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Endovascular therapy in acute limb ischemia
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Embolism

Thrombosis

Atherosclerotic heart disease

Coronary artery disease

Acute myocardial infraction

Arrythmia

Valvular heart disease
Rheumatic
Degenerative
Congenital

Bacterial

Prosthetic
Artery-to-artery
Aneurysm
Atherosclerotic plaque
Paradoxical embolus
Trauma

Air

Amniotic fluid

Fat

Tumor

Chemicals

Drugs

Atherosclerosis
Low-flow states
Congestive heart failure
Hypovolemia
Hypotension
Hypercoagulable states
Vascular grafts
Progression of disease
Intimal hyperplasia
Mechanical

Arterial plaque rupture
Trauma

Aortic/arterial dissection

External compression
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Embolism dnagnulungudUaeitengluiunnidn du thrombosis dnasnulugvlsgeeny esnnlugilenguil
U o o v A & a ] o a o A = wa a
finfilsausgddiniluanvnvesnsifin atherosclerosis MUy audulaings leduludengs viieusy TRguyms
Jusu uenanil szeznatlunisiinennisianunsatislunisiueanalaiguii lng embolism dn9zdl sudden
onset @31 thrombosis 3NN 1183903 collateral circulation 1198 UaNa1NN15H collateral circulation 9%
vMl¥% onset 989 thrombosis G1n31a7 Gaviiled severity deenindeiiuiy UseTRuaznsnsiasianmeilesiui
a1u150%Iuuen embolism way thrombosis 161 Ing embolism gUhedndusedd arrythmia unneuntind dalu
thrombosis {Uhesindlan1suuy chronic ey Aesind claudication %38 rest pain Wnneuntnil uily embolism

o v

agliifiuseTRmand wagldfivseiRlsauseddmmdunnuideanes peripheral vascular disease maswuiu @sdrAgsn

ae19fi8 60 -70% e UaeivIvInionain embolism sinazadn pulse Bansedulaund usdlu thrombosis pulse

Y93918n19INALL LAY 891N thrombosis Hansunan systemic disease HuLeY

Table 2 éjﬂﬁ:}mzmﬂﬂaﬁﬂﬁuaﬂ%ﬂw acute embolism wag acute thrombosis

Embolism Thrombosis
Young Elderly
Sudden onset Sudden or slower onset
Severe signs and symptoms Less severe signs and symptoms
Arrythmia No arrythmia
No history of claudication, rest pain History of claudication, rest pain
No risk factors for peripheral vascular disease risk factors for peripheral vascular disease
Normal contralateral pulse exam Abnormal contralateral pulse exam
No physical findings of chronic limb ischemia physical findings of chronic limb ischemia

A ARYBNUTENT5799N1IEUVIALEDARBNTUSHEINTEAUAINTULTIVEINITVIAEEA IagUseilinainn1snTe
319N sensory Wag motor function $3ufun1sld doppler ultrasound falagiuidss flow YesvaandanwAILAL

avseldl wethlugnsdndulaidenisnissnusely
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Table 3 W]i’lﬁLLE‘WN‘38(;]JUFTJ’WM?ULLiﬁsUENﬂT]ZGUWJ’W]LaaﬂLaﬁJU‘Wﬁu

Category Prognosis Sensory loss Motor deficit Arterial doppler | Venous doppler
| : Viable No immediate threat None None Audible Audible
IIA : Marginally Salvageable if Minimal (toes) or None Inaudible Audible
threatened promptly treated none
IIB : Immediately | Salvageable if More than toes, Mild/moderate Inaudible Audible
threatened immediately persistent pain
revascularized
Il : Irreversible Major tissue loss, Profound, Profound Inaudible Inaudible
permanent nerve anesthetic paralysis (rigor)
damage inevitable

Rutherford RB, et al., Vascular surgery 8" edition

ATuTULSITRIN TRl usEAUT | ssansesy A aseft Tusedudl | u sensory wag motor function 8
UnA wazdaladu doppler W1 arterial wa¥ venous flow uslusyu 1A aglaildBudes doppler 71 arterial uaze1adl
paresthesia usailteld uwidelnsinuiiiull paresthesia Tuluniloninsziuiiniuazdude motor function
984 intrinsic muscle Aaznanedusyau IB gavhemnanusunssludeszau Il aznuinusnawasyinasiionnisy &
paralysis laianunsavguiaile lianunsaitadies doppler # arterial was venous flow I @1awu fix staining skin
uay gangrene ol

