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Deep	venous	thrombosis	

Deep	venous	thrombosis	(DVT)	of	the	lower	extremities	is	a	common	disease	in	
the	western	world,	with	an	 incidence	of	 approximately	1-2	per	1000	persons	
per	 year.(1)	 Patients	 who	 are	 diagnosed	 with	 DVT	 are	 immediately	 treated	
with	 low	molecular	 heparin	 for	 at	 least	 5	 days	 and	 simultaneously	with	 oral	
anticoagulation.(2)	Anticoagulation	is	prescribed	for	3-6	months	depending	on	
the	risk	factors,	or	lifelong	in	case	of	recurrent	DVT	or	high	risk	for	recurrence.	
As	 an	 alternative	 to	 the	 standard	 anticoagulation	 with	 vitamin	 K-antagonist,	
also	direct	oral	factor	X	inhibitors	are	available	as	a	treatment	option.	(3-5)	

Additionally	to	anticoagulant	treatment,	therapeutic	elastic	stockings	are	used	
for	2	years	in	order	to	reduce	the	incidence	of	post	thrombotic	syndrome	(PTS)	
by	50%.(6)	Patients	are	encouraged	to	resume	their	normal	daily	activities	and	
can	 be	 safely	 treated	 ambulatory.(7)	 Regarding	 short-term	 results	 the	 fore	
mentioned	therapy	is	excellent	in	preventing	potentially	lethal	pulmonary	em-
boli	 and	 preventing	 thrombus	 propagation.(8)	However	 in	 the	 long	 term	 20-
50%	of	all	DVT	patients	develop	PTS.(9,10)	In	case	of	iliofemoral	DVT	the	esti-
mated	percentage	of	patients	who	will	develop	PTS	is	even	higher	and	estimat-
ed	 to	 be	 over	 50%.	 Some	 reports	 even	 show	 PTS	 in	 as	many	 as	 80%	 of	 pa-
tients.(11)	 After	 cessation	 of	 anticoagulation,	 approximately	 30%	 of	 patients	
develop	a	recurrent	event	of	DVT	within	5	years.(12)	

Iliofemoral	DVT	

From	previous	studies	it	is	known	that	patients	with	an	iliofemoral	DVT	have	a	
higher	risk	of	developing	PTS.(13-15)	Approximately	1	in	4	of	all	patients	has	
an	iliofemoral	DVT.(10,16)	However,	the	definition	of	the	extent	of	DVT	is	not	
well	 described	 in	 current	 literature.(17)	 Global	 terms	 like	 proximal	 DVT	 and	
distal	DVT	are	used	 frequently,	but	 further	more	specific	descriptions	are	not	
available	most	 of	 the	 time.	 This	 is	 largely	 due	 to	 the	 fact	 that	 the	 radiologist	
confirms	 the	DVT	 via	 a	 two-point	 compression	 ultrasound.	 The	 two-point	 ul-
trasound	only	assesses	the	popliteal	vein	and	the	common	femoral	vein.	If	the	
thrombus	is	encountered,	then	the	diagnosis	is	confirmed.	Further	visualization	
of	 the	thrombus	 is	unnecessary	due	to	perceived	 lack	of	 impact	on	treatment.	
This	 is	not	 correct,	because	 the	 recent	expansion	of	 treatment	options	makes	
complete	visualization	of	the	thrombus	localization	and	extent	more	important.		
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Picture	of	a	female	with	an	acute	iliofemoral	DVT	of	the	left	leg.	

Imaging	of	DVT	

Two-point	 ultrasonography	 (CUS)	 is	 the	 current	 standard	 procedure	 for	 the	
diagnosis	of	DVT.(18)	Although	CUS	shows	a	high	sensitivity	for	detecting	DVT	
in	the	popliteal	and	femoral	segment,	the	sensitivity	for	calf	vein	DVT	and	iliac	
tract	DVT	is	far	less.(19)	Accurate	imaging	of	the	veins	in	the	abdominal	region	
is	more	difficult	due	to	external	interfering	factors	like	bowel	gasses	or	adipose	
tissue	 in	 case	 of	 increased	BMI.	 Alternative	 imaging	 techniques	 such	 as	 com-
puted	 tomography	 venography	 (CT-V)	 or	 Magnetic	 resonance	 venography	
(MRV)	could	be	of	use	in	these	patients.(20,21)	The	exact	utility	of	these	addi-
tional	techniques	in	DVT	diagnosis	and	treatment	is	still	to	be	determined.	

The	Post	Thrombotic	Syndrome	(PTS)	

PTS	is	a	chronic	and	debilitating	condition,	which	occurs	in	20-50%	of	patients	
after	a	DVT.	PTS	is	the	most	frequent	complication	after	DVT.	Five	to	10%	of	all	
cases	of	PTS	will	be	severe,	usually	 including	venous	ulcers.(22-24)	The	exact	
etiology	of	PTS	is	unknown	but	there	is	an	association	with	reflux	and	obstruc-
tion	of	the	deep	venous	system.(25)	Standard	anticoagulation	does	not	actively	
dissolve	thrombus.	The	fibrinolytic	system	is	responsible	for	lysing	the	throm-

	

bus	and	establishing	recanalization	of	the	vein.	Natural	recanalization	observed	
with	standard	therapy	is	approximately	90%	when	the	thrombus	is	confined	to	
the	popliteal	and	 femoral	veins.	However	when	 the	 iliac	 tract	 is	also	 involved	
the	 percentage	 of	 natural	 recanalization	 drops	 to	 approximately	 20-30%.(1-
5,26,27)	In	addition	to	fibrinolytic	processes,	inflammatory	processes	are	initi-
ated,	leading	to	infiltration	of	neutrophils	and	macrophages	into	the	thrombus	
and	surrounding	tissue.	This	inflammatory	response	causes	thrombus	remodel-
ing	and	may	as	a	 side	effect	also	cause	destruction	of	 the	valves.	 (6,28-30)	 In	
50%	of	patients	natural	recanalization	is	incomplete	and	the	remaining	throm-
bus	 is	 transformed	 into	 fibrous	 tissue	 (scar-tissue).	 (7-10,27,31)	This	may	 in-
duce	partial	or	 total	obstruction	of	 the	vein	 leading	to	an	 impaired	outflow	of	
blood	out	of	the	leg,	with	subsequent	rise	in	intravenous	pressure.	Venous	hy-
pertension	will	induce	incompetence	of	venous	valves	due	to	an	increased	hy-
drostatic	pressure.(11,32)	These	three	mechanisms	induce	impairment	of	out-
flow	and	ultimately	 lead	 to	abnormal	capillary	perfusion.	Decreased	oxygena-
tion	will	provoke	impairment	of	the	calf	muscle	pump	and	patients	will	experi-
ence	complaints	of	pain	in	the	calf.	A	number	of	risk	factors	have	been	associat-
ed	with	the	development	of	PTS.	Recurrent	DVT	and	high	BMI	were	the	strong-
est	predictors	for	PTS.(12,33)	Other	risk	factors	have	not	yet	proven	to	be	use-
ful	for	selection	of	high-risk	patients.(13-15,34)	

Diagnosis	of	PTS	

PTS	is	a	syndrome	and	there	is	no	gold	standard	test	for	its	diagnosis.	In	some	
patients,	acute	symptoms	of	DVT	like	pain	and	swelling	can	last	up	to	3	or	even	
6	 months.	 Therefore	 diagnosis	 of	 PTS	 should	 only	 be	 made	 starting	 from	 6	
months	after	 the	acute	DVT	event.	 (10,16,35,36)	The	diagnosis	of	PTS	 should	
incorporate	both	clinical	signs	as	well	as	patient	complaints.	A	number	of	clini-
cal	scales	are	available	 for	 the	diagnosis	of	PTS.	The	Villalta	scale,	 the	Venous	
Clinical	severity	score	(VCSS)	and	CEAP	classification	are	the	most	used	scores.	
The	 Villalta	 scale	 is	 the	 preferred	 scale	 for	 the	 diagnosis	 of	 PTS.	 (17,37)	 The	
CEAP	 classification	 is	 also	 frequently	 used	 in	 common	 practice,	 but	 does	 not	
include	patient	symptoms.(18,38)	The	Villalta	scale	consists	of	6	clinical	signs	
and	5	patient	symptoms.	All	items	are	scored	from	0-3	and	a	maximum	score	of	
33	can	be	reached.	A	score	of	≥5	translates	into	the	diagnosis	of	PTS.	There	are	
subdivisions	 for	 PTS	 severity.	 From	 5-9	 points	 PTS	 is	 considered	 to	 be	mild,	
from	10-14	PTS	is	moderate,	and	severe	PTS	is	diagnosed	when	the	score	is	15	
points	 or	 more	 or	 if	 a	 venous	 ulcer	 is	 present.(19,39)	 The	 randomized	 con-
trolled	CaVent	study	used	the	Villalta-scale	for	PTS	diagnosis,	as	do	the	current-
ly	 enrolling	Attract	 and	 CAVA	 trial.	 (20,21,40,41)	 Imaging	 techniques	 are	 not	
used	 for	 the	 diagnosis	 of	 PTS	 because	 incompetence	 and	 obstruction	 can	 be	
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cal	scales	are	available	 for	 the	diagnosis	of	PTS.	The	Villalta	scale,	 the	Venous	
Clinical	severity	score	(VCSS)	and	CEAP	classification	are	the	most	used	scores.	
The	 Villalta	 scale	 is	 the	 preferred	 scale	 for	 the	 diagnosis	 of	 PTS.	 (17,37)	 The	
CEAP	 classification	 is	 also	 frequently	 used	 in	 common	 practice,	 but	 does	 not	
include	patient	symptoms.(18,38)	The	Villalta	scale	consists	of	6	clinical	signs	
and	5	patient	symptoms.	All	items	are	scored	from	0-3	and	a	maximum	score	of	
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visible	in	the	absence	of	complaints	of	the	patient	or	clinical	signs	at	the	site	of	
the	leg.	There	are	many	scoring	systems	for	PTS	in	use.	The	Ginsberg	measure	
defines	PTS	by	 the	presence	of	daily	 leg	pain	and	swelling	 that	persists	 for	at	
least	1	month,	is	should	be	typical	in	character	(worse	with	standing	or	walking	
and	relieved	by	rest	or	leg	elevation),	and	occurs	at	least	6	months	after	acute	
DVT.	 It	does	not	 rate	 the	severity	of	PTS,	but	 correlates	well	with	QoL	scores	
and	identifies	only	the	more	severe	PTS	in	contrast	to	the	Villalta	scale.(22-24)	
Potential	shortcomings	of	the	Ginsberg	scale	therefore	 include	a	 lack	of	sensi-
tivity	for	milder	forms	of	PTS.	The	Brandjes	scale,	scores	PTS	with	clinical	and	
subjective	criteria	comparable	to	the	Villalta	scale,	but	also	includes	the	meas-
ured	leg	circumference.	The	patient	should	be	assessed	twice	at	least	3	months	
apart.	 The	 score	 has	 a	 subdivision	 of	mild,	moderate	 and	 severe	 PTS.(23,25)	
The	CEAP	classification	was	designed	to	assess	signs	of	primary	chronic	venous	
disease.	The	scale	consists	of	7	stages	C0-6.	C0	is	no	sings	of	venous	disease	on	
the	leg,	C1	is	teleangectasia	or	reticulary	veins,	C2	are	varicose	veins,	C3	edema,	
C4a	 hyperpigmentation	 or	 eczema,	 C4b	 lipodermatosclerosis	 or	 athrophy	
blanche,	 C5	 healed	 venous	 ulcer,	 C6	 active	 venous	 ulcer.	 The	 scale	 does	 not	
incorporate	 patient’s	 complaints	 and	 is	 not	 specifically	 designed	 for	 PTS.(42)	
There	is	no	agreed	cut-off	point	for	PTS	and	therefore	it	is	not	ideal	for	diagnos-
tic	use	for	PTS,	however	it	has	been	used	in	previous	studies.	The	Widmer	clas-
sification	has	also	been	used	for	the	diagnosis	of	PTS	and	to	evaluate	the	thera-
peutic	effect	of	compressive	stockings	on	PTS.(43)	Table	1	gives	an	overview	of	
all	the	available	scores	and	their	properties.	

Scales	 Clinical	 signs	
included?	

Patient	 symptoms	
included?	

Specific	 for	
PTS?	

CEAP	 Yes	 No	 No	
VCSS	 Yes	 Yes	 No	
Widmer	 classifi-
cation	

Yes	 No	 No	

Brandjes	score	 Yes	 Yes	 Yes	
Ginsberg	score	 Yes	 Yes	 Yes	
Villalta	scale	 Yes	 Yes	 Yes	
	

	

		
(44)	

Prevention	of	PTS		

Compression	 stockings	 are	 routinely	prescribed	 for	 the	prevention	of	 PTS.	 In	
the	past	Prandoni	and	Brandjes	showed	a	relative	reduction	in	PTS	of	50%	with	
the	use	of	compression	stockings	in	the	DVT	leg	for	2	years.	(6,23)	However	in	
the	recently	published	SOX-trial	by	Kahn	et	al.	this	finding	could	not	be	repro-
duced.(45)	 In	 fact	 the	SOX-trial	 showed	no	effect	of	 therapeutic	 elastic	 stock-
ings	on	the	prevention	of	PTS	compared	to	sham	stockings.	The	contradicting	
trials	stirred	up	the	debate	on	the	routine	use	of	compression	stockings	in	DVT.	
Although	compressive	stockings	seem	to	prevent	PTS,	the	incidence	is	still	high	
and	alternative	 therapies	 to	prevent	PTS	are	badly	needed.	Because	 standard	
anticoagulation	does	not	actively	dissolve	the	thrombus,	and	residual	obstruc-
tion	and	reflux	are	associated	with	PTS,	active	thrombus	removal	therapies	are	
proposed	as	a	treatment	option	potentially	decreasing	the	PTS	rate.	

Thrombus	removal	therapies	

In	the	eighties	surgeons	performed	surgical	thrombectomy	on	thrombi	with	an	
extension	into	the	iliac	tract	with	a	risk	of	potentially	causing	pulmonary	embo-
li	 or	 significant	 impairing	 the	 circulation	 in	 the	 leg.	 Via	 a	 groin	 incision	 the	
thrombus	on	the	distal	side	was	evacuated	with	strong	compression	on	the	leg.	
In	this	patient	category	a	surprising	lower	incidence	of	PTS	was	witnessed.(46)	
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This	led	to	the	idea	that	early	thrombus	removal	in	DVT	patients	could	be	bene-
ficial	 for	PTS	prevention.	However	 surgical	 thrombectomy	 is	 an	 invasive	pro-
cedure	 and	was	 associated	with	 a	 high	 rate	 of	 recurrent	 DVT.	 Therefore	 this	
procedure	 nowadays	 is	 reserved	 for	 use	 in	 very	 specific	 cases	 such	 as	 acute	
phlegmasia	cerulea	dolens	(picture	2).			

	
Example	of	Phlegmasia	ceruleaa	dolens.	DVT	with	a	complete	venous	outflow	
obstruction	of	the	left	leg.	

Systemic	thrombolysis	

In	the	eighties	and	nineties	research	was	performed	on	the	use	of	thrombolysis	
for	DVT.	Via	a	peripheral	arm	infusion	a	large	dose	of	thrombolytic	drugs	were	
infused	 to	 lyse	 the	 thrombus.	 Systemic	 thrombolysis	 was	 less	 invasive	 com-
pared	 to	surgical	 thrombectomy,	however	 there	were	a	 few	major	drawbacks	
to	this	treatment:	patients	were	hospitalized	for	up	to	seven	days.(47)	In	order	
to	achieve	complete	 lysis	of	 the	 thrombus,	 large	doses	of	 lytic	drugs	were	re-
quired	 and	 a	 long	 infusion	 time.(48)	 Due	 to	 the	 large	 doses	 of	 thrombolytic	
drugs	used	and	the	prolonged	treatment	time	of	several	days,	systemic	throm-
bolysis	is	associated	with	high	bleeding	risk	and	a	number	of	major	bleeding	in	
critical	 organs	 i.e.	 intracranial	 hemorrhage.	 (49-52)	 Because	 of	 the	 enhanced	
bleeding	risk,	systemic	thrombolysis	is	considered	obsolete	in	the	treatment	of	

	

DVT.	 (26,53)	 It	 is	 however	 still	 used	 in	 case	 of	 massive	 pulmonary	 embo-
lism.(54)	

In	1994	Semba	et	al.	reported	on	the	use	of	a	multi	sidehole	catheter	in	combi-
nation	with	thrombolytic	drugs.(55)	The	placement	of	the	catheter	through	the	
thrombus	 allowed	 for	 more	 direct	 infusion	 of	 thrombolytic	 drug	 into	 the	
thrombus.	The	 thrombus	 thus	was	more	 susceptible	 for	 lysis,	 and	 lower	 con-
centrations	of	 lytic	drugs	could	be	used.	The	total	 time	for	complete	 lysis	was	
reduced	to	2-3	days.	Major	bleeding	risk	dropped	to	levels	lower	than	8%.	(56)	
In	2012	Enden	et	al.	 reported	on	 the	use	of	catheter	directed	 thrombolysis	 in	
DVT	for	the	prevention	of	PTS	in	a	multicenter	randomized	controlled	trial.(40)	
Compared	to	the	standard	conservative	standard	therapy,	the	group	with	addi-
tional	CDT	showed	an	absolute	risk	reduction	of	14,4%	in	the	incidence	of	PTS.	
The	CaVent	study	is	the	first	randomized	controlled	trial	to	show	the	benefit	of	
additional	 CDT	 to	 prevent	 PTS.	 Although	 the	 trial	 showed	 a	 positive	 result,	
many	concerns	regarding	CDT	for	DVT	still	remain.	The	CaVent-study	reported	
a	median	treatment	time	of	2.4	days,	which	is	considered	to	be	rather	long.	

Mechanism	of	lysis	

A	thrombus	mainly	consists	of	the	three	blood	components:	fibrin,	platelets	and	
red	blood	cells.	 In	a	 case	of	vascular	 injury	platelets	are	activated	and	 form	a	
primary	platelet	plug	to	close	the	injury	and	prevent	blood	loss.	Simultaneously	
fibrinogen	is	activated	by	tissue	factor	release	as	a	result	from	the	injury,	and	is	
converted	 into	 fibrin.	 The	 formed	 fibrin	 strands	 will	 make	 up	 a	 matrix	 via	
crosslinking	and	interlinking	with	platelets	and	red	blood	cells	and	other	blood	
components	 that	 are	 captured	 in	 the	 fibrin	 matrix.	 This	 process	 is	 useful	 in	
prevention	of	bleeding	from	wounds,	however	in	the	case	of	DVT	the	thrombus	
is	formed	unwanted	and	unneeded.	The	process	of	dissolving	the	thrombus	by	
dissolving	the	fibrin	matrix,	which	holds	together	the	thrombus,	is	operated	by	
plasmin.	Urokinase	and	tissue	plasminogen	activators	(TPA)	activate	plasmino-
gen,	 and	plasminogen	 is	 then	 converted	 to	 plasmin.	 Plasmin	 is	 able	 to	 cleave	
fibrin	strands	into	fibrin	degradation	products.	If	the	fibrin	matrix	is	dissolved	
all	 the	 components	 of	 thrombus	 are	 released	 into	 the	 blood	 stream	 and	 the	
thrombus	 is	resolved.(57)	With	CDT	the	 thrombus	 is	actively	dissolved	by	 in-
fusing	either	urokinase,	TPA	or	recombinant	TPA	into	the	thrombus.(58)	

Pharmacomechanical	thrombolysis	

New	techniques	combined	 the	standard	 infusion	 technique	with	a	mechanical	
component.	The	addition	of	the	mechanical	components	is	aimed	to	reduce	the	
total	 lysis	 time	 and	 so	 further	 reduce	 the	 bleeding	 risk	 associated	with	 lysis.	
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Three	examples	of	Pharmacomechanical	devices	are:	the	trellis-8	catheter,	the	
angiojet	powerpulse	system,	and	the	EKOS	Endowave.	(59-61)	

Ultrasound	accelerated	catheter	directed	thrombolysis	(UACDT)	

The	EKOS	Endowave	Peripheral	Lysis	System	(EKOS	Corporation,	Bothell,	WA)	
consists	of	a	multilumen	infusion	catheter	with	a	removable,	coaxial	ultrasound	
core	and	a	control	unit	that	simultaneously	delivers	high-frequency	(2.2	MHz),	
random	low-energy	(0.45	W)	ultrasound	energy	and	thrombolytic	drug	into	the	
thrombus.	The	 idea	of	adding	high	 frequency	ultrasound	waves	 is	 to	enhance	
lysis	of	 the	thrombus	by	better	dispersion	of	 the	 lytic	drug	 into	the	thrombus	
and	 the	ultrasound	waves	manipulated	 the	 fibrin	strands	 to	make	 them	more	
susceptible	 for	 lysis.	 (62-64)	 These	 two	 mechanisms	 should	 allow	 for	 faster	
lysis	of	the	thrombus	and	subsequent	lower	bleeding	risk.	The	external	device	
regulates	the	ultrasound	waves	formed	in	the	catheter.	The	external	device	also	
regulates	temperature.	The	ultrasound	elements	produce	warmth	in	the	cathe-
ter	 and	 in	 order	 to	 keep	 the	 temperature	 within	 body	 range	 the	 catheter	 is	
infused	with	a	saline	solution	at	room	temperature.	With	a	minimum	continues	
rate	of	infusion	at	35cc/hour	it	is	able	to	keep	the	temperature	from	exceeding	
normal	body	limits.	The	infusion	can	be	increased	to	a	maximum	of	100cc/hour	
if	necessary.	The	catheter	is	placed	via	a	sheath	in	the	popliteal	or	femoral	vein	
and	placed	at	the	most	cephalad	point	of	the	thrombus.	In	case	of	bilateral	DVT	
two	catheters,	one	in	each	leg	can	be	placed.	The	maximum	effective	treatment	
duration	of	one	catheter	is	36	hours	according	to	the	manufacturer.	In	case	of	
such	 a	 prolonged	 UACDT	 treatment	 time,	 new	 catheters	 should	 replace	 the	
catheter.	During	UACDT	patients	are	anticoagulated	with	unfractionated	hepa-
rin	in	a	prophylactic	dose	at	1.2-1.7	times	the	APTT	reference	value.	Simultane-
ously	the	urokinase	or	TPA	is	infused	to	lyse	the	thrombus.	Treatment	progress	
should	 be	 monitored	 at	 least	 once	 daily	 via	 phlebography	 and	 the	 patients	
should	be	monitored	continuously	on	an	 intensive	care	ward	or	medium	care	
setting,	although	never	scientifically	proven.	Regular	assessment	of	 fibrinogen	
levels,	 hemoglobin	 values	 and	 Aptt	 should	 be	 performed	 and	 dosage	 of	 lytic	
drug	 of	 unfractionated	 heparin	 should	 be	 adjusted	 accordingly	 to	 ensure	 pa-
tient	safety	and	limit	the	risk	of	bleeding.	

Patient	selection	and	safety	

UACDT	makes	 use	 of	 thrombolytic	 drugs.	 Although,	 originally	 the	 lytic	 drugs	
are	given	locally,	after	a	while	the	drugs	will	diffuse	and	become	systemic.	The	
lytic	drug	will	also	be	able	to	dissolve	thrombus	elsewhere	in	the	body	and	can	
cause	bleeding.	Patients	with	enhanced	bleeding	risks	are	 therefore	no	candi-

	

dates	for	UACDT.	Patients	with	recent	surgery	in	the	past	six	weeks	or	a	history	
of	bleeding	 in	 the	past	 six	months	or	gastro-intestinal	bleeding	as	well	as	pa-
tients	with	a	cerebrovascular	incident	in	the	past	year	have	a	strict	contraindi-
cation	for	UACDT.	The	same	applies	for	patients	with	active	malignancies	that	
are	treated	with	surgery,	chemo	or	radiotherapy	or	those	hove	have	intracrani-
al	 metastases	 are	 present.	 Patients	 with	 decreased	 kidney	 function	 or	 de-
creased	 liver	 function	 do	 also	 have	 a	 contraindication	 for	UACDT,	 because	 of	
potentially	prolonged	bleeding	 time	and	 the	use	of	 contrast	 fluids	 to	monitor	
treatment	progress.	Pregnant	women	and	women	 till	 two	weeks	post-partum	
are	also	excluded	from	thrombolysis.	Furthermore	patients	who	are	wheelchair	
dependent	are	not	good	candidates	for	thrombolysis	as	the	potential	benefits	of	
thrombolytic	 therapy	 do	 not	 outweigh	 the	 potential	 risks	 in	 this	 specific	
group.(65)	To	increase	the	success	rate	of	UACDT	it	is	important	to	assess	the	
thrombus	age.	 	Currently	 the	assessment	of	 thrombus	age	 is	based	on	patient	
complaints	only.	This	method	is	not	ideal,	and	imaging	techniques	could	prove	
useful	in	this	matter.	Because	accurate	assessment	of	thrombus	age	can	aid	in	
patient	selection	and	potentially	increase	the	success	of	thrombolysis.	Patients	
with	older	thrombus	age	can	then	be	spared	the	risk	of	UACDT.		

Aims	and	outline	of	this	thesis	

In	Chapter	2	an	overview	is	given	of	the	current	treatment	options	for	patients	
with	 an	 iliofemoral	 DVT.	With	 this	 review	 of	 the	 current	 standard	 treatment	
options	it	becomes	clear	that	PTS	forms	a	substantial	problem.	PTS	is	a	clinical	
diagnosis	and	there	is	no	gold	standard	to	diagnose	PTS.	IN	2008	a	subcommit-
tee	 of	 the	 ISTH	 suggested	 the	 standard	use	 of	 the	Villalta	 scale	 to	 be	 used	 in	
trials	and	the	clinical	setting.	In	Chapter	3	we	took	a	closer	look	at	the	Villalta	
scale,	 its	 properties,	 limitations,	 and	 alternative	 scales	 available	 for	 scoring	
PTS.		

The	 best	 approach	 to	 reduce	 PTS	 incidence	 is	 prevention.	 If	 identification	 of	
high-risk	PTS	patients	is	possible	in	the	acute	phase,	than	additional	treatments	
are	possible	to	reduce	PTS.	In	Chapter	four	we	assessed	the	Lower	Extremity	
Thrombosis	 (LET)	Classification.	The	LET	 classification	 characterizes	patients	
based	 on	 initial	 thrombus	 location	 and	 extent.	We	 invited	 patients	 to	 fill-out	
questionnaires	and	assess	their	disease	specific	quality	of	life	and	PTS	severity	
using	the	Villalta	score.	We	evaluated	the	correlation	between	higher	let	classi-
fications	and	PTS	severity	using	the	original	extended	version	of	the	LET	classi-
fication.	In	Chapter	five	we	used	the	simplified	version	of	the	classification	to	
lok	at	the	effect	on	prediciting	PTS	severity	using	the	same	cohort.		
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Three	examples	of	Pharmacomechanical	devices	are:	the	trellis-8	catheter,	the	
angiojet	powerpulse	system,	and	the	EKOS	Endowave.	(59-61)	

Ultrasound	accelerated	catheter	directed	thrombolysis	(UACDT)	

The	EKOS	Endowave	Peripheral	Lysis	System	(EKOS	Corporation,	Bothell,	WA)	
consists	of	a	multilumen	infusion	catheter	with	a	removable,	coaxial	ultrasound	
core	and	a	control	unit	that	simultaneously	delivers	high-frequency	(2.2	MHz),	
random	low-energy	(0.45	W)	ultrasound	energy	and	thrombolytic	drug	into	the	
thrombus.	The	 idea	of	adding	high	 frequency	ultrasound	waves	 is	 to	enhance	
lysis	of	 the	thrombus	by	better	dispersion	of	 the	 lytic	drug	 into	the	thrombus	
and	 the	ultrasound	waves	manipulated	 the	 fibrin	strands	 to	make	 them	more	
susceptible	 for	 lysis.	 (62-64)	 These	 two	 mechanisms	 should	 allow	 for	 faster	
lysis	of	the	thrombus	and	subsequent	lower	bleeding	risk.	The	external	device	
regulates	the	ultrasound	waves	formed	in	the	catheter.	The	external	device	also	
regulates	temperature.	The	ultrasound	elements	produce	warmth	in	the	cathe-
ter	 and	 in	 order	 to	 keep	 the	 temperature	 within	 body	 range	 the	 catheter	 is	
infused	with	a	saline	solution	at	room	temperature.	With	a	minimum	continues	
rate	of	infusion	at	35cc/hour	it	is	able	to	keep	the	temperature	from	exceeding	
normal	body	limits.	The	infusion	can	be	increased	to	a	maximum	of	100cc/hour	
if	necessary.	The	catheter	is	placed	via	a	sheath	in	the	popliteal	or	femoral	vein	
and	placed	at	the	most	cephalad	point	of	the	thrombus.	In	case	of	bilateral	DVT	
two	catheters,	one	in	each	leg	can	be	placed.	The	maximum	effective	treatment	
duration	of	one	catheter	is	36	hours	according	to	the	manufacturer.	In	case	of	
such	 a	 prolonged	 UACDT	 treatment	 time,	 new	 catheters	 should	 replace	 the	
catheter.	During	UACDT	patients	are	anticoagulated	with	unfractionated	hepa-
rin	in	a	prophylactic	dose	at	1.2-1.7	times	the	APTT	reference	value.	Simultane-
ously	the	urokinase	or	TPA	is	infused	to	lyse	the	thrombus.	Treatment	progress	
should	 be	 monitored	 at	 least	 once	 daily	 via	 phlebography	 and	 the	 patients	
should	be	monitored	continuously	on	an	 intensive	care	ward	or	medium	care	
setting,	although	never	scientifically	proven.	Regular	assessment	of	 fibrinogen	
levels,	 hemoglobin	 values	 and	 Aptt	 should	 be	 performed	 and	 dosage	 of	 lytic	
drug	 of	 unfractionated	 heparin	 should	 be	 adjusted	 accordingly	 to	 ensure	 pa-
tient	safety	and	limit	the	risk	of	bleeding.	

Patient	selection	and	safety	

UACDT	makes	 use	 of	 thrombolytic	 drugs.	 Although,	 originally	 the	 lytic	 drugs	
are	given	locally,	after	a	while	the	drugs	will	diffuse	and	become	systemic.	The	
lytic	drug	will	also	be	able	to	dissolve	thrombus	elsewhere	in	the	body	and	can	
cause	bleeding.	Patients	with	enhanced	bleeding	risks	are	 therefore	no	candi-

	

dates	for	UACDT.	Patients	with	recent	surgery	in	the	past	six	weeks	or	a	history	
of	bleeding	 in	 the	past	 six	months	or	gastro-intestinal	bleeding	as	well	as	pa-
tients	with	a	cerebrovascular	incident	in	the	past	year	have	a	strict	contraindi-
cation	for	UACDT.	The	same	applies	for	patients	with	active	malignancies	that	
are	treated	with	surgery,	chemo	or	radiotherapy	or	those	hove	have	intracrani-
al	 metastases	 are	 present.	 Patients	 with	 decreased	 kidney	 function	 or	 de-
creased	 liver	 function	 do	 also	 have	 a	 contraindication	 for	UACDT,	 because	 of	
potentially	prolonged	bleeding	 time	and	 the	use	of	 contrast	 fluids	 to	monitor	
treatment	progress.	Pregnant	women	and	women	 till	 two	weeks	post-partum	
are	also	excluded	from	thrombolysis.	Furthermore	patients	who	are	wheelchair	
dependent	are	not	good	candidates	for	thrombolysis	as	the	potential	benefits	of	
thrombolytic	 therapy	 do	 not	 outweigh	 the	 potential	 risks	 in	 this	 specific	
group.(65)	To	increase	the	success	rate	of	UACDT	it	is	important	to	assess	the	
thrombus	age.	 	Currently	 the	assessment	of	 thrombus	age	 is	based	on	patient	
complaints	only.	This	method	is	not	ideal,	and	imaging	techniques	could	prove	
useful	in	this	matter.	Because	accurate	assessment	of	thrombus	age	can	aid	in	
patient	selection	and	potentially	increase	the	success	of	thrombolysis.	Patients	
with	older	thrombus	age	can	then	be	spared	the	risk	of	UACDT.		

