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eep vein thrombosis (DVT) of the lower extremity, a common car-
diovascular condition with substantial morbidity and mortality, is
estimated to affect 1-5% of the population in the world.1 Patients

with acute DVT are treated with anticoagulation, compression therapy, and
mobilization. This standart therapy decreases mortality by preventing life-
threatening pulmonary embolism (PE) and propogation of thrombosis, but
has no direct thrombolytic effect.2,3 Recanalisation and the preservation of
normal venous valve function depending on the effectiveness of the pati-
ent’s own fibrinolytic system resulted in high morbidity due to post-throm-
botic syndrome (PTS).4 Thus, there is a great need for improving the
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func ti o nal out co mes of the pa ti ents. Phar ma co -
mec ha ni cal-as sis ted re mo val of the throm bus at the
ti me of first pre sen ta ti on pro vi des the best op por -
tu nity for comp le te re co very with pre ser va ti on of
nor mal ve no us val ve func ti on and avo i dan ce of re-
cur rent DVT and PTS. Me iss ner et al. ha ve re por ted
that val ve func ti on is mo re li kely to be re ta i ned af ter
early clot lysis.5 Singh and Masuda ha ve de mons tra -
ted that the com bi na ti on of obs truc ti on and ref lux
sig ni fi cantly in cre a ses the risk of de ve lo ping PTS.6

Mo tar je me7 and Pa rik et al.8 we re the first to
re port ul tra so und-ac ce le ra ted (US-ac ce le ra ted)
catheter directed thrombolysis (CDT) in DVT. They
reported the re sults of comp le te clot dis so lu ti on ra -
tes with US-ac ce le ra ted CDT.7,8 In vit ro stu di es ha -
ve de mons tra ted that high-fre qu ency, low-po wer
mic ro so nic energy im pro ves lysis of the throm bus
con si de rably by in cre a sing the up ta ke and pe net ra -
ti on of throm boly tic drugs in to the throm bus.9 The -
re fo re, US-ac ce le ra ted CDT may al so be a sa fe and
pro mi sing option for im me di a te tre at ment of DVT.

The aim of this prospective study is to re port
the short-term re sults with emp ha sis on ve no us pa-
tency af ter 6 months of US-ac ce le ra ted CDT in pa-
ti ents with DVT.

MA TE RI AL AND MET HODS

PA TI ENTS

Bet we en July 2011 and Ap ril 2012, 17 pa ti ents (10
ma les, 7 females) with a me di an age of 48 ye ars (ran -
ge 36-71) with sympto ma tic, dup lex ultrasonograph
(US) con fir med ili o fe mo ral DVT, go od func ti o nal
sta tus, acu te throm bus for ma ti on (throm bus
age<one month) and li fe ex pec tancy ex ce e ding 12
months we re tre a ted with US-ac ce le ra ted CDT in
Ma lat ya State Hos pi tal. In for med con sent of the pa-
ti ents we re obtained. Exc lu si on cri te ri a for US-ac ce -
le ra ted CDT we re gas tro in tes ti nal ble e ding or a
ce reb ro vas cu lar h e morr ha ge in the pre vi o us ye ar,
throm bus lo ca li za ti on be yond the ili o fe mo ral re gi -
on, chro nic throm bus for ma ti on (throm bus age>1
month),  se ve re hyper ten si on (>180/100 mmHg), ac-
ti ve ma lig nancy, sur gery in the pre vi o us 6 we eks
and/or preg nancy. Throm boly sis suc cess was re por -
ted in 2 sub gro ups: Comp le te clot lysis was de fi ned

as >90% lysis (res to red pa tency), and par ti al clot
lysis (res to red pa tency) of the ini ti al throm bus, as
as ses sed on the fi nal US. Ble e ding was clas si fi ed as
ma jor, if it was overt with a fall in he mog lo bin of ≥2
g/day, or when he mor ha ge led to tran fu si on of ≥2
units of pac ked red blo od cells (RBCs). Ble e ding oc-
curred in a cri ti cal or gan (in trac ra ni al, ret ro pe ri to -
ne al or pe ri car di al) or, if it con tri bu ted to de ath, was
de fi ned as a ma jor ble e ding. Ble e ding was clas si fi ed
as mi nor, if it occurred ne ar the cat he ter in ser ti on
si te.

