Lower extremity arterial thrombosis associated with COVID-19 is characterized by greater thrombus
burden and increased rate of amputation and death
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Summary Statement:

Patients with COVID-19 had lower extremity arterial thrombosis characterized by higher clot burden,
involvement of proximal lower extremity arteries, and worse prognosis compared to control patients.

Key Results:

1. All patients with COVID-19 infection undergoing lower extremity CTA had at least one lower
extremity clot (100%) while only 69% of controls had clots (p=0.02).

2. Mean clot score for lower extremity vessels in patients with COVID-19 was greater than that of
propensity score matched controls (p<0.001).
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3. Adjusted for history of peripheral vascular disease, death or limb amputation was more
common in patients with COVID-19 infection (odds ratio 25, p<0.001).

Abstract

Background: During the peak of COVID-19 pandemic, we have noted an increase in positive lower
extremity CT angiogram (CTA) exams in patients presenting with leg ischemia. The goal of this study was
to determine whether lower extremity arterial thrombosis was associated with COVID-19 and whether it

was characterized by greater severity in these patients.

Methods: In this IRB approved retrospective propensity score-matched study, 16 SARS-CoV-2 positive
patients who underwent CTA of the lower extremities and 32 SARS-CoV-2 negative patients observed
from January to April in 2018-2020 were compared using three scoring system: two systems including all
vessels with weighting given in one system to more proximal vessel and in the other to more distal

vessels, and a third system where only the common iliac through popliteal arteries were considered.



Correlation with presenting symptoms and outcomes was computed. Fisher exact tests were used to
compare COVID-19 positive to negative patients regarding presence of clots and presenting symptoms.
A Mantel-Haenszel test was used to associate outcome of death/amputation with COVID-19 adjusted by

the history of peripheral vascular disease (PVD).

Results: Sixteen patients with confirmed COVID-19 (70 +/- 14 years, 7 women) underwent CTA and 32
propensity-score matched control patients (71 +/- 15 years, 16 women) were included. All COVID-19
patients (100%, 95%Cl: 79-100%) had at least one thrombus while only 69% (95%Cl: 50-84%) of controls
had thrombi (p=0.02). 94% (95%Cl: 70-99.8%) of COVID-19 patients had proximal thrombi compared to
47% (95%Cl: 29-65%) of controls (p<0.001). Mean thrombus score using any of the three scoring systems
yielded greater scores in the COVID-19 patients (p<0.001). Adjusted for history of PVD, death or limb
amputation was more common in COVID-19 patients (OR 25, 95%Cl 4.3-147, p<0.001). COVID-19
patients presenting with symptoms of leg ischemia only were more likely to avoid amputation or death

than patients presenting also with pulmonary or systemic symptoms (p=0.001).

Conclusion: COVID-19 is associated with lower extremity arterial thrombosis characterized by greater

clot burden and a more dire prognosis.



Introduction

COVID-19 caused by the SARS-CoV-2 virus is characterized by the respiratory symptoms implicit in the
name SARS (severe acute respiratory syndrome). Still, with the increasing number of cases, it has also
been linked to non-pulmonary targets including cardiac (1), gastrointestinal (2), skin (3), renal (4) and
neurological (5) manifestations (4). Venous thromboembolism has also been shown to be an important
cause of morbidity and mortality in COVID-19 patients both in the general inpatient and in the ICU
setting, and even in patients receiving therapeutic anticoagulation (6,7,8). For example, in one autopsy
series, unsuspected deep vein thrombosis was found in the majority of COVID-19 patients, and
pulmonary embolism was the cause of death in one fourth of these patients (9). Arterial thrombosis has
also been seen in COVID-19 patients reported within coronary arteries (6,10) and within the brain (6,11).

There have also been case reports regarding mesenteric (12,13,14) and aortoiliac (6,12) thrombosis.