MssnvnmraIadendsundy e acute imb ischemia $1MaN153n¥IMUY sursical treatment UATWUU
endovascular treatment Ing Endovascular treatment fivannwangdsusnsnsiusonld §ail

1. Catheter directed thrombolysis

\Hunsinerazaneduidon (thrombolytic agent) sumsaeamudnluuinuiinisgafuiioaraisduidon
1me thrombolytic agent agly activate fibrin bound plasminogen Tu thrombus Fanziifl active enzyme
plasmin AuttugeinlmAansuanues fibrin dssaliiiin blood flow Tuiumimasnaidenunsiifinsgasuls
thrombolytic agent ﬁ%awﬂlﬁmﬁwﬁuﬁ'ﬂ streptokinase, recombinant tissue plasminogen activators (rt-PA),

urokinase tHuiu ualuusswelneld rt-PA Wudlng 1nnnin 90%
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) 4

Fig. 1 A, Distal end of Fountain Infusion Cathefer Merit Medical System, which has multiple side hole,
with test infusion demonstrated. B, Proximal end of the Fountain Catheter
&1 CDT wae sursical thromboembolectomy Tefvaidsunndnaivegraleuszn1s Na1Ae surgical
thromboembolectomy fifeffeitulsslovtidmiugihedd severity lunsviadonun esanannsasiih
thrombus senuldias uflvamuesmsnadenlfaslunaifiliuiudn feen COT doddszaznailumsazane
Audentls 12-24 Halas Feenaunuivluawhli severity snnduuaziithegninuils Sndaniladl surgical
thromboembolectomy ﬁnjﬁﬁal,%"aqﬂuaﬁ’]mﬁgﬂmw ust COT AfideRvaneusznsiiumidenin surgical
thromboembolectomy Fasioludl
- CDT @nansawiu underlying atherosclerotic lesion léiindn wdsandivh thrombolysis lUuds dneadl
atherosclerotic lesion ag_j fAau150%i1 balloon angioplasty %3® 1d stent lg1
- anleman1s¥iane vascular endothelium Tngiavnzlugtheidusnumnia 24 4alus 7 thrombus sndAniu
tunica intima lUWa2 6791 surgical thromboembolectomy Tagld Fogarty catheter Afllennadi tunica
intima ggnyia1elaun
- an morbidity 1flosa1nn157 CDT 14U local anesthesia udlduAifuunadni artery war apply wire
catheter Whluwiniu eifleusu surgical thromboembolectomy Aidesiinsilaunauians groin iurense
aslY general anesthesia uaL 91U artery wad COT 34 invasive Wounin
- CDT @wnsn clear thrombus Tu small artery i et llanunsald fogarty catheter Wldann
thrombus U3aidu artery W@udng 16 dwnnvi distal run off 18w surgical thromboembolectomy
wén dusiuniseaduvendudonidns assdiuuate Adedld intraoperative thrombolysis o8
~ gansa control reperfusion WRndiilesann msvh COT aAeesaane thrombus senludng fuulenad
zifin reperfusion syndrome 3tiaendn uag lan1aliin compartment syndrome augiaatigtheluih
fasciotorny fitfeenintuiy Wiewlsuiu sursical thromboembolectomy
wiognslsfinu COT fildesinludowesariideddsroznan 12-24 $aludlunisaane thrombus Fatugslsl

wingludenfissduanusuusiveanmsviniondieglusedu 1B vise Il uenanildsiiloniaiin bleeding

complication it
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ksl randomized trial wunnlvieg) 3 trials Ao Rochester, STILE uag TOPAS trials filéAnuiAeaiu

Limb salvage wag Survival rate 17

Table 4 m19194@AIBRI1V8Y limb salvage 984 randomized trial auAlng) 3 trials

Limb salvage at 6 month (%)