All of the ca ses in vol ved lo wer-ex tre mity
DVT. The pro xi mal end of the throm bo sis re ac hed
in to the ve na ca va in fe ri or in one, the ili ac ve in in
fo ur and the fe mo ral ve in in twel ve ca ses. The age
of throm bus (de fi ned as the num ber of days bet -
we en the on set of symptoms and the in ter ven ti on)
was 0-6 days (4/17), 7-13 days (5/17), 14-20 days
(2/17) or ≥21 days (6/17) (Fi gu re 1).

Eli gib le pa ti ents re ce i ved US-ac ce le ra ted CDT
with re com bi nant tis su e plas mi no gen ac ti va tor
(rtPA) com bi ned with stan dard DVT the rapy. An-
ti co a gu la ti on was gi ven ac cor ding to in ter na ti o nal
gu i de li nes (Ame ri can Col le ge of Chest Physi ci ans,
2012) with du ra ti on of plan ned tre at ment be ing 6
months for idi o pat hic DVT and 3 months pro vo -
ked DVT.1

AN TIT HROM BO TIC AND THROM BOLY TIC THE RAPY

Be fo re the CDT pro ce du re, low-mo le cu lar-we ight
he pa rin (LMWH) was dis con ti nu ed for at le ast 8

FIGURE 1: Age of thrombus versus success of thrombolysis. Successful
thrombolysis includes complete and partial clot lysis, defined as >90% and 50-
90% restored venous patency respectively.
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ho urs, and oral an ti co a gu lants we re dis con ti nu ed to
ob ta in an INR <1.5. At the start of CDT, an in tra -
ve no us bo lus do se of un frac ti o ned he pa rin (UFH),
5000 U, was gi ven fol lo wed by a con ti nu o us in tra -
ve no us UFH in fu si on at 15 U/kg/h.

US-ac ce le ra ted CDT was per for med using the
EKOS En do wa ve® system (EKOS Cor po ra ti on, Bot -
hell, WA, USA), which com bi nes a tar ge ted-drug
de li very cat he ter with high-fre qu ency, low-po wer
US energy. This system uses a stan dard 0.035-inch
gu i de wi re to po si ti on the 5.2-F mul ti-lu men In tel -
li gent Drug De li very Cat he ter and matc hing co a xi -
al co re wi res (with ava i lab le tre at ment lengths
ran ging from 6 to 50 cm) ac ross the length of the
tar get clot. In all ca ses, the pro ce du re was per for -
med in an ope ra ti ng ro om. A 7-F she ath and a
0.035-in. hydrop hi lic gu i de wi re (Te ru mo Cor po ra -
ti on, Shi bu ya-ku, Tok yo, Ja pan) we re pla ced with
the as sis tan ce of US-gu i ded pop li te al ve no us punc-
tu re. Af ter app lying a lo cal anest he tic, an in tra du cer
was in ser ted in to pop li te al ve in gu i ded by US with
the end of the cat he ter at the pro xi mal end of the
throm bus. The gu i de wi re was then pul led out and
rep la ced by the Mic ro so nic co re con ta i ning a se ri es
of US trans du cer ele ments (2 MHz, 0.45 W) dis tri -
bu ted ap pro xi ma tely 1 cm apart along its le a ding tip
to de li ver evenly US energy ra di ally along the co a -
xi al in fu si on zo ne.

Af ter pri ming the drug lu mens of the cat he ter
with he pa rin (1000 IU), a sing le bo lus of rtPA ( 5.0
mg) was ad mi nis te red by slow in fu si on. Then, con-
ti nu o us in fu si on of rtPA was ini ti a ted thro ugh the
si de-ho le-de li very in fu si on cat he ter at a me an ra te
of 1 mg/h rtPA. Si mul ta ne o usly, nor mal sa li ne so lu -
ti on was in fu sed as co o lant thro ugh the cen tral lu -
men of the cat he ter at a ra te of 35 ml/h. Thus, US
energy was de li ve red thro ugh the co re wi re with si-
mul ta ne o us in fu si on of the throm boly tic drug. All
pa ti ents we re tre a ted with an ad di ti o nal con ti nu o us
in tra ve no us in fu si on of he pa rin thro ugh the in tro -
du cer she ath, which was mo ni to red by as sess ment
of the ac ti va ted par ti al throm bop las tin ti me (aPTT).
He pa rin do sa ge was adjusted to ob ta i ned an aPTT
ra ti o of 1.5-2.5. Fol low-up ul tra so nog rams we re per-
for med at the bed si de in all pa ti ents the next day and
24-h in ter vals the re af ter.

