
The current COVID-19 pandemic has caused 
unprecedented disruption and strain on the 
health care system worldwide. Much of the focus 
and many of the health care resources have 

been diverted to pandemic management. Challenges aris-
ing from this health emergency such as reduced access to 
care, personnel safety concerns, disruption of the supply 
chain, and job loss (including loss of health care cover-
age and financial stress) have led to delays in diagnosis 
and treatment of many health conditions. Cardiovascular 
diseases including peripheral artery disease (PAD) require 
continuous care and, in some cases, rapid intervention to 
prevent debilitating consequences such as limb loss. The 
impact of the pandemic is exacerbated in the sicker and 
vulnerable patient population, including those with critical 
limb ischemia (CLI). 

As the most advanced form of PAD, CLI is defined by 
ischemic foot pain at rest, nonhealing wounds or ulcers, 
and/or gangrene in one or both extremities as a result of 
severe arterial insufficiency. CLI is estimated to be preva-
lent in approximately 2 million people in the United States,1 
and it is likely to increase in the aftermath of the pandemic 
as patients defer medical care. Patients with CLI tend to 
present with multilevel occlusive disease and multiple car-
diovascular comorbidities, leading to an increased risk of 
cardiac events and mortality.2 The major amputation rates 
in patients with CLI are as high as 40% within 6 months of 
presentation.3 These poor baseline outcomes have only 
been compounded further by the COVID-19 pandemic. 
An observational study in Italy reported an almost 50% 
increase in the rate of amputations during the pandemic 
compared with the previous year.4 

CLI is a complex disease that requires a multidisciplinary 
team approach with the goal of limb salvage and improv-
ing quality of life. At our institution, this approach includes 
aggressive medical management, revascularization, wound 

care, podiatric and orthotic care, nutritional assessment 
and supplementation, management of risk factors (eg, 
smoking cessation), and optimization of home care and 
other resources. We have streamlined the outpatient care 
process with urgent preprocedure appointments with all 
necessary subspecialists to minimize hospitalization and 
maintain continuity of care. Fortunately, endovascular 
therapy often offers a suitable revascularization option 
because of its wide applicability, shorter postoperative 
recovery time, and reduced infection risk. 

To achieve our outpatient goals, we attempt to leverage 
the most effective endovascular technologies available that 
provide high patency rates, decreased reinterventions, and 
significant wound healing potential. Lesion debulking with 
directional atherectomy is a reliable and effective endovas-
cular strategy that allows the operator to reach their desired 
level of debulking; in my experience, it has been enhanced 
further when followed by drug-coated balloon (DCB) angio-
plasty. The DEFINITIVE LE study, a core-lab adjudicated, 
multicenter, prospective study, demonstrated the safety 
and effectiveness of directional atherectomy in 799 patients 
with PAD (1,022 target lesions).5 The study included 
patients with CLI, infrapopliteal lesions, and subcohorts of 
sicker patients. The 12-month primary patency rate across 
all anatomic vascular beds was 78% in claudicants, 71% in 
patients with CLI, and 77% in the diabetic group. There was 
a 95% rate of freedom from major amputation in patients 
presenting with CLI, including those with a Rutherford clas-
sification of 5 or 6 and tissue loss. With the addition of pacli-
taxel-based endovascular therapies for superficial femoral 
artery (SFA)/popliteal lesions based on data reported from 
the IN.PACT SFA trial,6 we expect similarly high primary 
patency rates and single-digit target lesion revascularization 
rates at 1 year. An examination of this treatment strategy 
was performed in the DEFINITIVE AR study.7 Although the 
study was not powered to provide a statistically significant 
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conclusion, the combination of directional atherectomy and 
DCB angioplasty was found to be effective and safe. We 
await more definitive results of this combination treatment 
from the REALITY trial, which is currently collecting and ana-
lyzing adequate follow-up data.

The following cases demonstrate some of the challenges 
to CLI care during the COVID-19 pandemic. The standard-
ized and aggressive institutional protocols for CLI patients 
have been adapted and optimized through positive and nega-
tive lessons learned as we continue to cope with the unprec-
edented obstacles of care amidst the global pandemic. 