Aims	and	outline	of	this	thesis	

In	Chapter	2	an	overview	is	given	of	the	current	treatment	options	for	patients	
with	 an	 iliofemoral	 DVT.	With	 this	 review	 of	 the	 current	 standard	 treatment	
options	it	becomes	clear	that	PTS	forms	a	substantial	problem.	PTS	is	a	clinical	
diagnosis	and	there	is	no	gold	standard	to	diagnose	PTS.	IN	2008	a	subcommit-
tee	 of	 the	 ISTH	 suggested	 the	 standard	use	 of	 the	Villalta	 scale	 to	 be	 used	 in	
trials	and	the	clinical	setting.	In	Chapter	3	we	took	a	closer	look	at	the	Villalta	
scale,	 its	 properties,	 limitations,	 and	 alternative	 scales	 available	 for	 scoring	
PTS.		

The	 best	 approach	 to	 reduce	 PTS	 incidence	 is	 prevention.	 If	 identification	 of	
high-risk	PTS	patients	is	possible	in	the	acute	phase,	than	additional	treatments	
are	possible	to	reduce	PTS.	In	Chapter	four	we	assessed	the	Lower	Extremity	
Thrombosis	 (LET)	Classification.	The	LET	 classification	 characterizes	patients	
based	 on	 initial	 thrombus	 location	 and	 extent.	We	 invited	 patients	 to	 fill-out	
questionnaires	and	assess	their	disease	specific	quality	of	life	and	PTS	severity	
using	the	Villalta	score.	We	evaluated	the	correlation	between	higher	let	classi-
fications	and	PTS	severity	using	the	original	extended	version	of	the	LET	classi-
fication.	In	Chapter	five	we	used	the	simplified	version	of	the	classification	to	
lok	at	the	effect	on	prediciting	PTS	severity	using	the	same	cohort.		
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Chapter 1
	

Thrombolysis	 of	 DVT	 is	 performed	 in	 the	 acute	 phase.	 Thrombus	 age	 is	 as-
sessed	by	duration	of	complaints.	 In	 the	 literature	the	presence	of	complaints	
for	two	weeks	is	marked	as	acute	DVT.	Successful	thrombolysis	has	been	seen	
in	thrombi	as	old	as	3	to	4	weeks.	There	is	no	objective	measurement	available	
to	predict	successful	thrombolysis.	MR-venography	could	potentially	be	used	to	
predict	thrombus	age.	In	Chapter	six	we	assessed	the	reproducibility	of	prede-
fined	MR-venography	findings	by	four	experienced	radiologists	and	the	ability	
to	distinguish	acute	from	old	thrombus.		

Ultrasound	accelerated	catheter	directed	thrombolysis	(UACDT)	is	a	new	ther-
apy	in	the	acute	phase	for	iliofemoral	DVT.	Data	regarding	safety	and	feasibility	
are	 scarce.	 In	Chapter	 seven	 reports	 on	our	 earliest	 experience	with	UACDT	
for	iliofemoral	DVT	and	its	safety	and	feasibility.	In	Chapter	eight	again	safety	
and	 feasibility	 of	UACDT	 for	 iliofemoral	DVT	 is	 discussed	 and	 in	 addition	 the	
necessity	of	inserting	stents	afterwards	in	selected	patients	is	considered.		

In	certain	cases	the	stented	venous	tract	occludes.	 In	Chapter	nine	 the	possi-
bility	of	regaining	patency	in	patients	with	acute	venous	stent	occlusion	by	way	
of	UACDT	was	assessed.	All	patients	are	carefully	monitored	during	thrombo-
lysis	 and	 frequent	 routine	 measurements	 of	 fibrinogen	 are	 performed.	 In	 a	
number	 of	 cases	 we	 experienced	 difficulties	 determining	 accurate	 fibrinogen	
levels	with	 the	standard	 laboratory	equipment.	Safety	 in	patients	 is	of	 the	ut-
most	 importance	and	cannot	be	guaranteed	with	unreliable	measurements	of	
fibrinogen.	To	try	and	optimize	patient	safety	we	looked	at	alternative	methods	
for	 defining	 fibrinogen	 levels	 in	 patients	 undergoing	 UACDT	 for	 iliofemoral	
DVT	and	report	on	this	in	Chapter	ten.	

Chapter	 eleven	 gives	 an	 overview	 of	 the	 current	 thrombus	 removing	 thera-
pies,	 imaging	 techniques	 in	 venous	 disease,	 and	 stenting.	 We	 conclude	 with	
recommendations	 for	 improvement	 of	 the	 current	 techniques	 and	 give	 our	
opinion	on	the	ideal	treatment	options	for	patients	with	IFDVT	in	the	near	fu-
ture.	
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Thrombolysis	 of	 DVT	 is	 performed	 in	 the	 acute	 phase.	 Thrombus	 age	 is	 as-
sessed	by	duration	of	complaints.	 In	 the	 literature	the	presence	of	complaints	
for	two	weeks	is	marked	as	acute	DVT.	Successful	thrombolysis	has	been	seen	
in	thrombi	as	old	as	3	to	4	weeks.	There	is	no	objective	measurement	available	
to	predict	successful	thrombolysis.	MR-venography	could	potentially	be	used	to	
predict	thrombus	age.	In	Chapter	six	we	assessed	the	reproducibility	of	prede-
fined	MR-venography	findings	by	four	experienced	radiologists	and	the	ability	
to	distinguish	acute	from	old	thrombus.		

Ultrasound	accelerated	catheter	directed	thrombolysis	(UACDT)	is	a	new	ther-
apy	in	the	acute	phase	for	iliofemoral	DVT.	Data	regarding	safety	and	feasibility	
are	 scarce.	 In	Chapter	 seven	 reports	 on	our	 earliest	 experience	with	UACDT	
for	iliofemoral	DVT	and	its	safety	and	feasibility.	In	Chapter	eight	again	safety	
and	 feasibility	 of	UACDT	 for	 iliofemoral	DVT	 is	 discussed	 and	 in	 addition	 the	
necessity	of	inserting	stents	afterwards	in	selected	patients	is	considered.		

In	certain	cases	the	stented	venous	tract	occludes.	 In	Chapter	nine	 the	possi-
bility	of	regaining	patency	in	patients	with	acute	venous	stent	occlusion	by	way	
of	UACDT	was	assessed.	All	patients	are	carefully	monitored	during	thrombo-
lysis	 and	 frequent	 routine	 measurements	 of	 fibrinogen	 are	 performed.	 In	 a	
number	 of	 cases	 we	 experienced	 difficulties	 determining	 accurate	 fibrinogen	
levels	with	 the	standard	 laboratory	equipment.	Safety	 in	patients	 is	of	 the	ut-
most	 importance	and	cannot	be	guaranteed	with	unreliable	measurements	of	
fibrinogen.	To	try	and	optimize	patient	safety	we	looked	at	alternative	methods	
for	 defining	 fibrinogen	 levels	 in	 patients	 undergoing	 UACDT	 for	 iliofemoral	
DVT	and	report	on	this	in	Chapter	ten.	

Chapter	 eleven	 gives	 an	 overview	 of	 the	 current	 thrombus	 removing	 thera-
pies,	 imaging	 techniques	 in	 venous	 disease,	 and	 stenting.	 We	 conclude	 with	
recommendations	 for	 improvement	 of	 the	 current	 techniques	 and	 give	 our	
opinion	on	the	ideal	treatment	options	for	patients	with	IFDVT	in	the	near	fu-
ture.	
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Introduction	

The	annual	global	incidence	of	deep	vein	thrombosis	(DVT)	of	the	leg	is	1.6	per	
1000.1	Classically;	venous	thrombosis	of	a	lower	limb	begins	in	a	deep	calf	vein	
and	 propagates	 more	 proximally.	 Symptoms	 include	 swelling,	 pain,	 and	 red-
ness	of	 the	 leg,	depending	on	 the	vein	segment(s)	 involved	(see	 table	1).2	Pa-
tients	are	at	risk	of	pulmonary	embolism.3	Despite	optimal	conservative	treat-
ment	 with	 anticoagulation	 and	 compression,	 one	 in	 four	 patients	 develops	 a	
post-thrombotic	syndrome	within	one	year,2	and	one	in	three	develops	a	recur-
rent	DVT	within	five	years.4	Patients	with	post-thrombotic	syndrome	have	poor	
quality	 of	 life.5	 A	more	 aggressive	 approach	 to	 treatment,	 such	 as	 removal	 of	
early	thrombus	using	catheter	directed	thrombolysis,	might	improve	outcomes	
for	patients	with	DVT	compared	with	standard	anticoagulation	treatment.4-12	

Who	gets	DVT?	
The	formation	of	venous	thrombosis	depends	on	a	triad	of	hypercoagulability,	
stasis,	 and	 interruption	 of	 the	 integrity	 of	 the	 vein	wall.	 One	 or	more	 factors	
may	 dominate,	 depending	 on	 the	 underlying	 risk	 factor.	 Table	 2	 outlines	 the	
known	 risk	 factors	 for	 DVT.6	 The	most	 common	 locations	 for	 venous	 throm-
bosis	of	the	leg	are	shown	in	table	1.2		

Table	1	
Location	of	the	thrombus	 Percentage	of	total	deep	vein	thrombosis	

Distal	veins	 40	
Popliteal	vein	 16	
Femoral	vein	 20	
Common	femoral	vein	 20	
Iliac	vein	 4	

How	is	DVT	diagnosed?	
Patients	with	DVT	usually	 present	with	 pain,	 and	 swelling	 of	 the	 leg,	 varying	
degrees	of	 redness,	 or	muscle	 cramps.	When	DVT	 is	 confined	 to	 the	popliteal	
vein	 the	 calf	 will	 be	 mostly	 affected.	 When	 DVT	 originates	 or	 extends	 more	
proximally	 to	 the	 iliofemoral	 vein	 segment,	 patients	 usually	 have	 swelling	 of	
the	 whole	 leg	 and	more	 severe	 pain	 and	 redness.	 Mobility	 may	 be	 impaired	
because	of	heaviness	and	pain	in	the	leg.	In	severe	cases	patients	may	develop	
phlegmasia	cerulea	dolens	(fig	1).	
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Fig	 1	 Phlegmasia	 cerulea	 dolens:	 the	 entire	 left	 leg	 is	 swollen	 and	 inflamed,	
with	 a	 blue-red	 aspect.	 The	 leg	 is	 very	 painful.	 It	 occurs	 when	 a	 deep	 vein	
thrombosis	blocks	the	whole	venous	return	of	the	leg.	It	can	ultimately	lead	to	
gangrene	of	the	leg	

Because	these	clinical	signs	are	not	specific	to	DVT	clinical	scoring	systems	and	
diagnostic	tests	have	been	developed.	The	Wells	score	is	the	most	widely	vali-
dated	 method	 used	 to	 assess	 a	 patient’s	 risk	 of	 current	 DVT	 (box).	 A	 Wells	
score	of	 less	than	2	means	that	the	patient	has	a	 low	risk	of	DVT,	while	those	
with	 a	 score	 of	 2	 or	 more	 are	 at	 high	 risk	 of	 current	 DVT.7	 A	 D-dimer	 test	
demonstrates	the	presence	of	blood	clot	degradation	products.	It	has	a	sensitiv-
ity	of	95.3%	and	a	specificity	of	44.7%	for	DVT.	The	negative	predictive	value	is	
high	at	97.7%,	making	it	a	useful	test	 for	ruling	out	DVT.8	A	negative	D-dimer	
blood	 test	 and	 a	Wells	 score	 of	 less	 then	 2	 are	 effective	 in	 ruling	 out	 a	 DVT	
without	the	need	for	duplex	ultrasound.9	

	 	

	

	 Wells	score	for	risk	of	deep	venous	thrombosis	
1	point	 active	cancer	<	6	months	or	palliation	
1	point	 paralysis,	 paresis	 or	 recent	 plaster	 immobilization	 of	 the	 lower	

extremities	
1	point	 recently	bedridden	for	more	than	3	days	or	major	surgery,	within	

4	weeks	
1	point	 localised	 tenderness	 along	 the	 distribution	 of	 the	 deep	 venous	

system	
1	point	 entire	swollen	leg	
1	point	 calf	swelling	by	more	than	3	cm	when	compared	with	the	asymp-

tomatic	leg	
1	point	 pitting	edema	
1	point	 collateral	superficial	veins	(non-varicose)	
1	point	 previously	documented	DVT	
-2	points	 alternative	 diagnosis	 as	 likely	 or	 greater	 than	 that	 of	 deep	 vein	

thrombosis.	
total	
score	

	

<	2	 low	risk	of	DVT	
≥	2	 high	risk	of	DVT	
	
In	 patients	with	 clinical	 signs	 consistent	with	 DVT	 and	 a	Wells	 score	 of	 2	 or	
more	or	a	positive	D-dimer	test	(or	both),	imaging	is	used	to	confirm	the	diag-
nosis.	Non-invasive	two	point	duplex	ultrasound	is	the	current	standard	imag-
ing	 technique.	Duplex	ultrasound	has	 a	 sensitivity	of	98.7%	and	 specificity	of	
100%	to	detect	or	rule	out	an	above	knee	thrombus,	and	a	sensitivity	of	85.2%	
and	 specificity	 of	 98.2%	 for	 below	 knee	 DVT,	 when	 compared	with	 the	 gold	
standard	 (invasive	 venography).10	 Computed	 tomography	 venography	 and	
magnetic	 resonance	venography	can	be	used	 to	 image	 the	exact	 extent	of	 the	
DVT	(fig	2).11,12		
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Fig	2	Magnetic	resonance	venogram	showing	a	thrombus	in	the	left	leg	extend-
ing	from	the	popliteal	vein	to	the	common	femoral	vein;	the	red	arrows	point	to	
the	position	of	the	thrombus	in	the	vessel	

	

Why	is	it	important	to	treat	DVT?	

Risk	of	pulmonary	embolism	
If	DVT	is	left	untreated	about	50%	of	patients	will	develop	a	symptomatic	pul-
monary	embolism,	which	carries	a	10%	risk	of	death	within	one	hour	of	onset	
of	initial	symptoms.	The	main	goal	of	treatment	is	to	prevent	pulmonary	embo-
lism,	propagation	of	the	clot,	and	recurrence	of	the	DVT.13-15	

Risk	of	post-thrombotic	syndrome	
In	addition,	43-47%	of	patients	develop	post-thrombotic	syndrome	within	two	
years	 of	 developing	 symptomatic	 DVT,	 although	 some	 studies	 have	 reported	
higher	rates	(>60%)	in	patients	with	iliofemoral	DVT.2,16	Post-thrombotic	syn-
drome	 is	a	chronic	debilitating	condition	caused	by	venous	hypertension	as	a	
result	of	persistent	obstruction	of	venous	outflow	and	venous	 insufficiency.	A	
recent	observational	study	found	a	severely	decreased	quality	of	life	in	patients	
with	 post-thrombotic	 syndrome	 comparable	 to	 that	 of	 patients	 with	 chronic	
diseases	 such	 as	diabetes,	 obstructive	 lung	disease,	 and	 congestive	heart	 fail-
ure.5	Patients	present	with	a	painful	heavy	leg	and	may	also	have	cramps,	par-
aesthesia,	 and	pruritus.	On	examination	 the	 leg	may	be	edematous	with	vari-
cosities	or	hyperpigmentation	of	the	skin	(or	both).	The	condition	can	be	classi-
fied	according	to	the	recently	developed	and	validated	Villalta	scale	(figure	3).17	
A	 retrospective	 study	 estimated	 that	 30%,	 10%,	 and	 3%	of	 people	with	DVT	
develop	mild,	 moderate,	 and	 severe	 post-thrombotic	 syndrome,	 respectively,	
and	venous	obstruction	combined	with	reflux	increased	the	risk	significantly.18	
A	more	 severe	post-thrombotic	 syndrome	at	one	month,	more	extensive	DVT	
(iliofemoral	versus	calf	DVT),	higher	body	mass	index,	previous	ipsilateral	DVT,	
older	 age,	 and	 female	 sex	 seem	 to	 predict	 the	 long	 term	 severity	 of	 post-
thrombotic	syndrome.2	
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Figure	3	

	
Visual	guide	to	scoring	the	physician	part	of	the	villalta	scale.	

	

Risk	of	venous	ulcer	disease	
Of	 those	who	develop	post-thrombotic	 syndrome,	 3-5%	go	 on	 to	 develop	 ve-
nous	 ulcers,19	 which	 are	 usually	 painful,	 resistant	 to	 treatment,	 and	 tend	 to	
recur.	Venous	ulcers	may	greatly	 impair	 the	patient’s	quality	of	 life	and	 incur	
high	 healthcare	 costs.2	 Figure	 4	 illustrates	 venous	 ulcer	 disease	 in	 a	 patient	
with	post-thrombotic	syndrome.	

	
Fig	4	Venous	ulceration	of	the	leg.	Active	ulceration	is	the	most	severe	form	of	
post-thrombotic	syndrome.	Dark	red	pigmentation	and	painful	skin	thickening	
(lipodermatosclerosis)	is	seen	proximal	to	the	ulceration	
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Figure	3	

	
Visual	guide	to	scoring	the	physician	part	of	the	villalta	scale.	
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What	is	the	current	standard	therapy	for	DVT?	
Standard	 treatment	 for	DVT	 is	 immediate	 anticoagulation	with	 subcutaneous	
low	molecular	weight	heparin	and	later	with	oral	anticoagulants.	Compression	
treatment	with	 elastic	 stockings	 and	 early	 ambulation	 also	 form	 part	 of	 con-
servative	 treatment.20	 Guidelines	 from	 the	 American	 College	 of	 Chest	 Physi-
cians	(ACCP),	which	are	based	on	level	1A	evidence	from	high	quality	random-
ized	 controlled	 trials,13	 recommend	 immediate	 anticoagulation	with	 subcuta-
neous	low	molecular	weight	heparins	for	at	least	five	days,	and	that	the	patient	
should	 simultaneously	 take	 oral	 anticoagulants	 such	 as	 warfarin	 for	 at	 least	
three	months.	The	duration	of	oral	treatment	depends	on	the	cause	of	the	DVT	
and	whether	 it	 can	be	 eliminated	or	not.	Anticoagulation	alone	decreases	 the	
risk	of	pulmonary	embolism	to	3.8%,	the	risk	of	recurrent	DVT	to	30%,	and	the	
risk	of	post-thrombotic	syndrome	to	82%.		

ACCP	 guidelines	 also	 recommend	 that	 compression	 treatment	 be	 started	 im-
mediately,	 using	 compressive	 bandaging	 or	 elastic	 stockings	with	 a	 compres-
sion	 pressure	 of	 30-40	mm	 Hg,	 and	 continued	 for	 at	 least	 two	 years;	 this	 is	
based	on	evidence	from	high	quality	randomized	trials.	Compression	does	not	
reduce	the	risk	of	pulmonary	embolism	or	recurrence	of	DVT,	but	 it	has	been	
shown	to	decrease	the	incidence	of	post-thrombotic	syndrome	by	about	50%	at	
two	 years.	 Immediate	mobilization	 is	 also	 recommended.	 Conservative	 treat-
ment	can	be	safely	carried	out	at	home.13,21-23	

Although	the	standard	treatment	regimen	reduces	the	risk	of	pulmonary	embo-
lism,	 recurrent	 DVT,	 and	 post-thrombotic	 syndrome,	 patients	 remain	 at	 in-
creased	 risk	 of	 pulmonary	 embolism,	 recurrence	 of	 DVT	 (30%	 within	 five	
years),	 and	 post-thrombotic	 syndrome	 (43%	 at	 two	 years).	 Patients	 treated	
with	 anticoagulants	 are	 also	 at	 increased	 risk	 of	 severe	 bleeding	 complica-
tions.24-26	This	has	led	to	research	into	new	treatments	for	DVT.		

Are	there	any	new	treatments	under	study	for	iliofemoral	DVT?	

Catheter	directed	thrombolysis	
A	recent	observational	study	found	that	the	degree	of	clot	lysis	at	treatment	is	
directly	 correlated	 with	 long-term	 outcome	 after	 iliofemoral	 DVT.27	 Patients	
with	 iliofemoral	DVT	have	double	 the	 risk	of	 recurrent	 thrombosis	 compared	
with	 those	with	DVT	below	 this	 segment.28	On	 the	basis	 of	 these	 findings	 ex-
perts	 consider	 that	 patients	with	 iliofemoral	 DVT	might	 benefit	most	 from	 a	
more	aggressive	approach	to	thrombus	removal.	

A	systematic	review	has	shown	that	the	administration	of	systemic	thrombolyt-
ic	agents—aimed	at	achieving	 indirect	clot	 lysis—achieves	a	small	 increase	 in	

	

vein	segment	patency,	but	the	risk	of	clinically	relevant	bleeding	complications	
is	high,	so	systemic	thrombolysis	is	no	longer	used	for	DVT.29	However,	findings	
from	 a	 non-randomized	 prospective	 study	 of	 catheter	 directed	 thrombolysis,	
which	involves	infusion	of	thrombolytic	agents	through	a	catheter	directly	into	
the	 thrombus,	 suggested	 that	 the	 technique	can	 safely	 lyse	 thrombus	without	
appreciable	 systemic	 effects	 and	may	 also	 restore	 normal	 valve	 function	 and	
prevented	 post-thrombotic	 reflux	 (a	 further	 risk	 factor	 for	 post-thrombotic	
syndrome).30		

The	 findings	 of	 several	 non-randomized	 studies	 and	 two	 small	 randomized	
controlled	 trials	 that	 compared	 catheter	 directed	 thrombolysis	with	 standard	
anticoagulation	 treatment	 show	 that	 catheter	 directed	 thrombolysis	 may	 re-
duce	the	incidence	of	post-thrombotic	syndrome	compared	with	standard	anti-
coagulation	alone.31-39	A	 systematic	 review	of	published	studies	 reported	 that	
catheter	 directed	 thrombolysis,	 as	 an	 adjunct	 to	 standard	DVT	 treatment,	 re-
duced	the	incidence	of	post-thrombotic	syndrome	from	78%	to	27%,	although	
the	rate	of	minor	bleeding	complications	was	8%	in	patients	with	thrombolytic	
treatment.29,31	Small	retrospective	studies	of	catheter	directed	thrombolysis	for	
iliofemoral	DVT	have	suggested	that	successful	catheter	directed	thrombolysis	
may	have	 a	 positive	 effect	 on	 the	 validated	health-related	quality	 of	 life	 (HR-
QOL)	questionnaire,	but	further	study	is	needed.32,34		

Currently,	 three	 large	 randomized	 controlled	 trials	 are	 under	way	 to	 investi-
gate	the	effectiveness	and	safety	of	catheter	directed	thrombolysis	(the	Norwe-
gian	CaVent	 trial,40	 the	North	American	ATTRACT	 trial,41	 and	 the	Dutch	CAVA	
trial).	 Results	 of	 these	 trials,	 for	 which	 the	 primary	 outcome	 is	 risk	 of	 post-
thrombotic	syndrome,	are	much	anticipated.	If	they	robustly	show	that	throm-
bus	removal	using	chemical	and	mechanical	techniques	significantly	decreases	
post-thrombotic	 syndrome	 and	 improves	 clinical	 outcomes,	 the	 treatment	 of	
iliofemoral	DVT	may	be	revolutionized.	

Combined	mechanical	and	chemical	thrombolysis	
Several	catheter	directed	thrombolysis	devices	now	combine	mechanical	ener-
gy	 with	 chemical	 thrombolysis	 (fig	 5),	 and	 one	 of	 these	 systems	 has	 been	
shown	to	be	effective	in	the	treatment	of	peripheral	arterial	occlusions,35	mas-
sive	pulmonary	embolism,42	 and	acute	 ischemic	 stroke.43,44	Two	small	patient	
series	 have	 evaluated	 this	 ultrasound	 accelerated	 catheter	 directed	 thrombo-
lysis	for	the	treatment	of	patients	with	DVT	and	shown	comparable	results.35,36		

All	 combined	 systems	 require	 evaluation	 in	 randomized	 studies	 with	 large	
sample	 sizes	 because	 currently	 there	 is	 only	 low	quality	 evidence	 to	 support	
their	use.45	The	Dutch	CAVA	trial	is	evaluating	the	EKOS	Endowave	system.46		
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What	is	the	current	standard	therapy	for	DVT?	
Standard	 treatment	 for	 DVT	 is	 immediate	 anticoagulation	with	 subcutaneous	
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tions.24-26	This	has	led	to	research	into	new	treatments	for	DVT.		
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A	recent	observational	study	found	that	the	degree	of	clot	lysis	at	treatment	is	
directly	 correlated	 with	 long-term	 outcome	 after	 iliofemoral	 DVT.27	 Patients	
with	 iliofemoral	DVT	have	double	 the	 risk	of	 recurrent	 thrombosis	 compared	
with	 those	with	DVT	below	 this	 segment.28	On	 the	basis	 of	 these	 findings	 ex-
perts	 consider	 that	 patients	with	 iliofemoral	 DVT	might	 benefit	most	 from	 a	
more	aggressive	approach	to	thrombus	removal.	

A	systematic	review	has	shown	that	the	administration	of	systemic	thrombolyt-
ic	agents—aimed	at	achieving	 indirect	clot	 lysis—achieves	a	small	 increase	 in	
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catheter	 directed	 thrombolysis,	 as	 an	 adjunct	 to	 standard	DVT	 treatment,	 re-
duced	the	incidence	of	post-thrombotic	syndrome	from	78%	to	27%,	although	
the	rate	of	minor	bleeding	complications	was	8%	in	patients	with	thrombolytic	
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may	have	 a	 positive	 effect	 on	 the	 validated	health-related	quality	 of	 life	 (HR-
QOL)	questionnaire,	but	further	study	is	needed.32,34		
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trial).	 Results	 of	 these	 trials,	 for	 which	 the	 primary	 outcome	 is	 risk	 of	 post-
thrombotic	syndrome,	are	much	anticipated.	If	they	robustly	show	that	throm-
bus	removal	using	chemical	and	mechanical	techniques	significantly	decreases	
post-thrombotic	 syndrome	 and	 improves	 clinical	 outcomes,	 the	 treatment	 of	
iliofemoral	DVT	may	be	revolutionized.	

Combined	mechanical	and	chemical	thrombolysis	
Several	catheter	directed	thrombolysis	devices	now	combine	mechanical	ener-
gy	 with	 chemical	 thrombolysis	 (fig	 5),	 and	 one	 of	 these	 systems	 has	 been	
shown	to	be	effective	in	the	treatment	of	peripheral	arterial	occlusions,35	mas-
sive	pulmonary	embolism,42	 and	acute	 ischemic	 stroke.43,44	Two	small	patient	
series	 have	 evaluated	 this	 ultrasound	 accelerated	 catheter	 directed	 thrombo-
lysis	for	the	treatment	of	patients	with	DVT	and	shown	comparable	results.35,36		

All	 combined	 systems	 require	 evaluation	 in	 randomized	 studies	 with	 large	
sample	 sizes	 because	 currently	 there	 is	 only	 low	quality	 evidence	 to	 support	
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Fig	 5.	 Overview	 of	 pharmacomechanical	 thrombolytic	 devices.	 (A	 and	B)	 The	
EKOS	 Endowave	 Peripheral	 Lysis	 System	 consists	 of	 a	 multi-lumen	 infusion	
catheter	with	removable,	coaxial	ultrasound	core	and	a	control	unit	that	simul-
taneously	delivers	high	 frequency	(2.2	MHz),	 low	energy	(0.45	W)	ultrasound	
energy	and	thrombolytic	drug	into	the	thrombus.	Ultrasound	accelerated	cathe-
ter	 directed	 thrombolysis	was	 developed	 to	 overcome	 the	 limitations	 of	 long	
treatment	 times	 and	 high	 drug	 doses	 in	 standard	 catheter	 directed	 thrombo-
lysis.36	 In	vitro,	ultrasound	energy	proved	 to	 increase	uptake	and	penetration	
of	the	thrombolytic	agents	into	the	thrombus	by	disaggregating	the	fibrin	ma-
trix	 and	 exposing	 additional	 plasminogen	 receptor	 sites	 to	 the	 thrombolytic	
agent.47,48	 ©	 The	 Trellis-8	 catheter	 directed	 thrombolysis	 device	 combines	
balloon	 containment	 of	 a	 thrombus	 with	 chemical	 and	 mechanical	 thrombo-
lysis.	The	thrombus	is	isolated	after	placing	the	catheter	by	inflating	the	proxi-
mal	 and	 distal	 balloons.	 The	 thrombolytic	 drug	 is	 then	 infused	 through	 the	
catheter	and	exits	through	multiple	side	holes	in	between	the	balloons.	This	is	
followed	by	removal	of	the	guide	wire	and	placement	of	a	stiff	sinusoidal	wire	
between	 the	 balloons.	 A	 battery	 powered	motor	 then	 turns	 the	wire	 at	 3000	
rpm;	thus,	mechanical	dissolution	of	the	thrombus	is	combined	with	the	actions	
of	 the	 thrombolytic	drug.49	 (D)	The	Angiojet	Power	Pulse	 system	uses	a	 com-

	

plex	mixture	of	rapid	fluid	streaming	and	hydrodynamic	forces	to	fracture	the	
thrombus,	 allowing	extraction	at	 the	 catheter	 tip	as	a	 result	of	negative	pres-
sure.	The	catheter	infuses	normal	saline	through	an	infusion	port	while	simul-
taneously	suctioning	through	the	effluent	port.	 If	 the	effluent	port	 is	clamped,	
the	infusion	port	acts	as	a	mechanical	“pulse	spray”	that	delivers	the	preloaded	
thrombolytic	drug	to	the	thrombus.45,50		
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Abstract	

The	 post-thrombotic	 syndrome	 (PTS)	 is	 a	 common,	 debilitating	 complication	
following	 deep	 venous	 thrombosis.	 PTS	 is	 a	 syndrome	 for	which	 it	 has	 been	
difficult	 to	 provide	 a	 clear	 definition.	 PTS	 was	 defined	 as	 chronic	 venous	
signs/symptoms	after	a	deep	venous	thrombosis.	A	number	of	scales	are	avail-
able	to	diagnose	PTS,	but	there	is	a	strong	need	for	standardization.	The	Villalta	
scale	 was	 chosen	 as	 the	 standardized	 PTS	 scale.	 The	 Villalta	 scale	 has	 been	
validated	 in	several	studies	and	shows	good	correlation	with	generic	and	dis-
ease-specific	quality	of	life	scales.	The	inter-observer	rate	between	study	nurs-
es	 and	 physicians	was	 shown	 to	 be	 very	 good.	 Furthermore,	 the	 scale	 shows	
good	discriminative	properties	among	the	different	severity	groups	of	PTS.	The	
Villalta	scale	is	useful	for	use	in	randomized	controlled	trials	and	it	allows	pool-
ing	 of	 data	 from	 different	 studies.	 The	 Villalta	 scale	 should	 undergo	 further	
validation	on	 intra-rater	 reliability.	Ongoing	 randomized	 controlled	 trials	will	
further	validate	the	Villalta	scale	for	use	in	PTS.		