Throm boly sis was ter mi na ted, if comp le te clot
lysis was ac hi e ved or the ma xi mum in fu si on pe ri -
od of 72 h was re ac hed. Ho urly and to tal in fu sed
rtPA do ses and in fu si on ti mes we re re cor ded. A
we ight-ad jus ted full the ra pe u tic do se of sub cu ta -
ne o us LMWH gi ven twi ce da ily was ini ti a ted 1 ho -
ur af ter re mo val of the cat he ter. Pa ti ents re ce i ved
the ir throm boly tic ca re at an in ter me di a te ca re unit
and re ma i ned hos pi ta li sed for one night af ter ter-
mi na ti on of throm boly tic tre at ment, if no comp li -
ca ti ons occurred. Af ter disc har ge, pa ti ents we re
fol lo wed up ac cor ding to the in ter na ti o nal gu i de li -
nes for DVT the rapy.1

FOL LOW-UP

Every 3 months af ter disc har ge, all pa ti ents re tur -
ned to the out pa ti ent de part ment for a fol low-up
vi sit, inc lu ding cli ni cal in ves ti ga ti on and dup lex US
exa mi na ti on to eva lu a te the pa tency of tre a ted ve -
in seg ments and the ex tent of postt hrom bo tic da m-
a ge to the de ep ve ins of the lo wer limb. At the
cli ni cal vi sit, every pa ti ent had a tho ro ugh ul tra -
so und exa mi na ti on using a dupp lex US. Ve no us
pa tency of all ve no us seg ments we re eva lu a ted.
Pa tency as sess ment of the ve ins inc lu ded iden ti fi -
ca ti on of chro nic occ lu si ons or chro nic ve no us di s-
e a se as in di ca ted by the pre sen ce of old and
ec ho ge nic throm bus, par ti al re ca na li za ti on, thic k-
e ned ve no us wall with an ir re gu lar flow in lu men,
dec re a sed com pres si bi lity, lack of pha si city with
res pi ra ti on.10

STA TIS TI CAL ANALY SIS

Va ri ab les we re ex pres sed as me an±SD and ca te go -
ri cal va ri ab les we re ex pres sed as per cen ta ges. Sta-
tis ti cal analy ses we re per for med using SPSS
sta tis ti cal soft wa re (ver si on 16.0; SPSS Inc., Chi ca -
go, Il li no is).

RE SULTS

STUDY GRO UP

Se ven te en pa ti ents tre a ted with CDT for acu te sup -
ra pop li te al ve no us throm bo sis we re included in the
study. Ba se li ne cha rac te ris tics of the 17 pa ti ents are
pre sen ted in Tab le 1.
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SUC CESS FUL THROM BOLY SIS

Per cu ta ne o us cat he te ri sa ti on was suc cess ful in 12
pro ce du res. Twel ve out of 17 pro ce du res ( 70%) re-
sul ted in comp le te clot lysis (>90% res to red 
pa tency). In one ca se, throm boly sis was not suc cess-
ful. The un suc cess ful ca se in vol ved a 69-ye ar- old
ma le pa ti ent. He de ve lo ped DVT af ter ort ho pa e dic
sur gery. Du ra ti on of the DVT symptoms we re 23
days. The le a ka ge from the pop li te al ve in led to pa -
in and cramps. The drop fo ot syndro me of left fo ot
oc cur red du e to the pe ro ne al nev re in jury. Fi gu re 1
shows the age of the throm bus and the suc cess of
throm boly sis.