CASE 1
A woman in her early 70s was admitted with congestive 

heart failure exacerbation (ejection fraction, 20%) and was 
found to have a 3-month-old left heel wound (Figure 1).

The patient was a nonsmoker with stage 3 chronic kid-
ney disease, diabetes mellitus, coronary artery disease, and 
previous stroke with right lower extremity paralysis. She was 
using her left leg to transfer and therefore remained surpris-
ingly mobile. A left lower extremity arterial duplex ultrasound 
demonstrated occlusion of the SFA, with reconstitution of 
the popliteal artery, severe stenosis in the P1 segment, and 
monophasic tibial waveforms. MRI demonstrated osteomy-
elitis of the left calcaneus. The decision was made to proceed 
with limb salvage attempts to maintain her mobility, which 
would be nonexistent after left leg amputation.

Given her inpatient status and CLI (Rutherford classifica-
tion 6), she was deemed an essential surgical candidate per our 
institution’s COVID-19 operative case classification. Therefore, 
she was medically optimized with the initiation of a limb salvage 
plan (Figure 2) and started on intravenous antibiotics. 

The patient underwent heel debridement with bone 
biopsy and negative pressure wound dressing. The day 
after debridement, she underwent left lower extremity 
angiography via right femoral access, which demonstrated 
severe stenosis of the external iliac artery and SFA/popli-
teal chronic total occlusions (Figure 3). 

Successful recanalization was performed with directional 
atherectomy of the SFA and popliteal artery using the 

Figure 1.  A 3-month-old left heel wound in a 

patient with CLI.

Figure 2.  The limb salvage plan for the patient with CLI in case 1. Cr, creatinine; CRP, 

C-reactive protein; Hgb, hemoglobin. 

Figure 3.  Initial angiograms demonstrating sequential SFA and 

popliteal artery chronic total occlusions. 



HawkOne™ LX directional atherectomy system catheter 
(Medtronic) over a 7-mm SpiderFX™ embolic protection 
device filter wire (Medtronic), followed by 5- X 250-mm 
and 5- X 200-mm IN.PACT™ Admiral™ drug-coated bal-
loons (Medtronic). Completion angiograms are shown in 
Figure 4. The external iliac artery stenosis was treated with 
angioplasty and a bare-metal stent.

With a palpable posterior tibial artery pulse after the 
intervention, the patient had a final inpatient heel debride-
ment 4 days later. She was medically stable, with all limb 
salvage treatment goals optimized, continued outpatient 
management was coordinated including intravenous anti-
biotics, and the patient was then discharged home. Her 

first follow-up visit was in person and completed within 
7 days of discharge, and her heel wound was granulat-
ing well (Figure 5A). Our CLI nurse navigator confirmed all 
outpatient care was continuing as planned. Throughout 
the COVID-19 pandemic, weekly or biweekly virtual visits 
were performed using real-time video documentation of 
the heel wound with assistance from the patient’s family 
members. The patient continued to attend weekly wound 
care clinic visits with appropriate personal protective 
equipment. The patient took Juven™* nutritional supple-
ments (Abbott) until wound healing was confirmed. The 
coordination of virtual visits with medical specialty clinics 
successfully maintained comorbidity equipoise, and all 
challenges to care were addressed by our nurse naviga-
tor. Over the course of 2.5 months, the patient’s left heel 
wound healed and continues to do well (Figure 5B).

CASE 2
A man in his early 60s with hypertension, poorly con-

trolled diabetes, and severe PAD after a right below-knee 
amputation 3 years ago presented for evaluation after the 
development of gangrene on multiple toes of the left foot. 
He underwent left second toe amputation at an outside 
hospital 3 weeks before presentation and had breakdown 
of the incision with several new areas of ulceration. The 
ankle-brachial index was falsely elevated (0.96), and the toe 
pressure was 0. A left lower extremity arterial duplex ultra-
sound showed a patent femoropopliteal segment, with 
monophasic flow through the anterior tibial and occluded 
posterior tibial/peroneal arteries. Osteomyelitis of the fifth 
metatarsal head was confirmed by an MRI.