In our practice, in a COVID-19 hotspot, where at its peak (April 12, 2020) our hospital system had 1,194
inpatients diagnosed with COVID-19, we have observed an increased number of patients presenting
with lower extremity ischemia and extensive arterial thromboses during the current pandemic. These
patients typically presented to the emergency department with new symptoms of leg pain, coldness,
discoloration and ulceration, and underwent lower extremity CTA. Diagnostic workup in many of these
patients have shown them to be positive for the SARS-CoV-2 virus. With growing evidence of
coagulopathy or vasculopathy (15) in COVID-19 patients, we investigated whether these cases were also
due to COVID-19-related thrombosis. The goal of our study was to determine whether lower extremity
arterial thrombosis is associated with SARS-CoV-2 infection and if there are differences in severity of

lower extremity clot burden in patients who test positive for the virus.



Materials and Methods
Our institutional review board approved this propensity score—matched retrospective cohort study at an
urban tertiary care medical center located in an epicenter of the COVID-19 pandemic. The requirement

for written informed consent was waived.

Patients

Included in the study are all emergency department and inpatient cases of CTA of the abdominal aorta
with lower extremity runoff performed during March and April of 2020, identified on the Picture
Archiving and Communications System (PACS). This study covers the peak 2020 months of the pandemic
in the New York City metro region (16). Thirty-eight patients underwent lower extremity CTA. Of these,
10 were not tested for the SARS-CoV-2 virus, 11 tested negative and one had a non-diagnostic CTA exam
(Figure 1). The diagnosis in the 16 patients was based on RT-PCR testing as follows: Nine patients using
the Cepheid Xpert Xpress SARS-CoV-2 assay (Cepheid, Sunnyvale, CA), two patients using the Hologic
Panther Fusion real-time RT-PCR SARS-COV-2 assay (Hologic Inc., San Diego, CA), two patients using the
Abbott RealTime SARS-COV-2 assay (Abbott Molecular, Des Plaines, IL) and three patients were
diagnosed outside our hospital system (one at an urgent care clinic, one at an outside hospital and one

at a nursing home) and details of the test used were not available.

For controls, a pool of all lower extremity CTAs performed on ED patients and inpatients during January
through April 2018, January through April 2019 and on those who tested SARS-CoV-2 negative during
January through April 2020 consisting of 108 cases was assembled. Our institution is not a level 1 trauma
center and all CTA exams were performed for ischemia. We chose control patients from these time
periods in consecutive years to avoid seasonal variation, which has been reported for cardiovascular

disease (17,18). To reduce the potential confounding from demographic characteristics that differ



between COVID-19 patients and controls, we used a method similar to propensity matching. We
selected a total of 32 controls from a pool of 108 patients aged 40-95 by 2:1 matching on demographic
data. The matching for 15 COVID-cases were done by propensity scores using the nearest neighbor
method (19). The propensity scores were created by fitting a logistic regression model on the disease
status with sex, age, BMI as the covariates. For the only COVID-19 case for which BMI was not available,
matching was performed using ethnicity, sex and age. Among the selected 32 controls only two patients,
who presented in March 2020, were tested for SARS-CoV-2 virus; one tested negative once with Hologic
Panther Fusion real-time RT-PCR SARS-COV-2 assay and the other tested negative twice with the

Cepheid Xpert Xpress SARS-CoV-2 assay.

All CTA exams were performed using GE LightSpeed VCT 64-slice MDCT scanners (GE Healthcare,
Milwaukee, WI) following injection of 120 cc of lopamidol 370 at 4-5 mL/sec. When multiple exams were
performed on the same patient, only the first diagnostic exam was considered for this analysis. Blinded
to COVID-19 status, images from each case were reviewed in consensus by two radiology attendings
(one fellowship trained in body imaging with 14 years of post-training experience, and the other with
fellowship training in emergency radiology and 9 years of post-training experience). Only initial CTA

images were used for scoring, delayed images were available for only one case and were not used.

Case scoring

To the best of our knowledge there is no validated scoring system for calculating arterial clot burden in
the lower extremities; therefore, we used three different systems to perform this task. Vessels were
categorized into three zones: aortic (thoracic aorta and abdominal aorta), proximal (common iliac
arteries, external iliac arteries, common femoral arteries, superficial femoral arteries, and popliteal

arteries) and distal (anterior tibial, peroneal and posterior tibial arteries). Arteries of the foot were not



assessed. Complete thrombosis of a single cross-section within the vessel was assigned the full score for
that vessel whereas incomplete thrombosis of a vessel was assigned half the value. In the first system
(“proximal weighted”), each aortic vessel was given a value of 3, each proximal vessel was given a value
of 2 and each distal vessel was given a value of 1. In the second system (“distal weighted”) each aortic
vessel was given a value of 1, each proximal vessel was given a value of 2 and each distal vessel was
given a value of 3. In the third system (“unweighted proximal only”), only proximal vessels were

considered, and each vessel was given a value of 2.

