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Successful Catheter-Directed Thrombolysis
for Acute Lower Limb Ischemia Secondary to
COVID-19 Infection
Kamel Muhammad, Tamer Ghatwary Tantawy, Ragai R. Makar, and Oladeji Olojugba,

Chester, United Kingdom
A 49-year-old man was admitted to his local hospital with left leg pain and breathing diffi-
culties. He had negative nasopharyngeal polymerase chain reaction tests for severe acute
respiratory syndrome coronavirus 2. Chest X-ray and Computed tomography pulmonary
angiogram displayed typical coronavirus disease 2019 (COVID-19) radiological features
as ground-glass opacities and bronchovascular thickening. His respiratory symptoms
resolved after four days of supportive treatment, whereas his left leg became more painful
and discolored. He was referred to our center with acute left leg ischemia. computed tomog-
raphy angiogram revealed eccentric mural thrombus at the aortic bifurcation, extending into
left common iliac and an abrupt occlusion of left popliteal, tibioperoneal, and posterior tibial
arteries. He was treated with catheter-directed thrombolysis for 48-hours that achieved suc-
cessful revascularization of the ischemic limb with no intervention-related complications. At
six-week follow-up, he showed full recovery. Our case demonstrates that catheter-directed
thrombolysis is a successful and safe treatment option in a COVID-19 patient with acute
arterial occlusion.
BACKGROUND

Since the outbreak of coronavirus disease in 2019

(COVID-19), many reports have described a hyper-

coagulable state in COVID-19 positive patients. In-

vestigations have shown that the coronavirus

infection initiates severe inflammatory responses

that lead to blood stasis, endothelial injury, and

increased risk of thrombosis and embolism.1e3

Herein, we report a successful dissolution of

COVID-19einduced thrombosis, using standard tis-

sue plasminogen activator catheter-directed throm-

bolysis (tPA-CDT) without the development of
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complications in a patient presenting with acute

lower limb ischemia.
CASE PRESENTATION

A 49-year-old man, previously healthy, who had no prior

comorbid diagnosis, contracted the common symptoms of

coronavirus infection in early April this year. He described

a two-week history of irritating cough, fever, headache,

malaise and myalgia. He was self-isolating in his house

with his family, as per the government guidance. Toward

the end of his period of self-isolation, he experienced

worsening shortness of breath and left leg pain that

required hospital admission under the medical team at

his local district general hospital. He had chest X-ray and

computed tomography pulmonary angiogram and was

tested twice for COVID-19 by nasal antigen swabs. His

lungs showed radiological features of ground-glass opaci-

ties and bronchovascular thickening that were highly sug-

gestive of COVID-19 infection; however, both swab tests

were negative. The patient stayed in the hospital for four

days, during which he required nasal oxygen. His general

condition and most of his respiratory COVID-19 symp-

toms improved. However, his leg pain worsened, and he

had trouble walking. At this point, the left leg was found
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Fig. 1. Chest X-ray showing patchy air space shadowing

throughout both lung fields with a predominance of pe-

ripheral ground-glass changes.
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to be cold with no palpable pulses below the groins,

impaired sensation but normal power. An urgent CT pe-

ripheral angiogramwas performed. Hewas anticoagulated

using low-molecular-weight heparin (tinzaparin 15,000

IU) and referred urgently to our regional vascular center.

On arrival to the vascular hub unit, the patient was

normotensive with a blood pressure of 125/75 mm Hg,

had a sinus-rhythm tachycardia with a heart rate of 125

bpm, oxygen saturation of 95%, tachypnoea of 24

breaths/minute, and a temperature of 38.1�C, scoring

(4) on the National Early Warning Score chart.4 The

vascular assessment of the lower limbs showed a pale

looking left foot, colder than the right side with prolonged

capillary refill time (>4 seconds) and minimal calf tender-

ness. Neurologically, there was sensory impairment

affecting the toes with no associated limbweakness. There

were palpable bilateral femoral pulses with absent pulses

on the left popliteal and pedal arteries. There was a full

complement of lower limb pulses on the right leg. The

hand-held Doppler examination revealed monophasic

signals on the anterior tibial artery. Ankle-brachial pres-

sure index (ABPI) was not measured preoperatively or

postoperatively.