Limb salvage at 12 month (%)

rial Surgical Endo P value | Surgical Endo P value
Rochester trial NA NA 82 82
STILE
ALl < 14 days NA NA 70 82 011
Ischemia > 14 days 100 93.3 <.05 100 90 .0024
STILE sub-analysis
Occlude bypass 70 88.9 NA NA
Native artery occlusion 97 87 .01 NA NA
TOPAS 74.8 71.8 43 69.9 65 .23

Table 5 M319LAAIBATIVEY Survival a3 randomized trial vualg 3 trials

Survival at 6 month (%)

Survival at 12 month (%)

rial Surgical Endo P value | Surgical Endo P value
Rochester trial NA NA 58 84 .01
STILE
ALl < 14 days 27.5 54 NA NA
Ischemia > 14 days NA NA 011
STILE sub-analysis
Occlude bypass NA NA 100 94 .29
Native artery occlusion 87.4 92.7 NSS 85.1 89 NSS
TOPAS NA NA 83 80 NSS

agiudn ladn9gdu surgical e endovascular therapy i limb salvage rate 91 12 oy Alsdsnaiu Tu

Rochester trial @3u1384%04¢ survival rate 91 12 1oy lu Rochester trial wu31 CDT @4nd1 surgery sililounglu

STILE trial wui1 szeghatlunisiinnisuindeniinane imb salvage rate 91 6 {Wau nafe a1tesn3n 14 Ju wun

CDT # limb salvage rate #1gend1 usgvIaLdenu1NINNdT 14 Fu wudn surgery 1 limb salvage rate 71gan31 d@au

survival rate 9 6 W@au w1 COT Ju1nAN
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wiatlan13$nwInes COT
15 approach 1Ay access #v1dl 2 38R0 WRInsstuAulsA (contralateral, retrograde approach) hazw)
Hahgariumalsn (ipsilateral, antegrade approach) n5¥135 contralateral approach WAy access lagld guide wire

Y

uaw catheter $1E1u aortic bifurcation wifswilsiiinnagasu deiduvesisiie diwensanwaes iliac artery %o
aortic bifurcation 31 angle fiwaumn Avilnsay cross over indslensednudiunn wazddesinnis manipulate 11
quide wire way catheter 33u8 balloon %3e stent fivhennninilesan working length e1dlewUSeudisuiiu
ipsilateral #30 antegrade approach @115 ipsilateral approach ThudidenvareUsymsusiiites Talumudigi
11N vizedIures occlusion aglnafudumnisues access site

A3l9A thrombolytic agent A3l 2 35/ low dose wag high dose 1ag high dose 3¢ bolus rt-PA 10 mg #i®
#28 infusion 0.05 mg/kg/hriﬂaslﬁu’m?jﬂlﬁﬁ 4 meg/hr @ low dose 919 rt-PA 1 mg bolus #esae infusion 0.5-1
me/hr GefinsAnwiesnant eaedisd Liflnuuendnaiuludoses amputation-free survival waz bleeding
complication usidsfiunnansfiufie szaziiailunis lysis thrombus 39U high dose a¢ldiaanfidania

@1 infusion technique ﬁﬁy’& catheter Uy end hole wag WUU multisided port catheter Tnesumsd
wingauigalunsng catheter Aonsanansdruil occlusion il low dose heparin Uszanas 300 units sie
Flug lumng side port 983 sheath wietostunisiin thrombus 7iusians catheter #ils thrombolysis agent
wdrnEulienly 12 93l Avnsuuzifiunsrevauesienissnw Taen1susediu imb temperature, capillary
refill, pulse karorn1svesfithe Tnsuisnss sxmsvesiineraugaddainmaunnves thrombus Viliiia distal
emboli lg1

\fiosa1nnsTi thrombolysis agent uundn 48 43lus Tlentaiin bleeding complication 1oige oy Sads
#4953 fibrinogen level nn 6 Flus windesndn 100 me/dl AITUYANITINE IN8aEdl systemic fibrinolysis vinlwt

WY risk 9049 bleeding 1 %%aﬁ’lvﬂﬂéﬂ’wﬁ bleeding complication Lt groin hemorrhage %39 intracerebral

hemorrhage fisiaanigaly thrombolysis agent viuft liutiuiiseradedinananzunsndoumailld

Contraindication to pharmacologic thrombolytic agent
- Absolute contraindications
Active bleeding disorder
Gastrointestinal bleeding within 10 days
Cerebrovascular event within 6 months
Intracranial or spinal surgery within 3 months