Keywords:	post-thrombotic	syndrome;	PTS;	Villalta	scale;	validation		
	 	

	

Introduction		

Post	 thrombotic	 syndrome	 (PTS)	 is	 the	most	 common	complication	 following	
deep	 venous	 thrombosis.1	 PTS	 is	 a	 chronic,	 sometimes	 debilitating	 disease	
characterized	 by	 a	 range	 of	 clinical	 symptoms	 and	 patient	 complaints.	 Esti-
mates	show	that	20-50%	of	patients	will	develop	PTS	within	 the	 first	2	years	
after	a	DVT.	Quality	of	life	is	diminished	in	patients	with	PTS	and	that	quality	of	
life	is	comparable	to	patients	with	chronic	diseases	such	as	diabetes	and	chron-
ic	heart	failure.	2	After	a	DVT	3-5%	of	all	patients	will	go	on	to	develop	a	venous	
ulcer.3	Patients	with	venous	ulceration	have	poor	quality	of	 life	and	have	high	
healthcare	costs.4	In	the	United	States,	200	million	dollars	per	year	is	spent	on	
the	 treatment	 of	 venous	 stasis	 disease.5	Until	 recently,	 research	 on	 the	 treat-
ment	of	DVT	has	primarily	focused	on	short	term	complications	of	DVT	such	as	
recurrence	 of	 DVT,	 bleeding	 risk	 and	 pulmonary	 embolism	 and	 less	 on	 PTS.	
Recent	studies	focus	on	the	long-term	results	of	DVT	treatment	and	especially	
on	PTS.	However,	a	challenge	has	been	how	to	define	PTS.	Standardization	of	
the	definition	of	PTS	makes	it	possible	to	create	and	test	scales	to	identify	PTS	
and	assess	its	severity.	A	number	of	proposed	PTS	scores	are	available	and	it	is	
difficult	to	compare	and	combine	research	results	using	different	scales.	There	
is	 a	 strong	 need	 for	 standardization	 of	 PTS	 scales	 to	 ensure	 high	 quality	 re-
search	with	validated	endpoints	and	good	reproducibility.	

Clinical	presentation	of	PTS	
PTS	 consists	 of	 both	 patient	 symptoms	 and	 clinical	 signs.	 Symptoms	 include	
pain,	heaviness,	swelling,	 itching,	cramps	or	 tingling	 in	 the	affected	 leg.	These	
can	vary	from	patient	to	patient	and	all	combinations	of	symptoms	are	possible.	
Symptoms	can	be	persistent	or	intermittent.	Exercise	tends	to	aggravate	symp-
toms	and	rest	and	elevation	of	the	leg	reduces	symptoms.	Clinical	signs	include	
telangiectasia,	eczema,	varicose	veins,	edema,	lipodermatosclerosis	and	ulcera-
tion7-10.		

Definition	of	PTS	
Because	 of	 the	wide	 range	 of	 clinical	 presentations,	 it	 has	 proven	 difficult	 to	
achieve	consensus	on	a	clear	definition	of	PTS.	PTS	is	a	syndrome	and	there	is	
no	gold	standard	diagnostic	test.	An	ad-hoc	conference	organized	by	the	Euro-
pean	Venous	Forum	defined	PTS	as	chronic	venous	symptoms/signs	secondary	
to	deep	venous	thrombosis.6	In	the	past	20	years	a	few	scales	have	been	intro-
duced	to	help	assess	whether	a	patient	has	PTS	or	not.	PTS	is	considered	when	
a	patient	has	had	a	deep	venous	thrombosis	and	has	complaints	in	the	ipsilat-
eral	leg11	that	have	developed	or	persisted	a	few	months	after	DVT	12.	Ideally,	a	
PTS	 scale	 should	 assess	whether	PTS	 is	 present	 or	not	 and	preferably	distin-
guish	between	severe	and	milder	forms	of	PTS.	The	scale	should	be	easy	to	use	



Villalta scale: Goals and limitations

43

	

Abstract	
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ease-specific	quality	of	life	scales.	The	inter-observer	rate	between	study	nurs-
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after	a	DVT.	Quality	of	life	is	diminished	in	patients	with	PTS	and	that	quality	of	
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ic	heart	failure.	2	After	a	DVT	3-5%	of	all	patients	will	go	on	to	develop	a	venous	
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ment	of	DVT	has	primarily	focused	on	short	term	complications	of	DVT	such	as	
recurrence	 of	 DVT,	 bleeding	 risk	 and	 pulmonary	 embolism	 and	 less	 on	 PTS.	
Recent	studies	focus	on	the	long-term	results	of	DVT	treatment	and	especially	
on	PTS.	However,	a	challenge	has	been	how	to	define	PTS.	Standardization	of	
the	definition	of	PTS	makes	it	possible	to	create	and	test	scales	to	identify	PTS	
and	assess	its	severity.	A	number	of	proposed	PTS	scores	are	available	and	it	is	
difficult	to	compare	and	combine	research	results	using	different	scales.	There	
is	 a	 strong	 need	 for	 standardization	 of	 PTS	 scales	 to	 ensure	 high	 quality	 re-
search	with	validated	endpoints	and	good	reproducibility.	

Clinical	presentation	of	PTS	
PTS	 consists	 of	 both	 patient	 symptoms	 and	 clinical	 signs.	 Symptoms	 include	
pain,	heaviness,	swelling,	 itching,	cramps	or	 tingling	 in	 the	affected	 leg.	These	
can	vary	from	patient	to	patient	and	all	combinations	of	symptoms	are	possible.	
Symptoms	can	be	persistent	or	intermittent.	Exercise	tends	to	aggravate	symp-
toms	and	rest	and	elevation	of	the	leg	reduces	symptoms.	Clinical	signs	include	
telangiectasia,	eczema,	varicose	veins,	edema,	lipodermatosclerosis	and	ulcera-
tion7-10.		

Definition	of	PTS	
Because	 of	 the	wide	 range	 of	 clinical	 presentations,	 it	 has	 proven	 difficult	 to	
achieve	consensus	on	a	clear	definition	of	PTS.	PTS	is	a	syndrome	and	there	is	
no	gold	standard	diagnostic	test.	An	ad-hoc	conference	organized	by	the	Euro-
pean	Venous	Forum	defined	PTS	as	chronic	venous	symptoms/signs	secondary	
to	deep	venous	thrombosis.6	In	the	past	20	years	a	few	scales	have	been	intro-
duced	to	help	assess	whether	a	patient	has	PTS	or	not.	PTS	is	considered	when	
a	patient	has	had	a	deep	venous	thrombosis	and	has	complaints	in	the	ipsilat-
eral	leg11	that	have	developed	or	persisted	a	few	months	after	DVT	12.	Ideally,	a	
PTS	 scale	 should	 assess	whether	PTS	 is	 present	 or	not	 and	preferably	distin-
guish	between	severe	and	milder	forms	of	PTS.	The	scale	should	be	easy	to	use	
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with	high	 inter-	 and	 intra-observer	 rates	 so	 that	 scores	 are	 reproducible	 and	
the	scale	can	be	used	for	clinical	research	and	daily	practice.	The	scale	should	
be	accepted	and	used	worldwide,	so	that	pooling	of	results	is	possible	and	the	
strongest	evidence	becomes	available.	

Available	PTS	Scales	
Different	scoring	systems	have	been	proposed	to	diagnose	PTS.	These	 include	
the	 VCSS,	 CEAP	 classification,	 Widmer	 classification,	 PTS	 scoring	 system	 ac-
cording	to	Brandjes,	Ginsberg	scale,	and	Villalta	scale.	The	CEAP	and	VCSS	are	
specific	 for	 venous	disease,	 but	not	designed	 for	PTS.	The	CEAP	classification	
only	includes	clinical	signs	and	does	not	include	patient	complaints.13	The	VCSS	
was	developed	to	give	a	quantifiable	system	with	gradable	elements	that	could	
change	 in	 response	 to	 treatment.14	 The	 Widmer	 classification	 was	 meant	 to	
grade	 chronic	 venous	 insufficiency	 and	 is	 also	 not	 specific	 for	 PTS.	 Widmer	
used	 purely	 the	 objective	 clinical	 signs	 to	 assess	 the	 severity	 of	 PTS	 in	 pa-
tients.17	The	Brandjes,	Ginsberg,	and	Villalta	scale	are	specific	scores	to	assess	
PTS.	Table	1	provides	an	overview	of	the	different	scales	and	their	properties.	

Table	1:	Available	PTS	scales	

	
Brandjes	developed	a	scoring	system	for	PTS,	which	characterizes	patients	into	
three,	groups	 (no	PTS,	mild-to-moderate	PTS	and	severe	PTS)	using	objective	
clinical	signs	and	patient	symptoms.	All	symptoms	are	scored	as	either	present	
or	absent.18	Ginsberg	used	clinical	signs	and	symptoms	to	identify	the	presence	
of	PTS,	but	did	not	distinguish	between	mild-to-moderate	or	severe	PTS.19	This	
limits	the	Ginsberg	score	for	research	purposes.20	The	Villalta	scale	takes	clini-
cal	 signs	 and	patient	 symptoms	 into	 account,	 and	 also	 classifies	 patients	 into	
different	groups	according	to	PTS	severity.21	Tables	2	and	3	show	the	Brandjes	
scale	and	the	Villalta	scale.	

	

Table	2	

	

Table	3	

	

Villalta	scale	
Recently,	 the	subcommittee	on	control	of	Anticoagulation	of	the	Scientific	and	
Standardization	 Committee	 of	 the	 International	 Society	 on	 Thrombosis	 and	
Haemostasis	recommended	that	the	Villalta	Scale	should	be	adopted	in	clinical	
studies	 to	diagnose	and	grade	 the	 severity	of	PTS.11	The	 committee	 reviewed	
the	 scales	mentioned	above	and	concluded	 that	 the	Villalta	 scale	met	most	of	
the	 criteria	which	a	 standard	 scale	 should	 consist	of.	The	 specific	 reasons	 for	
recommending	the	Villalta	scale	were:	the	use	of	both	clinical	signs	and	subjec-
tive	symptoms	with	severity	and	range	taken	into	account,	demonstrated	valid-
ity,	good	inter-rater	reliability,	ease	to	use,	good	nurse-physician	reliability	and	
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with	high	 inter-	 and	 intra-observer	 rates	 so	 that	 scores	 are	 reproducible	 and	
the	scale	can	be	used	for	clinical	research	and	daily	practice.	The	scale	should	
be	accepted	and	used	worldwide,	so	that	pooling	of	results	is	possible	and	the	
strongest	evidence	becomes	available.	

Available	PTS	Scales	
Different	scoring	systems	have	been	proposed	to	diagnose	PTS.	These	 include	
the	 VCSS,	 CEAP	 classification,	 Widmer	 classification,	 PTS	 scoring	 system	 ac-
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grade	 chronic	 venous	 insufficiency	 and	 is	 also	 not	 specific	 for	 PTS.	 Widmer	
used	 purely	 the	 objective	 clinical	 signs	 to	 assess	 the	 severity	 of	 PTS	 in	 pa-
tients.17	The	Brandjes,	Ginsberg,	and	Villalta	scale	are	specific	scores	to	assess	
PTS.	Table	1	provides	an	overview	of	the	different	scales	and	their	properties.	

Table	1:	Available	PTS	scales	

	
Brandjes	developed	a	scoring	system	for	PTS,	which	characterizes	patients	into	
three,	groups	 (no	PTS,	mild-to-moderate	PTS	and	severe	PTS)	using	objective	
clinical	signs	and	patient	symptoms.	All	symptoms	are	scored	as	either	present	
or	absent.18	Ginsberg	used	clinical	signs	and	symptoms	to	identify	the	presence	
of	PTS,	but	did	not	distinguish	between	mild-to-moderate	or	severe	PTS.19	This	
limits	the	Ginsberg	score	for	research	purposes.20	The	Villalta	scale	takes	clini-
cal	 signs	 and	patient	 symptoms	 into	 account,	 and	 also	 classifies	 patients	 into	
different	groups	according	to	PTS	severity.21	Tables	2	and	3	show	the	Brandjes	
scale	and	the	Villalta	scale.	
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Villalta	scale	
Recently,	 the	subcommittee	on	control	of	Anticoagulation	of	the	Scientific	and	
Standardization	 Committee	 of	 the	 International	 Society	 on	 Thrombosis	 and	
Haemostasis	recommended	that	the	Villalta	Scale	should	be	adopted	in	clinical	
studies	 to	diagnose	and	grade	 the	 severity	of	PTS.11	The	 committee	 reviewed	
the	 scales	mentioned	above	and	concluded	 that	 the	Villalta	 scale	met	most	of	
the	 criteria	which	a	 standard	 scale	 should	 consist	of.	The	 specific	 reasons	 for	
recommending	the	Villalta	scale	were:	the	use	of	both	clinical	signs	and	subjec-
tive	symptoms	with	severity	and	range	taken	into	account,	demonstrated	valid-
ity,	good	inter-rater	reliability,	ease	to	use,	good	nurse-physician	reliability	and	
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the	advantage	of	being	able	to	use	the	scale	in	multiple	ways	(binary,	categori-
cal	 or	 continuous)	 and	 also	 fact	 that	 it	 has	 been	 successfully	 used	 in	 clinical	
trials.22		

The	Villalta	scale	is	a	validated	score	for	assessing	PTS.20	The	scale	consists	of	
subjective	symptoms	reported	by	the	patient	and	the	second	part	of	 the	scale	
consists	of	objective	signs	observed	by	the	clinician.	Together	the	scale	consists	
of	11	elements	that	are	scored	from	0	to	3,	with	0	being	absent,	1	meaning	mild,	
2	meaning	moderate	and	3	meaning	severe.	Table	3	shows	all	the	elements	in	
the	Villalta	score.	Figure	1	is	a	visual	guide	for	the	6	signs	of	the	Villalta	score.	
Leg	ulceration	is	also	present	in	the	scale,	but	is	only	scored	as	either	present	
or	absent.	Scores	of	<5	indicate	absence	of	PTS,	a	score	5-9	indicates	mild	PTS,	
10-14	 indicates	moderate	 PTS,	 and	 a	 Villalta	 score	 of	 >15	 or	 ulceration	 indi-
cates	severe	PTS.	Because	PTS	can	develop	anywhere	 in	the	years	 following	a	
DVT	 it	 is	 important	 to	 keep	 track	 of	 progression.	During	 each	 follow-up,	 PTS	
can	be	assessed	using	the	Villalta	scale.	Some	previous	studies	do	not	differen-
tiate	between	mild	and	moderate	PTS,	but	define	mild/moderate	PTS	as	a	Vil-
lalta	score	of	5-14.3,24,25	

Validation	of	the	Villalta	scale	
Validation	of	the	Villalta	scale	is	difficult,	because	there	is	no	comparison	pos-
sible	 to	 a	 gold	 standard.11	 Comparison	 is	 only	 possible	 to	 known	 anatomi-
cal/physiological	 changes	 correlated	with	 PTS,	 disease	 specific	 quality	 of	 life	
scores	and	generic	quality	of	life	scores.		

The	Villalta	scale	has	shown	evidence	of	validity	in	several	studies.	PTS	severity	
and	patients’	perception	of	disease	burden	correlated	with	quality	of	life	scores	
(generic	 quality	 of	 life	 (SF-36)	 and	 the	 venous	 disease	 specific	 quality	 of	 life	
(VEINES-QOL).26	 Research	 showed	 that	 patients	 one	 year	 after	DVT	who	 had	
PTS	according	to	the	Villalta	scale	had	significantly	worse	health	related	quality	
of	 life	 scores.2,20,25,27,28	The	Villalta	 scale	 shows	good	reproducibility	and	good	
correlation	 with	 the	 patients	 perception	 of	 interference	 with	 daily	 life.25,29	 A	
substudy	of	the	REVERSE	study	assessed	the	inter-rater	reliability	of	the	Villal-
ta	 scale.30	 Inter-rater	 reliability	 was	 shown	 to	 be	 very	 good	 between	 study	
nurses	and	physicians.	The	study	nurses	received	one	hour	of	 training	before	
assessing	the	clinical	signs	of	the	patient.	The	inter-rater	reliability	for	the	cut	
off	no	PTS	vs.	PTS	was	good	(K=0.71)	and	for	moderate/severe	PTS	vs.	No	PTS	
was	excellent	 (K=1.00).31	To	our	knowledge,	 test-retest	validation	has	not	yet	
been	performed	 in	 the	 literature.	This	would	be	relevant	 to	assess	 for	 the	pa-
tient-completed	 parts	 of	 the	 Villalta	 scale.11	 The	 Villalta	 scale	 showed	 good	
discriminative	properties	among	the	different	severity	groups.29		

	

Use	of	PTS	scales	in	ongoing	research	
Until	recently,	DVT	research	 focused	on	short	 term	endpoints	 like	DVT	recur-
rence,	 pulmonary	 embolism	 and	 bleeding	 risk.	 Lately,	 there	 has	 been	 added	
focus	on	 long-term	follow-up	of	patients	after	DVT	and	prevalence	of	PTS,	es-
pecially	 after	 iliofemoral	 DVT.	 Three	 current	 ongoing	 randomized	 controlled	
trials	 are	 all	 using	 the	 Villalta	 scale	 for	 assessment	 of	 PTS	 at	 specific	 time	
points:	 the	 CaVenT-study,	 Attract	 trial	 and	 CAVA-trial.32-34	 The	 primary	 end-
point	of	these	trials	is	reduction	of	PTS	at	one	or	two	years	follow-up.		The	ra-
tionale	for	a	follow-up	period	of	one	year	or	longer	is	that	PTS	tends	to	become	
evident	in	the	first	1-2	years,	hence	a	shorter	follow-up	time	will	miss	cases	of	
PTS	35.	

Limitations	of	the	Villalta	scale	
Although	validity	of	the	Villalta	scale	has	been	tested	in	research,	there	are	still	
aspects	of	the	scale,	which	have	not	been	validated.	Future	research	could	focus	
on	further	evaluating	its	validity	and	reliability,	especially	its	 intra-rater	relia-
bility.	 Administration	 of	 the	 scale	 requires	 training	 and	 familiarity	 with	 as-
sessment	of	various	signs	of	venous	disease.	The	scale	may	be	somewhat	non-
specific	as	 some	of	 the	 symptoms	and	signs	 it	 assesses	are	not	 specific	 to	ve-
nous	disease.	

Conclusion	

PTS	 is	 a	 chronic	 burdensome	 disease	 that	 affects	 a	 great	 number	 of	 patients	
after	DVT.		As	healthcare	costs	associated	with	PTS	are	high,	research	is	needed	
on	approaches	aimed	to	lower	the	incidence	of	PTS.	To	be	able	to	produce	the	
best	evidence	for	PTS	prevention	and	treatment,	standardization	of	 the	meas-
urement	of	PTS	is	needed.	While	a	number	of	scales	exist,	the	Villalta	scale,	due	
to	its	properties,	may	be	considered	a	very	good	choice.	Ongoing	major	trials	of	
PTS	 prevention	 will	 report	 on	 the	 incidence	 of	 PTS	 by	 means	 of	 the	 Villalta	
scale.	
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cal	 or	 continuous)	 and	 also	 fact	 that	 it	 has	 been	 successfully	 used	 in	 clinical	
trials.22		

The	Villalta	scale	is	a	validated	score	for	assessing	PTS.20	The	scale	consists	of	
subjective	symptoms	reported	by	the	patient	and	the	second	part	of	 the	scale	
consists	of	objective	signs	observed	by	the	clinician.	Together	the	scale	consists	
of	11	elements	that	are	scored	from	0	to	3,	with	0	being	absent,	1	meaning	mild,	
2	meaning	moderate	and	3	meaning	severe.	Table	3	shows	all	the	elements	in	
the	Villalta	score.	Figure	1	is	a	visual	guide	for	the	6	signs	of	the	Villalta	score.	
Leg	ulceration	is	also	present	in	the	scale,	but	is	only	scored	as	either	present	
or	absent.	Scores	of	<5	indicate	absence	of	PTS,	a	score	5-9	indicates	mild	PTS,	
10-14	 indicates	moderate	 PTS,	 and	 a	 Villalta	 score	 of	 >15	 or	 ulceration	 indi-
cates	severe	PTS.	Because	PTS	can	develop	anywhere	 in	the	years	 following	a	
DVT	 it	 is	 important	 to	 keep	 track	 of	 progression.	During	 each	 follow-up,	 PTS	
can	be	assessed	using	the	Villalta	scale.	Some	previous	studies	do	not	differen-
tiate	between	mild	and	moderate	PTS,	but	define	mild/moderate	PTS	as	a	Vil-
lalta	score	of	5-14.3,24,25	

Validation	of	the	Villalta	scale	
Validation	of	the	Villalta	scale	is	difficult,	because	there	is	no	comparison	pos-
sible	 to	 a	 gold	 standard.11	 Comparison	 is	 only	 possible	 to	 known	 anatomi-
cal/physiological	 changes	 correlated	with	 PTS,	 disease	 specific	 quality	 of	 life	
scores	and	generic	quality	of	life	scores.		

The	Villalta	scale	has	shown	evidence	of	validity	in	several	studies.	PTS	severity	
and	patients’	perception	of	disease	burden	correlated	with	quality	of	life	scores	
(generic	 quality	 of	 life	 (SF-36)	 and	 the	 venous	 disease	 specific	 quality	 of	 life	
(VEINES-QOL).26	 Research	 showed	 that	 patients	 one	 year	 after	DVT	who	 had	
PTS	according	to	the	Villalta	scale	had	significantly	worse	health	related	quality	
of	 life	 scores.2,20,25,27,28	The	Villalta	 scale	 shows	good	reproducibility	and	good	
correlation	 with	 the	 patients	 perception	 of	 interference	 with	 daily	 life.25,29	 A	
substudy	of	the	REVERSE	study	assessed	the	inter-rater	reliability	of	the	Villal-
ta	 scale.30	 Inter-rater	 reliability	 was	 shown	 to	 be	 very	 good	 between	 study	
nurses	and	physicians.	The	study	nurses	received	one	hour	of	 training	before	
assessing	the	clinical	signs	of	the	patient.	The	inter-rater	reliability	for	the	cut	
off	no	PTS	vs.	PTS	was	good	(K=0.71)	and	for	moderate/severe	PTS	vs.	No	PTS	
was	excellent	 (K=1.00).31	To	our	knowledge,	 test-retest	validation	has	not	yet	
been	performed	 in	 the	 literature.	This	would	be	relevant	 to	assess	 for	 the	pa-
tient-completed	 parts	 of	 the	 Villalta	 scale.11	 The	 Villalta	 scale	 showed	 good	
discriminative	properties	among	the	different	severity	groups.29		

	

Use	of	PTS	scales	in	ongoing	research	
Until	recently,	DVT	research	 focused	on	short	 term	endpoints	 like	DVT	recur-
rence,	 pulmonary	 embolism	 and	 bleeding	 risk.	 Lately,	 there	 has	 been	 added	
focus	on	 long-term	follow-up	of	patients	after	DVT	and	prevalence	of	PTS,	es-
pecially	 after	 iliofemoral	 DVT.	 Three	 current	 ongoing	 randomized	 controlled	
trials	 are	 all	 using	 the	 Villalta	 scale	 for	 assessment	 of	 PTS	 at	 specific	 time	
points:	 the	 CaVenT-study,	 Attract	 trial	 and	 CAVA-trial.32-34	 The	 primary	 end-
point	of	these	trials	is	reduction	of	PTS	at	one	or	two	years	follow-up.		The	ra-
tionale	for	a	follow-up	period	of	one	year	or	longer	is	that	PTS	tends	to	become	
evident	in	the	first	1-2	years,	hence	a	shorter	follow-up	time	will	miss	cases	of	
PTS	35.	

Limitations	of	the	Villalta	scale	
Although	validity	of	the	Villalta	scale	has	been	tested	in	research,	there	are	still	
aspects	of	the	scale,	which	have	not	been	validated.	Future	research	could	focus	
on	further	evaluating	its	validity	and	reliability,	especially	its	 intra-rater	relia-
bility.	 Administration	 of	 the	 scale	 requires	 training	 and	 familiarity	 with	 as-
sessment	of	various	signs	of	venous	disease.	The	scale	may	be	somewhat	non-
specific	as	 some	of	 the	 symptoms	and	signs	 it	 assesses	are	not	 specific	 to	ve-
nous	disease.	

Conclusion	

PTS	 is	 a	 chronic	 burdensome	 disease	 that	 affects	 a	 great	 number	 of	 patients	
after	DVT.		As	healthcare	costs	associated	with	PTS	are	high,	research	is	needed	
on	approaches	aimed	to	lower	the	incidence	of	PTS.	To	be	able	to	produce	the	
best	evidence	for	PTS	prevention	and	treatment,	standardization	of	 the	meas-
urement	of	PTS	is	needed.	While	a	number	of	scales	exist,	the	Villalta	scale,	due	
to	its	properties,	may	be	considered	a	very	good	choice.	Ongoing	major	trials	of	
PTS	 prevention	 will	 report	 on	 the	 incidence	 of	 PTS	 by	 means	 of	 the	 Villalta	
scale.	
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Figure	1:	developed	by	Dr.	S.	Kahn	and	used	with	permission	
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Abstract	

Introduction:	Acute	thrombus	removal	therapies	may	reduce	post-thrombotic	
syndrome	in	certain	deep	venous	thrombosis	patients.	The	LET	classification	is	
designed	 to	 identify	patients	at	high	 risk	 for	developing	post-thrombotic	 syn-
drome	in	the	acute	phase	using	thrombus	location	and	extent.	This	study	eval-
uates	the	use	of	the	LET	classification	to	predict	post-thrombotic	syndrome	in	a	
cohort	of	patients	after	deep	venous	thrombosis.		

Methods:	 A	 cohort	 of	 660	 deep	 venous	 thrombosis	 patients	 was	 invited	 to	
participate	and	fill	out	a	questionnaire	with	Quality	of	life	questionnaires,	basic	
information,	 a	modified	 self-assessment	 version	 of	 the	 Villalta	 scale	 for	 post-
thrombotic	 syndrome	 and	 potential	 confounders.	 Original	 data	 on	 thrombus	
extension	was	available,	and	the	LET	classes	were	determined.	Obtained	infor-
mation	was	analysed	using	ANOVA	and	in	a	multiple	logistic	regression	model	
to	 correct	 for	 confounders.	 All	 different	 LET	 classes	were	 compared	 to	 post-
thrombotic	 syndrome	 occurrence,	 post-thrombotic	 syndrome	 prediction	 and	
disease	specific	quality	of	life	scores	(VEINES-Sym/Qol).		

Results:	 Three	 hundred	 and	 fifteen	 patients	 responded,	 and	 in	 309	 a	 post-
thrombotic	syndrome	score	was	distilled.	LET	I,II,III	(n = 63)	had	an	odds	ratio	
of	 3.4(1.2–9.2)	 for	 predicting	 severe	 post-thrombotic	 syndrome,	 and	 LET	 II	
(n = 17)	 had	 an	 odds	 ratio	 of	 5.1(1.3–20.8)	 compared	 to	 LET	 class	 I	 (n = 97).	
Both	 the	VEINES-Sym	and	VEINES-Qol	 score	were	 significantly	 lower	 for	LET	
I,II,III	compared	to	LET	I,	and	LET	II	compared	to	LET	I.		

Conclusion:	The	LET	classification	can	be	used	to	classify	patients	according	to	
acute	 thrombus	 location	 and	 extent.	 Extensive	 and	 centrally	 located	 (LET	
I,II,III)	deep	venous	 thrombosis	 showed	 the	highest	probability	 in	developing	
severe	post-thrombotic	syndrome	and	lower	disease	specific	quality	of	life.	

		 	

	

Introduction	

Post-thrombotic	 syndrome	 (PTS)	 is	 the	 most	 common	 complication	 after	 a	
deep	venous	thrombosis	(DVT)	of	the	lower	extremities.1	PTS	is	a	debilitating	
chronic	 disease	 that	 occurs	 in	 approximately	 50%	 of	 patients,	 when	 treated	
with	anticoagulation	and	elastic	compression	stockings.2	Additional	thrombus	
removal	therapies	are	used	in	the	acute	stage	of	ilio-femoral	DVT	to	reduce	the	
incidence	 of	 PTS.3	 These	 patients	 are	 deemed	 eligible	 for	 active	 lysis	 of	 the	
thrombus.	However,	also	patients	with	mid-femoral	DVT	were	included	in	the	
randomised	controlled	CaVenT	study.	Earlier	 studies	have	 shown	higher	 inci-
dences	 of	 PTS	with	more	 cranial	 located	 thrombi	 and	multilevel	DVT.4	Many	
risk	 factors	 have	 been	 studied	 with	 regard	 to	 developing	 PTS.	 Residual	 vein	
thrombosis	after	three	and	six	months	was	a	good	predictor	of	PTS.5,6	Identify-
ing	patients	with	a	high	risk	for	developing	PTS	in	the	acute	stage	is	important	
to	improve	the	treatment	strategy	to	reduce	or	prevent	PTS.	After	three	weeks,	
thrombus	removal	therapies	become	less	successful	leaving	a	short	window	to	
decide	 the	 treatment	 strategy.	The	LET	classification	was	designed	 to	 classify	
patients	with	DVT	in	the	acute	stage	in	order	to	identify	those	patients	who	can	
benefit	from	additional	invasive	therapies,	such	as	catheter-directed	thrombo-
lysis.7	The	classification	 stratifies	patients	 into	 four	groups	 (class	 I–IV)	 in	ac-
cordance	to	the	location	and	extent	of	the	thrombosis.	Figure	1	shows	the	LET	
classification,	and	Figure	2	shows	the	distribution	of	segments	per	class.		

Figure	1.	
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The	LET	classification.7	
Figure	2.	

	
Distribution	of	segments	per	LET	class.	LET	III	&	IV	implies	eligibility	for	CDT	
based	on	 current	 evidence	 (CaVent).	 LET	 I	&	 II	 can	be	 treated	 conservatively	
with	therapeutic	anticoagulation	and	compression	stockings	class	II.7	

The	 classification	 has	 the	 potential	 to	 provide	 the	 physician	 an	 easy	 tool	 to	
identify	patients	in	the	acute	stage	at	high	risk	for	PTS	and	might	benefit	from	
more	 aggressive	 thrombus	 removal	 therapies.	 Patients	 are	 characterised	 by	
describing	 all	 applicable	 LET	 classes,	 for	 example	 LET	 I–II–III	 in	 case	 of	 in-
volvement	of	the	calf	veins,	the	popliteal	vein,	the	distal	femoral	vein,	the	prox-
imal	 femoral	vein	and	 the	 common	 femoral,	describing	not	only	 the	proximal	
extend	but	also	all	involved	segments.	We	looked	at	the	ability	of	the	LET	classi-
fication	to	predict	PTS	severity	and	quality	of	life.		

	

Methods	

This	 study	 has	 been	 realised	 in	 close	 collaboration	 with	 the	 Department	 of	
Thoracic	and	Vascular	Surgery	at	the	University	Hospital	of	Antwerp	(Belgium)	
and	 the	Department	of	Vascular	Surgery	of	 the	Maastricht	University	Medical	
Centre	 (the	Netherlands).	 Between	March	1991	 and	 July	 2012,	 1338	patients	
with	 unilateral	 acute	 DVT	 according	 to	 duplex	 ultrasound	 investigation	 and	
aged	>18	years	had	been	registered	at	the	University	Hospital	of	Antwerp.	Ex-
act	localisation	and	extent	of	the	thrombus	according	to	duplex	ultrasound	had	
been	 represented	 on	 a	 diagram,	 and	 all	 these	 diagrams	 had	 been	 carefully	
stored	for	further	analysis.	Patients’	demographics	and	data	on	thrombus	loca-
tion	and	extent	had	been	registered	in	a	database.	Specifics	on	data	acquisition	
can	be	found	in	an	earlier	reported	abstract	by	Bochanen	et	al.8	

The	original	description	included	five	segments:	calf	vein,	popliteal	vein,	femo-
ral	vein,	common	femoral	vein	and	iliac	vein.	Bilateral	DVT	and	caval	 involve-
ment	were	excluded	 from	the	analysis.	Anatomical	data	 from	the	charts	were	
transformed	into	LET	scores.	LET	class	IV	is	therefore	not	present	in	the	analy-
sis.	 Five	 segments	 were	 score,	 calf	 vein	 involvement	 is	 class	 I,	 popliteal	 and	
femoral	 vein	 involvement	 is	 LET	 class	 II,	 common	 femoral	 and	 iliac	 vein	 in-
volvement	is	LET	class	III	DVT.	Possible	combinations	are	LET	I	LET	II,	LET	III,	
LET	I&II,	LET	I&III,	LET	I&II&III,	and	LET	II&III.		

