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a
Abdominal aortic aneurysm 

(AAA)  30, 50. See also 
Endovascular abdominal aortic 
aneurysm repair (EVAR)

Access site bleeding  176–179. See also 
Retroperitoneal 
hematoma (RPH)

Access site complications  175–191
Acute deep venous thrombosis 

(DVT)  196–203
Acute limb ischemia (ALI)  151–160

defined  151
endovascular techniques  151

Angiojet® thrombectomy 
device  159

aspiration thrombectomy  155, 159
diagnostic angiography  151–152
EKOS™ catheter  153, 

155, 159–160
embolic protection devices  153, 158
excimer laser thrombectomy  160
lesion crossing 

technique  152–153
mechanical adjunct therapies   

153, 157
Penumbra Indigo®  159
thrombolytic agents  153, 154

tPA contraindications  153, 157
treating underlying lesion  160

Acute mesenteric ischemia (AMI)  85–91
arterial thrombosis  85
diagnosis

contrast‐enhanced CT  86–87
history and physical exam  86
laboratory studies  86

etiologies  85
NOMI  85, 86
surgical intervention

angiogram  89, 90
aspiration embolectomy  88–89
endovascular therapy  91
follow‐up  91
infusion  91
SMA selection  87–88
thrombolysis  89–91
vascular access and sheath 

selection  87
AFX™ graft  60
ALI. See Acute limb ischemia (ALI)
Alteplase  153, 154
Alto™ system  52
AMI. See Acute mesenteric ischemia  

(AMI)
Angiojet® thrombectomy device  159
Angiosomes  140, 141
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AngioVac system  227
central venous access  227–229
circuit setup  229–231
for clot‐in‐transit  232, 233
configuration  227, 228
patient selection  227–229
for pulmonary embolus  231–232
for right heart vegetation  232–234
thrombus aspiration  229–231

Ankle anatomy  163
Ankle‐brachial index (ABI)   

104, 109
Antegrade femoral arterial access   

115, 116
Antegrade tibial artery 

intervention  141–143
Anterior foot circulation  163, 164
Anterior tibial (AT) artery  163
Aortic arch angiography  21, 22
Aortogram  43, 44
Aorto‐iliac interventions  95–107

access‐related complications  103
angiography  97
balloon angioplasty  100
bare‐metal stents  101
cases  104–107
closure  102
covered stents  101, 102
CTA  96
embolization  103
kissing iliac stents  102
lesion crossing technique  99–100
MRA  97
patient factors  97
planning for  97
preprocedural workup  95
rupture  103
SE vs. BE stents  101–102
sheath selection  99
Shockwave angioplasty  102
TASC II classification of lesion   

97, 98
treatment plan  100

ultrasound  96
vascular access  98–99

Arm ischemia  47–48
Arterial access complications  175–176
Arterial duplex  104
Arterial thrombosis  85
Arteriovenous fistulas (AVF)  177,  

185–186
Aspiration embolectomy  88–89
Aspiration thrombectomy  155, 159
Aspirin  21, 28, 85
Atherectomy  118–119, 121, 122

directional  124–126, 142
excimer laser  122–123
JetStream  123
laser  121–123
orbital  126–127, 142
Phoenix  123
rotational  123–124

Atherosclerosis  15
Atherosclerotic renal artery stenosis 

(ARAS)  68, 69. See also Renal 
artery stenosis (RAS)

AVF. See Arteriovenous fistulas (AVF)

b
BAI. See Blunt aortic injury (BAI)
Balloon‐expandable stents  18, 28, 

82–83, 101–102
Balloon tamponade  179
Bare‐metal stents (BMSs)  101, 

117, 131
Bivalirudin  21
Bleeding

access site  176–179
balloon tamponade  179
completion angiogram  180
covered stent‐graft placement  180
endovascular coiling  180, 181
retroperitoneal hematoma  177
risk factors for  178

Blood pressure  47
Blunt aortic injury (BAI)  33
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c
Cancer‐associated VTE  202
Cannulation, contralateral gate  60–62
Carbon dioxide angiography  51
Cardiac destabilizing syndromes  70
Carotid artery intervention  5–13
Carotid artery stenting (CAS)  6, 7
Carotid endarterectomy (CEA)  6
Carotid stenosis

catheter‐based therapy for  6–13
endovascular treatment of  5–6

CAT8 device  225
Catheter‐based therapy

for carotid stenosis  6–13
for innominate stenosis  2–5

Catheter‐directed thrombolysis   
216–220

Chocolate balloon  121
Chronic mesenteric ischemia (CMI)   