Head injury within 3 months
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- Relative contraindications
Major surgery or trauma within 10 days
Hypertension (systolic >180 mmHg or diastolic > 110 mmHg)
Cardiopulmonary resuscitation within 10 days
Puncture of non-compressible vessel
Intracranial tumor
Pregnancy
Diabetic hemorrhagic retinopathy
Recent eye surgery
Hepatic failure

Bacterial endocarditis

2. Pharmacomechanical thrombectomy
Wunsld mechanical clot removal device Safiu thrombolysis agent lagil device vianeviinnasfiudll

nalnlunsyiauiwanstaiueenly sadl

Fig. 2 Trellis peripheral infusion system

® Trellis catheter
iy device ihanlaenssfnfiuitluns thrombectomy #ae balloon @esinans distal waz proximal
Tnedl wire flagvhmsaans thrombus aeasanansszing balloon Maes edinfiuiilailif fragment w09 thrombus
fignaangoonun nalugasuduidonuiinadu Tay wire druflognsanans axdl sinusoid shape-set wavazudunIu
thrombus Lﬁ'agmﬂﬂsﬁmu ¥l thrombus waneen saufunsld thrombolysis agent Sndnluusiianiu vl

thrombus @aes59u
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Fig. 3 EKOS EndoWave infusion Catheter and the ultrasound core wire (EKOS Corporation, Bothell, Wash)

® EKOS EndoWave System
19 ultrasound wave Tun1sane thrombus 537U thrombolysis agent Iagld ultrasound wave il
2.2 MHz, 0.45 W ¥liifiudnsnisduiiaues thrombus s thrombolysis agent Tnewudn thrombus a131130 expose
sia thrombolysis agent Téunnauds 89% lu 4 $alus Weflsuiunisld thrombolysis agent lesagnaiion Tnglald

ultrasound wave Wagwui1n15Ly EKOS EndoWave System @1s1s5aifisl success rate 1aae 90%

® Microbubble Technology : Omni Wave Endovascular system
\Ju device Bnafianilsitanunsasiinyszaninmues thrombolysis agent Tilaeldussduaziitou viliian
WosemAvUALENT LA iANsUANEBNYas thrombus ¢ 3eiinsAny131 Omni Wave Endovascular system 91
ANvunsndeuIas hemolysis fifaundn Angiolet ualfluns@nwILuY in vivo windy galyifiveyanis clinic i

o o4 X
AUVAYULIDIU
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3. Percutaneous mechanical thrombectomy
® AngioJet.
u PMT device #ifinalnlunisaane thrombus Tngldussnsdntiidanuusada 350-450 km/hr Saaifunis
14 thrombolysis agent 11 1T-PA ainlunseiifinisgadiusng Seldszesnadesadunisaans thrombus Wewiey
frunsldifies thrombolysis agent agnufes 1851 thrombus gnaaeauduwiadinnd1 100 pm uds AnioJet fiay
yn139ANEU thrombus enan Ssn1s3nwififinalnisaesegaiismiuiiusslosdundmiuduisiifinnusunsesedy
I8 \esnnmssnwdivanssesiiatlunisaas thrombus Iae thrombolysis agent vilwlifedldszezinamuis 12-
24 §3lus wilou COT %mmsv‘fﬂﬁﬁﬂwﬁﬁ severity 1N@111505NWILUU endovascular treatment atguieniu
winssudedaiifoilmAnazumsndouldiguiu fadewos emboli uay hemolysis Fsenavhliin renal
insufficiency auanle wenaniinadnafesfisnegnaftenanuldie anevhlawudn (bradycardia) wazuenain
AngioJet £4il device ‘Uﬁﬂguﬁgﬂﬁ’mﬂﬂu percutaneous mechanical thromboembolectomy #renalniiumnsnadiu
ool &
Hydrodynamic devices Tnalnansaane thrombus ﬁammﬁmﬁﬂ Feuonann AngioJet wa §9dl Hydrolyser
uay Oasis catheter Midnalniiguiy unnseiuiiisnisamih uwifiifowd Angiolet %ﬁmﬁmwﬁﬁuﬁgﬂ approved

lngosdnisenmswavenanighiianlely peripheral arterial circulation

Catheter body
tubing
Thrombotic debris
removed from vessel
via larger lumen m
-1 AN
Stainless steel
. — oo iy tube
Thrombotic debris Saline in
. S—
Adhesive Catheter tip

bond

Catheter tip is welded
to stainless steel tube

Saline into
manifold
R

B C

Fig. 4 A, AngioJet catheter (Medrad Intervention, Indianola, Penn) B, Oasis catheter (Boston Scientetic, Natick,