In	 January	 2014,	 questionnaires	were	 sent	 to	 a	 selected	 group	 of	 the	 above-
described	 cohort	 of	patients,	 to	obtain	 information	on	 complaints,	 severity	of	
PTS	and	quality	of	 life.	Patients	younger	than	80	years	qualified	for	the	study.	
Patients	had	to	have	a	basic	understanding	of	the	Dutch	language,	as	the	ques-
tionnaire	was	 only	 available	 in	 Dutch,	which	 caused	 a	 significant	 loss	 due	 to	
Belgium	being	bilingual.	Patients	currently	living	outside	Belgium	or	the	Neth-
erlands	were	also	excluded	because	of	 logistic	reasons.	Records	were	checked	
to	ensure	patients	who	had	passed	away	were	not	addressed.	In	total,	660	pa-
tients	were	invited	to	participate	in	the	study.		

The	questionnaire	was	conceived	at	 the	Maastricht	University	Medical	Centre	
and	 contained	 the	 following	 items:	 basic	 demographic	 questions,	 details	 on	
DVT	treatment,	recurrent	DVT,	the	validated	Dutch	translation	of	the	VEINES-
Sym/Qol	questionnaire,9	and	a	self-assessment	version	of	the	Villalta-scale	for	
PTS	in	Dutch.	The	latter	allowed	us	to	score	PTS	using	a	questionnaire	only.	The	
patients	were	asked	 to	complete	 the	whole	questionnaire	and	send	 it	back	 to	
our	department	 for	analysis.	On	a	 separate	 form,	 they	were	asked	 to	 indicate	
any	other	known	diseases	they	were	suffering	from.	This	information	was	used	
to	test	for	possible	confounders.		
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PTS	and	disease	 specific	quality	of	 life	 scores	were	compared	 to	 the	different	
LET	scores.	

Statistical	analysis	
Categorical	data	are	presented	as	frequencies	and	percentages,	and	continuous	
data	are	presented	as	mean	values ± standard	deviation	(SD)	or	median	values	
with	interquartile	ranges	(IQR),	unless	otherwise	stated.	Analysis	of	differences	
between	means	was	calculated	by	ANOVA	and	post-hoc	least	significant	differ-
ence	(LSD)	test.	Odds	ratios	(OR)	were	calculated	and	corrected	for	confound-
ing	 in	a	multivariate	 logistic	regression	model.	We	corrected	for	age,	duration	
of	 follow-up,	BMI,	 type	2	diabetes,	 current	use	of	 compression	stockings,	 cur-
rent	 use	 of	 anticoagulation,	 orthopedic	 disease,	 peripheral	 arterial	 disease,	
recurrent	 ipsilateral	DVT	and	recurrent	contralateral	DVT.	Analyses	were	car-
ried	 out	with	 SPSS	 version	22	 (SPSS	 version	22.0.0;	 SPSS,	 Chicago,	 IL).	 P	 val-
ues ≤ .05	were	considered	to	indicate	statistical	significance.		

Results	

Of	 the	 660	 patients	who	were	 invited	 to	 participate,	 315	 patients	 responded	
with	 a	 filled-out	 questionnaire	 (47.7%).	 Characteristics	 of	 the	 patients	 are	
shown	in	Table	1.		

Table	1.	

	
Baseline	characteristics	of	the	responders.	

In	309	of	the	315	received	questionnaires,	a	Villalta	score	could	be	calculated.	
The	distribution	of	PTS	severity	of	all	the	possible	LET	classifications	is	shown	
in	Table	2.	None	of	the	patients	had	a	LET	I,III	DVT.		

Table	2.	

	

	
Distribution	of	PTS	severity	between	the	different	LET	classes.	
LET	classes	and	PTS	severity	
Comparison	 of	 the	 LET	 classes	 shows	 differences	 in	 PTS	 occurrence.	 Overall	
PTS	occurrence	 is	 lowest	 in	LET	class	 I,	 and	highest	 in	LET	 II	 and	LET	 I,II,III.	
Post-hoc	LSD	tests	show	a	significant	difference	in	overall	PTS	occurrence	be-
tween	LET	I	and	LET	I,II	 (p = 0.027);	LET	I	vs	LET	II	(p = 0.022);	LET	I	vs	LET	
I,II,III	 (p = 0.002);	 LET	 II,III	 vs	 LET	 I,II,III	 (p = 0.03);	 LET	 II,III	 vs	 LET	 II	
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I,II,III	 (p = 0.002);	 LET	 II,III	 vs	 LET	 I,II,III	 (p = 0.03);	 LET	 II,III	 vs	 LET	 II	
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(p = 0.047).	LET	I	and	LET	II,III	showed	lower	overall	PTS	occurrence.	Mild	and	
moderate	PTS	scores	did	not	differ	between	the	LET	classes.	But	regarding	the	
clinically	more	important	severe	PTS	rates	differences	were	identified.	Signifi-
cantly	higher	rates	of	severe	PTS	were	present	in	LETII	vs	LET	I	(p = 0.012)	and	
LET	 I,II	 (p = 0.048);	 and	 also	 in	 LET	 I,II,III	 vs	 LET	 I	 (p = 0.002)	 and	 LET	 I,II	
(p = 0.026).	 Figure	 3	 shows	 the	 distribution	 of	 PTS	 severity	 between	 the	 LET	
classes.		

Figure	3.	

	
PTS	score	according	to	the	Villalta	scale.	

Multivariate	logistic	regression	model	for	severe	PTS	
With	correction	for	confounders	LET	I,II,III	had	an	OR	of	3.4(1.2–9.2)	 for	pre-
dicting	 severe	 PTS,	 and	 LET	 II	 had	 an	 OR	 of	 5.1(1.3–20.8)	 compared	 to	 LET	
class	I.	No	statistical	difference	was	found	in	the	OR	for	mild	and	moderate	PTS	
for	any	of	the	LET	classes.		

Quality	of	life	
Results	for	the	disease	specific	quality	of	life	score	VEINES-Sym/Qol	were	simi-
lar	to	the	PTS	results.	Both	the	VEINES-Sym	and	VEINES-Qol	score	were	signifi-

	

cantly	lower	for	LET	I,II,III	compared	to	LET	I	(sym	p = 0.033,	qol	p = 0.001)	and	
LET	II	compared	to	LET	I	(sym	p = 0.023,	qol	p = 0.029).	No	further	significant	
differences	were	found	regarding	QOL.		

Discussion	

This	is	the	first	report	with	patient	data	on	the	LET	classification.	The	LET	clas-
sification	was	 first	 proposed	 in	 2012	 and	 aimed	 at	 simplifying	 the	 treatment	
algorithm	 for	 the	physician	 in	 choosing	additional	 therapies	 for	patients	with	
extensive	DVT.	The	LET	classification	approach	was	tested	to	see	how	the	dis-
criminative	value	was	for	differences	in	PTS	or	QOL.	The	only	differences	found	
in	our	study	were	in	the	total	PTS	and	severe	PTS	groups.	The	only	differences	
were	located	between	the	LET	I	and	other	classes,	mainly	LET	I,II,III	and	LET	II.	
Similar	results	were	found	concerning	QOL	scores.	From	previous	reports,	we	
expected	 more	 severe	 PTS	 in	 the	 LET	 I,II,III	 group,	 but	 not	 from	 the	 LET	 II	
group.10,11	However,	the	results	from	the	LET	II	group	could	be	overestimated	
due	to	the	low	number	of	patients	in	this	specific	subgroup	(n = 17).	The	analy-
sis	 detected	 differences	 between	 the	 LET	 classes,	 where	 we	 would	 have	 ex-
pected	the	largest	difference.	The	more	subtle	differences	did	not	become	sta-
tistically	significant.	This	is	probably	due	to	the	low	number	of	patients	in	these	
subgroups	 available	 for	 analysis.	 With	 higher	 patient	 numbers,	 these	 differ-
ences	might	become	significant.	Therefore,	we	state	 to	always	use	the	 full	de-
scription	of	the	classification.		

The	LET	classification	allowed	for	a	detailed	description	of	the	thrombus	loca-
tion.	 Furthermore,	 it	 provides	 more	 discriminative	 abilities	 in	 terms	 of	 PTS	
prediction	 or	 quality	 of	 life	 after	DVT.	 This	 could	 advocate	 for	 the	 use	 of	 the	
classification	in	a	research	setting	and	possibly	also	the	clinical	setting.	The	LET	
classification	can	also	be	used	by	describing	only	the	most	proximal	extension,	
leaving	only	a	LET	I	or	II	or	III.	For	clinical	purposes,	this	simplified	version	of	
the	LET	classification	might	be	very	useful	 to	 identify	patients	 for	more	 inva-
sive	 treatments.	 Analysis	 of	 the	 differences	 in	 severe	 PTS	 incidence	 and	 re-
duced	 disease	 specific	 QOL	 scores	 shows	 this.	 The	 combination	 of	 all	 three	
subgroups	with	LET	III	included	resulted	in	an	OR	of	3.4(1.2–9.2)	for	predicting	
severe	PTS	compared	to	LET	I	and	decreased	VEINES-Qol	scores.		

Full	 description	 of	 the	 LET	 classification	 is	 in	 our	 opinion	 the	 best	 score	 for	
research	purposes	and	to	define	which	patient	is	eligible	for	additional	throm-
bus	 removal	 therapy	 and	 predict	 outcome.	 Catheter-directed	 thrombolysis	 is	
performed	 in	 patients	 with	 ilio-femoral	 (LET	 III)	 DVT.12	 This	 would	 corre-
spond	to	LET	I,II,III,	LET	II,III	and	LET	III	patients,	which	illustrates	the	poten-
tial	usefulness	of	only	mentioning	the	highest	LET	score	to	make	a	clinical	deci-
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sion.	But	in	order	to	predict	outcome	of	such	a	therapy,	which	is	dependant	on	
the	 extend	of	 the	 thrombus	 the	 additive	 information	of	 the	 complete	 score	 is	
probably	very	important.	In	an	additional	analysis	(not	shown),	there	were	low	
numbers	for	solitary	iliac	DVT	and	other	subgroups	available	for	analysis.	The-
se	 low	numbers	 indicate	that	simplified	LET	reporting	could	suffice	 in	clinical	
practice,	although	this	has	to	be	studied	more	extensively	prospectively.		

The	 self	 reported	 Villalta	 scale	 has	 been	 used	 previously	 in	 an	 cohort	 of	 pa-
tients	 after	DVT.13	That	 report	 states	 that	 there	 is	 not	 a	 big	 difference	 to	 be	
expected	 from	 the	 use	 of	 the	 self	 reported	 score	 versus	 the	 original	 Villalta	
scale,	 as	 the	 patients	 themselves	 already	 score	 one	 half	 of	 the	 score.	 Further	
evaluation	of	the	self	reported	Villalta	scale	would	be	useful,	as	it	is	a	very	con-
venient	tool	to	assess	large	groups	of	patients	without	a	doctor	visit.		

Strengths	of	the	study	include	the	large	number	of	315	responders	and	careful	
administration	of	the	initial	DVT	and	the	use	of	a	multivariate	regression	model	
to	correct	for	possible	confounding.	Furthermore,	the	combination	of	PTS	score	
and	disease	specific	QOL	is	considered	the	golden	standard	for	diagnosing	PTS	
nowadays.14	

Limits	of	the	study	include	the	use	of	the	self-reported	Villalta	scale	and	the	low	
number	of	patients	available	 for	sub-analysis.	Smaller	differences	between	all	
different	LET	classes	could	be	missed	due	to	low	patient	numbers.		

Further	validation	of	the	LET	classification	should	focus	on	prospective	valida-
tion.	Furthermore,	validation	of	the	simplified	LET	classification,	reproducibil-
ity	and	accuracy	in	clinical	practice	should	be	performed.	It	 is	a	simple	tool	to	
implement	 in	 daily	 practice	 and	 easy	 to	 understand.	 Separate	 evaluation	 of	
each	 individual	 LET	 class	 should	 be	 performed	 in	 relation	 to	 PTS	 occurrence	
and	disease	 specific	 quality	 of	 life.	 In	 future	 research,	 use	of	 the	original	 LET	
classification	 is	 encouraged	 to	 obtain	 proper	 information	 on	 thrombus	 level	
and	extent	and	to	be	able	to	pool	data	in	meta-analyses,	which	is	not	possible	at	
the	moment	due	to	so	many	different	descriptions	of	thrombus	extent.		

Conclusion	

The	 LET	 classification	 can	 be	 used	 to	 classify	 patients	 according	 to	 acute	
thrombus	location	and	extent.	Extensive	and	centrally	located	(LET	I,II,III)	DVT	
showed	 the	highest	probability	 in	developing	 severe	PTS	and	disease	 specific	
lower	quality	of	life.		 	
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Abstract	

Background:	 Incidence	 of	 post-thrombotic	 syndrome	 (PTS)	 after	 initial	 deep	
venous	 thrombosis	 (DVT)	 is	 high.	 However	 simple	 selection	 tools	 to	 predict	
severe	PTS	are	 lacking.	The	Lower	Extremity	Thrombosis	 (LET)	 classification	
for	DVT	is	based	on	initial	thrombus	extent.	We	hypothesized	that	the	LET	clas-
sification	can	predict	high	risk	for	severe	PTS.		

Methods:	Between	March	1991	and	July	2013	thrombus	location	and	extent	of	
consecutive	 patients	 (n=1338)	 with	 unilateral	 DVT	 had	 been	 recorded	 on	 a	
diagram,	 based	 on	 duplex	 ultrasound	 findings.	 From	 this	 cohort	 the	 records	
were	 converted	 into	 the	 LET	 classification	 for	 all	 patients.	 In	 January	 2014	 a	
questionnaire	was	sent	to	660	patients,	still	alive	and	<	80	years	old.	Questions	
concerned	quality	of	 life	 (Veines-qol	 score),	 self-reported	Villalta-scale,	use	of	
stockings,	 anticoagulant	 treatment	 and	 comorbidities.	 Differences	 in	 Villalta	
and	 VEINES-qol	 between	 LET	 classes	 were	 calculated	 and	 a	 multivariate	 lo-
gistic	regression	analysis	was	performed.		

Results:	We	received	315	(47.7%)	responses.	The	initial	DVT	had	been	classi-
fied	as	LET	I	in	100	patients,	LET	II	in	108	and	LET	III	in	107.	Median	time	after	
DVT	was	6	years	(3-9).	Percentage	of	patients	with	severe	PTS	was	10%,	18.5%	
and	25.2%	for	LET	I,	II,	and	III,	respectively.	According	to	multivariate	logistic	
regression	 analysis	 LET	 II	 predicted	development	of	 severe	PTS	 compared	 to	
LET	I,	with	an	OR	of	1.9	(0.7-4.9),	LET	III	had	an	OR	of	3.4	(1.3-8.8)	for	predict-
ing	severe	PTS,	 compared	 to	LET	 I.	VEINES-qol	 scores	 significantly	decreased	
with	higher	LET	(p=0.003).	

Conclusion:	Patients	with	LET	 III	have	a	 threefold	higher	 risk	 for	developing	
severe	PTS	compared	to	LET	I.	The	LET	classification	provides	a	useful	tool	to	
identify	patients	at	high	risk	 for	developing	severe	PTS	and	decreased	quality	
of	life	at	long-term	follow-up	after	DVT.	

	

Introduction	

Deep	 Venous	 Thrombosis	 (DVT)	 is	 a	 common	 disease	 in	 the	 western	 world,	
with	an	incidence	of	approximately	1-2	per	1000	per	year.1	Standard	conserva-
tive	 treatment	 with	 anticoagulation	 and	 compression	 therapy	 is	 effective	 in	
preventing	thrombus	propagation	and	death	from	pulmonary	embolism	(PE).2	
However	 a	 large	 amount	 of	 patients	 will	 develop	 post-thrombotic	 syndrome	
(PTS)	within	2	years	after	the	initial	event.3	After	cessation	of	anticoagulation,	1	
in	 3	 patients	will	 experience	 recurrence	 of	 either	DVT	or	 PE	within	 5	 years.4	
The	high	frequency	of	long-term	sequelae	of	DVT	emphasizes	the	need	for	im-
provement	of	care	in	patients	with	DVT.		

PTS	frequently	develops	after	DVT	in	20-50%	of	patients.1,5	The	exact	etiology	
of	 PTS	 is	 still	 unknown;	 however	 residual	 vein	 obstruction	 and	 deep	 venous	
reflux	 are	 essential	 features	 in	 PTS.2,6	 Several	 risk	 factors	 for	 developing	PTS	
have	been	 identified.	One	of	 the	well-known	 facts	 is	 that	 recurrent	 ipsilateral	
DVT	 increases	 the	 risk	 for	 developing	 PTS	 significantly.3,7	 Another	 important	
factor	is	the	level	and	extent	of	the	initial	DVT,	which	has	also	been	associated	
with	a	higher	risk	for	inducing	PTS.4,8-10Kahn	et	al	reported	a	higher	incidence	
of	 PTS	 after	 an	 iliofemoral	 DVT,	 compared	 to	 the	 risk	 after	 calf	 vein	 throm-
bosis.3	Lack	in	uniform	reporting	of	thrombus	extent	makes	pooling	and	com-
paring	 of	 results	 of	 DVT	 treatment	 difficult.11	 Unfortunately,	 detailed	 infor-
mation	on	thrombus	extension	 is	not	always	clearly	available	 in	 literature.	To	
facilitate	standardization	in	DVT	reporting,	Arnoldussen	et	al.	proposed	to	use	
the	 lower	 extremity	 thrombosis	 (LET)	 classification.12	 The	 LET	 classification	
provides	a	guide	for	the	clinician,	which	may	help	to	determine	if	patients	could	
be	eligible	for	additional	thrombus	removal	therapies	or	not.	The	CaVent	study	
showed	an	absolute	reduction	in	the	incidence	of	PTS	of	14.4%	in	DVT	patients	
treated	with	additional	thrombus	removal	therapy	compared	to	anticoagulant	
treatment	 alone.	 This	 study	 included	 patients	with	DVT	 extending	 to	 at	 least	
mid-thigh	or	more	proximally.13The	LET	class	is	determined	by	the	most	crani-
al	extension	of	the	thrombus,	as	shown	in	Fig.	1.	The	LET	classification	has	been	
designed	based	on	a	hemodynamic	hypothesis	that	the	severity	of	DVT,	and	the	
risk	for	developing	PTS	or	recurrent	DVT,	is	related	to	the	most	cranial	level	of	
thrombus	extension:	the	higher	the	LET	class	the	higher	the	incidence	and	se-
verity	of	PTS	and	the	lower	the	associated	quality	of	life	due	to	a	more	signifi-
cant	impairment	of	the	outflow	from	the	leg.	This	hypothesis	has	not	yet	been	
validated	so	far,	and	therefore	the	aim	of	the	present	study	was	to	correlate	the	
incidence	and	severity	of	PTS,	and	the	reduction	in	quality	of	 life	at	 long-term	
follow-up	after	DVT,	with	the	LET	class.		
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Abstract	
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have	been	 identified.	One	of	 the	well-known	 facts	 is	 that	 recurrent	 ipsilateral	
DVT	 increases	 the	 risk	 for	 developing	 PTS	 significantly.3,7	 Another	 important	
factor	is	the	level	and	extent	of	the	initial	DVT,	which	has	also	been	associated	
with	a	higher	risk	for	inducing	PTS.4,8-10Kahn	et	al	reported	a	higher	incidence	
of	 PTS	 after	 an	 iliofemoral	 DVT,	 compared	 to	 the	 risk	 after	 calf	 vein	 throm-
bosis.3	Lack	in	uniform	reporting	of	thrombus	extent	makes	pooling	and	com-
paring	 of	 results	 of	 DVT	 treatment	 difficult.11	 Unfortunately,	 detailed	 infor-
mation	on	thrombus	extension	 is	not	always	clearly	available	 in	 literature.	To	
facilitate	standardization	in	DVT	reporting,	Arnoldussen	et	al.	proposed	to	use	
the	 lower	 extremity	 thrombosis	 (LET)	 classification.12	 The	 LET	 classification	
provides	a	guide	for	the	clinician,	which	may	help	to	determine	if	patients	could	
be	eligible	for	additional	thrombus	removal	therapies	or	not.	The	CaVent	study	
showed	an	absolute	reduction	in	the	incidence	of	PTS	of	14.4%	in	DVT	patients	
treated	with	additional	thrombus	removal	therapy	compared	to	anticoagulant	
treatment	 alone.	 This	 study	 included	 patients	with	DVT	 extending	 to	 at	 least	
mid-thigh	or	more	proximally.13The	LET	class	is	determined	by	the	most	crani-
al	extension	of	the	thrombus,	as	shown	in	Fig.	1.	The	LET	classification	has	been	
designed	based	on	a	hemodynamic	hypothesis	that	the	severity	of	DVT,	and	the	
risk	for	developing	PTS	or	recurrent	DVT,	is	related	to	the	most	cranial	level	of	
thrombus	extension:	the	higher	the	LET	class	the	higher	the	incidence	and	se-
verity	of	PTS	and	the	lower	the	associated	quality	of	life	due	to	a	more	signifi-
cant	impairment	of	the	outflow	from	the	leg.	This	hypothesis	has	not	yet	been	
validated	so	far,	and	therefore	the	aim	of	the	present	study	was	to	correlate	the	
incidence	and	severity	of	PTS,	and	the	reduction	in	quality	of	 life	at	 long-term	
follow-up	after	DVT,	with	the	LET	class.		
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Figure	1	

	

Methods	

This	 study	was	 performed	 in	 close	 collaboration	 between	 the	 Department	 of	
Thoracic	and	Vascular	Surgery	at	the	University	Hospital	of	Antwerp	(Belgium)	
and	 the	Department	of	Vascular	Surgery	of	 the	Maastricht	University	Medical	
Centre	(Netherlands).	Between	March	1991	and	July	2012,	1338	patients	with	
unilateral	acute	DVT	according	 to	duplex	ultrasound	 investigation	and	aged	>	
18	years	had	been	registered	at	the	University	Hospital	of	Antwerp.	Exact	local-
ization	 and	 extent	 of	 the	 thrombus	 according	 to	 duplex	 ultrasound	 had	 been	
represented	 on	 a	 diagram	 for	 each	 patient,	 and	 all	 these	 diagrams	 had	 been	
carefully	stored.	Data	on	thrombus	location	and	extent,	based	on	the	available	
diagrams,	as	well	as	patient’s	demographics,	had	been	registered	in	a	database	
for	further	analysis.14	

For	the	present	study	the	original	subdivision	of	thrombus	location	in	five	seg-
ments	(calf	veins,	popliteal	vein,	femoral	vein,	common	femoral	vein	[CFV],	iliac	
and/or	inferior	vena	cava	[IVC]	caval	vein)	was	converted	into	the	correspond-
ing	 LET	 class	 in	 the	 following	manner:	 partially	 or	 fully	 obstructed	 calf	 veins	
without	any	obstruction	of	the	popliteal	vein	was	scored	as	LET	class	I.	Partial	
or	full	obstruction	in	the	popliteal	and	femoral	vein	(with	or	without	calf	vein	
obstruction)	and	without	obstruction	more	cranially	was	scored	as	LET	class	II.	
Partial	 and/or	 full	 obstruction	 of	 CFV,	 and/or	 iliac	 veins	 (and/or	 IVC)	 was	
scored	as	LET	class	III.	As	information	regarding	involvement	of	the	deep	femo-
ral	vein	was	not	available	in	all	files	we	chose	to	include	any	obstruction	of	the	

	

CFV	into	LET	class	III.	Fig.1	This	is	slightly	different	from	the	original	LET	clas-
sification	(Fig.	1).15	The	study	protocol	was	approved	by	the	ethical	committee	
of	the	University	Hospital	Antwerp	(number:B300201420025).	

Questionnaire	follow-up	
In	 January	 2014	 questionnaires	 were	 sent	 to	 a	 selected	 group	 of	 the	 above-
described	cohort	of	patients,	to	obtain	current	information	on	their	health	sta-
tus,	complaints	and	severity	of	PTS.	Information	about	therapy	received	for	the	
initial	DVT	and	about	comorbid	diseases	was	also	gathered.	Patients	qualifying	
for	the	questionnaires	had	to	be	younger	than	80	years	on	1-1-2014,	and	had	to	
have	 a	 basic	 understanding	 of	 the	 Dutch	 language,	 as	 the	 questionnaire	 was	
only	available	in	Dutch.	Patients	currently	living	outside	Belgium	or	the	Nether-
lands	were	 also	 excluded	 because	 of	 logistic	 reasons.	 Before	 sending	 out	 the	
questionnaires	 records	 had	 been	 checked	 to	 ensure	 patients	 who	 had	 died,	
were	not	addressed.	

The	questionnaire	was	conceived	at	 the	Maastricht	University	Medical	Centre	
and	 contained	 the	 following	 items:	 basic	 demographic	 questions,	 details	 on	
DVT	 treatment,	 recurrent	DVT,	 the	Dutch	Short	Form	-36	quality	of	 life	ques-
tionnaire	 version	 2	 (SF-36v2),	 the	 Dutch	 translation	 of	 the	 VEINES-sym/qol	
questionnaire,	 and	 a	modified	 version	of	 the	Villalta-scale	 for	PTS	 in	Dutch.16	
The	complete	questionnaire	is	available	in	the	supplement	(in	Dutch).	The	pa-
tients	were	asked	to	complete	the	whole	questionnaire	and	send	it	back	to	our	
department	 for	 analysis.	On	 a	 separate	 form	 they	were	 asked	 to	 indicate	 any	
other	known	disease	they	were	suffering	from	and	which	specialist	they	were	
currently	visiting,	if	any.		

Quality	of	life	(QoL)	
Generic	QoL	was	assessed	with	the	SF-36v2	(Short-Form	36).	17,18	The	SF-36	is	
a	 generic	 quality	 of	 life	 instrument	 consisting	 of	 36	 items,	 divided	 into	 eight	
subdomains	of	health:	physical	 functioning,	social	 functioning,	role	 limitations	
(physical	 problems),	 role	 limitations	 (emotional	 problems),	 pain,	 mental	
health,	 vitality	 and	 general	 health	 perception.	 Each	 domain	 has	 a	 theoretical	
score	between	0-100	(higher	 is	more	 favorable	 for	 the	patient).	The	score	re-
flects	the	health	perception	for	that	specific	domain.	

VEINES-sym/qol	 is	 a	 venous	 disease	 specific	 quality	 of	 life	 questionnaire.	 It	
consists	of	25	items,	10	items	are	symptom	related,	9	items	are	used	to	assess	
limitations	 in	daily	 activities,	 1	 item	assesses	 changes	 over	 the	past	 year	 and	
the	 last	 5	 questions	 cover	 the	 psychological	 impact	 of	 venous	 disease.	 Two	
scores	are	distilled	 from	these	questions,	The	VEINES-sym	(about	 symptoms)	
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score	between	0-100	(higher	 is	more	 favorable	 for	 the	patient).	The	score	re-
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VEINES-sym/qol	 is	 a	 venous	 disease	 specific	 quality	 of	 life	 questionnaire.	 It	
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the	 last	 5	 questions	 cover	 the	 psychological	 impact	 of	 venous	 disease.	 Two	
scores	are	distilled	 from	these	questions,	The	VEINES-sym	(about	 symptoms)	
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and	the	VEINES-qol	(about	quality	of	 life)	score.	Scores	can	be	between	0-100	
(higher	scores	represent	better	QoL	of	the	patient).		

The	Villalta	scale	is	currently	accepted	as	the	standard	clinical	score	for	evalu-
ating	PTS.19	The	original	Villalta	scale	consists	of	two	parts.	The	first	part	con-
tains	patient	 reported	 complaints	of	pain,	 itching,	 heaviness,	 paresthesia,	 and	
cramps	in	the	leg.	The	second	part	is	a	physician	assessed	clinical	score	of	the	
leg.	The	physician	assesses	the	following	6	items:	pretibial	edema,	skin	indura-
tion,	hyperpigmentation,	redness,	venous	ectasia,	and	pain	on	calf	compression.	
The	physician	also	assesses	the	presence	or	absence	of	a	venous	leg	ulcer.	Each	
item	is	scored	form	0-3	points,	zero	being	not	present,	1	is	mild,	2	is	moderate	
and	3	is	severe.	A	theoretical	total	of	33	points	can	be	scored	with	the	Villalta	
scale.	A	score	between	0-4	is	scored	as	no	PTS;	5-9	as	mild	PTS,	10-14	as	mod-
erate	PTS,	15	and	higher	 is	considered	to	be	severe	PTS.	 If	 the	patient	suffers	
from	a	venous	 leg	ulcer	 the	Villalta	scale	 immediately	 turns	 into	 ‘severe	PTS’,	
regardless	 of	 the	 total	 score.	 In	 order	 to	 be	 able	 to	 use	 the	Villalta	 scale	 in	 a	
questionnaire	to	be	completed	by	the	patient	we	modified	the	Villalta	scale	in	a	
way	patients	would	be	 able	 to	 assess	 the	 clinical	 signs	 (usually	 registered	by	
the	 physician)	 by	 themselves,	 while	 making	 use	 of	 a	 guiding	 scale	 based	 on	
illustrative	pictures.		

Statistical	analysis	
Categorical	data	are	presented	as	frequencies	and	percentages,	and	continuous	
data	are	presented	as	mean	values	±	standard	deviation	(SD)	or	median	values	
with	 interquartile	 ranges	 (IQR),	 unless	 otherwise	 stated.	 The	 association	 be-
tween	LET	class	and	PTS	severity	 (no,	mild,	 and	moderate	PTS	versus	 severe	
PTS)	was	expressed	as	odds	ratio	with	95%	confidence	interval.	A	multivariate	
logistic	 regression	 model	 was	 used	 to	 enable	 adjustment	 for	 potential	 con-
founders.	LET	classes	were	coded	as	dummy	variables	with	class	LET	I	as	ref-
erence	category.	The	model	corrected	for	age,	duration	of	follow-up,	BMI,	type	
2	 diabetes,	 current	 use	 of	 compression	 stockings,	 current	 use	 of	 anticoagula-
tion,	orthopedic	disease,	peripheral	 arterial	disease,	 recurrent	 ipsilateral	DVT	
and	recurrent	contralateral	DVT.	The	Jonckheere	Terpstra	test	was	used	to	test	
for	trends	in	quality	of	life	score	between	the	three	LET	classes.	Analyses	were	
carried	out	with	commercially	available	 statistical	programs:	SPSS	version	22	
(SPSS	version	22.0.0;	SPSS,	Chicago,	IL).	P	values	≤	.05	were	considered	to	indi-
cate	statistical	significance.	