The patient remained ambulatory with a right lower 
extremity prosthesis and was motivated to save his left 
leg to maintain employment. Therefore, we elected to 
proceed with limb salvage attempts and again applied our 
systematic approach for limb salvage treatment (Figure 6). 

Because the patient presented to the ambulatory clinic 
early in the COVID-19 outbreak, we elected to treat him 
via our standard outpatient pathway to preserve inpa-
tient beds for an expected surge of COVID-19–positive 
patients. The patient was taken to the hybrid operating 
room and underwent left lower extremity angiography via 
antegrade left femoral access, which demonstrated severe 
infrapopliteal occlusive disease (Figure 7) with a dominant 
anterior tibial artery that occluded distally and reconstitu-
tion of the dorsalis pedis artery. 

Intervention and recanalization of the anterior tibial 
artery were performed with directional atherectomy 
using a HawkOne S catheter (Medtronic) over a 3-mm 
SpiderFX protection device embolic filter wire (Medtronic) 
(Figure 8A). Postdilatation was performed with a 2.5-mm 
angioplasty balloon. Completion angiography is shown 
in Figure 8B. Mild vasospasm visualized in this angiogram 
resolved with intra-arterial nitroglycerin administration. The 
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TM* third party brands are trademarks of their respective owner.

Figure 4.  Completion angiograms of the SFA and popliteal artery 

after directional atherectomy with the HawkOne LX catheter over 

a 7-mm SpiderFX embolic protection device filter wire, followed by 

5- X 250-mm and 5- X 200-mm IN.PACT Admiral DCBs.

Figure 5.  The first follow-up visit after the index procedure within 

7 days of discharge showing the heel wound granulating well (A). 

The healed heel wound at the 2.5-month follow-up visit (B).
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patient had a palpable dorsalis pedis pulse. He underwent 
ray amputation of the third, fourth, and fifth toes, as well as 
debridement of the nonhealing second toe amputation site. 
The patient was discharged home the same day.

The first planned virtual follow-up visit was within 7 days 
of discharge, and it was converted from a video visit to a 
phone visit because the patient was unable to connect 
adequately. His own assessment of the incision was sat-
isfactory, but he did not have an adequate understand-
ing of how to take or deliver pictures of his incision to our 
team. We initiated home health wound care and received a 
poor-quality phone picture demonstrating wound break-
down several days later (Figure 9). The patient was unable 
to attend requested in-person visits with our clinic or the 
wound care clinic because of transportation issues dur-
ing the shelter-in-place order. The patient was also unable 
to obtain a front offloading shoe due to store closure 
and transportation issues. Despite good compliance with 
medications, he did not notify the team that his nutrition 
supplementation supply was extinguished, and he did not 
obtain refills. 

Ultimately, the patient presented for an in-person visit 
4 weeks postprocedure. His dorsalis pedis pulse was pal-
pable and the great toe pressure measured 86 mm Hg. 
Unfortunately, by that time, the wound breakdown and lack 
of appropriate wound care left the foot beyond salvage. The 
patient underwent below-knee amputation shortly thereafter.

DISCUSSION
Patients with CLI remain a complicated and challenging 

population to treat, necessitating a successful revascular-
ization procedure followed by strict coordination and over-
sight of multiple competing treatment plans. An incom-
plete execution of any one plan addressing the required 
healing components may be sufficient to derail the entire 
project and thus result in limb loss. This task is formidable 
in our standard operating environment and has only been 
exacerbated by the COVID-19 pandemic. 

As the previous cases illustrate, acceptable and suc-
cessful treatment of CLI patients and limb salvage remains 
possible amid a crippled health care system during a pan-
demic. However, we must recognize that the magnitude of 
obstacles we face to achieve adequate CLI care has mul-

Figure 6.  The limb salvage plan for the patient with CLI in case 2. RLE, right lower 

extremity; s/p, status post. 

Figure 7.  The initial angiogram of the left 

anterior tibial artery showing distal occlu-

sion with reconstitution of the dorsalis 

pedis artery.