Imaging evidence of a chronic thrombosis included calcification within the walls and lumen of the vessel,
decreased arterial caliber and presence of collaterals. Prior studies, if available, and clinical notes were
used to help make the determination whether the thrombus was acute or chronic. Prior exam
availability was similar between the groups; 2 of 16 (13%) COVID-19 patients and 5 of 32 (16%) control
patients had prior studies available (p=1.0). Acute graft thrombosis was scored equivalent to the size of
the vessel which it was replacing (e.g. an acutely thrombosed femoral-popliteal graft was scored as 4 as
it was spanning 2 vessels, each with a value of 2), while a native chronically occluded vessel was scored
as 0 (as it was chronic). If no prior studies were available for comparison, occlusion was deemed chronic
if the non-enhancing vessel was diminutive in appearance, compared to the contralateral side, and

peripherally calcified.

Chart review

Medical records were reviewed for COVID-19 status (based on RT-PCR testing of nasopharyngeal
samples), demographics (age and sex), socioeconomic status expressed as standard deviations from the
New York State mean income based on census tract data (20), lab tests, history of PVD, presenting

symptoms, ICU stay and outcomes of death or leg amputation. Diagnostic test used to detect SARS-CoV-



2 infection was recorded. SARS-CoV-2 IgM or IgG antibody testing was not in use during the time of our
study. History of PVD was defined as prior vascular surgical consultation, testing or procedure due to
symptoms of lower extremity arterial insufficiency. Presenting symptoms were classified as those
pertaining to leg ischemia only versus a combination of leg symptoms and additional respiratory or
systemic symptoms such as fever, cough, hypoxia, tachypnea, tachycardia, respiratory distress and/or
altered mental status. An ICU stay was considered present if the patient spent any time during the
admission in the ICU. Outcome of death or amputation was considered present only if it occurred during

the index hospital admission.

Statistical analysis

We treated the COVID-19 patients and the controls as independent observations. Differences in patient
characteristics between the two groups were assessed using Fisher’s exact test for dichotomous
variables and Welch’s t-test for continuous variables. Fisher exact tests were used to compare presence
and absence of clots in the two groups. Clot scores between SARS-Cov-2 positive and negative groups
were compared using a linear regression model with history of PVD as a covariate. Association of serious
outcomes (death or amputation) with COVID-19 status was tested using the Mantel-Haenszel test
conditional on history of PVD. Association of presenting symptoms of patients with COVID-19 and their
outcome was assessed using a Fisher's exact test. All statistical analyses were performed using the

statistical software R, version 3.6.

Results

Patient characteristics and presentation



Tables 1 and 2 show the demographic and clinical characteristics of the two groups. Out of the 16
COVID-19 patients, 5 presented only with complaints of leg pain or discoloration, while the other 11

presented with additional systemic or respiratory symptoms (Table 3).

Presence of clots and clot scores

All sixteen COVID-19 patients (100%, 95%Cl: 79-100%) had at least one clot (Figure 2) while only 22/32
patients (69%, 95%Cl: 50-84%) had at least one clot among the controls (p= 0.02). When looking only at
clots within the popliteal artery and more proximally, the COVID-19 patients had clots in 15/16 patients
(94%, 95%Cl: 70-99.8%) while 15/32 controls (47%, 95%Cl: 29-65%) had a clot (p=0.002). Clot scores
using the three systems are tabulated in Table 4. Echocardiography was performed in 7/16 (44%) COVID-
19 patients and in 10/22 (45%) control patients (where the denominator 22 represents the number of
control patients with leg clots). There was no statistically significant difference in echo performance rate

(p=1.0). No exam detected cardiac clots.