Results	

In	 total	 660	patients	were	 invited	 to	participate	 in	 the	 study.	 Figure	2	 shows	
the	 flow	chart	of	 the	study.	The	baseline	patient	characteristics	are	presented	

	

in	Table	1.	No	difference	was	found	between	non-responders	and	the	respond-
ers.	Mean	age	of	 the	 invited	group	was	49.7year	±	13.9,	46.7%	was	male,	and	
56.7%	 had	 left-sided	 DVT.	With	 315	 responding	 patients	 we	 had	 a	 response	
rate	 of	 47.7%.	 No	 statistical	 significant	 differences	 were	 found	 in	 mean	 age,	
DVT	side,	and	male/female	ratio.	
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Table	1	
Baseline	patient	characteristics	 Responders		

N=	315	
Mean±SD	

Non	 respond-
ers	
N=345	
Mean±SD	

p-
value*	

Gender	M/F	 147/168	 161/184	 Ns	
Age	in	Years	at	DVT	diagnosis	 50.6±13.3	 48.9±14.1	 Ns	
BMI	 27.5±4.6	 N/A	 	
Left	sided	DVT	 56.2%(n=177)	 57.1%(n=197)	 Ns	
Risk	factor	first	DVT	

Malignancy	
Pregnancy/post	partum	
Immobilization/surgery	
Trauma/fracture	
Oral	contraceptive	use	
Other	(not	specified)	
Idiopathic	

	
3.2%	n=10	
5.7%	n=18	
22.2%	n=70	
11.7%	n=37	
4.8%	n=15	
21.9%	n=69	
35.2%	n=111	

N/A	 	

*Students	T	test	equal	variances	assumed.	Significance	is	indicated	as	P≤	.05.	

ns	=	not	significant	

Results	subdivided	by	LET	class		
A	 total	 of	 315	 responding	 patients	were	 classified	 as	 LET	 I,	 LET	 II	 or	 LET	 III	
according	to	the	highest	cranial	extent	of	DVT.		

Table	2	shows	the	clinical	characteristics	of	patients	according	to	the	LET	clas-
ses.		

	 	

	

Table	2	
Clinical	characteris-
tics	

Total	
(n=315)	

LET	 I	
(n=100)	

LET	 II	
(n=108)	

LET	 III	
(n=107)	

p-
val-
ue*	

Age	mean±SD	 50.1±13.
5	

51.4±12.
9	

49.9±13.
2	

49.0±14.
4	

ns	

BMI	mean±SD	 27.5±4.6	 29.6±5.1	 28.3±4.0	 27.2±4.7	 0.021	
Follow-up	 length	 in	
months	
Median	(IQR)	

82.5	
(46.25–
124.5)	

72	(35.5–
109)	

76	 (54–
124)	

92	 (58–
142.5)	

0.005	

Numeric	 Villalta	
score	
Median	(IQR)	

6	(3-11)	 4	(2-9)	 7	(3-12)	 6.5	 (3-
12.5)	

0.002	

DVT	 recurrence	
total	

Ipsilateral	
Contrala-
teral	
Bilateral	

29.1%	
18.7%	
6%	
4.4%	

32%	
19%	
8%	
5%	

28.7%	
20.4%	
4.6%	
3.7%	

27.1%	
16.8%	
5.6%	
4.7%	

ns	
ns	
ns	
ns	

Family	 history	 of	
DVT	

27%	 33%	 23.1%	 25.2%	 ns	

Family	 history	 of	
varicosis	

57.8%	 63%	 53.7%	 57%	 ns	

Still	on	anticoagula-
tion	

51.7%	 38%	 54.6%	 61.7%	 0.002	

Still	using	compres-
sion	stockings	

45.7%	 35%	 42.6%	 58.9%	 0.002	

Type	2	diabetes	 9.2%	 7%	 6.5%	 14%	 ns	
Comorbidity	 re-
ported	

56.8%	 54%	 50.9%	 65.4%	 ns	

Peripheral	 arterial	
disease	

17.1%	 16%	 18.5%	 16.8%	 ns	

Orthopedic	disease	 20.6%	 24%	 17.6%	 20.6%	 ns	
Venous	ulcer	 5.4%	 6%	 2.8%	 7.5%	 ns	
*Kruskal-Wallis	test	significance	is	indicated	as	P≤	.05	
ns=	not	significant	
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Numeric	 Villalta	
score	
Median	(IQR)	
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DVT	 recurrence	
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Family	 history	 of	
DVT	

27%	 33%	 23.1%	 25.2%	 ns	

Family	 history	 of	
varicosis	

57.8%	 63%	 53.7%	 57%	 ns	

Still	on	anticoagula-
tion	

51.7%	 38%	 54.6%	 61.7%	 0.002	

Still	using	compres-
sion	stockings	

45.7%	 35%	 42.6%	 58.9%	 0.002	

Type	2	diabetes	 9.2%	 7%	 6.5%	 14%	 ns	
Comorbidity	 re-
ported	

56.8%	 54%	 50.9%	 65.4%	 ns	

Peripheral	 arterial	
disease	

17.1%	 16%	 18.5%	 16.8%	 ns	
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Univariate	analysis	of	PTS	and	LET	classes	
In	309	responders	a	Villalta	score	could	be	calculated.	In	patients	with	LET	I	the	
incidence	 of	 PTS	 was	 	 (45.4%)	 compared	 to	 LET	 classes	 II	 (64.5%)	 and	 III	
(61.9%)	(p<0.01).		A	univariate	logistic	regression	analysis	which	included	only	
LET	class	as	 independent	variable	and	no	PTS	versus	mild,	moderate,	and	se-
vere	PTS	as	dependent	variable	resulted	in	crude	odds	ratios	(not	adjusted	for	
potential	confounders)	of	OR=	2.1	with	a	95%	confidence	interval	(95%	CI)	1.2-
3.6	for	LET	II	versus	LET	I	and	an	OR	of	1.9	(95%	CI	1.1-3.3)	for	LET	III	vs	LET	I.	
With	regard	to	severe	PTS	vs	no,	mild	and	moderate	PTS	the	OR	between	LET	I	
and	LET	II	was	2.0	(95%	CI	0.9-4.6)	and	the	OR	between	LET	I	and	LET	III	was	
3.0	(95%	CI	1.4-6.7).	Figure	3	shows	the	distribution	of	PTS	categories	accord-
ing	to	LET	class.	

Figure		3	

	
Multivariate	regression	analysis	
Multivariate	 logistic	 regression	 analysis	 with	 severe	 PTS	 versus	 no,	 mild	 or	
moderate	PTS	as	dependent	variable	and	adjustment	for	the	predefined	poten-
tial	confounders	resulted	in	an	OR=	1.9	(95%	CI	0.7-4.9)	for	LET	II	compared	to	
LET	I	and	an	OR	of	3.4	(95%	CI	1.3-8.8)	for	LET	III	versus	LET	I.	No	statistically	
significant	 difference	was	 found	between	LET	 classes	 II	 and	 III	 regarding	 the	
risk	of	severe	PTS.		

	

LET	classes	and	quality	of	life	
Although	SF-36	 subdomains	 scores	were	 lower	 in	LET	 classes	 II	 and	 III	 com-
pared	to	LET	I,	none	of	these	differences	showed	statistical	significance.	SF-36	
results	for	all	domains	are	shown	in	table	3.	For	the	combined	physical	compo-
nent	 score	 and	 mental	 component	 score	 this	 was	 also	 the	 case.	 The	 disease	
specific	VEINES-sym/qol	results	were	fairly	similar	and	showed	the	same	pat-
tern	as	the	SF-36.	LET	class	I	had	mean	scores	(±SD)	of	52	(±8.8)	for	VEINES-
Sym	and	52.5	(±8.9)	for	VEINES-qol,	For	LET	class	II	this	was	48.7	(±10.4)	and	
49.3	(±10.2).	LET	class	 III	had	scores	of	49.5	 (±10.4)	and	48.5	(±10.4).	 Jonck-
heere’s	analysis	for	trend	showed	a	significant	trend	towards	lower	VEINES-qol	
scores	with	higher	LET	classes	(p=0.003).	Figure	4	shows	the	LET	classification	
compared	to	the	VEINES-qol	score.	
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Table	3	
SF-36	 individual	
components	

	 LET	I	 LET	II	 LET	III	 P-
value	

Physical	 functioning	
(n=315)	
	

Mean
±SD	
	

84.5±56.7	
	

74.2±58.4	
	

81.7±69.4	
	

Ns	
	

Role	 limit.	 (physic.	
probl.)	(n=315)	
	

Mean
±SD	

76.4±36.3	
	

76.6±45.3	
	

67.9±45.0	
	

Ns	

Pain	(n=305)	
	

Mean
±SD	
	

75.0±22.1	
	

69.4±25.0	
	

71.5±23.1	
	

Ns		

General	 health	 per-
ception	(n=312)	
	

Mean
±SD	
	

61.5±26.0	
	

59.5±29.4	
	

56.8±28.8	
	

Ns	

Vitality	(n=315)	
	

Mean
±SD	
	

58.7±38.2	
	

59.1±42.9	
	

58.8±42.8	
	

Ns	

Social	 functioning	
(n=315)	
	

Mean
±SD	
	

83.0±33.3	
	

81.2±39.4	
	

79.6±39.0	
	

Ns	

Role	 limit.	 (emotion-
al	probl.)	(n=315)	
	

Mean
±SD	
	

84.0±43.3	
	

81.7±48.1	
	

76.0±44.3	
	

Ns	

Mental	 health	
(n=315)	
	

Mean
±SD	
	

63.9±29.4	
	

62.4±35.3	
	

57.4±30.4	
	

Ns	

Physical	 component	
summary	 score	
(n=315)	
	

Mean
±SD	
	

50.7±13.3	
	

48.3±14.4	
	

49.7±17.1	
	

Ns	

Mental	 component	
summary	 score	
(n=315)	
	

Mean
±SD	
	

45.5±17.6	
	

46.0±18.6	 42.7±17.0	 Ns	

Kruskal-Wallis	test	significance	is	indicated	as	P≤	.05	
Ns	=	not	significant	

	

	

Figure	4	

	

Discussion	

We	found	a	two-	to	threefold	higher	risk	for	developing	severe	PTS	for	patients	
with	LET	II	or	LET	III	compared	to	patients	with	LET	I.	The	difference	between	
LET	class	III	and	II	was	not	significant.	This	could	be	explained	by	limitations	in	
the	sample	size.	Apart	from	the	level	of	extension	of	initial	DVT,	PTS	incidence	
could	also	be	influenced	by	other	factors	such	as	recurrence	of	DVT	and	contin-
ued	use	of	elastic	stockings.	In	about	30	%	of	all	patients	a	recurrent	event	was	
reported.	It	may	well	be	that	a	recurrent	DVT	extended	more	cranially	than	the	
initial	DVT	and	hence	these	patients	might	have	acquired	a	higher	LET	classifi-
cation	 after	 a	 subsequent	 DVT.	 The	 incidence	 and	 degree	 of	 PTS	might	 have	
corresponded	better	with	 the	 LET	 classes,	 if	 the	 highest	 level	 of	 extension	 of	
recurrent	DVT	had	also	been	taken	into	account.	Unfortunately	for	the	present	
analysis,	we	could	not	 include	data	on	 the	 level	of	 cranial	 extent	of	 recurrent	
DVT.	In	addition,	in	LET	class	III	more	patients	continued	wearing	their	elastic	
stockings	regularly.	This	may	have	induced	some	bias,	as	the	treating	physician	
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Table	3	
SF-36	 individual	
components	

	 LET	I	 LET	II	 LET	III	 P-
value	
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Discussion	

We	found	a	two-	to	threefold	higher	risk	for	developing	severe	PTS	for	patients	
with	LET	II	or	LET	III	compared	to	patients	with	LET	I.	The	difference	between	
LET	class	III	and	II	was	not	significant.	This	could	be	explained	by	limitations	in	
the	sample	size.	Apart	from	the	level	of	extension	of	initial	DVT,	PTS	incidence	
could	also	be	influenced	by	other	factors	such	as	recurrence	of	DVT	and	contin-
ued	use	of	elastic	stockings.	In	about	30	%	of	all	patients	a	recurrent	event	was	
reported.	It	may	well	be	that	a	recurrent	DVT	extended	more	cranially	than	the	
initial	DVT	and	hence	these	patients	might	have	acquired	a	higher	LET	classifi-
cation	 after	 a	 subsequent	 DVT.	 The	 incidence	 and	 degree	 of	 PTS	might	 have	
corresponded	better	with	 the	 LET	 classes,	 if	 the	 highest	 level	 of	 extension	 of	
recurrent	DVT	had	also	been	taken	into	account.	Unfortunately	for	the	present	
analysis,	we	could	not	 include	data	on	 the	 level	of	 cranial	 extent	of	 recurrent	
DVT.	In	addition,	in	LET	class	III	more	patients	continued	wearing	their	elastic	
stockings	regularly.	This	may	have	induced	some	bias,	as	the	treating	physician	
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may	have	encouraged	patients	of	LET	class	 III	with	more	persuasion	to	go	on	
wearing	 their	 stocking,	 in	view	of	 the	high	 level	of	 extension	of	 the	DVT.	The	
consequent	 use	 of	 stockings	may	 have	 attenuated	 postthrombotic	 symptoms	
rendering	the	results	regarding	PTS	severity	based	on	the	Villalta	scale	in	LET	
III	 less	 different	 from	 those	 in	 LET	 class	 II	 than	 expected.20	However,	 in	 the	
multivariate	 analysis	 we	 corrected	 for	 the	 use	 of	 elastic	 stockings	 and	 other	
potential	confounders.	
In	the	present	study,	we	scored	PTS	by	means	of	an	adapted	version	of	the	orig-
inal	Villalta	scale,	a	self	–reported	Villalta	scale.	By	addition	of	a	visual	guide	to	
the	questions	of	 the	 clinical	 scale,	we	 tried	 to	 ensure	a	 correct	 assessment	of	
the	clinical	situation	by	the	patients	themselves.	Wik	et	al.	have	used	the	prin-
ciple	of	 self	 reported	Villalta	previously.	They	 reasoned	 that	 there	 should	not	
be	a	large	discrepancy	between	the	original	and	adapted	version	of	the	Villalta	
scale,	 because	 the	 original	 version	 already	 incorporates	 a	 substantial	 patient	
assessed	 part.21	 It	 was	 decided	 to	 use	 this	 self-reported	 form	 of	 the	 Villalta	
scale	mainly	 for	efficiency	reasons.	Further	validation	of	 the	self-reported	Vil-
lalta	scale	should	be	performed	in	the	future.	In	order	to	ascertain	the	reliabil-
ity	of	the	results,	we	combined	the	Villalta	scale	with	a	disease	specific	quality	
of	 life	 questionnaire	 as	 previously	 suggested.22	 In	 our	 cohort,	 quality	 of	 life	
scored	 by	VEINES-qol	 declined	with	 increasing	 PTS	 severity	 according	 to	 the	
self-reported	Villalta	scale	(data	not	shown).	The	use	of	disease	specific	health	
questionnaires	is	recommended	in	combination	with	the	Villalta-scale,	because	
there	is	no	gold	standard	for	diagnosis	of	PTS.23,24	

Thrombus	 burden	 and	 involvement	 of	 multiple	 segments	 is	 associated	 with	
lower	 natural	 resolution	 of	 thrombus	 and	 higher	 incidences	 of	 PTS.8,25-
27Therefore,	 correct	 identification	 of	 the	 highest	 extent	 of	 DVT	 is	 of	 utmost	
importance.14	Nowadays,	thrombus	removal	techniques	are	developing	rapidly	
and	more	patients	will	be	considered	eligible	for	thrombus	removal	as	catheter	
directed	 thrombolysis	 and	 other	 pharmacomechanical	 treatment	 methods	
become	safer.28	Adequate	patient	selection	will	be	crucial	 in	 the	 future,	 to	de-
crease	the	risk	of	overtreatment	or	inadequate	treatment.		

There	are	several	limitations	of	this	study.	First	of	all,	it	is	a	retrospective	study,	
only	based	on	limited	available	data	of	participating	patients.	It	might	certainly	
be	more	 interesting	 to	 validate	 the	 LET	 classification	 in	 a	 prospective	 study,	
including	 the	patients	 at	 the	 time	of	 the	acute	DVT.	Follow-up	of	 at	 least	 two	
years	after	the	initial	event	would	be	needed	to	assess	the	incidence	and	severi-
ty	 of	 PTS	 and	 associated	 impairment	 of	 quality	 of	 life.29	 Second,	 the	 median	
length	of	follow-up	was	long	and	duration	of	follow-up	varied	largely.	Although	
a	long	follow-up	may	represent	what	happens	‘in	real	life’	to	DVT	patients	after	
several	years,	it	is	more	difficult	to	draw	firm	conclusions	based	on	this	single	

	

snapshot	 at	 long-term,	 as	 comorbidities	 may	 have	 interfered	 with	 patients’	
quality	 of	 life.	 In	 the	multivariate	 analysis,	we	 tried	 to	 correct	 for	 these	 con-
founders.	On	the	other	hand,	patients	also	tend	to	get	used	to	their	limitations,	
which	may	have	led	to	underestimation	of	PTS	symptoms	and	signs,	according	
to	the	self-reported	Villalta	scale.	Third,	with	a	response	rate	of	almost	48%	we	
cannot	exclude	any	selection	bias	in	the	patients	who	responded	to	our	invita-
tion.	Patients	with	more	severe	complaints	may	have	been	more	motivated	to	
complete	 the	questionnaire	we	sent	 them.	Also	 the	 fact	 that	we	had	more	pa-
tients	 on	 chronic	 anticoagulation	 than	 in	 comparable	 studies	 may	 indicate	
some	patient	selection.	Indeed,	patients	on	chronic	anticoagulation	need	regu-
lar	medical	follow-up,	and	this	may	somehow	have	influenced	them	to	partici-
pate	 in	 the	 present	 study.	 In	 addition,	 further	 validation	 of	 the	 self-reported	
Villalta	scale	should	be	performed	by	direct	comparison	with	the	original	Villal-
ta	scale,	in	which	the	physician	performs	the	clinical	evaluation.		

Conclusion	

Patients	with	LET	II	or	LET	III	have	a	two-	to	threefold	higher	risk	for	develop-
ing	severe	PTS	at	long	term	compared	to	LET	I.	Disease	specific	quality	of	life	is	
lower	in	patients	with	higher	LET	classes.	The	LET	classification	therefore	pro-
vides	the	clinician	with	an	easily	applicable	tool	for	identifying	patients	with	a	
high	risk	of	developing	severe	post-thrombotic	problems.	
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Abstract	

Purpose:	To	assess	the	feasibility	of	 identifying	deep	vein	thrombosis	charac-
teristics	with	contrast	enhanced	magnetic	resonance	venography.	

Materials	and	Methods:	A	total	of	53	cases	of	deep	vein	thrombosis	extending	
in	 and/or	 above	 the	 common	 femoral	 vein	were	 evaluated	 by	 4	 independent	
observers	 (2	 expert,	 2	 novice)	 using	 pre-determined	 characteristics	 to	 deter-
mine	 the	 thrombosis	present	 to	be	acute,	sub-acute	or	old.	 If	present,	chronic	
remnants	of	a	previous	deep	vein	thrombosis	were	reported.	Additionally	these	
image	qualifications	were	compared	to	the	reported	duration	of	complaints.	

Results:	 In	 all	 cases	 all	 observers	 were	 able	 to	 qualify	 the	 thrombosis.	 The	
interobserver	agreement	between	the	experts	was	excellent	(kappa	0.97)	and	
good	between	expert	and	novice	(kappa	0.82).	Thrombosis	 identified	as	acute	
had	an	average	duration	of	complaints	of	6,5	(2–13)	days,	sub-acute	13	(8–18)	
days	and	old	22	(15–32)	days.	

Conclusion:	Qualification	of	thrombosis	as	acute,	sub-acute	or	old	and	identifi-
cation	 of	 chronic	 remnants	 of	 DVT	 with	 CE-MRV	 using	 routinely	 identifiable	
characteristics	is	feasible	and	reproducible	with	good	to	excellent	interobserv-
er	agreement.	
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Introduction	

Deep	 vein	 thrombosis	 affects	many	patients	 every	 year.	Despite	 best	medical	
management	with	anticoagulation,	 there	 is	a	30–50%	risk	 to	be	subsequently	
affected	by	the	post-thrombotic	syndrome	(PTS)	resulting	in	long-term,	mostly	
life-long	persistent	complaints	of	 leg	swelling,	pain	and	potentially	venous	ul-
cerations.1,2	For	PTS	there	is	no	specific	treatment	for	the	under-lying	venous	
pathologies	and	treatment	is	mostly	supportive.	Much	of	the	process	of	throm-
bus	resolution	in	humans	is	still	unclear	but	there	is	supportive	evidence	that	
early	thrombus	resolution	reduces	the	chances	of	developing	PTS,	hence	tech-
niques	 such	 as	 catheter-directed	 thrombolysis	 (CDT)	 and	 pharmaco-
mechanical	thrombolysis	(PMT)	have	gained	more	support.3–5	In	general,	the	
use	of	 these	techniques	 is	 limited	to	patients	with	acute	 iliofemoral	deep	vein	
thrombosis,	 defined	by	 complaints	 2	weeks	 and	 thrombus	 in	 the	 iliac	 and/or	
common	femoral	vein.6–8	This	period	of	2	weeks	is	however	arbitrary	since	we	
have	to	rely	on	duration	of	patient	complaints	to	estimate	this	period	and	suc-
cess	 with	 thrombolysis	 has	 been	 seen	 in	 patients	 with	 complaints	 for	 3–4	
weeks.	There	is	currently	no	objective	measurement	to	define	the	critical	point	
beyond	which	thrombolysis	is	no	longer	feasible.	The	transitional	process	from	
acute	deep	vein	thrombosis	to	 ‘‘old’’	thrombus	and	eventually	to	chronic	rem-
nants	in	the	vein	and	vein	wall	after	DVT,9–12	can	take	6	months	up	to	1	year	
to	stabilize	but	it	has	not	been	established	at	what	point	in	time	after	the	start	
of	the	event	the	disease	is	no	longer	susceptible	to	thrombolytic	therapy.	To	be	
able	to	predict	which	patients	can	benefit	from	catheter	directed	thrombolysis	
(CDT)	versus	those	that	are	unlikely	to	benefit	would	be	helpful	in	determining	
the	 preferred	 treatment	 plan	 and	 duration	 of	 anticoagulation.	 Additionally	 it	
would	be	beneficial	 if	patients	unsuitable	 for	CDT	would	be	excluded	prior	 to	
starting	the	thrombolysis	and	thus	prevent	exposure	to	the	serious	risks	asso-
ciated	 with	 thrombolysis.1	 Ideally	 this	 measurement	 would	 not	 require	 any	
invasive	procedure.	Imaging	with	MRI	would	be	a	good	option	if	interpretation	
is	consistent	and	observer	independent.	

Concept	

MRI	 as	 imaging	modality	 for	 deep	 vein	 thrombosis	 has	 been	 investigated	 for	
many	years.13–16	A	number	of	observations	regarding	thrombus	characteris-
tics	 identifiable	with	MRI	have	 so	 far	 been	described	 in	 the	 literature.17	The	
first	 and	 most	 commonly	 acknowledged	 is	 that	 acute	 thrombus	 causes	 vein	
dilatation	due	to	luminal	filling	with	thrombus	material.	The	second	is	the	visi-
bility	 of	 vein	 wall	 thickening	 and	 edema	 surrounding	 the	 thrombosed	 veins	
which	has	been	associated	with	the	inflammatory	response	to	the	thrombus.18	
The	third	 is	a	hypothesis	 that	 the	heterogeneity	of	 the	signal	 in	 the	 thrombus	
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affected	by	the	post-thrombotic	syndrome	(PTS)	resulting	in	long-term,	mostly	
life-long	persistent	complaints	of	 leg	swelling,	pain	and	potentially	venous	ul-
cerations.1,2	For	PTS	there	is	no	specific	treatment	for	the	under-lying	venous	
pathologies	and	treatment	is	mostly	supportive.	Much	of	the	process	of	throm-
bus	resolution	in	humans	is	still	unclear	but	there	is	supportive	evidence	that	
early	thrombus	resolution	reduces	the	chances	of	developing	PTS,	hence	tech-
niques	 such	 as	 catheter-directed	 thrombolysis	 (CDT)	 and	 pharmaco-
mechanical	thrombolysis	(PMT)	have	gained	more	support.3–5	In	general,	the	
use	of	 these	techniques	 is	 limited	to	patients	with	acute	 iliofemoral	deep	vein	
thrombosis,	 defined	by	 complaints	 2	weeks	 and	 thrombus	 in	 the	 iliac	 and/or	
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have	to	rely	on	duration	of	patient	complaints	to	estimate	this	period	and	suc-
cess	 with	 thrombolysis	 has	 been	 seen	 in	 patients	 with	 complaints	 for	 3–4	
weeks.	There	is	currently	no	objective	measurement	to	define	the	critical	point	
beyond	which	thrombolysis	is	no	longer	feasible.	The	transitional	process	from	
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nants	in	the	vein	and	vein	wall	after	DVT,9–12	can	take	6	months	up	to	1	year	
to	stabilize	but	it	has	not	been	established	at	what	point	in	time	after	the	start	
of	the	event	the	disease	is	no	longer	susceptible	to	thrombolytic	therapy.	To	be	
able	to	predict	which	patients	can	benefit	from	catheter	directed	thrombolysis	
(CDT)	versus	those	that	are	unlikely	to	benefit	would	be	helpful	in	determining	
the	 preferred	 treatment	 plan	 and	 duration	 of	 anticoagulation.	 Additionally	 it	
would	be	beneficial	 if	patients	unsuitable	 for	CDT	would	be	excluded	prior	 to	
starting	the	thrombolysis	and	thus	prevent	exposure	to	the	serious	risks	asso-
ciated	 with	 thrombolysis.1	 Ideally	 this	 measurement	 would	 not	 require	 any	
invasive	procedure.	Imaging	with	MRI	would	be	a	good	option	if	interpretation	
is	consistent	and	observer	independent.	
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MRI	 as	 imaging	modality	 for	 deep	 vein	 thrombosis	 has	 been	 investigated	 for	
many	years.13–16	A	number	of	observations	regarding	thrombus	characteris-
tics	 identifiable	with	MRI	have	 so	 far	 been	described	 in	 the	 literature.17	The	
first	 and	 most	 commonly	 acknowledged	 is	 that	 acute	 thrombus	 causes	 vein	
dilatation	due	to	luminal	filling	with	thrombus	material.	The	second	is	the	visi-
bility	 of	 vein	 wall	 thickening	 and	 edema	 surrounding	 the	 thrombosed	 veins	
which	has	been	associated	with	the	inflammatory	response	to	the	thrombus.18	
The	third	 is	a	hypothesis	 that	 the	heterogeneity	of	 the	signal	 in	 the	 thrombus	
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seen	 on	 some	 MRI	 sequences	 is	 a	 possible	 sign	 of	 recanalization	 within	 the	
thrombus	 (channel	 formation).19	 The	 blood	 within	 these	 channels	 has	 a	
different	 (higher)	 signal	 intensity	 in	 comparison	 to	 the	 remaining	 thrombus.	
The	 fourth	 is	 the	 visibility	 of	 post-thrombotic	 remnants	 in	 patients	 after	 an	
episode	 of	 deep	 vein	 thrombosis.20	 Different	 MRI	 sequences	 and	 protocols	
have	 been	used	 in	 the	 individual	 studies	 describing	 these	 thrombosis	 related	
findings.	 If	we	 could	 identify	 all	 these	 findings	with	one	MR	protocol,	 routine	
evaluation	to	characterize	the	thrombosis	might	be	feasible.	

If	we	link	these	observations	with	the	in	situ	process	in	thrombosed	veins,	we	
come	 to	 the	 following	 concept	 and	 interpretation	of	 findings	 (see	 also	 Figure	
1):	

1.		 Acute	 DVT	 is	 characterized	 by	 obstruction	 and	 dilatation	 of	 the	 involved	
vein(s).	This	can	be	identified	on	MRI	as	a	dilated,	homogeneously	low-
intensity	vein	lumen	with	a	thin	enhancing	rim	(vein	wall).		

2.		 In	 response	 to	 the	presence	of	 thrombus	an	 inflammatory	response	 takes	
place	 with	 contrast	 enhanced	 MRI	 increased	 vein	 wall	 enhancement	
and	 perivenous	 edema.	 Simultaneously	 recanalization	 takes	 place,	
which	is	visible	on	MRI	as	more	heterogeneous	signal	intensity	within	
the	thrombus.	Since	this	takes	place	 in	response	to	the	acute	event	of	
thrombotic	occlusion	of	the	vein	we	define	this	as	‘sub-acute.’		

3.		 Residual	 thrombus	 or	 transformed	 thrombus	 into	more	 chronic	material	
can	 remain	 in	 the	vein(s)	 after	 the	 thrombus	 load	has	decreased	and	
the	 inflammatory	 response	 has	 subdued	with	 a	 normalization	 of	 the	
vein	 lumen	 size	 without	 evidently	 visible	 perivenous	 edema	 or	 vein	
wall	 thickening.	 The	 acute	 response	 of	 inflammation	 and	 lysis	 has	
seized	 and	 a	 more	 chronic	 process	 of	 (slow)	 residual	 recanalization	
takes	place.	For	the	purpose	of	this	study	we	defined	this	as	‘old’.		

4.		 Structural	 remnants	 (trabeculations/fibrotic	 strands)	 develop	 over	 time	
that	can	be	identified	as	very	low-intensity	(black)	strands	on	MRI.	We	
define	these	as	‘chronic’.	

5.		 Additionally,	these	fibrotic	stands	can	be	identified	as	a	separate	entity	next	
to	 acute	 thrombus	 in	 patients	 with	 recurrent	 deep	 vein	 thrombosis.	
The	very	 low-intensity	strands	 (chronic	component)	are	visible	sepa-
rately	from	the	(dilated)	homogeneously	low-intensity	vein	lumen	fill-
ing	(acute	component).	We	defined	this	combination	of	image	findings	
as	‘acute-on-chronic’.		

	
Figure	 1.	 	 Concept	 of	 thrombosis	 characteristics	 as	 visualized	 with	 contrast	
enhanced	MR-Venography.	

	

	

Materials	&	Methods	

A	 retrospective	 analysis	 of	 53	 cases	was	 performed	with	 objectively	 verified	
iliofemoral	DVT	on	routine	ultra-sound.	34	patients	were	male,	mean	age	was	
47	(range	17–77).	All	53	had	normal	renal	function	and	underwent	CE-MRV.	

CE-MRV	protocol		
All	MR	 examinations	were	 performed	 on	 a	 1.5-T	MRI	 system	 (Intera,	 Philips	
Medical	Systems,	Best,	The	Netherlands).	For	signal	reception	a	dedicated	12-
element	phased-array	peripheral	vascular	coil	with	a	cranio-caudal	coverage	of	
128	cm	(Philips	Medical	Systems)	was	used.	Patients	were	imaged	in	a	supine	
position.	 A	 fixed	 dose	 of	 10	 mL	 Gadofosveset	 Trisodium	 (Ablavar,	 Lantheus	
Medical	Imaging,	Billerica,	MA,	USA),	a	blood	pool	contrast	agent,	was	adminis-
tered	intravenously	as	a	single	dose	at	a	speed	of	1.0	mL/second	in	the	median	
cubital	vein,	using	a	remote	controlled	injection	system	(Medrad	Spectris,	Indi-
anola,	PA,	USA).	Contrast	injection	was	followed	by	20	mL	saline	flush	injected	
at	the	same	rate.	A	five-station	three-dimensional	ultrafast	gradient	echo	(TFE)	
sequence	with	fat	suppression	(SPIR)	was	used	for	high-resolution	steady-state	
imaging	of	 the	venous	vasculature,	ensuring	coverage	of	at	 least	 the	popliteal	
veins	up	to	the	entire	IVC.	Acquisition	parameters	were	as	follows:	TR	7.8	ms,	
TE	3.8	ms,	FOV	380	mm,	matrix	400,	150	axial	slices/station	and	voxel	dimen-
sions	(reconstructed)	were	0.95	“	0.95	“	1.50	mm	for	all	stations.	Parallel	imag-
ing	(sensitivity	encoding,	SENSE)	was	applied	to	reduce	scan	time	(SENSE	fac-
tor	2	 in	 the	anterior–posterior	direction).	For	optimal	signal	 intensity	and	re-
ducing	bowel	and	respiratory	artifacts,	a	NSA	of	2	was	used.	Total	acquisition	
time	for	five	stations	was	approximately	17	minutes.	