“ At the crux of each case is not only 
a fundamental assessment of the 
patient’s health condition but also 
an honest judgment of the patient’s 
functional care network and their 
capacity to operate within that 
network.”



tiplied significantly. At the crux of each case is not only a 
fundamental assessment of the patient’s health condition 
but also an honest judgment of the patient’s functional 
care network and their capacity to operate within that net-
work. In pre–COVID-19 times, a formal medical assess-
ment (wound status, type of revascularization) would be 
the driving consideration for inpatient versus outpatient 
care because, in most instances, we have established and 
optimized the outpatient care network and treatment 
plan for CLI patients. However, during the pandemic, the 
status of the outpatient care network has become the 
primary driver of inpatient admission. Without a function-
ing outpatient network and a reliable patient, the likelihood 
of limb salvage decreases dramatically. Limited in-person 
clinic visits and closed specialty offices because of social 
distancing specifications/requirements may lead to sub-
optimal medication adjustments, improper or nonexistent 
wound debridement and/or dressing changes, and the 
inability to obtain prosthetic equipment, among other 
impediments. Furthermore, elderly patients who do not 
own smartphones or understand how to adequately use 
the camera are ill-equipped to provide adequate updates 
on their progress, whether for virtual visits or wound heal-
ing progress. A strong family unit may be able to overcome 
some of these issues provided they do not become ill 
themselves, but for solitary patients, any one of these 
obstacles (including transportation) can be a hindrance to 
a standard treatment strategy. Ultimately, the expected 

and required level of care 
for limb salvage in the 
outpatient setting may no 
longer be available.

Understanding that it 
is impractical and frankly 
unnecessary to place every 
CLI patient into inpatient 
status, it is entirely appro-
priate to consider a num-
ber of these patients as 
“urgent” cases that justify 
operative/procedural and 
inpatient resources. The 
focus is placed on early 
medical specialty consul-
tation, expedient revas-
cularization, and wound 
debridement/care. Active 
engagement with the 
functioning outpatient care 
providers prior to discharge 
and having contingency 

plans in place can avoid early missteps and treatment plan 
failures. Further, an outpatient CLI nurse coordinator may 
help the patient navigate and troubleshoot obstacles out 
of the hospital as they arise, which will help keep the treat-
ment plan on track. It is with early and aggressive health care 
intervention followed by strict and persistent coordination 
of care that we can provide CLI patients with the best pos-
sible opportunity for limb salvage.

CONCLUSION
Patients presenting with CLI require an intense, focused 

treatment plan to optimize limb salvage. Many of the com-
ponents in the treatment strategy may be disrupted or 
nonexistent during the COVID-19 pandemic because of 
the severe strain placed on the health care system. The 
reliability of both outpatient care providers and patients 
has proven to be a significant limiting factor for adequate 
treatment. As such, the delicate balance of inpatient ver-
sus outpatient care of CLI patients may require a paradigm 
shift during the pandemic to optimize outcomes. n 
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Figure 8.  Revascularization of the anterior tibial artery with direc-

tional atherectomy using a HawkOne S catheter over a 3-mm 

SpiderFX embolic filter wire (A). A completion angiogram of the 

anterior tibial artery (B). 

Figure 9.  A phone picture taken 

by the patient showing wound 

breakdown after initiating home 

health wound care 7 days post–

index procedure.
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Indications, Safety, and Warnings
If you are located in the United States, please refer to the brief statement(s) below to review applicable 
indications, safety and warning information. See the device manual for detailed information regarding 
the implant procedure, indications, contraindications, warnings, precautions, and potential complica-
tions/adverse events. For further information, please call Medtronic at 1.763.514.4000 and/or consult 
the Medtronic website at www.medtronic.com.

If you are located outside the United States, see the device manual for detailed information regarding 
instructions for use, the implant procedure, indications, contraindications, warnings, precautions, and 
potential adverse events. For further information, contact your local Medtronic representative and/or 
consult the Medtronic website at www.medtronic.eu.

For applicable products, consult instructions for use on manuals.medtronic.com. Manuals can be 
viewed using a current version of any major internet browser. For best results, use Adobe Acrobat® 
Reader with the browser.