Mass) C, Hydrolyser catheter (Cordis Corporation, Bridgewater, NJ)



Endovascular therapy in acute limb ischemia 10

Rotational devices 1{u device fiaane thrombus sen1sld “nsudss” Tne device ﬁsleffﬂavl,ﬂﬁ Taun
Amplatz thrombectomy device, Arrow-Trerotola percutaneous thrombolytic devices ey Castaneda and
Craggbrush catheters &1 device Lwﬁﬂﬁﬁﬂgﬂmﬂ‘ﬁumﬁ’ﬂm dialysis access graft occlusion wnninfiazsuldiu
native artery tiaa1nnddeanisuindusentivemasnden wazi3oweinsiin distal emboli 9104 thrombus
fignuusseeninuarlugaduduiendiutats dudu device wliafidshifioulumaiunldlunisinulsanaendondau
Uangaaduunntin

Thrombus aspiration devices nalnsaufe I{IJLLNQG] thrombus aenu i fragment 1o TneFailiinldlu
1M39AN13 thrombus i coronary system 1A LLazﬁUid%ﬂmWﬂiuﬂ13%’ﬂmnnz17'iLﬁmmsqmﬁmaqLé’mﬁamhu
Uanea1n emboli fiinainnnsii angioplasty w38ldnn fresh thrombus fusnandudendiulans wazo1aly low-
dose rt-PA saudelunsine uslemalunsdSadeudnaioasiolinssnusmeitifeditie Sweefeddnms
ShwduTumeiiedfiudnsanudnsalunsinw

Ingasuian Percutaneous mechanical thrombectomy fiefluFosasnisvinlu thrombolysis aaﬂqwéiéfﬁ
Fulngluvili thrombus wanesnaaenalnsneg vl thrombus SRRy thrombolysis agent it 3van
szoznawarwneildlunssnu wazilonalunisiin bleeding complication fitfesnin wewieuiu COT
uaﬂmﬂﬁﬁaaﬂiai%’%’ﬂmQ’ﬂwﬁﬁ%ﬁwﬂumﬂ% thrombolysis agent laisae Iagldua mechanical thrombectomy

wuulild thrombolysis agent L9l

Decision making ¥8IA135AHINNLVIVIALEOARLUNSU

v
o

M5danITNsShYINMEvIvIndenReunay l9taderaleagsusenauiulunisneansan 9 @annainy

o

7
whsussvesdihuuniug ssesatlumaiavndenidsunduauithadiunisinw uasiiddyiiandeay
JuLsIRIMIvIALden ddldannisnsasenedsiinaundiesiy

ogtheandheeinmsiiasduanzamdenidoundy wagldisumsidadouasUssiiiusefuanuguusevesnis
MadennnsdnUsy Rwarasassnendn ddidesieelufie n1sl¥ intravenous unfractionated heparin lag
bolus 71 80 units sieflansu uazlvisosnetlusas 18 units sioflansy Taglviszdues aPTT ratio ogfiuszann 2 -

2.5 Wi UagldanioNsineIAenINTEAUALTULTIVEINSUIAGEN

| - Viable

A

Early intervention appropriate?

No Yes

A Y

Treat as Chronic Limb Ischemia Arterography

Flowchart 1 Management of ALl grade |
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fnsvindenagluusedul | (viable) fUhelilsausedndunn geeny viselififatnsuszanfumnue ns

Snwnsinliiies heparin waziiihneenslnddn andudlinissnuilsausedndmesdthonay Shwreuuu chronic imb

Y Y

ischernia Aigly widhmngUiedaudauss engliunn Aensdsteluvi angiography Wegawsuazudlusely snviu

nSEIA embolus Ay dnsaangluauiiu artery WWuunid Alafesinissnwne

IA — Marginally Threatened

h 4

Angiography

>24 hr <24 hr

h 4

CDT +/- PMT

Ischemia worsen or fail CDT

Arteriography: successful

)

Surgical Thromboembolectomy

A

Thrombus removal?