A clinical diagnosis of Rutherford class IIa marginally

threatened acute limb ischemia was established. An ur-

gent multidisciplinary team discussion ensued, between

on-call vascular surgeons, interventional radiologists,

anesthetists, and intensive care consultants. They

concluded that given the unique circumstances due to

COVID-19, urgent CDT would be the treatment of choice

for his infrainguinal lesion and to avoid dealing with the

common iliac lesion. The rationale behind the decision

considered the clinical staging of the ischemic limb (IIa

Rutherford), the acute duration of limb symptoms

(<twoweeks), the absence of any known absolute or rela-

tive contraindications to thrombolysis, the acute occlu-

sion of the runoff vessels, and the new guidance from

the vascular society that recommends endovascular inter-

vention during the pandemic. The patient agreed and con-

sented for thrombolysis after he was informed of the

associated benefits and risks.
INVESTIGATIONS

Chest X-ray (Fig. 1) and CT pulmonary angiogram

(Fig. 2) displayed typical radiological features of

COVID-19 pneumonia.5 CT angiogram showed

eccentric mural thrombus at the aortic bifurcation,

extending into the left common iliac artery with

luminal narrowing at the origin (Fig. 3), abrupt

popliteal occlusion extending from the knee joint

down to trifurcation, with an absent left posterior

tibial artery, and poor run off in the distal anterior

tibial and peroneal arteries (Figs. 4 and 5). There

was no underlying arterial calcification noted.

Full blood tests were unremarkable except the

following abnormalities: raised white blood cells

count (11.8 per mL; reference range 4e11 per mL),
raised platelet count (520 per mL; reference range

120e400 per mL), mildly raised C-reactive protein

(12 mg/L; reference range 0e10 mg/L), and defi-

cient levels of activated partial thromboplastin

time ratio (0.9; reference range 2e3).

On admission to the vascular hub unit, a third

nasopharyngeal sample was sent and came back

negative for SARS-CoV-2. An electrocardiogram

confirmed sinus tachycardia and urgent echocardi-

ography was normal, with no cardiac source of

embolization detected.
TREATMENT

On admission, the patient was started on systemic

anticoagulation using heparin infusion, 75 mg

aspirin, 80 mg atorvastatin, and analgesia. In the

interventional radiology suite, aWorld Health Orga-

nization surgical safety checklist was completed.

Under local anesthesia and complete sterile condi-

tions, antegrade access was achieved using an

ultrasound-guided puncture to the left common

femoral artery. A 5-Fr sheath was inserted, intrave-

nous 5,000 units of unfractionated heparin were

given, and an initial digital subtraction angiography

was performed (Fig. 6). A Fountain-infusion cath-

eter (5-Fr, 90 cm � 20 cm) was then placed down

into the tibioperoneal trunk. A 10 mg bolus of tPA

was infused followed by continuous tPA infusion

at a rate of 1 mg/hr through the Fountain catheter

and 0.5 mg/hr through the sheath in addition to

continuous heparin infusion at a rate of 1000 U/

hr. The postprocedure assessment was uneventful,



Fig. 2. CT pulmonary angiogram demonstrated no evidence of acute pulmonary embolus but numerous foci of

ground-glass changes affecting all lung lobes, predominantly in a peripheral distribution with patchy consolidation

and prominent mediastinal and hilar lymph nodes.

Fig. 3. CT peripheral angiogram (axial and sagittal views)

shows eccentric mural thrombus at the aortic bifurcation,

extending into the left CIA with luminal narrowing at

the origin. (Arrows).
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and the patient moved to the high dependency unit

for close observation.

Twenty-four-hour-checkangiography showed

resolution of most of the popliteal thrombosis and

recanalization of the distal two-thirds of his poste-

rior tibial artery (Fig. 7). The catheter was advanced

into the proximal posterior tibial artery, and a

further 24 hours of tPA-CDT was continued using
the same protocol of infusion that was listed previ-