Important Reminder: This information is intended only for users in markets where Medtronic prod-
ucts and therapies are approved or available for use as indicated within the respective product manu-
als. Content on specific Medtronic products and therapies is not intended for users in markets that do 
not have authorization for use.

IN.PACT™ Admiral™ Paclitaxel-coated PTA balloon catheter Brief Statement
Indications for Use:
The IN.PACT™ Admiral™ Paclitaxel-coated PTA Balloon Catheter is indicated for percutaneous trans-
luminal angioplasty, after appropriate vessel preparation, of de novo, restenotic, or in-stent restenotic 
lesions with lengths up to 360 mm in superficial femoral or popliteal arteries with reference vessel 
diameters of 4-7 mm.

Contraindications
• The IN.PACT Admiral DCB is contraindicated for use in:
• Coronary arteries, renal arteries, and supra-aortic/cerebrovascular arteries
• Patients who cannot receive recommended antiplatelet and/or anticoagulant therapy
• Patients judged to have a lesion that prevents complete inflation of an angioplasty balloon or 

proper placement of the delivery system
• Patients with known allergies or sensitivities to paclitaxel 
• Women who are breastfeeding, pregnant or are intending to become pregnant or men intending to 

father children.  It is unknown whether paclitaxel will be excreted in human milk and whether there 
is a potential for adverse reaction in nursing infants from paclitaxel exposure.

Warnings
• A signal for increased risk of late mortality has been identified following the use of paclitax-

el-coated balloons and paclitaxel-eluting stents for femoropopliteal arterial disease begin-
ning approximately 2-3 years post-treatment compared with the use of non-drug coated 
devices. There is uncertainty regarding the magnitude and mechanism for the increased late 
mortality risk, including the impact of repeat paclitaxel-coated device exposure. Physicians 
should discuss this late mortality signal and the benefits and risks of available treatment 
options with their patients.

• Use the product prior to the Use-by Date specified on the package.
• Contents are supplied sterile. Do not use the product if the inner packaging is damaged or opened.
• Do not use air or any gaseous medium to inflate the balloon. Use only the recommended inflation 

medium (equal parts contrast medium and saline solution).
• Do not move the guidewire during inflation of the IN.PACT Admiral DCB.
• Do not exceed the rated burst pressure (RBP). The RBP is 14 atm (1419 kPa) for all balloons except 

the 200 and 250 mm balloons. For the 200 and 250 mm balloons the RBP is 11 atm (1115 kPa). The 
RBP is based on the results of in vitro testing. Use of pressures higher than RBP may result in a rup-
tured balloon with possible intimal damage and dissection.

• The safety and effectiveness of using multiple IN.PACT Admiral DCBs with a total drug dosage 
exceeding 34,854 µg of paclitaxel in a patient has not been clinically evaluated.

Precautions
• This product should only be used by physicians trained in percutaneous transluminal angioplasty 

(PTA).
• This product is designed for single patient use only. Do not reuse, reprocess, or resterilize this prod-

uct. Reuse, reprocessing, or resterilization may compromise the structural integrity of the device and/
or create a risk of contamination of the device, which could result in patient injury, illness, or death.

• Assess risks and benefits before treating patients with a history of severe reaction to contrast agents. 
• The safety and effectiveness of the IN.PACT Admiral DCB used in conjunction with other drug-

eluting stents or drug-coated balloons in the same procedure or following treatment failure has not 
been evaluated. 

• The extent of the patient’s exposure to the drug coating is directly related to the number of bal-
loons used. Refer to the Instructions for Use (IFU) for details regarding the use of multiple balloons 
and paclitaxel content.

• The use of this product carries the risks associated with percutaneous transluminal angioplasty, 
including thrombosis, vascular complications, and/or bleeding events

• Vessel preparation using only pre-dilatation was studied in the clinical study. Other methods of ves-
sel preparation, such as atherectomy, have not been studied clinically with IN.PACT Admiral DCB.

• This product is not intended for the expansion or delivery of a stent.