Flowchart 2 Management of ALI grade IIA

widnnuInduszes 1A SmednariliiasandrdUaeliyin computed tomographic angiography (CTA)

wagfiansann1sinwise lnegszesnaigtiedudnsnadenuiadifunsine dundesndn 24 Falue Aanunse

71 surgical embolectomy l# wagIn 1A 24 False 159 surgical embolectomy a1alsdd@nisa wesann

Thrombus AU FU tunica intima ¥89 vessel TUwdq viliiald Fogarty catheter an clot 819aglilanunsaain

20N ANUANIBAANITUIALIUABTY tunica intima 1§ ledlauddenuin seusinalvesn1suindenty acute imb

ischemia fiwane success rate Tun1591 surgical thromboembolectomy I@az’ﬁ@’ﬂwmmﬂu 24 92l Tonalunns

¥ surgical thromboembolectomy d@5988#1 92.6% widvnuInasan 24 Falus Audszanasndoun

43.9% wihtiu dstudmngUienndsann 24 Hlusfienaiiarsanyinlu endovascular therapy Lty catheter

directed thrombolysis 41nn31 wazsi intraoperative arteriography 1uszez §111ndadl thrombus widesy Aaxli

81 thrombolytic agent sio Inamugsza fibrinogen level 1Wusyey wagliaasliiu 24-48 il




Endovascular therapy in acute limb ischemia 12

IIB - Immediately Threatened

h 4

Surgical thrombeembolectormny

h 4

Arteriography: successful

Thrombus removal?

‘fes Mo
For 1A For lIB
v ¥ Y
lschemia worsens Surgical
COT +/- PMT =
or fail COT thromboembolectomy
Surgical
. :
thromboembolectomy
MNo Yes
¥ ¥
lschemia worsens Surgical
or fail COT thromboembolectamy
Y b
Ischernia worsens Surgical
or fail COT thromboembolectomy
Y ¥
Ischemia worsens Surgical
or fail COT thromboembolectomy

Flowchart 3 Management of ALl grade 1B
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ustJusedu 1IB (immediately threatened) agflanvinn1s5nwnlagds surgical thromboembolectomy
1NNINie991nE1Ta remove embolus wa thrombus evudl &1l catheter directed thrombolysis (CDT)
o1vilssdunuguusaRstudusedu 11K wse COT Fedldarznaunuis 12 - 24 Faluslunisaas thrombus
wazdvngaesAy 24 Hilusvidolilanunsa remove thrombus senlsvsn fanunsald intraoperative
thrombolysis saumaele w§ NI intraoperative arteriography Lﬁa@iﬁgﬁﬁ thrombus 7 remove sanlyinun
¥30 unmark lesion Buagviell drvnilfiFiesi balloon angioplasty Wwagwie stenting ELuﬁ;mﬁ?ué’hs usg vy
extensive lesion Apdinsiufieniuasvanasums uidadiu distal artery runoff fidautans ms$nunlunnsias

arterial bypass siolu

Il — Advance/Irreversible

A

Duration of ischemia?

Early Late

h 4 v
Surgical thromhoembolectomy and

Amputation

Intraoperative venous drainage

Flowchart 4 Management of ALI grade |ll

gususeau Il Pnnadenuilduny Jua mottling skin 131584171 surgical thromboembolectomy
19 wsiR9vi1 intraoperative venous drainage f1¢ Liuiuenaiin reperfusion syndrome gt 89iin13e
hyperkalemia, severe metabolic acidosis 18wt nuIUIUARSYN major amputation
i acute imb ischemia §38mssnwiognane s Tuogifuauvmuasniafslan seduanuguussvedis
5583nm&u’ﬂLm'LﬁmmimmLﬁamuﬁﬂ%ﬂam%%’umﬁﬂm uazALNILveuATelauATYAAINT HVNNITIENT0
sy Aadeiteldiis uasdenBnmssnufivanean fasihlimsdnwiilenadidanntu uazansoansng

nsayderuasmadetinvesthuadld