Treatment and Outcomes

Patients either underwent surgery, anticoagulation (heparin or oral agents) or no treatment (one patient
could not receive heparin due to concomitant stroke; two patients received palliative treatment only). 7
of 16 (44%) COVID-19 patients underwent surgery (three undergoing thrombectomy, three others
undergoing thrombectomy followed by amputation, and one requiring amputation). Eleven of 32 (34%)
control patients underwent surgery (6 undergoing thrombectomy, 2 undergoing thrombectomy and
bypass, 2 undergoing angioplasty and 1 undergoing bypass). There was no difference in surgical

intervention between groups (p=0.54).



Table 5 summarizes presence of death or amputation in COVID-19 and non-COVID-19 patients. After
adjusting for history of PVD using the Mantel-Haenszel method, death or limb amputation was
significantly more common in COVID-19 patients (p<0.001). As it is possible that the association
between the combined endpoint of death and amputation was due to overwhelming contribution from
the death endpoint, we excluded these patients and looked at the association between COVID-19 and
amputation alone. We found that even when patients who died were excluded, limb amputation was
significantly more common in COVID-19 patients (p=0.02). COVID-19 patients who presented with
symptoms of limb ischemia only were significantly more likely to avoid amputation or death than
patients who presented with limb ischemia along with respiratory or systemic symptoms (Table 3,

p=0.001).

Discussion

Results of this study are concordant with the growing body of evidence demonstrating increase in
thromboembolic events in patients with COVID-19 disease (6,7,8,9,21,22). While venous
thromboembolic events in COVID-19 patients are well recognized, this study demonstrates an
association between lower extremity arterial thromboses and SARS-CoV-2 infection. Prominent features
of this association are not only a high incidence of arterial thrombosis in COVID-19 patients presenting
with ischemic leg symptoms (100% of cases in our cohort), but also a large thrombus burden (Table 4)

and high frequency of thromboses involving proximal vessels.

In order to test our hypothesis of larger thrombus burden in COVID-19 patients, we had to design a
system to quantify the severity of arterial thrombosis in the lower extremities as, to the best of our

knowledge, no such grading system exists. We used three systems to approach this problem. First, by



analogy with venous thrombosis grading (23), we created a system (“proximal weighted”) where larger
capacity vessels (aorta) were given a higher score than calf vessels which have lower capacity. Second,
as it can be argued that thrombosis of the more distal vessels leads to critical ischemia ultimately
threatening limb loss, and therefore more distal vessels need to be assigned higher values, we created a
second system (“distal weighted”) where calf vessels were assigned a higher score than the aorta.
However, an inherent limitation of this system, which assigns a higher weighting to distal vessels, is the
inability to always accurately differentiate in the lower leg between acute thrombosis or embolism and
chronic occlusion due to atherosclerotic plaques and calcifications. In addition, issues with contrast
opacification of the distal vessels may be created by peripheral vascular disease, low cardiac output or
technical issues related to bolus timing, rather than actual occlusion. To mitigate this factor, we used a
third system (“unweighted proximal only”) where only non-aorta proximal vessels were included, as
diagnosis of acute thrombosis usually does not pose difficulty in vessels of larger caliber. All three

grading methods yielded concordant statistically significant results verifying our findings (Table 4).

In this study, a significantly increased rate of leg amputation (25%) and death (38%) was found in COVID-
19 patients compared to the control group (3% for both) irrespective of the time elapsed between
presentation to the hospital and diagnosis by imaging. A similar high mortality rate (40%) was also
shown by Bellosta et al. in their cohort of patients presenting with acute lower extremity ischemia and
COVID-19 pneumonia (24). Our case and control groups were well matched for age, sex, BMI,
socioeconomic status, race, ethnicity and history of smoking. There was also no significant difference in
prevalence of preexisting conditions such as PVD, congestive heart failure (CHF), diabetes mellitus (DM),
hypertension, chronic renal failure, hyperlipidemia or rate of ICU stay between the two groups. The
latter parameter, however, is of uncertain relevance, since during the peak of the pandemic some

patients may have been denied ICU entry due to shortage of beds or may not have received ICU level



care due to stresses on staffing (including from intensivists, nurses and respiratory therapists). There
was a greater percentage of COVID-19 patients who were intubated and were documented as having

ARDS in comparison to the control group; however, this difference did not reach statistical significance.