78–85
intervention

complications  84–85
flush aortagram  80
follow‐up and outcomes  85
morbidity rates  84
percutaneous  79
posttreatment angiogram  83, 84
revision  83
selective angiography  81
sheath selection  80
stent placement  82–83
vascular access  79, 80
vessel selection  81, 82
wire placement  82

in older adults  78
Chronic total occlusion (CTO)  79, 

103, 142
Circle of Willis anatomy  23
Claudication  108
Clopidogrel  21, 85
Clot‐in‐transit, AngioVac for  232, 233
CMI. See Chronic mesenteric 

ischemia (CMI)

CO2 angiography  110, 111
Coil placement  180, 181
Common femoral arterial 

complications  176, 177
arteriovenous fistulas  185–186
femoral pseudoaneurysms  180–185
local bleeding  176–180
retroperitoneal hematoma  177

Common femoral artery (CFA)  99, 
104, 139–140

Common iliac artery (CIA)  208
Common iliac vein (CIV)  208
Compression stockings  202
Computed tomography angiography 

(CTA)  2, 48, 51, 71, 79, 96
Computer tomography (CT)  86–87
Contralateral gate cannulation  60–62
Controlled Antegrade and Retrograde 

Tracking (CART)  144
Cook TX2 Dissection graft  35–36
Cook TX2 Dissection stent  36
Cook Zenith Alpha graft  34–35
Covered stents  132, 180, 184
Critical limb ischemia (CLI)  162
Critical limb‐threatening ischemia 

(CLTI)  138
access site  139–140
angiosomes  140, 141
antegrade tibial artery 

intervention  141–143
CART technique  144
classification, staging and clinical 

symptoms of  138, 139
DVA  146–147
goals of intervention  139
indications  138, 139
lesion crossing technique  144
reentry  146
retrograde approach  142–143
reverse CART technique  144
SAFARI technique  144
single vs. multitibial artery  140
STAR technique  143
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TAMI retrograde revascularization   
144–145

tibial access  140
tibial CTO lesions  142
wire externalization  146

CTA. See Computed tomography 
angiography (CTA)

Cutting balloon  121
Cyanoacrylate glue (CAG) 

ablation  240

d
DCBs. See Drug‐coated balloons (DCBs)
Debranching  54
Deep venous arterialization 

(DVA)  146–147
Deep venous thrombosis 

(DVT)  196–203
isolated distal  202
lower‐extremity  196
proximal  207
VTE and  196–203

DES. See Drug‐eluting stent (DES)
“Desert Foot”  169
Diamondback360 orbital atherectomy   

119, 122, 126
Digital subtraction angiography 

(DSA)  16, 21, 72, 80, 109–110
Directional atherectomy  124–126, 142
Direct oral anticoagulants 

(DOACs)  200, 201, 203
Distal embolic protection  6, 9
DOACs. See Direct oral 

anticoagulants (DOACs)
Dorado high‐pressure noncompliant 

Kevlar balloon  121
Drug‐coated balloons (DCBs)  120, 121
Drug‐eluting stent (DES)  131
DSA. See Digital subtraction 

angiography (DSA)
Dual antiplatelet therapy  28, 85

DVA. See Deep venous 
arterialization (DVA)

e
EKOS™ catheter  153, 155, 159–160
EKOS™ catheter‐directed 

thrombolysis  216–220
Embolic protection devices (EPDs)   

3, 127–130, 153, 158
distal  6
Emboshield NAV6  128–130
positioned in internal carotid 

artery  7, 8
retrieval of  9
SpiderFX™  127–128
troubleshooting  130–131
in United States  127

Emboshield NAV6 embolic protection 
device  128–130

Endoleak types  48–49, 63–65
Endovascular abdominal aortic 

aneurysm repair (EVAR)  50–65
for AAA  50
anesthesia  50–51
completion angiogram  62–63
CTA  51
delivery and deployment  59–63

contralateral gate 
cannulation  60–62

graft orientation  59
limb deployment  62
proximal landing zone  59–60

endoleaks  63–65
graft selection  52
graft sizing

aortic length 
measurements  54–55

branch vessels  54
neck diameter  53
neck length  53

iliac artery considerations  65
imaging

equipment  57–58

Critical limb‐threatening ischemia 
(CLTI) (cont’d)
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neck angulation  58
renal arteries  58

patient selection  50–51
preoperative imaging  51–52
troubleshooting  63–65
vascular access  55–57

iliac disease and conduits  56–57
open  56
percutaneous  55–56

wires  58
Endovascular coiling  180
Endovenous laser ablation (EVLA)   