ously. A second 24-hour-checkangiography showed

complete resolution of the popliteal thrombus and

inline flow in the proximal-mid anterior tibial ar-

tery. While the proximal peroneal and posterior

tibial artery remained occluded, these vessels

reformed in the mid-distal calf and filed plantar

arch (Fig. 8). Despite these suboptimal radiological

features (occluded distal anterior tibial artery and

proximal posterior tibial artery), a decision was

made to stop the procedure as the foot was warm,

well perfused with triphasic Doppler signals, and

palpable left posterior tibial artery pulses. The cath-

eter and the sheath were removed, and the common

femoral artery access site was closed using a 6 Fr

Angio-Seal device (Angio-Seal� Evolution� Ter-

umo, Europe).
OUTCOME AND FOLLOW-UP

The patient was continued on heparin infusion for

extra 24 hours after thrombolysis followed by com-

bined oral anticoagulation (dabigatran 150mg twice

daily) and a single antiplatelet (aspirin 75 mg OD)

for six weeks with a plan to stop anticoagulation af-

ter reviewing in the clinic. Before discharge, the pa-

tient reported complete resolution of his symptoms

andwas able towalk pain-free. On clinical examina-

tion, the left lower limb was well perfused (pink and

warm), capillary refill < 2 seconds, palpable poste-

rior tibial artery, and dorsalis pedis artery pulses

with triphasic Doppler signals on both arteries. An

ultrasound scan of the left groin showed no evi-

dence of hematoma or bleeding. The patient was

discharged home with no early postprocedure

complications.



Fig. 4. CT peripheral angiogram (sagittal and coronal views) shows an abrupt occlusion of the left popliteal artery.

(Arrows).
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Six weeks later, in the follow-up vascular clinic,

the patient showed full recovery of his symptoms

with no complication. He had a planned left lower

limb arterial duplex scan that showed patent arterial

tree; aorta, common and external iliac, common

femoral, profunda and superficial femoral, popliteal,

tibioperoneal trunk, and the three runoff vessels

with triphasic flow signals (Fig. 9). The patient has

been maintained on dabigatran, aspirin 75 mg,

and atorvastatin 80 mg for a further eight weeks.
DISCUSSION

In this article, we are reporting one of the earliest

cases of successful endovascular management of

acute lower limb ischemia that developed in a previ-

ously healthy young man after suffering from the

acute illness and chest changes consistent with

COVID-19.

The novel coronavirus (SARS-CoV-2) has been

identified as the cause of COVID-19.2 It mainly af-

fects the respiratory system with symptoms ranging

from amild common coldelike illness to severe viral

pneumonia in symptomatic patients. In severely

affected patients, the disease may progress to acute

respiratory distress syndrome, septic shock, meta-

bolic acidosis, coagulopathy, including disseminated

intravascular coagulopathy, and death.6

Our patient experienced an initial deterioration

of his respiratory symptoms requiring hospital

admission and oxygen therapy. His radiological
investigations displayed typical features of COVID-

19 pneumonia that matched his initial admission

symptoms. The hallmarks of COVID-19 on CT imag-

ing are bilateral and peripheral ground-glass opaci-

ties, consolidative pulmonary opacities, and crazy

paving patterns.5 These radiological changes in asso-

ciation with the respiratory symptoms are sufficient

for diagnosis of COVID-19 even in the absence of

positive nasopharyngeal swab.7 A study in Wuhan,

China, of 1,014 patients examined the correlation

of chest CT and nasal swab testing for COVID-19.7

It concludes that chest CT had higher sensitivity

(97%) for diagnosis of COVID-19 as compared

with swab testing sensitivity (59%). It also revealed

that nearly 30% of patients diagnosed with COVID-

19 positive CT chest findings had a negative nasal

swab result. It was suggested that a negative swab

test does not rule out the disease. Although no

robust peer review literature currently exists to reli-

ably calculate the specificity and sensitivity of the

nasal swab testing, it is widely agreed on that the

testing specificity is high, approximately 98%, and

the sensitivity is contested with reports suggesting

that it may be as low as 60%.8 The disease preva-

lence also factors significantly into the negative pre-

dictive value of the test result. Unfortunately, the

local reported prevalence of COVID-19 is variable

and likely unreliable, given limited access to testing

at that time. When the patient presented during the

early stages of the pandemic, COVID-19 antibody

testing was not available in the United Kingdom.

Currently, it is only offered to National Health



Fig. 5. CT peripheral angiogram (axial view) shows an abrupt occlusion of the left popliteal artery. (Arrow).

Fig. 6. Left lower limb angiogram shows an acute occlusion of the popliteal, tibioperoneal trunk, and poor run off, with

segments of reconstitution of the anterior tibial artery (ATA) and peroneal at the mid-distal calf level. (Arrows).
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Service and care staff, but not to outpatients, so we

cannot perform it for our patient.