SHORT-TERM FOL LOW-UP

The me an fol low-up pe ri od was 12 months (ran ge 6-
15). In this pe ri od, no furt her occ lu si on of the ve no -
us system oc cur red in the pa ti ents, who we re
disc har ged with a pa tent ve no us system. In the 69-
ye ar-old man with un suc cess ful throm boly sis, the 3-
and 6-month US fol low up re ve a led re ca na li sa ti on
of the in fe ri or ve na ca va. The ili ac ve in re ma i ned oc-
c lu ded. In this pa ti ent, le a ka ge from the ve in wall
led to ina de qu a te the rapy, pro bably ca u sed fa i lu re of
tre at ment. Results of 6th month duplex US assess-
ment of the patients were summarized in Table 2.

COMP LI CA TI ONS

Fo ur (4/17; 23.5%) ble e ding comp li ca ti ons oc cur -
red at the si te of the cat he ter-in ser ti on. No PE was
di ag no sed du ring or af ter the tre at ment. Ho we ver,
in one pa ti ent, the drop fo ot syndro me oc cur red.
The mec ha nism exp la i ning this comp li ca ti on may
be re la ted to ner ve da ma ge du ring the in fu si on pe-
ri od du e to the le a ka ge from the pop li te al ve in.

DIS CUS SI ON

Stan dard DVT tre at ment fo cu ses on ade qu a te an ti -
co a gu la ti on to pre vent PE and throm bus pro pa ga -
ti on. Ho we ver, an ti co a gu la ti on alo ne has no di rect
throm boly tic ef fect.11 As a re sult, cur rent DVT tre -
at ment of ten do es not res to re ve no us pa tency, and
ve no us val ves are per me nantly da ma ged. The com-
bi na ti on of ve no us obs truc ti on and ref lux sig ni fi -
cantly in cre a ses the risk of de ve lo ping PTS.12

An ti co a gu la ti on halts pro pa ga ti on and for ma ti on
of new throm bus; ho we ver it do es not re mo ve ex-
is ting clots. The deg re e of re ca na li za ti on may not
be suf fi ci ent for comp le te re so lu ti on of cli ni cal
symptoms.13 Sherry des cri bed only 6% throm bus
lysis with an ti co a gu la ti on alo ne.14 The rapy, which
can re mo ve the throm bus and res to re ve no us pa-
tency, may pre vent re cur rent throm bo sis and PTS.
Early throm boly sis for acu te DVT has be en shown
to de li ver im pro ved pa ti ent out co mes, such as re-
du ced cost and symptoms.15

Our study con firms the pro mi sing re sults of
CDT for the tre at ment of DVT. Most evi den ce re-
gar ding CDT for the tre at ment of DVT is de ri ved
from pa ti ent se ri es wit ho ut con trols or co hort stu -
di es, and litt le evi den ce is ava i lab le from ran do mi -
zed cli ni cal tri als.5,6,8,11 In Ca VenT study, CDT
re du ced func ti o nal ve no us obs truc ti on from 49%
to 20%, and ad di ti o nal CDT in cre a sed 6-months
pa tency from 36% to 64% as com pa red with stan-
dard an ti co a gu la ti on tre at ment.4 Els ha rawy and

Patients with Catheter-directed 

Demographics thrombolysis (n=17)

Age(years) 54.7(±15.3)

Male 10(58.8%)

Femoral deep vein thrombosis 12(70.5%)

Iliofemoral deep vein thrombosis 4(33.3%)

Duration of symptoms (days) 11.7(±10.3)

Surgery previous 3 months 3(17.6%)

TABLE 1: Characteristics of treatment group. 
Data are mean (SD) or n (%).