Image	assessment	
Interpretation	 of	 studies	 was	 performed	 in	 3	 steps.	 Initially	 observer	 1	 (CA)	
interpreted	all	studies	to	evaluate	if	distinguishing	the	above-mentioned	char-
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imaging	of	 the	venous	vasculature,	ensuring	coverage	of	at	 least	 the	popliteal	
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sions	(reconstructed)	were	0.95	“	0.95	“	1.50	mm	for	all	stations.	Parallel	imag-
ing	(sensitivity	encoding,	SENSE)	was	applied	to	reduce	scan	time	(SENSE	fac-
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acteristics	was	 feasible.	The	next	step	was	 instruction	of	observer	2	 (RdG)	by	
observer	1	with	regard	to	image	interpretation.	Criteria	on	how	to	interpret	the	
images	including	example	images	are	shown	in	Figures	2	to	5.	Both	observers	1	
and	 2	 had	 extensive	 experience	with	 evaluating	MR-Venography	 studies	 and	
vascular	 MR	 studies	 in	 general.	 The	 next	 step	 was	 instruction	 of	 observer	 3	
(DL)	 and	 4	 (ML)	 by	 observer	 1.	 Observers	 3	 and	 4	were	 inexperienced	with	
evaluating	MR-Venography	studies	and	only	had	limited	experience	with	vascu-
lar	MR	studies	 in	general.	All	observers	had	access	 to	all	 images	 in	 the	study,	
which	 included	 axial	 and	 coronal	 reconstructions.	 Interpretation	was	done	 at	
the	level	of	the	common	femoral	vein.	All	4	observers	were	blinded	for	the	oth-
er	results	and	had	no	access	to	the	patients’	clinical	history,	duplex	ultrasound	
findings	or	conventional	venography	studies	performed.	All	observers	charac-
terized	the	common	femoral	vein	on	the	thrombosed	side	as	either	acute,	sub-
acute	or	old	thrombosis.	Additionally	they	were	asked	to	 identify	any	signs	of	
acute-on-chronic	thrombotic	disease	separately.	

	
Figure	2.	Acute	deep	vein	thrombosis	(left	common	femoral	vein):	An	enlarged,	
dilated	vein	with	homogenous	low	(hypo-intense)	signal	intensity	surrounded	
by	a	thin	enhancing	rim	of	contrast	(vein	wall)	can	be	seen	(arrow).	

	

	
Figure	3.	Sub-acute	deep	vein	 thrombosis	 (left	common	femoral	vein):	An	en-
larged	dilated	vein	with	a	heterogeneous	signal	intensity	surrounded	by	a	thick	
enhancing	rim	of	contrast	(vein	wall	and	surrounding	edema)	can	be	seen	with	
some	heterogeneity	within	the	thrombus	as	sign	of	recanalization	(arrow).	

	
Figure	4.	 ‘‘Old’’	deep	vein	thrombosis	(right	common	femoral	vein):	A	normal-
ized	caliber	vein	with	heterogeneous	and/or	hypo-intense	material	in	the	vein	
can	be	seen.	There	 is	no	evident	enhancing	rim	of	contrast	visible,	 there	 is	no	
apparent	edema	(arrow).	
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Figure	 5.	 Acute	 on	 chronic	 (left	 common	 femoral	 vein):	 Adjacent	 to	 or	 in	 the	
vein	 wall,	 a	 dark,	 sharply	 demarcated	 dot	 or	 strand	 is	 visible	 (old-	 or	 post-
thrombotic	material)	 (thin	arrow).	The	vein	 lumen	 is	 filled	with	homogenous	
low	 (hypo-intense)	 signal	 corresponding	with	 the	acute	 component	 (thick	ar-
row).	 There	 is	 also	 an	 acute	 thrombosis	 of	 the	 great	 saphenous	 vein	 (arrow-
head).	

Table		1.		Findings	of	all	4	observers.	

	
(*)	 Patients	with	 acute	 on	 chronic	disease	 are	 listed	 twice,	 both	 as	 acute	 and	
acute	on	chronic).	

Comparison	with	clinical	assessment	
In	addition	 to	 the	 comparison	of	 the	 results	of	 the	4	observers,	 the	 results	of	
observer	 1	 were	 compared	 with	 the	 reported	 duration	 of	 complaints	 in	 the	
patient’s	clinical	history.	

	

Data	analysis	
The	statistical	analyses	were	performed	using	the	statistical	package	SPSS	ver-
sion	18	(SPSS,	Chicago,	IL,	USA).	Interobserver	agreement	was	calculated	using	
the	kappa	statistic.	For	the	purpose	of	evaluating	the	interobserver	agreement	
observer	1	was	used	as	reference	to	which	all	other	observers	were	compared.	

Results	

All	 common	 femoral	 vein	 segments	were	visualized	 completely.	All	 observers	
found	 all	 but	 one	 study	 to	 be	 conclusive.	 The	 findings	 for	 all	 4	 observers	 are	
presented	in	Table	1.	The	interobserver	agreement	between	observer	1	and	2	
(experts)	 was	 excellent	 with	 a	 kappa	 of	 0.97	 (Table	 2).	 De	 interobserver	
agreement	between	observer	1	and	3	was	good	with	a	kappa	of	0.82	and	equal	
to	 observer	 1	 versus	 4	 (Table	 3).	 In	 table	 4	 the	 comparison	 between	 image	
interpretation	 of	 observer	 1	 and	 reported	 clinical	 duration	 of	 complaints	 is	
listed.	

Table	2	

	
Table		3.		Comparison	of	findings	between	observers	1,	3	and	4.	

	
Table	4.	Characterization	of	thrombus	vs	reported	duration	of	complaints.	
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Discussion	

Identifying	 thrombus	 characteristics	 as	 described	 in	 our	 study	 with	 contrast	
enhanced	 MR-Venography	 (CE-MRV)	 is	 feasible	 and	 has	 a	 good	 to	 excellent	
interobserver	agreement.	Our	data	suggests	that	the	degree	of	experience	with	
vascular	MR	 studies	made	no	 significant	 difference	 for	 accurate	 characteriza-
tion,	 which	 makes	 routine	 evaluation	 by	 general	 radiologists	 feasible.	 There	
were	however	a	few	cases	where	the	novice	observers	both	experienced	(and	
when	asked	described)	 issues	with	the	 interpretation.	 In	1	case	the	thrombus	
extension	was	only	 just	 into	 the	 common	 femoral	 vein	 from	 the	 femoral	 vein	
and	the	deep	femoral	vein	was	still	patent.	Distinguishing	such	an	acute	throm-
bus	 lip	 from	 an	 ‘‘old’’	 thrombus	 can	 only	 be	 done	 by	 interpreting	 the	 total	
thrombus	extension	and	surrounding	(potentially	patent)	veins,	which	was	not	
defined	in	the	characterization	protocol	of	this	study.	Most	differences	in	inter-
pretation	 between	 the	 expert	 and	 novice	 observers	were	 between	 acute	 and	
sub-acute	 (Table	1).	This	was	mainly	based	on	 interpretation	of	 the	vein	wall	
and	 surrounding	 edema	 as	 either	 already	 subtlety	 present	 according	 to	 the	
experts	 or	 not	 yet	 pre-sent	 according	 to	 the	 novices.	 When	 comparing	 the	
acute-on-chronic	 findings	with	the	clinically	reported	previous	DVT	events	on	
the	ipsilateral	side,	1	DVT	was	reported	that	was	not	seen	on	MRI	in	the	com-
mon	femoral	vein	(which	was	the	evaluated	segment	in	this	study).	Reevaluat-
ing	the	case	we	found	chronic	changes	in	the	femoral	vein,	but	not	in	the	com-
mon	femoral	vein.	This	particular	patient	had	an	acute	DVT	extending	from	the	
deep	 femoral	 vein	 into	 the	 common	 femoral	 vein	 and	 the	 external	 iliac	 vein.	
The	femoral	vein	was	post-thrombotic	with	a	decreased	(near	pin-point)	lumen	
and	no	current	acute	thrombosis.	

Unfortunately	 we	 did	 not	 have	 the	 chance	 to	 correlate	 our	 CE-MRV	 findings	
with	 the	 actual	 thrombus	 present	 in	 these	 patients.	 Thus	 at	 the	moment	 we	

	

have	 to	 accept	 the	 potential	 fact	 that	 the	 recognizable	 patterns	 on	 CE-MRV	
might	not	reflect	actual	critical	points	in	the	evolution	of	thrombosis	over	time	
but	 rather	 show	 signs	 of	 the	 local/systemic	 response	 to	 thrombus.	 Further-
more,	 assessment	 in	 this	 study	was	 targeted	 at	 the	 common	 femoral	 vein	 in	
patients	with	iliofemoral	vein	thrombosis	to	ensure	reproducibility.	Evaluation	
of	larger	veins	(e.g.	iliac	or	inferior	vena	cava)	is	not	expected	to	be	problemat-
ic,	 however	 smaller	 veins	 (e.g.	 distal	 femoral	 or	 popliteal	 vein)	might	 be	 less	
reproducible,	 in	particular	 in	recurrent	DVT	with	vein	diameters	approaching	
the	scanned	voxel	size.	Identification	of	chronic	venous	changes	in	these	small-
er	veins	is	not	a	problem	but	identifying	acute	from	‘sub-acute’	or	‘‘old’’	might	
prove	to	be	difficult.	

Looking	at	the	reported	duration	of	complaints	in	comparison	to	the	interpre-
tation	of	 the	 thrombosis	 characteristics	 it	 is	 interesting	 to	 see	 there	 is	 a	 rela-
tionship	 between	 duration	 and	 characteristics,	 but	 also	 quite	 an	 overlap	 in	
clinical	duration	between	the	different	groups	defined	by	MRV.	Obviously	this	
raises	the	question	whether	interpretation	of	the	MRV	studies	or	reported	clin-
ical	duration	of	complaints	are	inaccurate.	When	asked	in	person	most	patients	
do	not	exactly	recall	when	their	complaints	started	unless	the	com-plaints	are	
very	severe	or	rapid	in	onset,	which	makes	this	particularly	unreliable	in	those	
patients	 that	 have	 complaints	 for	more	 than	 2	weeks.	 This	 supports	 the	 fact	
that	in	the	sub-acute	and	old	groups	patients	might	miss	out	on	the	opportunity	
of	receiving	CDT	because	of	the	duration	of	complaints	or	are	mistakenly	treat-
ed	with	CDT.	This	finding	in	particular	requires	more	detailed	investigation	and	
correlation	with	CDT	results.	

Conclusion	

CE-MR-Venography	 allows	 for	 identification	 of	 specific	 characteristics	 of	 the	
response	on	and	evolution	of	deep	vein	thrombosis	with	good	to	excellent	 in-
ter-observer	 agreement.	 Correlation	 with	 thrombus	 specimens	 and	 conse-
quences	of	these	findings	with	regard	to	treatment	choices	need	to	be	further	
investigated.	
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clinical	duration	between	the	different	groups	defined	by	MRV.	Obviously	this	
raises	the	question	whether	interpretation	of	the	MRV	studies	or	reported	clin-
ical	duration	of	complaints	are	inaccurate.	When	asked	in	person	most	patients	
do	not	exactly	recall	when	their	complaints	started	unless	the	com-plaints	are	
very	severe	or	rapid	in	onset,	which	makes	this	particularly	unreliable	in	those	
patients	 that	 have	 complaints	 for	more	 than	 2	weeks.	 This	 supports	 the	 fact	
that	in	the	sub-acute	and	old	groups	patients	might	miss	out	on	the	opportunity	
of	receiving	CDT	because	of	the	duration	of	complaints	or	are	mistakenly	treat-
ed	with	CDT.	This	finding	in	particular	requires	more	detailed	investigation	and	
correlation	with	CDT	results.	

Conclusion	

CE-MR-Venography	 allows	 for	 identification	 of	 specific	 characteristics	 of	 the	
response	on	and	evolution	of	deep	vein	thrombosis	with	good	to	excellent	 in-
ter-observer	 agreement.	 Correlation	 with	 thrombus	 specimens	 and	 conse-
quences	of	these	findings	with	regard	to	treatment	choices	need	to	be	further	
investigated.	
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Abstract		

Objective:		

Despite	optimal	standard	anticoagulant	 therapy,	currently	at	 least	one	 in	 four	
patients	with	primary	iliofemoral	deep	vein	thrombosis	(DVT)	develops	a	post	
thrombotic	syndrome	(PTS)	within	one	year.	Removal	of	 thrombus	by	throm-
bolytic	agents	may	prevent	PTS.	The	aim	of	this	study	was	to	assess	the	short-
term	safety	and	efficacy	of	ultrasound-accelerated	catheter-directed	thrombo-
lysis	(USaccelerated	CDT).		

Design:	

Prospective	non-randomized	interventional	study	with	US-accelerated	CDT	for	
DVT.		

Results:	

From	 October	 2008	 to	 January	 2010,	 12	 patients	 with	 DVT	 (7	 cavaliliofem-
oropopliteal,	 3	 iliofemoropopliteal,	 1	 femoropopliteal,	 1	 superior	 caval	 vein	
thrombosis),	receiving	standard	anticoagulant	and	compression	therapy,	were	
treated	with	additional	US-accelerated	CDT	(13	procedures).	Thrombolysis	was	
successful	in	85%	(11/13),	with	complete	clot	lysis	(>90%	restored	patency)	in	
77%	 (10/13).	 No	 pulmonary	 embolism	 and	 one	 bleeding	 at	 the	 catheter-
insertion	 site	 were	 observed.	 In	 three	 patients,	 underlying	 lesions	were	 suc-
cessfully	 treated	 with	 balloon	 angioplasty	 and	 stent	 insertion.	 Four	 patients	
developed	 early	 recurrent	 thrombosis	 due	 to	 untreated	 residual	 venous	 ob-
struction.		

Conclusion:		

US-accelerated	CDT	may	be	a	safe	and	promising	frontline	therapy	in	patients	
with	DVT.	 Residual	 venous	 obstruction	 should	 be	 treated	 by	 angioplasty	 and	
stent	insertion	to	avoid	early	re-thrombosis.	

KEYWORDS:	 Ultrasound-accelerated	 catheter-directed	 thrombolysis,	 deep	
vein	thrombosis,	post	thrombotic	syndrome,	stent	placement.		

	 	

	

INTRODUCTION		

Patients	with	acute	deep	vein	thrombosis	(DVT)	are	treated	with	anticoagula-
tion,	compression	therapy	and	mobilisation.1	This	standard	DVT	triple	therapy	
decreases	mortality	 by	 preventing	 life-threatening	 pulmonary	 embolism	 (PE)	
and	propagation	of	thrombosis,	but	has	no	direct	thrombolytic	effect.	Recanali-
sation	 and	 the	preservation	of	 valve	 function,	 therefore,	 depend	on	 the	 effec-
tiveness	of	the	patient’s	own	fibrinolytic	system.	This	has	resulted	in	high	mor-
bidity	due	to	post-thrombotic	syndrome	(PTS).	

Meissner	et	al.	have	demonstrated	 that	valve	 function	 is	more	 likely	 to	be	 re-
tained	after	early	clot	lysis.2	Singh	et	al.	have	revealed	that	the	combination	of	
obstruction	and	 reflux,	 rather	 than	either	one	of	 these,	 significantly	 increases	
the	 risk	 of	 developing	 PTS.3	 Rapid	 clot	 dissolution	 by	 early	 catheter-directed	
thrombolysis	 (CDT)	before	 the	 onset	 of	 valvular	 damage	 is	 suggested	 to	 be	 a	
way	to	prevent	the	development	of	PTS.	

A	number	of	methods	of	CDT	are	currently	available	for	the	treatment	of	DVT	
as	outlined	in	a	recent	publication	from	Pianta	and	Thomson.4	Motarjeme5	and	
Parikh	 et	al.6	were	 the	 first	 to	 report	 ultrasound-accelerated	 (US-accelerated)	
CDT	in	DVT.	They	report	significantly	higher	complete	clot	lysis	rates	with	US-
accelerated	 CDT	 compared	 with	 standard	 CDT,7	 without	 raising	 bleeding	 or	
thrombo-embolic	risk.	In	vitro	studies	have	demonstrated	that	high-frequency,	
low-power	microsonic	energy	improves	lysis	of	the	thrombus	considerably	by	
increasing	the	uptake	and	penetration	of	thrombolytic	drugs	into	the	thrombus.	
8	and	9	 US-accelerated	 CDT	 is	 effective	 in	 the	 treatment	 of	 peripheral	 arterial	
occlusions,	 5	massive	PE	 10	 and	 acute	 ischaemic	 stroke.	 11	and	12	 Therefore,	US-
accelerated	 CDT	 may	 also	 be	 a	 safe	 and	 promising	 candidate	 for	 immediate	
treatment	of	DVT,	having	the	benefits	of	thrombolysis	combined	with	minimis-
ing	potential	side	effects.	Few	data	are	available	concerning	the	feasibility,	safe-
ty	 and	 efficacy	 of	 US-accelerated	 CDT.	 Therefore,	 the	 aim	 of	 this	 study	 is	 to	
confirm	prospectively	the	short-term	feasibility,	safety	and	efficacy	of	addition-
al	US-accelerated	CDT	in	patients	with	DVT	treated	using	standard	DVT	thera-
py.	
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MATERIALS	AND	METHODS		

Patients	
Between	October	2008	and	January	2010,	12	patients	(seven	M:	five	F;	median	
age	44	years	(range	5–79))	with	symptomatic,	duplex	and	computed	tomogra-
phy	(CT)-	or	magnetic	 resonance	 (MR)	angiography	confirmed	DVT	and	a	 life	
expectancy	 exceeding	6	months	were	 treated	with	US-accelerated	CDT	 at	 the	
University	Medical	Centre	Maastricht	(MUMC+,	the	Netherlands),	the	Universi-
ty	Hospital	RWTH	Aachen	 (Germany)	 and	 the	VU	Medical	 Centre	Amsterdam	
(VUmc,	 the	 Netherlands).	 In	 five	 patients,	 pulmonary	 embolism,	 which	 was	
confirmed	by	CT-angiography,	was	present	before	the	US-accelerated	CDT	was	
commenced.	 One	 patient	 developed	 recurrent	 thrombosis	 4	 days	 after	 initial	
successful	thrombolysis	and	received	a	second	thrombolytic	procedure.	There-
fore,	13	cases	of	US-accelerated	CDT	were	evaluated.	Six	patients	had	a	recur-
rent	 DVT.	 Exclusion	 criteria	 for	 US-accelerated	 CDT	 were	 gastrointestinal	
bleeding	or	a	cerebrovascular	haemorrhage	in	the	previous	year,	severe	hyper-
tension	 (>180/100	mm	Hg),	 active	 malignancy,	 surgery	 in	 the	 previous	 6	
weeks	 and/or	 pregnancy.	 In	 one	 case	 of	 upper-extremity	 thrombosis,	 the	
innominate	 vein	 was	 also	 involved.	 The	 12	 remaining	 cases	 involved	 lower-
extremity	DVT.	 In	 those,	 the	proximal	end	of	 the	 thrombosis	reached	 into	 the	
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US-accelerated	CDT	was	performed	using	the	EKOS	Endowave®	system	(EKOS	
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Delivery	Catheter	and	matching	US	coaxial	core	wires	(with	available	treatment	
lengths	ranging	from	6	to	50	cm)	across	the	length	of	the	target	clot.	In	all	cas-
es,	 the	 procedure	 was	 performed	 in	 an	 interventional	 radiology	 suite.	 A	 7-F	
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Pre-,	 intra-,	 post-thrombolysis	 and	 additional	 balloon	 angioplasty	 with	 stent	
insertion	phlebograms	Phlebographic	images	from	a	36-year	old	female	patient	
who	presented	with	a	post-partum	thrombosis	from	the	femoral	vein	up	to	the	
inferior	caval	vein	(A–C).	Follow-up	phlebogram	after	24	h	US-accelerated	CDT,	
showing	a	May–Thurner	Syndrome	(D.)	and	recanalised	iliac	vein	(D)	and	fem-
oral	Vein	(E).	After	balloon	angioplasty	a	Wallstent®	(diameter	16	mm,	 length	
60	mm)	was	employed	to	maintain	patency	of	the	treated	vein	(G–I).	

	

Thrombolysis	
After	priming	the	drug	lumens	of	the	catheter	with	heparin	(1000	IU),	a	single	
bolus	 of	 rtPA	 (5.0	mg)	 or	 urokinase	 (500,000	IU)	 was	 administered	 by	 slow	
infusion.	 Afterwards,	 continuous	 infusion	 of	 rtPA	 or	 urokinase	 was	 initiated	
through	 the	 side-hole-delivery	 infusion	 catheter	 at	 a	mean	 rate	 of	 1.0	mg	h−1	
rtPA	or	100,000	IU	urokinase,	respectively.	Simultaneously,	normal	saline	solu-
tion	was	infused	as	coolant	through	the	central	lumen	of	the	catheter	at	a	rate	
of	35	ml	h−1.	Thus,	US	energy	was	delivered	through	the	core	wire	with	simul-
taneous	 infusion	 of	 the	 thrombolytic	 drug.	 All	 patients	were	 treated	with	 an	
additional	 continuous	 intravenous	 infusion	of	heparin	 through	 the	 introducer	
sheath,	which	was	monitored	by	assessment	of	the	activated	partial	thrombo-
plastin	 time	 (aPPT).	Heparin	 dosage	was	 adjusted	 to	 obtain	 an	 aPTT	 ratio	 of	
1.5–2.5.	 Follow-up	phlebograms	were	 performed	 on	 all	 patients	 the	 next	 day	
and	at	24-h	intervals	thereafter.	

Thrombolysis	was	terminated,	if	complete	clot	lysis	was	achieved	or	the	maxi-
mum	 infusion	period	of	 72	h	was	 reached.	Hourly	 and	 total	 infused	 rtPA	 and	
urokinase	doses	and	infusion	times	were	recorded;	additional	angioplasty	with	
or	 without	 stent	 insertion	 was	 performed	 to	 treat	 underlying	 lesions	 after	
thrombus	lysis	had	been	achieved.	Patients	received	their	thrombolytic	care	at	
an	intermediate	care	unit	and	remained	hospitalised	for	one	night	after	termi-
nation	 of	 thrombolytic	 treatment,	 if	 no	 complication	 arose.	 After	 discharge,	
patients	 were	 followed	 up	 according	 to	 the	 international	 guidelines	 for	 DVT	
therapy	(ACCP	2008).1	

Definitions	

Thrombolysis	success	
Complete	 clot	 lysis	was	defined	as	>90%	 lysis	 (restored	patency),	 and	partial	
clot	 lysis	 as	 50–90%	 lysis	 (restored	 patency)	 of	 the	 initial	 thrombus,	 as	 as-
sessed	on	the	final	phlebograms	before	additional	procedures.	

Bleeding	
Bleeding	was	 classified	as	major,	 if	 it	was	overt	with	a	 fall	 in	haemoglobin	of	
≥2	gd−1,	 or	 when	 haemorrhage	 led	 to	 transfusion	 of	 ≥2	 units	 of	 packed	 red	
blood	cells	(RBCs)	or	whole	blood.	Bleeding	situated	in	a	critical	organ	(intra-
cranial,	 retroperitoneal	 or	 pericardial)	 or,	 if	 it	 contributed	 to	 death,	was	 also	
defined	as	a	major	bleeding.	Bleeding	was	classified	as	minor,	if	it	was	situated	
near	the	catheter-insertion	site.	
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Follow-up	
Every	3	months	after	discharge,	all	patients	returned	to	the	outpatient	depart-
ment	 for	 a	 follow-up	 visit,	 including	 clinical	 investigation	 and	 duplex	 ultra-
sound	examination	to	assess	the	patency	of	treated	vein	segments	and	the	ex-
tent	of	post-thrombotic	damage	to	the	deep	veins	of	the	lower	limb.	

RESULTS		

Successful	thrombolysis	
Percutaneous	catheterisation	was	successful	in	12	procedures,	and,	in	one	case,	
catheterisation	of	the	popliteal	vein	was	achieved	by	open	access.Eleven	out	of	
13	procedures	(85%)	resulted	in	complete	clot	lysis	(>90%	restored	patency).	
In	one	case,	only	partial	clot	lysis	(50–90%	restored	patency)	was	achieved.	In	
one	case,	thrombolysis	was	not	successful.The	unsuccessful	case	involved	a	5-
year-old	 boy.	 He	 developed	 DVT	 and	 PE	 as	 the	 consequence	 of	 a	 previously	
undetected	 thrombophilia	 (Factor	 V	 Leiden)	 and	 immobilisation	with	 a	 bilat-
eral	 long-leg	 spica	 cast	 after	 orthopaedic	 surgery.	 Fig.	1	 shows	 the	 age	 of	 the	
thrombus	and	the	success	of	thrombolysis.	In	this	small	study,	no	relationship	
was	observed	between	successful	thrombolysis	and	thrombus	age.	

Immediate	adjunctive	procedures	
In	 three	 cases,	 underlying	 iliac	 vein	 stenosis	 was	 diagnosed	 and	 successfully	
treated	 with	 balloon	 angioplasty	 and	 stent	 insertion	 (60/16	mm	Wallstent®,	
40/10	mm	Nitinolstent®	and	100/14	mm	Wallstent®,	respectively)	immediate-
ly	 after	 thrombolysis.	 Fig.	2	 shows	 the	 pre-,	 intra-	 and	 post-thrombolysis	
phlebograms	and	 the	 angioplasty	with	 stent	 insertion	of	 one	 case	 involving	a	
36-year-old	female	patient	with	iliocaval	vein	thrombosis.	

Early	recurrent	thrombosis	occurred	in	four	cases	of	which	three	were	due	to	
inadequate	 or	 no	 treatment	 of	a	May–Thurner	 syndrome	 (common	 iliac	 vein	
stenosis)	demonstrated	after	completion	of	thrombolysis.	

The	first	case	 involved	a	17-year-old	female	patient,	who	developed	a	haema-
toma	 at	 the	 catheter-insertion	 site,	 achieved	 by	 open	 access,	 and	 in	 the	 calf	
muscle,	 during	 thrombolysis,	 necessitating	 a	 50%	 reduction	 in	 the	 hourly	
thrombolytic	drug	dose.	Although	 the	dose	was	 reduced,	 successful	 thrombo-
lysis	was	achieved.	Recurrent	thrombosis	occurred	within	a	day	due	to	a	diag-
nosed	but	not	 immediately	treated	May–Thurner	syndrome.	The	thrombolytic	
therapy	was	not	recommenced	because	of	the	bleeding	complication.	

In	 the	 second	 case,	 which	 involved	 a	 51-year-old	 male	 patient,	 recurrent	
thrombosis	developed	4	days	after	 initial,	 successful	US-accelerated	 thrombo-

	

lysis	in	whom	the	iliac	stenosis	was	not	treated	immediately.	Thrombolysis	was	
repeated	with	success,	 followed	by	angioplasty	and	stenting	of	the	underlying	
May–Thurner	syndrome	and	the	construction	of	an	arteriovenousfistula	in	the	
common	femoral	vein.	

In	the	third	case,	a	43-year-old	male	patient,	recurrent	thrombosis	occurred	1	
day	 after	 successful	 thrombolysis,	 in	 whom	 an	 underlying	 left-sided	 May–
Thurner	 syndrome	was	 identified	 and	 inadequately	 treated	 with	 angioplasty	
alone	without	stent	placement.	

In	 the	 fourth	 case,	 which	 involved	 a	 52-year-old	 female	 patient,	 recurrent	
thrombosis	occurred	14	days	after	successful	US-accelerated	CDT.	This	patient	
had	 a	heparin-induced	 thrombocytopenia	 (HIT	 type	 II)	 caused	by	 enoxaparin	
(Clexane).	

Short-term	follow-up	
The	mean	follow-up	period	was	7	months	(range	3–17).	In	this	period,	no	fur-
ther	 occlusion	 of	 the	 venous	 system	 occurred	 in	 the	 patients,	 who	were	 dis-
charged	with	a	patent	venous	system.	In	the	5-year-old	boy	with	unsuccessful	
thrombolysis,	 the	 3-	 and	 6-month	 US	 follow-up	 revealed	 (spontaneous)	 re-
canalisation	of	the	inferior	vena	cava	up	to	the	origin	of	the	left	renal	vein.	The	
iliac	 vein	 remained	 occluded.	 In	 this	 patient,	 hypoplasia	 of	 the	 inferior	 vena	
cava	or	a	previous	DVT	probably	caused	failure	of	treatment.	

In	the	17-year-old	girl	with	the	untreated	reocclusion	due	to	a	bleeding	compli-
cation	and	a	May–Thurner	syndrome,	50%	re-canalisation	of	femoral	and	iliac	
vein	was	found	after	6	months.	Because	she	suffered	from	severe	venous	clau-
dication,	the	partially	recanalised	iliac	vein	was	successfully	dilated	and	stent-
ed.	Fig.	3	shows	the	duplex	images	at	3	months	of	the	case	presented	in	Fig.	2.	



Safety and feasibility of ultrasound-accelerated catheterdirected  
thrombolysis in deep vein thrombosis

101

	

Follow-up	
Every	3	months	after	discharge,	all	patients	returned	to	the	outpatient	depart-
ment	 for	 a	 follow-up	 visit,	 including	 clinical	 investigation	 and	 duplex	 ultra-
sound	examination	to	assess	the	patency	of	treated	vein	segments	and	the	ex-
tent	of	post-thrombotic	damage	to	the	deep	veins	of	the	lower	limb.	

RESULTS		

Successful	thrombolysis	
Percutaneous	catheterisation	was	successful	in	12	procedures,	and,	in	one	case,	
catheterisation	of	the	popliteal	vein	was	achieved	by	open	access.Eleven	out	of	
13	procedures	(85%)	resulted	in	complete	clot	lysis	(>90%	restored	patency).	
In	one	case,	only	partial	clot	lysis	(50–90%	restored	patency)	was	achieved.	In	
one	case,	thrombolysis	was	not	successful.The	unsuccessful	case	involved	a	5-
year-old	 boy.	 He	 developed	 DVT	 and	 PE	 as	 the	 consequence	 of	 a	 previously	
undetected	 thrombophilia	 (Factor	 V	 Leiden)	 and	 immobilisation	with	 a	 bilat-
eral	 long-leg	 spica	 cast	 after	 orthopaedic	 surgery.	 Fig.	1	 shows	 the	 age	 of	 the	
thrombus	and	the	success	of	thrombolysis.	In	this	small	study,	no	relationship	
was	observed	between	successful	thrombolysis	and	thrombus	age.	

Immediate	adjunctive	procedures	
In	 three	 cases,	 underlying	 iliac	 vein	 stenosis	 was	 diagnosed	 and	 successfully	
treated	 with	 balloon	 angioplasty	 and	 stent	 insertion	 (60/16	mm	Wallstent®,	
40/10	mm	Nitinolstent®	and	100/14	mm	Wallstent®,	respectively)	immediate-
ly	 after	 thrombolysis.	 Fig.	2	 shows	 the	 pre-,	 intra-	 and	 post-thrombolysis	
phlebograms	and	 the	 angioplasty	with	 stent	 insertion	of	 one	 case	 involving	a	
36-year-old	female	patient	with	iliocaval	vein	thrombosis.	