239–240
Endurant graft  53
EPDs. See Embolic protection 

device (EPDs)
EVAR. See Endovascular abdominal 

aortic aneurysm repair (EVAR)
EVLA. See Endovenous laser 

ablation (EVLA)
Excimer laser atherectomy  118, 122–123
Excimer laser thrombectomy  160
Excluder  59
External carotid artery (ECA)  7, 8
Extravascular ultrasound (EVUS)  110

f
Femoral artery access  6
Femoral artery occlusion  177
Femoral artery pseudoaneurysm 

(FAP)  177, 180–185
algorithm for management of  185
clinical presentation  182
complications  182
covered stent placement  184
formation of  180
incidence of  181
other techniques  184–185
ultrasound‐guided compression 

repair  182
ultrasound‐guided thrombin 

injection  183–184
in women  181

Femoral vein access  209
Femoropopliteal arterial interventions 

in the claudicant  108–133
antegrade femoral arterial 

access  115, 116
atherectomy  118–119, 121, 122

directional  124–126
JetStream  123
laser  121–123
orbital  126–127
rotational  123–124

CO2 angiography  110, 111
contrast angiography  109–110
crossover “up and over” 

technique  113–114
drug‐coated balloons  120, 121
embolic protection devices  127–130

Emboshield NAV6  128–130
SpiderFX™  127–128
troubleshooting  130–131
in United States  127

extravascular ultrasound  110
final efficacy assessment  132
focal force balloons  120
indications for treatment  109
intravascular ultrasound  110–113, 132
lesion crossing technique  113–114
patient evaluation  108–109
plain old balloon angioplasty  117, 

120, 131, 132
radial approach  114–115
stenting  131–132
tibio‐pedal approach  115, 116
vascular access  113–114
wire sizes  116–117

Fibromuscular dysplasia (FMD)  68
FlowTriever™  220–225
Flush aortagram  80
Foam sclerotherapy  240
Focal force balloons  120
Foot. See also Pedal arch

anterior circulation  163, 164
posterior circulation  163, 164
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g
Gore cTAG endoprosthesis  36–38
Gutterleaks  53

h
HawkOne directional atherectomy   

119, 122, 124–126
Hematomas  190
Heparin  7
High‐risk features  1, 2
High‐risk patients

carotid artery intervention in  5–13
innominate interventions in  2–5

Hypertension  70

i
Iliac occlusive disease  56–57
Infusion catheters  153, 156
Innominate intervention  2–5
Internal mammary artery (IMA)  18
Intracardiac echocardiography (ICE)  229
Intramural hemorrhage (IMH)  34
Intravascular ultrasound (IVUS)  43, 

51, 110–113, 132, 210, 212–213
Ischemic nephropathy  70
Isolated distal DVT  202

j
JetStream atherectomy  118, 122, 123

k
Kissing iliac stents  102

l
Large catheter aspiration  220–232
Laser atherectomy  121–123
Lithotripsy balloon  120, 121
Lower‐extremity venous stenting   

207–213

m
Magnetic resonance angiography 

(MRA)  71–72, 97
May‐Thurnes syndrome  207

Mechanical adjunct therapies, to 
thrombolysis  153, 157

Mechanico‐chemical ablation 
(MOCA)  241–242

Medtronic valiant thoracic 
endograft  39–40

Mesenteric ischemia  78–91
acute  85–91

angiogram  89, 90
arterial thrombosis  85
aspiration embolectomy  88–89
contrast‐enhanced CT  86–87
endovascular therapy  91
etiologies  85
follow‐up  91
history and physical exam  86
infusion  91
laboratory studies  86
NOMI  85, 86
SMA selection  87–88
thrombolysis  89–91
vascular access and sheath 

selection  87
chronic  78–85

complications  84–85
flush aortagram  80
follow‐up and outcomes  85
morbidity rates  84
in older adults  78
posttreatment angiogram  83, 84
selective angiography  81
sheath selection  80
stent placement  82–83
vascular access  79, 80
vessel selection  81, 82
working wire placement  82

