs, leuko-
cyte count, hemoglobin, lactate dehydrogenase, C-reactive protein, D-
dimer, procalcitonin, need for hospital admission, need for high-flow
oxygenation or ventilation, and need for intensive care unit stay. Fur-
thermore, our early institutional series details seven patients who pre-
sented to our institution between July 2020 and late January 2021. As
such, none of the seven reported patients had completed a full COVID-
19 vaccination series. Additional research efforts should focus on the
effects of vaccination on arterial and venous thrombosis in patients with
COVID-19.

Conclusion

Lower extremity ischemia is the most common etiology for interven-
ing on patients with aortoiliac arterial thrombi. The presence of thrombi
in the aortoiliac system appears to be a poor prognostic indicator for
patients with COVID-19. Medical management of patients with isolated
asymptomatic aortoiliac thrombi may be considered. The presence of
thrombi involving the ascending aorta, aortic bifurcation, or iliac artery
may warrant consideration for operative intervention due to the risk
for thromboembolic or ischemic complications. Further study is needed
to fully delineate the risk factors, optimal treatment, and outcomes of
arterial thrombosis in patients with COVID-19.
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