Early	recurrent	thrombosis	occurred	in	four	cases	of	which	three	were	due	to	
inadequate	 or	 no	 treatment	 of	a	May–Thurner	 syndrome	 (common	 iliac	 vein	
stenosis)	demonstrated	after	completion	of	thrombolysis.	

The	first	case	 involved	a	17-year-old	female	patient,	who	developed	a	haema-
toma	 at	 the	 catheter-insertion	 site,	 achieved	 by	 open	 access,	 and	 in	 the	 calf	
muscle,	 during	 thrombolysis,	 necessitating	 a	 50%	 reduction	 in	 the	 hourly	
thrombolytic	drug	dose.	Although	 the	dose	was	 reduced,	 successful	 thrombo-
lysis	was	achieved.	Recurrent	thrombosis	occurred	within	a	day	due	to	a	diag-
nosed	but	not	 immediately	treated	May–Thurner	syndrome.	The	thrombolytic	
therapy	was	not	recommenced	because	of	the	bleeding	complication.	

In	 the	 second	 case,	 which	 involved	 a	 51-year-old	 male	 patient,	 recurrent	
thrombosis	developed	4	days	after	 initial,	 successful	US-accelerated	 thrombo-

	

lysis	in	whom	the	iliac	stenosis	was	not	treated	immediately.	Thrombolysis	was	
repeated	with	success,	 followed	by	angioplasty	and	stenting	of	the	underlying	
May–Thurner	syndrome	and	the	construction	of	an	arteriovenousfistula	in	the	
common	femoral	vein.	

In	the	third	case,	a	43-year-old	male	patient,	recurrent	thrombosis	occurred	1	
day	 after	 successful	 thrombolysis,	 in	 whom	 an	 underlying	 left-sided	 May–
Thurner	 syndrome	was	 identified	 and	 inadequately	 treated	 with	 angioplasty	
alone	without	stent	placement.	

In	 the	 fourth	 case,	 which	 involved	 a	 52-year-old	 female	 patient,	 recurrent	
thrombosis	occurred	14	days	after	successful	US-accelerated	CDT.	This	patient	
had	 a	heparin-induced	 thrombocytopenia	 (HIT	 type	 II)	 caused	by	 enoxaparin	
(Clexane).	

Short-term	follow-up	
The	mean	follow-up	period	was	7	months	(range	3–17).	In	this	period,	no	fur-
ther	 occlusion	 of	 the	 venous	 system	 occurred	 in	 the	 patients,	 who	were	 dis-
charged	with	a	patent	venous	system.	In	the	5-year-old	boy	with	unsuccessful	
thrombolysis,	 the	 3-	 and	 6-month	 US	 follow-up	 revealed	 (spontaneous)	 re-
canalisation	of	the	inferior	vena	cava	up	to	the	origin	of	the	left	renal	vein.	The	
iliac	 vein	 remained	 occluded.	 In	 this	 patient,	 hypoplasia	 of	 the	 inferior	 vena	
cava	or	a	previous	DVT	probably	caused	failure	of	treatment.	

In	the	17-year-old	girl	with	the	untreated	reocclusion	due	to	a	bleeding	compli-
cation	and	a	May–Thurner	syndrome,	50%	re-canalisation	of	femoral	and	iliac	
vein	was	found	after	6	months.	Because	she	suffered	from	severe	venous	clau-
dication,	the	partially	recanalised	iliac	vein	was	successfully	dilated	and	stent-
ed.	Fig.	3	shows	the	duplex	images	at	3	months	of	the	case	presented	in	Fig.	2.	
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Figure	3.		

Duplex	 images	at	3-month	 follow-up	of	 case	presented	 in	Fig.	2	The	 iliac	vein	
with	 stent	 and	 femoral	 vein	 remained	 patent	 at	 3-month	 follow-up.	
(CIV	=	common	iliac	vein,	EIV	=	external	iliac	vein,	CFV	=	common	femoral	vein,	
FV	=	femoral	vein,	FA	=	femoral	artery,	DFV	=	deep	femoral	vein).		

The	patient,	who	developed	a	reocclusion	due	to	HIT	type	2,	displayed	50%	re-
canalisation	of	the	common	iliac	and	femoral	veins	at	6	months’	follow-up.	The	
iliac	veins	of	the	patient	with	the	early	reocclusion	after	thrombolysis	and	an-
gioplasty	without	stent	placement	remained	occluded	during	follow-up.	

Complications	
One	 (1/13;	 8%)	 bleeding	 complication	 occurred	 at	 the	 site	 of	 the	 catheter-
insertion	and	in	the	calf	muscle.	NoPE	was	diagnosed	during	or	after	the	treat-
ment.	However,	early	re-thrombosis	was	observed	 in	 four	cases:	one	due	to	a	
HIT	 type	 II	 and	 three	 due	 to	 an	 inadequate	 treatment	 of	 residual	 venous	 ob-
struction.	

DISCUSSION		

Standard	DVT	 treatment	 focusses	 on	 adequate	 anticoagulation	 to	 prevent	 PE	
and	 thrombus	 propagation.	 However,	 anticoagulation	 alone	 has	 no	 direct	
thrombolytic	effect.	As	a	result,	current	DVT	treatment	often	does	not	restore	

	

venous	 patency,	 and	 venous	 valves	 are	 permanently	 damaged.	 In	 addition,	
underlying	venous	stenoses	such	as	May–Thurner	syndrome,	which	predispose	
to	 recurrent	 thrombosis,	 are	 left	 untreated.	 The	 combination	 of	 venous	 ob-
struction	and	reflux	significantly	increases	the	risk	of	developing	PTS.3	Thera-
py,	which	can	remove	the	thrombus	and	restore	venous	patency,	may	prevent	
recurrent	thrombosis	and	PTS.	

Our	study	confirms	the	promising	results	of	CDT	for	the	treatment	of	DVT.	Most	
evidence	regarding	CDT	for	the	treatment	of	DVT	is	derived	from	patient	series	
without	controls5,	6	and	13	or	cohort	studies,7	and	14	and	little	evidence	is	available	
from	randomised	clinical	 trials.15	and	16	Our	 study	obtained	a	92%	success	 rate	
and	highlights	the	feasibility	and	capability	of	the	US-accelerated	CDT.	We	ob-
served	 no	 PE	 in	 our	 patients	 during	 thrombolysis.	 Bleeding	 at	 the	 catheter-
insertion	site	occurred	in	one	case	in	whom	catheterisation	of	the	popliteal	vein	
was	achieved	by	open	access.	Despite	this	one	case	of	bleeding,	in	whom	we	did	
not	repeat	thrombolysis,	no	bleeding	occurred	during	US-accelerated	CDT.	

However,	four	patients	developed	early	recurrent	thrombosis	after	initial	suc-
cessful	 thrombolysis.	 In	 three	 patients,	 underlying	 stenoses	 were	 identified	
which	we	considered	responsible	 for	 the	recurrent	 thrombosis.	 In	 the	case	 in	
which	the	common	iliac	vein	stenosis	was	only	treated	by	angioplasty	resulting	
in	early	reocclusion,	a	stent	should	have	been	inserted	immediately	to	optimise	
adequate	 flow	 in	 the	 iliac	 vein.	 The	 17-year-old	 girl	 with	 common	 iliac	 vein	
stenosis	should	have	been	treated	immediately	by	dilatation	and	stenting	after	
successful	 thrombolysis.	 In	 the	 third	 case,	 the	 same	 mistake	 was	 made,	 but,	
luckily,	this	was	corrected	by	repeat	thrombolysis,	stenting	and	insertion	of	an	
arteriovenous	fistula.	

These	three	cases	highlight	the	need	for	immediate	treatment	of	all	underlying	
obstructive	 lesions.	 After	 successful	 re-canalisation	 of	 the	 venous	 system,	 re-
sidual	 venous	 obstruction	 should	 be	 treated	 immediately	 by	means	 of	 angio-
plasty	and	stent	insertion	to	avoid	these	early	reocclusions.	Therefore,	the	cen-
tres	 treating	 those	 patients	 should	 have	 the	 necessary	 stents	 immediately	 at	
hand	to	perform	these	stent	placements	the	moment	the	underlying	cause	has	
been	detected,	even	when	thrombolysis	has	not	been	completed.	

Similar	 findings	 have	 been	 reported	 by	 previous	 authors	 such	 as	 the	 series	
reported	in	the	National	Venous	Registry	by	Mewissen	et	al.7	This	registry	data	
demonstrated	 that	 standard	 CDT	 with	 urokinase	 and	 additional	 stent	 place-
ment	 leads	 to	 complete	 (100%)	 clot	 lysis	 in	 31%	 and	 partial	 (50–99%)	 clot	
lysis	in	52%	of	cases.	The	primary	patency	rate	for	all	patients	in	this	registry	
was	65%	and	60%	at	6	and	12	months,	 respectively.	These	patency	rates	are	
similar	to	the	6-month	patency	rates	reported	for	standard	CDT	combined	with	
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Figure	3.		

Duplex	 images	at	3-month	 follow-up	of	 case	presented	 in	Fig.	2	The	 iliac	vein	
with	 stent	 and	 femoral	 vein	 remained	 patent	 at	 3-month	 follow-up.	
(CIV	=	common	iliac	vein,	EIV	=	external	iliac	vein,	CFV	=	common	femoral	vein,	
FV	=	femoral	vein,	FA	=	femoral	artery,	DFV	=	deep	femoral	vein).		

The	patient,	who	developed	a	reocclusion	due	to	HIT	type	2,	displayed	50%	re-
canalisation	of	the	common	iliac	and	femoral	veins	at	6	months’	follow-up.	The	
iliac	veins	of	the	patient	with	the	early	reocclusion	after	thrombolysis	and	an-
gioplasty	without	stent	placement	remained	occluded	during	follow-up.	

Complications	
One	 (1/13;	 8%)	 bleeding	 complication	 occurred	 at	 the	 site	 of	 the	 catheter-
insertion	and	in	the	calf	muscle.	NoPE	was	diagnosed	during	or	after	the	treat-
ment.	However,	early	re-thrombosis	was	observed	 in	 four	cases:	one	due	to	a	
HIT	 type	 II	 and	 three	 due	 to	 an	 inadequate	 treatment	 of	 residual	 venous	 ob-
struction.	

DISCUSSION		

Standard	DVT	 treatment	 focusses	 on	 adequate	 anticoagulation	 to	 prevent	 PE	
and	 thrombus	 propagation.	 However,	 anticoagulation	 alone	 has	 no	 direct	
thrombolytic	effect.	As	a	result,	current	DVT	treatment	often	does	not	restore	

	

venous	 patency,	 and	 venous	 valves	 are	 permanently	 damaged.	 In	 addition,	
underlying	venous	stenoses	such	as	May–Thurner	syndrome,	which	predispose	
to	 recurrent	 thrombosis,	 are	 left	 untreated.	 The	 combination	 of	 venous	 ob-
struction	and	reflux	significantly	increases	the	risk	of	developing	PTS.3	Thera-
py,	which	can	remove	the	thrombus	and	restore	venous	patency,	may	prevent	
recurrent	thrombosis	and	PTS.	

Our	study	confirms	the	promising	results	of	CDT	for	the	treatment	of	DVT.	Most	
evidence	regarding	CDT	for	the	treatment	of	DVT	is	derived	from	patient	series	
without	controls5,	6	and	13	or	cohort	studies,7	and	14	and	little	evidence	is	available	
from	randomised	clinical	 trials.15	and	16	Our	 study	obtained	a	92%	success	 rate	
and	highlights	the	feasibility	and	capability	of	the	US-accelerated	CDT.	We	ob-
served	 no	 PE	 in	 our	 patients	 during	 thrombolysis.	 Bleeding	 at	 the	 catheter-
insertion	site	occurred	in	one	case	in	whom	catheterisation	of	the	popliteal	vein	
was	achieved	by	open	access.	Despite	this	one	case	of	bleeding,	in	whom	we	did	
not	repeat	thrombolysis,	no	bleeding	occurred	during	US-accelerated	CDT.	

However,	four	patients	developed	early	recurrent	thrombosis	after	initial	suc-
cessful	 thrombolysis.	 In	 three	 patients,	 underlying	 stenoses	 were	 identified	
which	we	considered	responsible	 for	 the	recurrent	 thrombosis.	 In	 the	case	 in	
which	the	common	iliac	vein	stenosis	was	only	treated	by	angioplasty	resulting	
in	early	reocclusion,	a	stent	should	have	been	inserted	immediately	to	optimise	
adequate	 flow	 in	 the	 iliac	 vein.	 The	 17-year-old	 girl	 with	 common	 iliac	 vein	
stenosis	should	have	been	treated	immediately	by	dilatation	and	stenting	after	
successful	 thrombolysis.	 In	 the	 third	 case,	 the	 same	 mistake	 was	 made,	 but,	
luckily,	this	was	corrected	by	repeat	thrombolysis,	stenting	and	insertion	of	an	
arteriovenous	fistula.	

These	three	cases	highlight	the	need	for	immediate	treatment	of	all	underlying	
obstructive	 lesions.	 After	 successful	 re-canalisation	 of	 the	 venous	 system,	 re-
sidual	 venous	 obstruction	 should	 be	 treated	 immediately	 by	means	 of	 angio-
plasty	and	stent	insertion	to	avoid	these	early	reocclusions.	Therefore,	the	cen-
tres	 treating	 those	 patients	 should	 have	 the	 necessary	 stents	 immediately	 at	
hand	to	perform	these	stent	placements	the	moment	the	underlying	cause	has	
been	detected,	even	when	thrombolysis	has	not	been	completed.	

Similar	 findings	 have	 been	 reported	 by	 previous	 authors	 such	 as	 the	 series	
reported	in	the	National	Venous	Registry	by	Mewissen	et	al.7	This	registry	data	
demonstrated	 that	 standard	 CDT	 with	 urokinase	 and	 additional	 stent	 place-
ment	 leads	 to	 complete	 (100%)	 clot	 lysis	 in	 31%	 and	 partial	 (50–99%)	 clot	
lysis	in	52%	of	cases.	The	primary	patency	rate	for	all	patients	in	this	registry	
was	65%	and	60%	at	6	and	12	months,	 respectively.	These	patency	rates	are	
similar	to	the	6-month	patency	rates	reported	for	standard	CDT	combined	with	
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anticoagulation,	 in	 two	randomised	controlled	 trials	by	Elsharawy	et	al.15	 and	
Enden	et	al.16	The	degree	of	lysis	was	found	to	be	a	significant	predictor	of	early	
and	continued	patency.	In	cases	of	complete	clot	 lysis,	75%	of	veins	remained	
patent	after	1	year,	compared	with	only	32%	of	veins	 in	cases	of	 insignificant	
(<50%)	 lysis.	 Moreover,	 subgroup	 analysis	 revealed	 two	 important	 observa-
tions	 for	 iliofemoral	DVT:	 in	 the	 subgroup	 of	 patients	with	 acute	 primary	 ili-
ofemoral	DVT,	65%	complete	 clot	 lysis	was	noted,	 and	1-year	patency	 in	 this	
complete	lysis	group	was	96%.	This	suggests	that	patients	with	iliofemoral	DVT	
would	benefit	most	from	CDT.	In	addition,	Comerota	et	al.17	and	18	have	demon-
strated	that	successful	CDT	in	iliofemoral	DVT	significantly	improves	quality	of	
life	(QoL)	compared	with	failed	thrombolysis	or	anticoagulant	therapy	alone.	

An	 additional	 advantage	 of	 CDT	 is	 the	 ability	 to	 detect	 and	 treat	 underlying	
lesions	 (e.g.,	 May–Thurner	 syndrome)	 immediately	 after	 or	 during	 thrombo-
lysis.	 Balloon	 dilatation	with	 or	without	 stent	 placement	 improves	 long-term	
patency,7	and	19	and	can	help	prevent	DVT	or	prolong	the	interval	to	a	recurrent	
DVT.4	 Mewissen	 et	al.	 have	 demonstrated	 that	 adjunctive	 stent	 placement	 in	
the	 iliac	 vein	 significantly	 improves	 patency:	 at	 1	 year,	 74%	of	 limbs	 treated	
with	stent	placement	after	thrombolysis	remained	patent,	compared	with	only	
53%	of	 limbs	without	 stent	placement	 (P	<	0.001).	 7	Bækgaard	et	al.	more	 re-
cently	confirmed,	in	a	large	series	of	patients	(n	=	101),	that	additional	stenting	
after	CDT	in	iliofemoral	DVT	results	in	excellent	long-term	patency	rates	(82%	
patent	veins	at	6	years).	19	

Two	previous	 series	using	US-accelerated	CDT	have	demonstrated	 considera-
bly	 increased	complete	clot	 lysis	rates	and	fewer	complications	than	standard	
CDT.5	and	6	Whereas	only	31%7	of	patients	in	the	National	Venous	Registry	treat-
ed	 with	 standard	 CDT	 exhibited	 complete	 clot	 lysis,	 83%5	 versus	 85.7%6	 of	
patients	 treated	 with	 US-accelerated	 CDT	 using	 urokinase	 had	 complete	 clot	
lysis.	The	major	bleeding	rate	was	11%	and	the	thrombo-embolic	rate	1%7	with	
standard	 CDT,	 compared	 with	 0%5	 to	 3.8%	 and6	 0%,	 respectively,	 in	 US-
accelerated	CDT.5	and	6	

Conclusion	

US-accelerated	 CDT	 using	 EKOS	 Endowave®	was	 found	 to	 be	a	 feasible	 tech-
nique	 for	managing	 iliofemoral	venous	 thrombosis	 resulting	 in	 low	morbidity	
and	mortality.	All	underlying	obstructive	vein	lesions	should	be	treated	imme-
diately	by	venoplasty	and	stenting	to	prevent	early	reocclusion.	However,	ran-
domised	controlled	trails	are	needed	to	evaluate	the	long-term	benefit	of	endo-
venous	thrombolysis	in	patients	with	acute	DVT.	
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anticoagulation,	 in	 two	randomised	controlled	 trials	by	Elsharawy	et	al.15	 and	
Enden	et	al.16	The	degree	of	lysis	was	found	to	be	a	significant	predictor	of	early	
and	continued	patency.	In	cases	of	complete	clot	 lysis,	75%	of	veins	remained	
patent	after	1	year,	compared	with	only	32%	of	veins	 in	cases	of	 insignificant	
(<50%)	 lysis.	 Moreover,	 subgroup	 analysis	 revealed	 two	 important	 observa-
tions	 for	 iliofemoral	DVT:	 in	 the	 subgroup	 of	 patients	with	 acute	 primary	 ili-
ofemoral	DVT,	65%	complete	 clot	 lysis	was	noted,	 and	1-year	patency	 in	 this	
complete	lysis	group	was	96%.	This	suggests	that	patients	with	iliofemoral	DVT	
would	benefit	most	from	CDT.	In	addition,	Comerota	et	al.17	and	18	have	demon-
strated	that	successful	CDT	in	iliofemoral	DVT	significantly	improves	quality	of	
life	(QoL)	compared	with	failed	thrombolysis	or	anticoagulant	therapy	alone.	

An	 additional	 advantage	 of	 CDT	 is	 the	 ability	 to	 detect	 and	 treat	 underlying	
lesions	 (e.g.,	 May–Thurner	 syndrome)	 immediately	 after	 or	 during	 thrombo-
lysis.	 Balloon	 dilatation	with	 or	without	 stent	 placement	 improves	 long-term	
patency,7	and	19	and	can	help	prevent	DVT	or	prolong	the	interval	to	a	recurrent	
DVT.4	 Mewissen	 et	al.	 have	 demonstrated	 that	 adjunctive	 stent	 placement	 in	
the	 iliac	 vein	 significantly	 improves	 patency:	 at	 1	 year,	 74%	of	 limbs	 treated	
with	stent	placement	after	thrombolysis	remained	patent,	compared	with	only	
53%	of	 limbs	without	 stent	placement	 (P	<	0.001).	 7	Bækgaard	et	al.	more	 re-
cently	confirmed,	in	a	large	series	of	patients	(n	=	101),	that	additional	stenting	
after	CDT	in	iliofemoral	DVT	results	in	excellent	long-term	patency	rates	(82%	
patent	veins	at	6	years).	19	

Two	previous	 series	using	US-accelerated	CDT	have	demonstrated	 considera-
bly	 increased	complete	clot	 lysis	rates	and	fewer	complications	than	standard	
CDT.5	and	6	Whereas	only	31%7	of	patients	in	the	National	Venous	Registry	treat-
ed	 with	 standard	 CDT	 exhibited	 complete	 clot	 lysis,	 83%5	 versus	 85.7%6	 of	
patients	 treated	 with	 US-accelerated	 CDT	 using	 urokinase	 had	 complete	 clot	
lysis.	The	major	bleeding	rate	was	11%	and	the	thrombo-embolic	rate	1%7	with	
standard	 CDT,	 compared	 with	 0%5	 to	 3.8%	 and6	 0%,	 respectively,	 in	 US-
accelerated	CDT.5	and	6	

Conclusion	

US-accelerated	 CDT	 using	 EKOS	 Endowave®	was	 found	 to	 be	a	 feasible	 tech-
nique	 for	managing	 iliofemoral	venous	 thrombosis	 resulting	 in	 low	morbidity	
and	mortality.	All	underlying	obstructive	vein	lesions	should	be	treated	imme-
diately	by	venoplasty	and	stenting	to	prevent	early	reocclusion.	However,	ran-
domised	controlled	trails	are	needed	to	evaluate	the	long-term	benefit	of	endo-
venous	thrombolysis	in	patients	with	acute	DVT.	
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Abstract:		

Background:	 Iliofemoral	 Deep	 Vein	 Thrombosis	 (DVT)	 is	 associated	 with	 a	
high	incidence	of	the	post-thrombotic	syndrome.	The	current	CHEST	guidelines	
suggest	that	catheter	directed	thrombolysis	can	be	used	for	patients	with	acute	
iliofemoral	DVT	and	severe	leg	complaints.	Current	literature	shows	that	cathe-
ter	 directed	 thrombolysis	 increases	patency	of	 the	 affected	 tract	 and	may	 re-
duce	post-thrombotic	complications,	but	 treatment	 time	and	bleeding	compli-
cations	 are	 high.	 Ultrasound	 Accelerated	 Catheter	 Directed	 Thrombolysis	
(UACDT)	 uses	 ultrasound	 waves	 to	 enhance	 clot	 lysis,	 which	 should	 lower	
treatment	 time	 and	 bleeding	 complications	 with	 the	 same	 or	 higher	 patency	
rates.	We	report	our	clinical	experience	with	UACDT	on	patency	and	complica-
tions	in	patients	with	acute	iliofemoral	DVT.	

Methods:	Patients	treated	with	UACDT	for	acute	iliofemoral	DVT	were	includ-
ed	 in	 our	 analyses.	Diagnosis	 of	 iliofemoral	DVT	was	 confirmed	using	 duplex	
sonography	 and	 MR-venography.	 In	 addition	 to	 thrombolysis,	 stents	 were	
placed	or	AV-fistula	created	to	ensure	patency	of	the	treated	vein,	if	indicated.	
Main	 outcome	 is	 patency	 after	 one	 year.	 Secondary	 outcome	 measures	 are:	
treatment	time,	bleeding	complications,	and	pulmonary	embolism.	Patency	was	
assessed	using	duplex	sonography.	

Results:	In	total	37	patients	(average	age	at	intervention	42	years,	range	5-76	
years)	were	 included.	The	DVT	 location	was	unilateral	 in	33	patients	 (20	 left	
side,	13	right	side)	and	4	bilateral.	Average	treatment	time	was	43	±17	hours,	
success	 rate	 of	 thrombolysis	was	 95%	 (n=35),	 re-thrombosis	 occurred	 in	 11	
(30%)	patients.	Major	bleeding	occurred	in	one	patient	(3%)	and	three	minor	
bleedings	occurred	at	 the	 insertion	side	of	 the	catheter	 (8%).	One	pulmonary	
embolism	was	 encountered	 (3%).	 One	 patient	 had	 fever	 with	 positive	 blood	
cultures	 for	 Staphylococcus	 aureus.	 Additional	 procedures	 were	 required	 in	
54%	(n=20)	of	patients.	Primary	patency	was	70%	at	one	year;	Secondary	pa-
tency	was	87%	after	one-year	follow-up.		

Conclusions:	 Ultrasound	 accelerated	 catheter	 directed	 thrombolysis	 of	 acute	
iliofemoral	DVT	 is	 feasible	and	safe.	Supplementary	PTA	and	stenting	play	an	
important	role	in	preventing	rethrombosis.	

	 	

	

Introduction	

Iliofemoral	 Deep	 Venous	 Thrombosis	 (DVT)	 is	 associated	 with	 high	 post	
thrombotic	morbidity.(1,2)	 PTS	 is	 associated	with	 enhanced	 healthcare	 costs	
and	decreased	quality	of	life	in	patients.(3)	

Standard	therapy	for	DVT	consists	of	anticoagulation,	compression	therapy	and	
mobilization.	Anticoagulation	prevents	 clot	propagation,	decreases	 the	 risk	of	
pulmonary	embolism	and	prevents	recurrence	of	DVT.(4,5)	However	anticoag-
ulation	does	not	 actively	 dissolve	 the	 thrombus;	 the	 intrinsic	 fibrinolytic	 sys-
tem	dissolves	the	clot.	Residual	thrombosis	is	associated	with	post	thrombotic	
morbidity	and	 it	 is	suggested	that	early	removal	of	 the	 thrombus	 is	beneficial	
for	the	prevention	of	PTS.(6)	Early	lysis	of	clot	can	also	restore	patency	of	the	
vein	 and	 preserve	 valve	 function.(7)	 Catheter-directed	 thrombolysis	 (CDT)	 is	
used	to	actively	dissolve	the	clot.	Through	a	multi-side	hole	catheter,	thrombo-
lytic	agent	 is	 infused	directly	 into	 the	clot,	which	enhances	 thrombolysis	with	
less	thrombolytic	agent.(8)	

Adding	CDT	to	the	standard	therapy	increases	patency	of	the	iliofemoral	tract.	
However	there	are	still	concerns	towards	treatment	time	and	risk	of	bleeding	
complications.	 New	 techniques	 are	 available	 to	 treat	 iliofemoral	 DVT.	 Ultra-
sound	Accelerated	Catheter	Directed	Thrombolysis	 (UACDT)	 combines	 stand-
ard	 CDT	with	 the	 addition	 of	 ultrasound	waves.	 In	 vitro	 research	 has	 shown	
that	 the	ultrasound	waves	 influence	 the	 fibrin	strands	and	 increase	uptake	of	
thrombolytic	drug	 in	 the	thrombus.	 (9-11)	However	 it	 is	unclear,	 if	 treatment	
time	with	UACDT	is	shorter	than	CDT	alone	in	patients	with	iliofemoral	DVT.	

Previous	 studies	 have	 shown	 better	 complete	 lysis	 results	with	 UACDT	 com-
pared	 to	 standard	 CDT.	 UACDT	 has	 also	 been	 used	 in	 arterial	 occlusion	 and	
massive	PE.	Both	have	shown	good	treatment	results	with	UACDT.	(12-14)	 In	
our	 study	we	 studied	 patency	 rates	 of	 the	 venous	 tract	 after	 treatment	with	
UACDT	after	mid-term	follow-up	for	acute	iliofemoral	DVT.	We	also	focused	on	
the	additional	procedures	necessary,	for	the	prevention	of	reocclusion	and	thus	
preserving	patency	in	the	long	term.		

Methods	

Patients:	
All	 consecutive	 patients	 who	 underwent	 UACDT	 for	 acute	 symptomatic	 ili-
ofemoral	DVTs	from	October	2008	to	January	2012	were	identified	from	a	pro-
spective	cohort.	The	patient	records	were	reviewed	 for	demographics,	 indica-
tion	for	treatment,	symptoms,	DVT	risk	factors,	adjunctive	interventions,	peri-
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procedural	 complications,	 clinical	 outcomes,	 and	 follow-up	with	duplex	ultra-
sound	(DU)	imaging	and	MR	imaging.	

The	age	of	the	thrombus	was	assessed	by	the	duration	of	patient	complaints	at	
presentation.	 If	 complaints	 were	 existent	 21	 days	 or	 less,	 the	 thrombus	 was	
considered	young.	Patients,	who	had	complaints	 for	more	 than	21	days,	were	
considered	 to	 have	 an	 old	 thrombus.	 These	 patients	were	 excluded	 from	our	
analysis.	 Patients	 with	 stent	 thrombosis	 or	 thrombosis	 of	 the	 arm	were	 also	
excluded	from	this	analysis.	

Before	 treatment	with	 UACDT,	 patients	were	 screened	 for	 contra-indications	
and	 high	 bleeding	 risk	 as	 previously	 described	 by	 Grommes	 et	 al.	
doi:10.1016/j.ejvs.2010.11.035.(15)	 Patients	 received	 routinely	 MR-
Venography	to	assess	the	venous	tract	on	any	underlying	disease.	Blood	analy-
sis	for	genetic	clotting	disorders	was	not	routinely	performed	and	only	carried	
out	on	indication.	

Thrombolysis	
The	interventional	radiologist	placed	the	ultrasound	accelerated	CDT	catheter	
under	phlebographic	 control.	 The	EKOS®	EndowaveTM	Peripheral	 Lysis	 Sys-
tem	 (EKOS	Corporation,	Bothell,	WA,	USA)	 consists	 of	 a	multi-lumen	 infusion	
catheter	with	removable,	coaxial	Ultrasound	(US)	core	and	a	control	unit	 that	
simultaneously	 delivers	 high-frequency	 (2.2	 MHz),	 low-energy	 (0.45	 W)	 US	
energy	and	thrombolytic	drug	into	the	thrombus.	All	patients	received	UACDT	
with	the	EKOS	endowave	system.	For	thrombolytic	agent	we	used	rt-PA	in	Aa-
chen	 and	 Urokinase	 in	 Maastricht.	 Thrombolysis	 with	 rt-PA	 was	 given	
1mg/hour	 with	 a	 single	 bolus	 of	 5mg.	 Urokinase	 was	 given	 with	
100.000units/hour	 with	 a	 single	 bolus	 of	 250.000	 units.	 In	 case	 of	 bilateral	
DVT,	two	catheters	were	inserted	and	the	drug	dosage	was	evenly	divided	be-
tween	the	two	catheters.	During	thrombolysis	we	monitored	Fibrinogen	levels,	
Hemoglobin	 levels	 (Hb),	 activated	 partial	 thromboplastin	 time(APTT),	 and	
prothrombin	time	standardized	to	 international	normalized	ratio	(INR).	Addi-
tionally	 all	 patients	 received	 standard	anticoagulation	 treatment	 according	 to	
the	 ACCP	 guidelines.(4)	 During	 active	 thrombolysis,	 anticoagulant	 treatment	
was	substituted	by	intravenous	Unfractionated	Heparin	guided	on	APTT.	Infe-
rior	 vena	 cava	 filters	 are	 not	 used	 routinely	 in	 our	 hospital.	 None	 of	 our	 pa-
tients	received	a	caval	filter.	After	thrombolysis	patients	resumed	their	stand-
ard	DVT	therapy	with	oral	anticoagulation,	compressive	stockings	and	mobili-
zation	according	to	the	ACCP	guidelines.(4)	

	

Additional	procedures	
After	 successful	CDT	procedures,	 patients	 received	 additional	 interventions	 if	
indicated	by	venography.	Additional	procedures	were	performed	immediately	
after	 successful	 thrombolysis.	 Stenting	 was	 not	 used	 as	 a	 secondary	 salvage	
procedure.	The	interventional	radiologist	or	vascular	surgeon	performed	addi-
tional	 procedures	 such	 as,	 percutaneous	 transluminal	 angioplasty	 with	 or	
without	 stenting,	 construction	 of	 an	 AV-fistula	 or	 other	 open	 procedures	 to	
increase	 inflow.	 We	 used	 self-expandable	 stents	 for	 stenting	 for	 underlying	
obstructions	(sinus-XL®	from	Optimed	and	Zilver	vena™	from	Cook®).	Table	1	
shows	the	patient	characteristics	of	the	group.		