Catheter-directed 

Variables thrombolysis (n=17) (%)

Iliofemoral patency 12(70.5%)

Functional venous obstruction 5(29.4%)

Femoral venous insufficiency 9(52.9%)

Pelvic vein echoic lumen 2(11.7%)

Pelvic vein wall thickening 2(11.7%)

Pelvic vein no flow 1(0.05%)

Femoral vein incompressibility 3(17.6%)

Femoral vein echoic lumen 5(29.4%)

Femoral vein wall thickening 7(41.1%)

Femoral vein no flow 1(0.05%)

TABLE 2: Duplex US assessment of 
veins 6 months after CDT therapy.
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Elzayat re por ted comp le te lysis in 72% pa ti ents af -
ter CDT in 35 pa ti ents.12 Our study ob ta i ned 70.6%
(comp le te dis so lu ti on) suc cess ra te and this high-
lights the fe a si bi lity and ca pa bi lity of the US-ac ce -
le ra ted CDT. The deg re e of lysis was fo und as a
sig ni fi cant pre dic tor of early and con ti nu ed pa-
tency. In ca ses of comp le te clot dis so lu ti on, 75% of
ve ins re ma i ned pa tent af ter one ye ar, com pa red
with only 32% of ve ins in ca ses of in sig ni fi cant
(<50%) lysis.2 Pa rikh et al.8 and Me wis sen et al.17

ha ve re por ted in cre a sed comp le te clot lysis ra tes.
The spe ed of in ter ven ti on in acu te throm bo tic
events is of cli ni cal importance as the re is a po ten -
ti al for re ver sal of occ lu si on, re li ef of symptoms,
and pre ser va ti on of val ve func ti on. Cur rent evi -
den ce sug ges ts that the op ti mal win dow for DVT
throm boly sis is wit hin 14 days from on set of symp-
toms. Ho we ver, the re has be en no for mal de fi ni ti -
on of an acu te or chro nic DVT from a CDT
pers pec ti ve. Alt ho ugh bet ter lysis ra tes may be es-
tab lis hed wit hin a 14-day in ter ven ti on, the pa ti -
ents with de ep ve in throm bo ses fre qu ently ha ve
be en  mis di ag no sed. Physi ci ans may not be awa re
of pa ti ents symptoms, and the ti me in ter val bet -
we en the ini ti a ti on of tre at ment and the di ag no sis
may last lon ger. In our study, the cut-off ti me for
in ter ven ti on is one month du e to the se draw backs. 

Ma jor ble e ding comp li ca ti ons ha ve be en re-
por ted in 11% of pa ti ents and 39% of the se were at
the punc tu re si te of the cat he ter di rec ted-throm -
boly sis.2 We ob ser ved no PE in our pa ti ents du ring
throm boly sis. Ble e ding at the cat he ter in ser ti on si -
te oc cur red in fo ur ca ses; ho we ver, the se mi nor
comp li ca ti ons did not dis turb the ef fi cacy of the
throm boly sis pro ce du re. He ma to ma af ter ble e ding
li mi ted it self at the in ser ti on seg ment, and di sap -
pe a red af ter ten days. In one pa ti ent, du e to the le -
a ka ge from the pop li te al ve in, drop fo ot syndro me
of the left leg oc cur red. The symptoms we re se ve -
re, and the exa mi na ti on re ve a led pe ro ne al ner ve
in jury. The CDT the rapy stop ped, and the pa ti ent’s
symptoms reg res sed. Af ter six we eks, re co very of
mo tor func ti ons was seen.

In the last decade, se ve ral stu di es ha ve shown
that PTS de ve lo ped in al most half of the pa ti ents in
whom DVT was tre a ted with an ti co a gu la ti on the r-

apy.2,5 Re cent stu di es using CDT or phar ma co mec -
ha ni cal throm boly sis ha ve shown that a mo re ag-
gre si ve ap pro ach in throm bus re mo val may re du ce
postt hrom bo tic mor bi dity com pa red with an ti co a -
gu la ti on alo ne.8,11-13 Ili o fe mo ral DVT can be sa fely
and ef fec ti vely tre a ted at pre sen ta ti on in most pa ti -
ents with CDT. In our study, fe mo ral ve in wall thic -
ke ning was de mons tra ted in 41.1% of the pa ti ents
and fe mo ral ve in ec ho ic lu men was se en in 29.4% of
the pa ti ents af ter 6 months. Pre vi o us stu di es al so
high ligh ted the evi den ce of re du ced long-term ve-
no us hyper ten si on and dec re a sed in ci den ce of
PTS.2,11-13 In US-ac ce le ra ted throm boly tic de vi ces,
ul tra so und throm bus dis rup ti on can be used to in-
cre a se the sur fa ce are a of fib rin, pre su mably re du -
cing the do se of throm boly tic re qu i red and
in cre a sing the ra te of lysis.16 US is al so shown to im-
pro ve lysis ef fi ci ency be hind ve no us val ves whe re
throm bus is mo re dif fi cult to re mo ve.9 CDT with
lo cal de li very of throm boly tic to the throm bus pro-
du ces mo re fa vo rab le re sults than stan dart the rapy,
with do ub le ve no us pa tency ra te at 1 ye ar and ap-
pro xi ma tely 80% ove rall suc cess ra te.17