Among the assessed laboratory tests, statistically significant differences between the two groups were
observed in WBC count, hematocrit and creatinine (median value) which were mildly elevated in the
COVID-19 patients. It is uncertain whether the mildly elevated mean WBC value of 13.5 k/uL was a
symptom of the lower extremity ischemia or an indication of concurrent infection, which would portend
a worse outcome. Mild elevation in BUN and creatinine (median value) among the COVID-19 patients
seen in conjunction with elevation in hematocrit, may be due to dehydration and volume depletion in
these patients, with associated prerenal azotemia. Dehydration has been proposed as a contributor to
venous thromboembolic disease (25); however, correlation between dehydration and arterial

thromboses in adult patients has not been established.

While the more severe outcomes in COVID-19 patients may reflect greater arterial thrombus burden,
which may be a marker of increased mortality by itself (26), it can also be attributed to the aggressive
nature of severe COVID-19 disease, which has been associated with cytokine storm, fulminant
myocarditis (27) and atypical hypercoagulability causing development of thromboses despite patients
being on therapeutic doses of anticoagulation (8). Additionally, it is possible, that unprecedented
stressors on the healthcare system, particularly in the epicenter of the pandemic at its peak, may have
indirectly contributed to these outcomes, for example by delaying the patient’s presentation following

the onset of symptoms (28).



This study also suggests that pulmonary or systemic symptoms accompanying the lower extremity
symptoms for which CTA was indicated, portents a worse prognosis regarding death and limb
amputation. Conversely, a potentially important observation of this study was that if the presenting
symptoms related to the leg only, then amputation or death could be avoided. It is unclear based on
our data within what time period from the initial SARS-CoV-2 infection thromboses may set in, but
awareness that leg ischemia may be associated with COVID-19 should prompt evaluation and treatment

for limb ischemia.

One potential limitation of our study was a relatively small cohort of COVID-19 patients as for our
analysis we chose COVID-19 patients who underwent CTA of the lower extremities during March and
April 2020. However, this choice was dictated by the timing of the peak of disease in our area, for which
the leading edge of patients was not tested due to limited testing availability. Indeed, this necessitated
exclusion of 10 patients presenting for CTA of lower extremities in early March 2020 from our analysis as
they were never tested for SARS-CoV-2 infection. Still, we would expect that this cohort would be one
of the larger ones available, as our hospital system has seen approximately 6000 COVID-19 patients at

the time of this writing.

Conclusion

This study demonstrates an association between COVID-19 and lower extremity arterial thrombosis with
greater thrombus burden characterized by predilection for proximal arteries. Additionally, the incidence
of death and amputation is significantly more common in COVID-19 patients, especially if there are also

systemic or respiratory symptoms on presentation. Recognition of lower extremity ischemia as a



symptom or complication of COVID-19 disease may allow for prompt diagnosis and treatment of this

condition.
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Figure 1: Patient flow for the study. Non-COVID-19 means that the patient tested negative for SARS CoV-

2. *Two of these patients which tested negative were used as controls as described in the methods

section.




Figure 2. CTA images from a 63-year-old woman with COVID-19. Images through the (a) distal abdominal
aorta, (b) proximal common iliac arteries, (c) external iliac arteries, (d) popliteal arteries, and (e) anterior
tibial, posterior tibial, and peroneal arteries demonstrate lack of contrast opacification on the left
(arrows). Hyperdensity along the periphery of the vessels in a and b corresponds to contrast rather than
calcium. Note that the arrows in e point to the expected location of the vessels. (f) Oblique coronal

reformatted CT image demonstrates clot at the aortic bifurcation (arrow).



Tables
Table 1: Demographics variables in case and control patients. SES, Socioeconomic Status, is expressed as
standard deviations from the New York State mean income based on Census Bureau Tract data. PVD,

peripheral vascular disease.