Mesenteric venous occlusive disease  86
Mesenteric venous thrombosis  91

n
Neck angulation  58
Nonocclusive mesenteric ischemia 

(NOMI)  85, 86
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o
Older adults

chronic mesenteric ischemia in  78
TAA in  30

Orbital atherectomy  142
Diamondback360  126
steps  126–127

Outback Re‐entry Catheter  100, 146

p
Pantheris directional atherectomy  118, 

122, 125
Patent hemostasis  189
PAU. See Penetrating aortic ulcer (PAU)
Pedal arch

anatomical considerations  163–166
intervention  162–172

access  166–167
anticoagulation strategy  168
balloon sizing  168
calcification  168–169
cases  170–172
diffuse small vessel disease  169
inability to deliver a catheter/

balloon  169
indications for  166
ipsilateral antegrade 

approach  166
lesion crossing  167
lumen crossing  168
perforation  169
procedural failure  166
selective angiography  167
special considerations  167–169
technical considerations  166
troubleshooting  169
uncrossable lesion  169
vasospasm  168
vessel tortuosity  168

subtypes  164
Penetrating aortic ulcer (PAU)  34
Penumbra’s Indigo system  159,  

225–227

Percutaneous access  55–56
Percutaneous balloon angioplasty  16
Percutaneous transluminal 

angioplasty (PTA)  1
subclavian artery  17
vertebral artery  24–25

Peritonitis  91
Phoenix atherectomy  118, 122, 123
Pioneer Plus  100, 146
Plain old balloon angioplasty (POBA)   

117, 120, 131, 132
Plavix  28
Posterior foot circulation  163, 164
Posterior tibial (PT) artery  163
Post‐thrombotic syndrome (PTS)  207
Primary stenting  79
Pseudoaneurysms (PSA). See Femoral 

artery pseudoaneurysm (FAP)
PTA/PTAS. See Percutaneous 

transluminal angioplasty (PTA)
Pulmonary angiography  215
Pulmonary embolism (PE)  196, 215

AngioVac (See AngioVac system)
catheter‐directed thrombolysis   

216–220
FlowTriever™  220–225
injection and X‐ray detector 

positioning  216
large catheter aspiration  220–232
mechanical disruption  220
Penumbra’s Indigo system  225–227
pulmonary angiography  215
vascular access  215

r
Radial artery occlusion (RAO)  189
Radial artery related 

complications  187–191
Radial artery spasm (RAS)  188–189
Radiofrequency (RF) ablation  237–239
RAO. See Radial artery occlusion (RAO)
RAS. See Radial artery spasm (RAS); 

Renal artery stenosis (RAS)
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Renal arteries  58
inadvertent coverage of  65
interventions  74–76

Renal artery stenosis (RAS)  68–76
clinical manifestations of  69–70
defined  69
etiologies of  69
hypertension  70
intervention  74–76
invasive assessment  72
noninvasive assessment  70–72

CTA  71
MRA  71–72
renal DUS  70, 71

patient selection  70, 71
revascularization of  72–73
screening  68

Renal doppler ultrasound (DUS)  70, 71
Renal failure  40
Renin‐angiotensin‐aldosterone system 

(RAAS)  70
Reteplase  154
Retroperitoneal hematoma (RPH)  177
Reverse Controlled Antegrade and 

Retrograde Tracking (Reverse 
CART)  144

RF ablation. See Radiofrequency (RF) 
ablation

Right heart vegetation, AngioVac 
for  232–234

Rotarex atherectomy  118, 122,  
123–124

Rotational atherectomy  118, 122,  
123–124

RPH. See Retroperitoneal 
hematoma (RPH)

s
Seldinger technique  16, 21, 209
Self‐expanding stents  18, 28, 

83, 101–102
SFA. See Superficial femoral 

artery (SFA)

Shockwave angioplasty  102
Shockwave Lithoplasty System 

(Medical Inc.)  3
ShockWave lithotripsy balloon   

120, 121
Society for Vascular Surgery (SVS)  47
Spectranetics Turbo‐Tandem™ 

catheter  160
SpiderFX™ embolic protection device   

127–128
Spinal cord ischemia  32–33
Spinal drain  46–47
STAR technique. See Subintimal 

Tracking And Reentry (STAR) 
technique

Stenosis
carotid  5–13
innominate  2–5
subclavian artery  15–18

Stenting  1, 10
carotid artery  6
for femoropopliteal disease  131–132
iliac  100–102
lower‐extremity venous  207–213
vertebral artery  25–27

Stents
balloon‐expandable  18, 28, 

82–83, 101–102
bare‐metal  101, 117, 131
covered  101, 102, 132, 180, 184
self‐expanding  18, 28, 83, 101–102
Tack  132