The incidence of thromboembolic complications

in patients with COVID-19 is as high as 35e45%.9

A recent study from Lombardy, Italy, showed a

notable rise in the incidence of acute threatening

limb ischemia due to hypercoagulability linked to

COVID-19 infection.10 The pathophysiology of

COVID-19einduced thrombosis is recently

explained.11 Angiotensin-converting enzyme-2

(ACE2) receptor is highly expressed in vascular

endothelium and other cells.12 SARS-CoV-2 infil-

trates these cells by binding to (ACE2) receptor

and therefore potentiates an intense immune

response known as the cytokine storm, which pre-

cipitates the onset of systemic inflammatory

response syndrome (SIRS). The subsequent SIRS
will induce an endotheliopathy and hypercoagula-

bility state, leading to both systemic macrothrombo-

sis and microthrombosis.11 Although our patient

had no signs of underlying large vessels disease as

confirmed with the absence of arterial calcification

or stenotic disease in his CT angiogram, he devel-

oped intra-arterial thrombosis. We believe that his

arterial thrombosis is a consequence of the SIRS

that was triggered by the COVID-19 viral

pneumonia.

Doppler segmental limb pressures are generally

of no benefit in acute arterial occlusions. The

criteria developed for chronic ischemia do not

apply in acute settings. The ABPI measurement

has little relationship to that considered for chronic

critical limb ischemia, and there is noway to predict

the ultimate ABPI in the acute period. If the ABPI



Fig. 7. 24-hr-first check angiogram shows the dissolution of the popliteal thrombus and reconstitution of the mid-distal

posterior tibial artery (PTA) with poor views in the anterior tibial artery (ATA) and peroneal arteries. (Arrows).

108 Muhammad et al. Annals of Vascular Surgery
can be measured, the limb is a nonthreatened

extremity.

Laboratory investigations have confirmed that

COVID-19 infection is associated with initial coagul-

opathy in the form of prominent elevation of D-

dimer and fibrin/fibrinogen degradation products.

In contrast, abnormalities in prothrombin time, par-

tial thromboplastin time, and platelet counts are

relatively uncommon on initial presentations.13e15

Our patient had abnormal partial thromboplastin

time and thrombocytosis on admission, but the D-

dimer and fibrinogen tests were not performed.

The released proinflammatory cytokines from his

lung macrophage system secondary to COVID-19

pneumonia could contribute to his thrombocyto-

sis.16 No thrombophilia tests were performed due

to the absence of any patient’s history of any previ-

ous thromboembolic diseases as well as the negative

family history of any related blood disorders.

It is established that all patients with acute limb

ischemia should immediately commence on paren-

teral anticoagulation to prevent extension of the

thrombus, to conserve the patency of the collaterals,

to reduce the incidence of cardiovascular events,

and to improve prognosis by preventing early recur-

rent thrombosis.17,18 In addition, any delays in rein-

stating blood supply to the ischemic tissues could
trigger a significant second hit with the augmented

systemic inflammatory response after reperfusion.

Our patient probably benefited from the initial hep-

arin treatment because of its anti-inflammatory ef-

fect, which is protective to the lung endothelium.

The latter is mediated by neutralizing the damage-

associated molecular patterns.19

The patient was eligible for catheter-directed

thrombolysis, catheter-directed suction thrombec-

tomy, or open embolectomy. However, the decision

to select the most appropriate revascularization op-

tion was challenging. Open surgery is invasive and

associated with higher morbidity and mortality. In

the COVID-19 era, open surgery with general anes-

thesia would be considered as an aerosol-generating

procedure that requires full personal protective

equipment with increased risks on both patients

and the theater team. General anesthesia was re-

ported to increase postoperative mortality in pa-

tients COVID-19.20 An endovascular approach, as

the first-line option, was recommended by the

Vascular Society of Great Britain and Ireland guide-

lines during the COVID-19 pandemic.21

Currently, the evidence for endovascular treat-

ment for COVID-19einduced arterial thrombosis is

lacking. However, it is our opinion that CDT would

minimize the intimal trauma and the risk of



Fig. 8. 48-hr second check angiogram shows resolution of the popliteal thrombus, patent proximal-mid anterior tibial

artery (ATA) that occlude at the level of the ankle, proximally occluded peroneal, and posterior tibial artery (PTA) ar-

teries which reconstitute mid-distal calf and collateral filling the arch. (Arrows).