COVID-19 (n=16) | Non-COVID-19 (n=32) | P-value
Sex (Female) 7 (44%) 16 (50%) 0.77
Age (years, meanSD) 70+14 71+15 0.84
SES (mean+SD) -2.7+2.5 -3.2+2.6 0.60
BMI (kg/m?, mean+SD) 28.015.6 28.245.9 0.93
History of PVD 8 (50%) 19 (59%) 0.56
Congestive Heart Failure 4 (25%) 7 (22%) 1.00
Type 2 Diabetes 8 (50%) 16 (50%) 1.00
Hypertension 13 (81%) 26 (81%) 1.00
Hyperlipidemia 8 (50%) 16 (50%) 1.00
Chronic renal failure 0 3(9%) 0.54
Smoking history Prior 7 (44%) Prior 13 (41%) 0.44
Active 1 (6%) Active 7 (22%)

Ethnicity 0.52
Spanish/Hispanic/Latino 6 18

Not Spanish/Hispanic/Latino 8 12

Patient Declined/Unavailable 2 2

Race 0.48
Asian 1 0

Back or African-American 4 6

White 4 6

Other 7 19

Patient Declined/Unavailable 0 1




Table 2: Clinical variables in case and control patients. Continuous variables are expressed as mean *

standard deviation, unless otherwise indicated.

(sec)

COVID-19 (n=16) Non-COVID-19 (n=32) P-value

ICU stay 3 (19%) 4 (13%) 0.67
Intubated 4 (25%) 2 (6%) 0.08
ARDS 3 (19%) 1(3%) 0.10
Diagnosis after 2 day of admission 3(19%) 8 (25%) 0.73
Labs

White blood cell count (k/ulL) 13.5+4.0 9.53+3.9 0.003
Hematocrit (%) 43.2+7.2 37.5+6.9 0.01
BUN (mg/dL) 36119 24+20 0.05
Creatinine (mg/dL)* 1.35+0.44 1.49+1.73 0.66
Creatinine (mg/dL, median [IQR]) * 1.3 [0.6] 0.9 [0.5] 0.04
BUN/Cr ratio 28+14 2018 0.07
Platelet count (k/ul) 264191 264194 0.99
International Normalized Ratio (INR) 1.41+0.82 1.14+0.22 0.20
Partial Thromboplastin Time (PTT) 38.0+14.3 33.0+13.2 0.27

computed.

* For creatinine, three high creatinine values in the control patients (4.3, 5.0 and 9.1 mg/dL) cause
an elevated mean in the controls and a large standard deviation. Therefore, medians were also




Table 3: Association between presenting symptoms and limb amputation or death in COVID-19 patients.

(AMS, altered mental status)

Leg symptoms only Leg and other Notes on other symptoms
(n=5) symptoms (n=11) (n=11)
No death, No amputation 5 1 1. Dyspnea, Fever

Death or Amputation 0 10 AMS, Dyspnea

AMS, Dyspnea

Cough

Cough, Hypoxia
Cough, Dyspnea
Cough, Dyspnea, Fever
Cough, Dyspnea, Fever
Dyspnea

. Dyspnea, Hypoxia

10. Hypoxia

LN WNE




Table 4: Clot scores using the three scoring systems. P values are calculated after controlling for PVD in
the linear regression model. Significance of scores in COVID-19 patients persisted even when
considering just clot positive patients and excluding patients without clots (p = 0.001 by Welch two
sample T-tests). Note that clot scores are greater in the COVID-19 patients regardless of the scoring

system. Data is presented as Median, IQR Interquartile range (range).

COVID-19 Cases Matched controls P values
Proximal weighted 10, 7.6, (range 2-10) 3.5, 5.0 (range 0-16) p<0.001
Distal weighted 14.5, 11.4 (range 6-29) 4.0, 9.3 (range 0-28) p<0.001

Unweighted proximal only 4, 4.3 (range 0-14), 0, 3.3 (range 0-10) p<0.001




Table 5: Summary of limb amputation or death in COVID-19 and control patients stratified by presence

of peripheral vascular disease (PVD).

COVID-19 Non- COVID-19
(n=16) (n=32)
No PVD Amputation 3 0
(n=21) Death 3 1
No Amputation or 2 12
Death
PVD Amputation 1 1
(n=27) Death 3 0
No Amputation or 4 18
Death
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