Subclavian artery (SA) stenosis  15–18
endovascular revascularization   

16–18
open surgical revascularization  16
percutaneous balloon angioplasty  16
PTAS  17

Subintimal Arterial Flossing with 
Antegrade‐Retrograde 
Intervention (SAFARI)  144

Subintimal Tracking And Reentry 
(STAR) technique  143
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Superficial femoral artery (SFA)  109, 
140, 167

Superior mesenteric artery 
(SMA)  79, 87–88

t
TAA. See Thoracic aortic aneurysm  

(TAA)
TAAA. See Thoracoabdominal aortic 

aneurysms (TAAA)
Tack® endovascular stent  132
TAMI retrograde 

revascularization  144–145
TBAD. See Type B aortic dissection  

(TBAD)
TCAR. See Transcarotid artery 

revascularization (TCAR)
Tenecteplase  154
Terumo relay aortic graft  38–39
TEVAR. See Thoracic endovascular 

aortic repair (TEVAR)
Thoracic aortic aneurysm (TAA)

aortic anatomy  31–33
asymptomatic  33
cardiac evaluation  40
classification  31
endovascular repair of  30–49
history and physical 

examination  40–41
landing zones  31–32
in older people  30
pulmonary evaluation  40
renal evaluation  40

Thoracic endovascular aortic repair 
(TEVAR)  30–31

blunt aortic injury  33
contraindications  34
endografts  34–40
indications  33–34
intraoperative monitoring 

needs  41–42
patient positioning  41

postoperative course/surveillance   
46–49

arm ischemia symptoms  47–48
blood pressure control  47
CTA  48
endoleak types  48–49
monitored setting  46
spinal drain  46–47

preoperative planning for  32
procedural steps  42–46
renal failure  40
spinal cord ischemia  32
TBAD  33–34

Thoracoabdominal aortic aneurysms 
(TAAA)  30

asymptomatic  33
classification  31

Thrombolysis  89–91, 200, 201
catheter‐directed  216–220

Thrombolytic agents  153, 154
Thrombus management  153
Tibial CTO lesions  142
Tibial interventions  138–147
Tissue plasminogen activator (TPA)  91
Tortuosity  168
TRA. See Transradial access (TRA)
TransAtlantic InterSociety Consensus II 

Classification (TASC II)  97, 98
Transcarotid artery revascularization 

(TCAR)  6
Trans‐jugular intrahepatic 

portosystemic shunt (TIPS)  91
Transradial access (TRA)

bleeding complications  190–191
PCI  187
radial artery occlusion  189
radial artery spasm  188–189

Type B aortic dissection (TBAD)  33–34
Type IA endoleaks  63–64
Type IB endoleaks  63, 65
Type II endoleaks  65
Type III endoleaks  65
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u
Ultrasound (US)  28, 42, 96, 209. See 

also Extravascular ultrasound 
(EVUS); Intravascular 
ultrasound (IVUS)

v
Varicose veins, catheter‐based therapy 

for  236–243
endovenous laser ablation  239–240
limitations  242
mechanico‐chemical 

ablation  241–242
nonthermal techniques  240–241
RF ablation  237–239
thermal techniques  236–237

Vascular access  209
acute mesenteric ischemia  87
aortoiliac interventions  98–99
complications  175–191
chronic mesenteric ischemia  79, 80
EVAR  55–56
femoropopliteal arterial 

interventions  113–114
pulmonary embolism  215

Vascular closure device (VCD)  188
active  186
complications associated 

with  186–187
mechanism of action  187
passive  186

Vasospasm  168

Vena cava filters  201–202
Venogram  210
Venous thromboembolism (VTE)  196

cancer‐associated  202
treatment strategy  197–199

anticoagulant therapy  197, 
198, 203

compression stockings  202
DOACs  200, 201, 203
extended  197, 199
initial  197, 198, 200
long‐term  197, 199, 200
thrombolysis  200, 201
vena cava filters  201–202

unprovoked  202–203
Verapamil  168
Vertebral artery anatomy  21, 22
Vertebral artery angioplasty  20, 27
Vertebral artery intervention  20–28

complications  27–28
percutaneous transluminal 

angioplasty  24–25
postprocedural care  28
stenting  25–27

Vessel perforation  169
Vessel tortuosity  168
Villalta PTS Scale  207, 208

w
Wallstent  211–212
WIfI classification (Wound, Ischemia, 

Foot Infection)  139
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