Potential Adverse Effects
• The potential adverse effects (e.g. complications) associated with the use of the device are: abrupt 

vessel closure; access site pain; allergic reaction to contrast medium, antiplatelet therapy, or cath-
eter system components (materials, drugs, and excipients); amputation/loss of limb; arrhythmias; 
arterial aneurysm; arterial thrombosis; arteriovenous (AV) fistula; death; dissection; embolization; 
fever; hematoma; hemorrhage; hypotension/hypertension; inflammation; ischemia or infarction of 
tissue/organ; local infection at access site; local or distal embolic events; perforation or rupture of 
the artery; pseudoaneurysm; renal insufficiency or failure; restenosis of the dilated artery; sepsis or 
systemic infection; shock; stroke; systemic embolization; vessel spasms or recoil; vessel trauma which 
requires surgical repair.

• Potential complications of peripheral balloon catheterization include, but are not limited to the fol-
lowing: balloon rupture; detachment of a component of the balloon and/or catheter system; failure 
of the balloon to perform as intended; failure to cross the lesion.

• Although systemic effects are not anticipated, potential adverse events that may be unique to the 
paclitaxel drug coating include, but are not limited to: allergic/immunologic reaction; alopecia; ane-
mia; gastrointestinal symptoms; hematologic dyscrasia (including leucopenia, neutropenia, throm-
bocytopenia); hepatic enzyme changes; histologic changes in vessel wall, including inflammation, 
cellular damage, or necrosis; myalgia/arthralgia; myelosuppression; peripheral neuropathy.

• Refer to the Physician’s Desk Reference for more information on the potential adverse effects 
observed with paclitaxel. There may be other potential adverse effects that are unforeseen at this 
time.

• Please reference appropriate product  Instructions for Use for a detailed list of indications, warnings, 
precautions and potential adverse effects. This content is available electronically at www.manuals.
medtronic.com.

 
CAUTION: Federal (USA) law restricts this device to sale by or on the order of a physician.

HawkOne™ directional atherectomy system Reference Statement
Important Information: Indications, contraindications, warnings and instructions for use can be found 
in the product labeling supplied with each device.

Indications for Use: The HawkOne directional atherectomy system is intended for use in atherectomy 
of the peripheral vasculature. The HawkOne catheter is indicated for use in conjunction with the 
SpiderFX™ embolic protection device in the treatment of severely calcified lesions. The HawkOne cath-
eter is NOT intended for use in the coronary, carotid, iliac or renal vasculature.

CAUTION: Federal (USA) law restricts this product for sale by or on the order of a physician.

SpiderFX™ embolic protection device Brief Statement
Important Information: Indications, contraindications, warnings and instructions for use can be found 
in the product labeling supplied with each device.

Indications for Use: 
• Lower Extremity (LE) Interventions 

The SpiderFX embolic protection device is indicated for use as a guidewire and embolic protection 
system to contain and remove embolic material in conjunction with the TurboHawk™ Peripheral 
Plaque Excision System, either during standalone procedures or together with PTA and/or stenting, 
in the treatment of severely calcified lesions in arteries of the lower extremities. The vessel diameter 
at the filter basket placement site should be between 3.0 mm and 6.0 mm.

• Carotid Interventions 
The SpiderFX embolic protection device is indicated for use as a guidewire and embolic protection 
system to contain and remove embolic material (thrombus/debris) while performing angioplasty 
and stenting procedures in carotid arteries. The diameter of the artery at the site of filter basket 
placement should be between 3.0mm and 7.0mm.

• Saphenous Vein Graft (SVG) Interventions 
The SpiderFX embolic protection device is indicated for use as an embolic protection system to 
contain and remove embolic material (thrombus/debris). The device also acts as the guidewire 
while performing percutaneous transluminal coronary angioplasty or stenting procedures in coro-
nary saphenous vein bypass grafts with reference vessel diameters of 3.0mm to 6.0mm. The safety 
and effectiveness of this device as an embolic protection system has not been established in the 
cerebral vasculature.

CAUTION: Federal (USA) law restricts this product for sale by or on the order of a physician.
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