Alt ho ugh most pa ti ents with DVT ex pe ri en ce
gra du al re sump ti on of the ir ba se li ne qu a lity of li fe
(QOL) wit hin first 4 months af ter a DVT epi so de,
ap pro xi ma tely 33% con ti nu e to ex pe ri en ce QOL
im pa ir ment that cor re la tes clo sely with the de ve -
lop ment of PTS.18 Be ca u se PTS symptoms are ag-
gra va ted by stan ding or  wal king, many pa ti ents
are for ced to al ter the ir da ily ac ti vi ti es to inc lu de
pe ri ods of rest and/or re cum bency. As a re sult,
PTS ca u ses ma jor long-term QOL im pa ir ment;
spe ci fi cally, po o rer physi cal func ti on, ge ne ral he -
alth and he alth per cep ti ons, mo re se ve re ro le li mi -
ta ti ons, and im pa i red so ci al func ti on. Im por tantly,
even pa ti ents clas si fi ed as ha ving mild to mo de ra -
te PTS ex hi bit sco res that are lo wer than tho se of
age-matc hed con trols with DVT on QOL me a su -
res, so the QOL im pa ir ment ca u sed by PTS do es
not ap pe ar to be res tric ted only to pa ti ents with se-
ve re se qu e la e. Mo re o ver, alt ho ugh the eco no mic
im pact of PTS has not be en pre ci sely qu an ti fi ed,
PTS was es ti ma ted to ca u se 12% of the new ca ses
with chro nic ve no us di se a se (di rect cost $261 mil-
li on) and ve no us ul cer (di rect cost $153 mil li on)
that oc cur ye arly in the Uni ted Sta tes.18
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When CDT tech ni qu e is used, long-term an-
ti co a gu la ti on re ma ins an es sen ti al tre at ment com-
po nent to pre vent pro pa ga ti on of any per sis ting
clot, to improve symptoms, and pre vent pul mo nary
em bo lism; however if used alo ne, it yi elds just 6%
comp le te DVT lysis at 10 days.19-21 Af ter acu te an-
ti co a gu la ti on with he pa rin and throm boly sis,
long-term LMWH, or war fa rin is re com men ded.
Du ra ti on sho uld be for at le ast 3 months in the set-
ting of tran si ent risk fac tors, and at le ast 12 months
in DVT re cur ren ce.1

We are awa re of the li mi ta ti ons of this study.
This is a pros pec ti ve study on 17 pa ti ents tre a ted
with CDT. Lack of a con trol gro up and the small
study group may li mit the out co mes. We be li e ve
that this small po pu la ti on may be rep re sen ta ti ve for
pa ti ents with DVT, who po ten ti ally be ne fit  from
CDT. In the fu tu re, pros pec ti ve, ran do mi zed, and

pro perly de sig ned stu di es in pa ti ents with DVT may
en ligh ten the op ti mal the rapy op ti ons.

CONC LU SI ON

New throm boly tics and de li very de vi ces con ti nu e
to im pro ve clot lysis and re mo val; ho we ver, the pa-
ti ent risk-to-be ne fit pro fi le must al ways be con si -
de red be fo re any tech ni qu e is ro u ti nely used in
prac ti ce. The use of CDT tech ni qu e with ili o fe mo -
ral ve no us throm bo sis may be as so ci a ted with re-
du ced mor bi dity and bet ter out co mes. Ho we ver,
ran do mi sed con trol led tri als are ne e ded to eva lu a -
te the long-term be ne fit of en do ve no us throm bol-
y sis in pa ti ents with acu te DVT.
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