Fig. 9. Lt lower limb arterial duplex scan: Six weeks postintervention shows patent arterial tree; common iliac and

common and superficial femoral, popliteal, tibioperoneal trunk, and the run-off vessels with triphasic flow signals.
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recurrent thrombosis, which could otherwise occur

as a result of mechanical thrombectomy. Although

CDT is less invasive, it has the risks of failure,

myocardial infarction, cerebrovascular accidents,

bleeding, and distal embolization.17 Specifically,

CDT could trigger bleeding in COVID-19einduced
lung disease. Indeed, hemoptysis has been reported

as one of the symptoms of the COVID-19.1

While the general bleeding risks of CDT are known

to us, and to reduce risks, our center’s protocol is to

recover and observe all patients with arterial throm-

bolysis in the high-dependency unit. It is reasonable



Learning Points

� Coronavirus disease 2019 (COVID-19) is a
prothrombotic disease and may predispose
patients to arterial thrombosis and acute
limb ischemia.

� Tissue plasminogen activator catheter-
directed thrombolysis (tPAeCDT) is a suc-
cessful modality in treating arterial throm-
bosis secondary to COVID-19 infection.

� Acute limb ischemia could still develop dur-
ing the recovery phase of a COVID-19
infection.
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to use individualized risk stratification to balance be-

tween risks of thrombosis and bleeding.22,23 Thus, a

multidisciplinary consensus between relevant clini-

cians and patients is paramount in times of clinical

uncertainties and outcomes should be documented

in the patients’ records.

In this case, we intentionally decided not to

directly treat the left common iliac artery thrombus,

as it was not flow limiting. Further, we expected that

the systemic effect of tPA and the intravenous hep-

arin would stabilize the common iliac thrombus.

In a similar recent case using urokinase, CDT

failed to achieve successful revascularization of a pa-

tient with tibial emobolization; hence, a retrograde

pedal embolectomy was required to reperfuse an

ischemic leg.24 The use of different techniques and

another thrombolytic agent may explain the differ-

ence in the outcome. We placed an antegrade

sheath and the fountain catheter into the popliteal

thrombus to maximize the thrombolysis effect.

Our protocol is to use tPA in both the sheath and

catheter. In our case study, 48 hours of tPA-CDT

was able to dissolve most of the thrombus with

remaining short lesion in the proximal posterior

tibial artery. However, with continuous anticoagu-

lation for six weeks, the infrainguinal thrombus

resolved ultimately.

We used dabigatran as an oral anticoagulant in

addition to aspirin for six weeks. However, dabiga-

tran is not licenced for use in arterial thrombosis.

This underpins the fact that there is insufficient

data available for pharmacological management of

patients with acute limb ischemia secondary to

COVID-19 infection. Dabigatranwas used for its con-

venience as the patient did not needmonitoring or to

attend anticoagulation clinics given the COVID-19

restrictions. In additioin, the use of anticoagulant

with single antiplatelet provides better protection

from recurrence of arterial thrombosis than a single

modality, albeit with a higher risk of bleeding. There-

fore, we decided to use a direct oral anticoagulant,

that is dabigatran, that has an antidote if needed.

Recently, it was brought to our attention the

establishment of an international effort known as

the ‘‘Vascular Surgery COVID-19 Collaborative’’

(VASCC).25Within the VASCC, two distinct projects

were created to provide vascular surgeons from

around the world with the opportunity to study

the major issues facing our specialty. In particular,

project 2: ‘‘Thrombotic complications of COVID-

19’’ aims to investigate further and clarify the

thrombotic manifestations of the disease and to un-

derline management practices under such circum-

stances. This project will hopefully provide a large

case basis to address this critical issue.
Current literature consists only of single centers

experience. In our report, we demonstrated that

tPA-CDT was successful in dissolving thrombosis

caused by COVID-19 infection, without complica-

tion and should be considered as a safe treatment

option in the presence of pulmonary COVID-19

changes. At a time when the disease process has

not been fully understood, this case adds to the

body of evidence that supports the Vascular Society

guidance of an endovascular approach in the man-

agement of COVID-19 vascular events.
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