	

Definitions	
Clot	load	was	defined	with	the	scoring	system	used	in	the	national	venous	reg-
istry.(16)	A	thrombus	score	was	calculated	for	seven	venous	segments:	the	IVC,	
the	 common	 iliac	 vein,	 the	 external	 iliac	 vein,	 the	 common	 femoral	 vein,	 the	
proximal	portion	of	the	superficial	femoral	vein,	the	distal	portion	of	the	super-
ficial	femoral	vein,	and	the	popliteal	vein.	The	thrombus	score	was	0	when	the	
vein	was	patent	 and	 completely	 free	 of	 thrombus,	 1	when	partially	 occluded,	
and	2	when	completely	occluded.	The	pretreatment	score	was	substracted	by	
the	post	 treatment	 score	 and	 then	divided	by	 the	 original	 clotload,	which	 re-
sulted	in	determination	of	the	lysisgrade.	Success	of	thrombolysis	was	divided	
in	 three	 categories:	 Grade	 1:	 Complete	 clot	 lysis	 defined	 as	 >	90	%	 lysis	 (re-
stored	 patency),	 and	 grade	 2	 partial	 clot	 lysis	 defined	 as	 50-90	%	 lysis	 (re-
stored	 patency)	 Grade	 3:	 <	50	%	 lysis.	 Assessment	 of	 the	 post	 treatment	 clot	
load	was	made	purely	on	the	final	phlebography	before	additional	procedures	
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out	on	indication.	

Thrombolysis	
The	interventional	radiologist	placed	the	ultrasound	accelerated	CDT	catheter	
under	phlebographic	 control.	 The	EKOS®	EndowaveTM	Peripheral	 Lysis	 Sys-
tem	 (EKOS	Corporation,	Bothell,	WA,	USA)	 consists	 of	 a	multi-lumen	 infusion	
catheter	with	removable,	coaxial	Ultrasound	(US)	core	and	a	control	unit	 that	
simultaneously	 delivers	 high-frequency	 (2.2	 MHz),	 low-energy	 (0.45	 W)	 US	
energy	and	thrombolytic	drug	into	the	thrombus.	All	patients	received	UACDT	
with	the	EKOS	endowave	system.	For	thrombolytic	agent	we	used	rt-PA	in	Aa-
chen	 and	 Urokinase	 in	 Maastricht.	 Thrombolysis	 with	 rt-PA	 was	 given	
1mg/hour	 with	 a	 single	 bolus	 of	 5mg.	 Urokinase	 was	 given	 with	
100.000units/hour	 with	 a	 single	 bolus	 of	 250.000	 units.	 In	 case	 of	 bilateral	
DVT,	two	catheters	were	inserted	and	the	drug	dosage	was	evenly	divided	be-
tween	the	two	catheters.	During	thrombolysis	we	monitored	Fibrinogen	levels,	
Hemoglobin	 levels	 (Hb),	 activated	 partial	 thromboplastin	 time(APTT),	 and	
prothrombin	time	standardized	to	 international	normalized	ratio	(INR).	Addi-
tionally	 all	 patients	 received	 standard	anticoagulation	 treatment	 according	 to	
the	 ACCP	 guidelines.(4)	 During	 active	 thrombolysis,	 anticoagulant	 treatment	
was	substituted	by	intravenous	Unfractionated	Heparin	guided	on	APTT.	Infe-
rior	 vena	 cava	 filters	 are	 not	 used	 routinely	 in	 our	 hospital.	 None	 of	 our	 pa-
tients	received	a	caval	filter.	After	thrombolysis	patients	resumed	their	stand-
ard	DVT	therapy	with	oral	anticoagulation,	compressive	stockings	and	mobili-
zation	according	to	the	ACCP	guidelines.(4)	

	

Additional	procedures	
After	 successful	CDT	procedures,	 patients	 received	 additional	 interventions	 if	
indicated	by	venography.	Additional	procedures	were	performed	immediately	
after	 successful	 thrombolysis.	 Stenting	 was	 not	 used	 as	 a	 secondary	 salvage	
procedure.	The	interventional	radiologist	or	vascular	surgeon	performed	addi-
tional	 procedures	 such	 as,	 percutaneous	 transluminal	 angioplasty	 with	 or	
without	 stenting,	 construction	 of	 an	 AV-fistula	 or	 other	 open	 procedures	 to	
increase	 inflow.	 We	 used	 self-expandable	 stents	 for	 stenting	 for	 underlying	
obstructions	(sinus-XL®	from	Optimed	and	Zilver	vena™	from	Cook®).	Table	1	
shows	the	patient	characteristics	of	the	group.		

	

Definitions	
Clot	load	was	defined	with	the	scoring	system	used	in	the	national	venous	reg-
istry.(16)	A	thrombus	score	was	calculated	for	seven	venous	segments:	the	IVC,	
the	 common	 iliac	 vein,	 the	 external	 iliac	 vein,	 the	 common	 femoral	 vein,	 the	
proximal	portion	of	the	superficial	femoral	vein,	the	distal	portion	of	the	super-
ficial	femoral	vein,	and	the	popliteal	vein.	The	thrombus	score	was	0	when	the	
vein	was	patent	 and	 completely	 free	 of	 thrombus,	 1	when	partially	 occluded,	
and	2	when	completely	occluded.	The	pretreatment	score	was	substracted	by	
the	post	 treatment	 score	 and	 then	divided	by	 the	 original	 clotload,	which	 re-
sulted	in	determination	of	the	lysisgrade.	Success	of	thrombolysis	was	divided	
in	 three	 categories:	 Grade	 1:	 Complete	 clot	 lysis	 defined	 as	 >	90	%	 lysis	 (re-
stored	 patency),	 and	 grade	 2	 partial	 clot	 lysis	 defined	 as	 50-90	%	 lysis	 (re-
stored	 patency)	 Grade	 3:	 <	50	%	 lysis.	 Assessment	 of	 the	 post	 treatment	 clot	
load	was	made	purely	on	the	final	phlebography	before	additional	procedures	
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were	done.	 If	 there	was	no	recanalization	at	all,	 this	was	considered	as	 treat-
ment	failure.	

Bleeding	
Bleeding	was	classified	as	major,	if	it	was	overt	with	a	fall	in	haemoglobin	of	≥2	
g/dl,	 or	 when	 hemorrhage	 led	 to	 transfusion	 of	 2	 units	 of	 packed	 red	 blood	
cells	(RBCs)	or	whole	blood.	Bleeding	situated	in	a	critical	organ	(intra-cranial,	
retroperitoneal	or	pericardial)	or,	if	it	contributed	to	death,	was	also	defined	as	
a	major	bleeding.	Bleeding	was	classified	as	minor,	 if	 it	was	situated	near	 the	
catheter-insertion	site.	

Follow-up	
During	follow-up	visits	all	patients	were	assessed	routinely	with	duplex	ultra-
sound.	At	follow-up	the	venous	tract	was	considered	patent	or	not	patent.	Re-
current	 DVT,	 pulmonary	 embolism	 (PE),	 major	 bleeding,	 retreatment	 and	 or	
other	complications	were	registered.	Duplex	ultrasound	of	the	venous	tract	was	
performed	 by	 a	 dedicated	 sonographer	 and	 the	 complete	 venous	 tract	 was	
routinely	 assessed.	 Follow-up	 visits	 were	 planned	 according	 to	 our	 standard	
care	at	6-8	weeks	after	 stent	placement,	3	months,	6	months	and	one	year.	 If	
the	 patient	 experienced	 any	 complaints	 follow-up	 visits	 were	 planned	 at	 the	
earliest	 convenience.	 PE	was	 assessed	 on	 patient’s	 symptomatology	 and	 con-
firmed	with	CT-angiography.	

Statistical	analysis	
Categorical	data	are	presented	as	frequencies	and	percentages,	and	continuous	
data	 are	 presented	 as	mean	 values	 ±	 the	 standard	 deviation	 (SD)	 or	median	
values	 with	 the	 range,	 unless	 otherwise	 stated.	 Cumulative	 probabilities	 of	
patency	 at	 3,	 6	 and	 12	 months	 after	 initial	 treatment	 are	 calculated	 using	
Kaplan	Meier	survival	analysis.	For	the	evaluation	of	primary	patency,	the	need	
for	 additional	 treatment	 by	 either	 an	 assisted	 primary	 intervention	 or	 a	 sec-
ondary	 intervention	 or	 obstruction	 at	 the	 end	 of	 follow	 up	 is	 considered	 as	
treatment	failures.	For	the	evaluation	of	secondary	patency	only	obstruction	at	
the	 end	of	 follow-up	was	 considered	 a	 treatment	 failure.	 Follow	up	 time	was	
defined	 as	 the	 period	 between	 initial	 treatment	 and	 treatment	 failure	 or	 the	
period	between	initial	treatment	and	date	of	last	observation	(in	patients	with-
out	 treatment	 failure).	Analyses	were	carried	out	with	commercially	available	
statistical	 programs:	 SPSS	 version	17	 (SPSS	 version	17.0.1;	 SPSS,	 Chicago,	 IL)	
and	STATA	 (STATA	version	11.2).	 P	 values	≤	 .05	were	 considered	 to	 indicate	
statistical	significance	

	

Results	

Treatment	success	
Immediate	 treatment	 success	 with	 UACDT	 showed	 that	 grade	 1	 lysis	 was	
achieved	in	19	of	the	37	patients	(51%).	Grade	2	lysis	was	achieved	in	16	of	the	
37	patients	(43%).	Average	thrombolysis	time	was	43	hours	±	17.	Two	patients	
(5	%)	 had	 an	 occluded	 segment	 without	 any	 signs	 of	 recanalization	 after	 72	
hours	and	thrombolysis	was	stopped	at	that	time.	The	clot	load	per	individual	
patient	pre-	and	post-thrombolysis	is	shown	in	figure	1.	

	
Twenty	 patients	 initially	 presented	with	 a	 left-sided	 DVT,	 15	 (75%)	 of	 them	
had	 May	 Thurner	 syndrome.	 Two	 patients	 (10%)	 had	 an	 inferior	 caval	 vein	
atresia,	 one	 patient	 had	 another	 form	of	 compression	 syndrome	 and	 two	pa-
tients	had	no	anatomical	variance.		

In	total	20	patients	(54%)	received	an	additional	procedure.	Additional	stent-
ing	was	performed	in	15	patients	(41%),	3	patients	(8%)	had	an	open	interven-
tion	of	which	 in	2	patients	an	arterial-venous	 fistula	was	created	and	one	pa-
tient	had	a	surgical	thrombectomy.	Two	patients	(5%)	received	additional	PTA	
of	the	common	iliac	vein.	We	observed	no	pulmonary	embolism	during	UACDT	
treatment.	Table	2	shows	the	additional	treatments	with	their	respective	indi-
cations.	
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were	done.	 If	 there	was	no	recanalization	at	all,	 this	was	considered	as	 treat-
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Bleeding	
Bleeding	was	classified	as	major,	if	it	was	overt	with	a	fall	in	haemoglobin	of	≥2	
g/dl,	 or	 when	 hemorrhage	 led	 to	 transfusion	 of	 2	 units	 of	 packed	 red	 blood	
cells	(RBCs)	or	whole	blood.	Bleeding	situated	in	a	critical	organ	(intra-cranial,	
retroperitoneal	or	pericardial)	or,	if	it	contributed	to	death,	was	also	defined	as	
a	major	bleeding.	Bleeding	was	classified	as	minor,	 if	 it	was	situated	near	 the	
catheter-insertion	site.	

Follow-up	
During	follow-up	visits	all	patients	were	assessed	routinely	with	duplex	ultra-
sound.	At	follow-up	the	venous	tract	was	considered	patent	or	not	patent.	Re-
current	 DVT,	 pulmonary	 embolism	 (PE),	 major	 bleeding,	 retreatment	 and	 or	
other	complications	were	registered.	Duplex	ultrasound	of	the	venous	tract	was	
performed	 by	 a	 dedicated	 sonographer	 and	 the	 complete	 venous	 tract	 was	
routinely	 assessed.	 Follow-up	 visits	 were	 planned	 according	 to	 our	 standard	
care	at	6-8	weeks	after	 stent	placement,	3	months,	6	months	and	one	year.	 If	
the	 patient	 experienced	 any	 complaints	 follow-up	 visits	 were	 planned	 at	 the	
earliest	 convenience.	 PE	was	 assessed	 on	 patient’s	 symptomatology	 and	 con-
firmed	with	CT-angiography.	

Statistical	analysis	
Categorical	data	are	presented	as	frequencies	and	percentages,	and	continuous	
data	 are	 presented	 as	mean	 values	 ±	 the	 standard	 deviation	 (SD)	 or	median	
values	 with	 the	 range,	 unless	 otherwise	 stated.	 Cumulative	 probabilities	 of	
patency	 at	 3,	 6	 and	 12	 months	 after	 initial	 treatment	 are	 calculated	 using	
Kaplan	Meier	survival	analysis.	For	the	evaluation	of	primary	patency,	the	need	
for	 additional	 treatment	 by	 either	 an	 assisted	 primary	 intervention	 or	 a	 sec-
ondary	 intervention	 or	 obstruction	 at	 the	 end	 of	 follow	 up	 is	 considered	 as	
treatment	failures.	For	the	evaluation	of	secondary	patency	only	obstruction	at	
the	 end	of	 follow-up	was	 considered	 a	 treatment	 failure.	 Follow	up	 time	was	
defined	 as	 the	 period	 between	 initial	 treatment	 and	 treatment	 failure	 or	 the	
period	between	initial	treatment	and	date	of	last	observation	(in	patients	with-
out	 treatment	 failure).	Analyses	were	carried	out	with	commercially	available	
statistical	 programs:	 SPSS	 version	17	 (SPSS	 version	17.0.1;	 SPSS,	 Chicago,	 IL)	
and	STATA	 (STATA	version	11.2).	 P	 values	≤	 .05	were	 considered	 to	 indicate	
statistical	significance	

	

Results	

Treatment	success	
Immediate	 treatment	 success	 with	 UACDT	 showed	 that	 grade	 1	 lysis	 was	
achieved	in	19	of	the	37	patients	(51%).	Grade	2	lysis	was	achieved	in	16	of	the	
37	patients	(43%).	Average	thrombolysis	time	was	43	hours	±	17.	Two	patients	
(5	%)	 had	 an	 occluded	 segment	 without	 any	 signs	 of	 recanalization	 after	 72	
hours	and	thrombolysis	was	stopped	at	that	time.	The	clot	load	per	individual	
patient	pre-	and	post-thrombolysis	is	shown	in	figure	1.	

	
Twenty	 patients	 initially	 presented	with	 a	 left-sided	 DVT,	 15	 (75%)	 of	 them	
had	 May	 Thurner	 syndrome.	 Two	 patients	 (10%)	 had	 an	 inferior	 caval	 vein	
atresia,	 one	 patient	 had	 another	 form	of	 compression	 syndrome	 and	 two	pa-
tients	had	no	anatomical	variance.		

In	total	20	patients	(54%)	received	an	additional	procedure.	Additional	stent-
ing	was	performed	in	15	patients	(41%),	3	patients	(8%)	had	an	open	interven-
tion	of	which	 in	2	patients	an	arterial-venous	 fistula	was	created	and	one	pa-
tient	had	a	surgical	thrombectomy.	Two	patients	(5%)	received	additional	PTA	
of	the	common	iliac	vein.	We	observed	no	pulmonary	embolism	during	UACDT	
treatment.	Table	2	shows	the	additional	treatments	with	their	respective	indi-
cations.	
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Follow-up	
In	 the	 early	 follow-up	we	 found	 that	 11	patients	 (30%)	had	 a	 re-thrombosis.	
Most	recurrent	thrombosis	occurred	in	the	first	two	weeks	after	the	initial	pro-
cedure.	Nine	of	these	patients	have	undergone	additional	procedures	to	regain	
a	patent	 venous	 tract.	 Three	of	 the	patients	had	 a	 rethrombosis	due	 to	 failed	
anticoagulation	of	which	two	patients	had	a	Heparin	 induced	thrombocytope-
nia.	 These	 patients	 were	 switched	 to	 other	 anticoagulation	 therapy.	 The	 six	
other	 patients	 had	 a	 rethrombosis	 due	 to	 failed	 stent	 placement	 or	 delay	 in	
stent	placement.	

Primary	patency	is	70	%	(number	of	patients	at	risk:	14)	at	one-year	follow-up.	
Secondary	 patency	 is	 87	%	 at	 one-year	 follow-up	 (number	 of	 patients	 at	
risk:	16).	 Figure	 2	 shows	 the	 Kaplan	 Meier	 plot	 illustration	 of	 the	 estimated	
percentage	of	patients	with	patency	at	one	year	of	follow-up.			

	

Cumulative	probability	of	primary	and	secondary	patency	

	
Figure	 2.	 Cumulative	 incidence	 of	 main	 outcomes	 according	 to	 primary	 and	
secondary	 patency	 after	 one-year	 follow-up.	 Primary	 patency	 at	 52	 weeks	
0.7039,	 Standard	 error	 [95%	 confidence	 interval]	 0.0835	 [0.5061-0.8344].	
Secundary	patency	at	52	weeks	0.8746,	standard	error	[95%	Confidence	inter-
val]	0.0587	[0.6992-0.9511]	

Complications	
In	three	cases	a	minor	bleeding	at	the	catheter	insertion	side	was	detected.	In	
one	case	(3	%)	there	was	also	a	bleeding	observed	at	the	insertion	side	of	the	
catheter,	 at	 the	 time	of	 detection	 the	patient	 required	blood	 transfusion	with	
two	packed	cells,	and	this	was	considered	a	major	bleeding.	One	patient	devel-
oped	fever	with	positive	blood	cultures	for	Staphylococcus	aureus	due	to	pro-
longed	catheterization.	This	patient	was	treated	with	antibiotics	 for	six	weeks	
and	fully	recovered.	One	patient	suffered	from	an	aortic	aneurysm	for	which	he	
needed	acute	surgical	repair.	This	event	was	considered	to	be	unrelated	to	the	
UACDT	 procedure.	 One	 PE	 was	 encountered	 (3%)	 two	 weeks	 after	 initial	
UACDT	treatment	caused	by	Heparin	Induced	Thrombocytopenia	(HIT).	Overall	
the	incidence	of	major	bleeding	and	PE	is	low.	 	
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Secondary	 patency	 is	 87	%	 at	 one-year	 follow-up	 (number	 of	 patients	 at	
risk:	16).	 Figure	 2	 shows	 the	 Kaplan	 Meier	 plot	 illustration	 of	 the	 estimated	
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val]	0.0587	[0.6992-0.9511]	
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In	three	cases	a	minor	bleeding	at	the	catheter	insertion	side	was	detected.	In	
one	case	(3	%)	there	was	also	a	bleeding	observed	at	the	insertion	side	of	the	
catheter,	 at	 the	 time	of	 detection	 the	patient	 required	blood	 transfusion	with	
two	packed	cells,	and	this	was	considered	a	major	bleeding.	One	patient	devel-
oped	fever	with	positive	blood	cultures	for	Staphylococcus	aureus	due	to	pro-
longed	catheterization.	This	patient	was	treated	with	antibiotics	 for	six	weeks	
and	fully	recovered.	One	patient	suffered	from	an	aortic	aneurysm	for	which	he	
needed	acute	surgical	repair.	This	event	was	considered	to	be	unrelated	to	the	
UACDT	 procedure.	 One	 PE	 was	 encountered	 (3%)	 two	 weeks	 after	 initial	
UACDT	treatment	caused	by	Heparin	Induced	Thrombocytopenia	(HIT).	Overall	
the	incidence	of	major	bleeding	and	PE	is	low.	 	
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Discussion	

The	current	standard	for	the	treatment	of	iliofemoral	DVT	consists	of	anticoag-
ulation	therapy	with	additional	compression	therapy	and	mobilization.	Recent-
ly	the	new	ACCP	guidelines	suggested	CDT	for	patients	with	iliofemoral	DVT	in	
order	 to	 decrease	 post	 thrombotic	 morbidity.	 In	 addition	 the	 recently	 pub-
lished	 CaVenT-study	 showed	 that	 CDT	 in	 patients	 with	 iliofemoral	 DVT	 de-
creases	the	absolute	risk	of	PTS	with	14%.	Currently	two	trials	are	still	ongoing	
(the	 US	 Attract-trial	 and	 the	 Dutch	 CAVA-trial).	 The	 Attract	 trial	 studies	 the	
effects	 of	 early	 thrombus	 removal	 in	 patients	 with	 iliofemoral	 DVT.(17)	 Our	
own	group	 is	 currently	 conducting	 the	CAVA-trial,	which	 studies	 the	 effect	 of	
additional	UACDT	 in	patients	with	acute	 iliofemoral	DVT.	The	results	of	 these	
two	ongoing	trials	will	be	 important	to	provide	additional	evidence	on	the	ef-
fectiveness	of	acute	thrombus	removal	for	the	reduction	of	the	incidence	of	PTS	
in	the	 long	term.	Potentially	severe	complications	such	as	 intracranial	hemor-
rhage	 and	 intraperitoneal	 bleeding	 are	 the	main	 reason	 that	 CDT	 is	 still	 not	
considered	standard	treatment.	Our	data	shows	that	the	risk	of	major	bleeding	
is	 low.	Techniques	such	as	UACDT	may	further	decrease	complication	rates	of	
thrombus	removal	treatment	compared	to	the	standard	CDT	treatment.	

UACDT	has	shown	short	treatment	times	in	small	cohort	studies.	 In	our	study	
the	median	 treatment	 time	 is	 under	 two	days	 (43	hours	 or	 1.8	 days).	 This	 is	
longer	than	previously	reported	by	Motarjeme	and	Raabe.(11,13)	This	could	be	
due	 to	a	number	of	 factors	 such	as	differences	 in	patient	 selection,	 treatment	
procedures	etc.	More	research	 is	needed	to	determine	 the	optimal	patient	se-
lection	and	treatment	strategy.	Comparison	of	clot	burden	proves	difficult	be-
tween	studies.	This	is	why	we	like	to	emphasize	the	need	for	standardized	re-
porting	on	thrombus	location	and	extent	in	DVT.	This	will	enable	a	good	com-
parison	between	studies	and	make	future	pooling	of	the	gathered	data	possible.	
We	suggest	the	use	of	the	LOVE	and	LET	score	for	future	reports	on	lower	ex-
tremity	venous	thrombo-embolic	disease.	(18,19)	Another	possible	reason	for	a	
longer	 clot-lysis	 time	 in	our	 series	 is	 related	 to	 clot	age.	The	average	clot	age	
treated	 in	 the	CaVenT-study	was	6	days.	The	clots	we	encountered	 in	our	pa-
tient	 population	 were	 older	 with	 most	 patients	 presenting	 after	 7-13	 days.	
Older	clots	are	 thought	 to	be	more	difficult	 to	 lyse.	This	emphasizes	 the	need	
for	optimal	patient	selection.		

Our	study	shows	safety	and	feasibility	of	UACDT	in	patients	with	acute	iliofem-
oral	DVT	using	the	EKOS	endowave	system.	In	about	almost	50%	of	all	patients	
an	 additional	 treatment	 with	 stenting	 and/or	 AV-fistula	 was	 performed.	 In	
most	cases	May-Thurner	syndrome	was	present	and	obstructed	the	outflow	on	
the	 left	 side.	 In	 our	 previously	 reported	 experience	 we	 commented	 on	 early	
rethrombosis	 in	 patients	 with	 delayed	 treatment	 of	 an	 underlying	 obstruc-

	

tion.(15)	Again	in	this	cohort	we	observed	frequent	early	rethrombosis	occur-
ring	 in	11	patients.	Nine	of	 these	patients	had	a	re-intervention,	which	 finally	
led	to	a	patent	venous	tract.	In	most	cases	delay	in	stent	placement	was	consid-
ered	 to	 be	 the	 main	 reason	 for	 early	 rethrombosis.	 We	 recommend	 stent	
placement	 immediately	 after	 successful	 thrombolysis.	 In	 three	 cases	 we	 wit-
nessed	failure	of	anticoagulation,	one	failure	in	administration	of	the	drug	and	
in	 two	cases	 the	patient	had	a	Heparin	 induced	 thrombocytopenia.	Compared	
to	the	study	of	Baekgaard	our	stenting	percentages	are	comparable.(20)	These	
observations	support	the	idea	that,	if	indicated,	immediate	stenting	might	pre-
vent	early	re-thrombosis.	Diagnostic	imaging	plays	a	crucial	role	in	identifying	
these	 underlying	 obstructions.	 In	 our	 study	 in	 both	 centers	 we	 used	 MR-
venography	combined	with	duplex	sonography	routinely	in	all	patients.	These	
imaging	techniques	were	used	to	identify	underlying	stenosis	and	decide	on	the	
treatment	 options.	 We	 experienced	 technical	 problems	 with	 the	 stents	 de-
signed	for	arterial	use,	when	used	in	the	venous	system,	which	in	one	case	led	
to	occlusion	of	the	vein.	Future	dedicated	venous	stents	will	hopefully	prevent	
this	kind	of	technical	failure.	

Although	we	managed	to	achieve	good	secondary	patency	of	the	venous	tract,	
this	does	not	provide	us	with	information	on	the	clinical	outcome	for	the	inci-
dence	of	PTS	or	impact	of	patency	on	the	quality	of	life	in	these	patients.	Future	
studies	should	therefore	preferably	incorporate	clinical	relevant	outcomes	such	
as	PTS	and	Quality	of	life.	

Conclusion	

UACDT	is	feasible	and	safe	with	excellent	secondary	patency.	Adequate	patient	
selection,	dedicated	diagnostic	imaging	and	early	stenting	seem	to	play	an	im-
portant	role	in	the	prevention	of	early	rethrombosis.	
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Discussion	

The	current	standard	for	the	treatment	of	iliofemoral	DVT	consists	of	anticoag-
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considered	standard	treatment.	Our	data	shows	that	the	risk	of	major	bleeding	
is	 low.	Techniques	such	as	UACDT	may	further	decrease	complication	rates	of	
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Older	clots	are	 thought	 to	be	more	difficult	 to	 lyse.	This	emphasizes	 the	need	
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Our	study	shows	safety	and	feasibility	of	UACDT	in	patients	with	acute	iliofem-
oral	DVT	using	the	EKOS	endowave	system.	In	about	almost	50%	of	all	patients	
an	 additional	 treatment	 with	 stenting	 and/or	 AV-fistula	 was	 performed.	 In	
most	cases	May-Thurner	syndrome	was	present	and	obstructed	the	outflow	on	
the	 left	 side.	 In	 our	 previously	 reported	 experience	 we	 commented	 on	 early	
rethrombosis	 in	 patients	 with	 delayed	 treatment	 of	 an	 underlying	 obstruc-
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ered	 to	 be	 the	 main	 reason	 for	 early	 rethrombosis.	 We	 recommend	 stent	
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in	 two	cases	 the	patient	had	a	Heparin	 induced	 thrombocytopenia.	Compared	
to	the	study	of	Baekgaard	our	stenting	percentages	are	comparable.(20)	These	
observations	support	the	idea	that,	if	indicated,	immediate	stenting	might	pre-
vent	early	re-thrombosis.	Diagnostic	imaging	plays	a	crucial	role	in	identifying	
these	 underlying	 obstructions.	 In	 our	 study	 in	 both	 centers	 we	 used	 MR-
venography	combined	with	duplex	sonography	routinely	in	all	patients.	These	
imaging	techniques	were	used	to	identify	underlying	stenosis	and	decide	on	the	
treatment	 options.	 We	 experienced	 technical	 problems	 with	 the	 stents	 de-
signed	for	arterial	use,	when	used	in	the	venous	system,	which	in	one	case	led	
to	occlusion	of	the	vein.	Future	dedicated	venous	stents	will	hopefully	prevent	
this	kind	of	technical	failure.	

Although	we	managed	to	achieve	good	secondary	patency	of	the	venous	tract,	
this	does	not	provide	us	with	information	on	the	clinical	outcome	for	the	inci-
dence	of	PTS	or	impact	of	patency	on	the	quality	of	life	in	these	patients.	Future	
studies	should	therefore	preferably	incorporate	clinical	relevant	outcomes	such	
as	PTS	and	Quality	of	life.	

Conclusion	

UACDT	is	feasible	and	safe	with	excellent	secondary	patency.	Adequate	patient	
selection,	dedicated	diagnostic	imaging	and	early	stenting	seem	to	play	an	im-
portant	role	in	the	prevention	of	early	rethrombosis.	
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Chapter 9
	

Abstract	

Introduction:	 Stent	 placement	 in	 the	 venous	 system	 is	 an	 increasingly	 used	
treatment	modality	in	chronic	venous	obstruction	and	as	additional	treatment	
after	thrombolytic	therapy	in	iliofemoral	DVT.	We	report	on	our	experience	in	
treating	 in-stent	 thrombosis	 with	 Ultrasound	 Accelerated	 Catheter	 Directed	
Thrombolysis	(UACDT).	

Methods:	Retrospective	analysis	of	patients	treated	for	venous	stent	occlusion,	
after	 Percutaneous	 Transluminal	 Angioplasty	 (PTA)	 and	 stent	 placement	 for	
either	chronic	venous	occlusive	disease	or	persistent	vein	compression	 in	pa-
tients	with	 acute	DVT.	Duration	of	 occlusion	 and	 suspected	 clot	 age	were	 as-
sessed	using	patient	complaints	and	typical	findings	on	duplex	ultrasonography	
(DUS).	DUS	and	venography	were	used	to	assess	patency	and	to	determine	the	
cause	 of	 reocclusion.	Acute	 treatment	 of	 occlusion	 consisted	of	UACDT.	Addi-
tional	procedures	included:	PTA,	stent	placement,	and	creation	of	an	arteriove-
nous-fistula.		

Results:	We	identified	18	patients,	who	were	treated	for	occluded	stent	tracts	
with	UACDT	between	 January	2009	and	 July	2014.	Median	age	was	43	years,	
and	67%	were	male.	Indications	for	initial	stenting	were;	treatment	of	chronic	
venous	obstructive	disease	in	12	patients	and	treatment	of	underlying	obstruc-
tion	after	initial	thrombolysis	in	acute	DVT	in	6	patients.	Technical	success	was	
achieved	 in	61%	(11/18).	Primary	patency	at	 last	 follow-up	was	73%	(8/11),	
during	median	follow-up	of	14	months	(0-41).	Additional	treatments	after	suc-
cessful	 lysis	were;	 restenting	 in	 7	 patients,	 and	 creation	 of	 an	 arteriovenous-
fistula	in	6	patients	

Conclusion:	 Treatment	with	 ultrasound-accelerated	 catheter	 directed	 throm-
bolysis	of	occluded	stent	 tracts	 is	 feasible	and	effective..	Recanalization	of	 the	
stent	 tract	 can	 be	 achieved	 in	most	 cases.	 Additional	 interventions	were	 fre-
quently	 used	 after	 successful	 UACDT	 treatment.	 Most	 stent	 occlusions	 were	
caused	by	stent	related	problems.		

	

Introduction	

During	the	last	two	decades	endovenous	recanalization,	by	percutaneous	trans-
luminal	angioplasty	(PTA)	and	stenting,	 in	chronic	deep	venous	occlusive	dis-
ease	has	quickly	gained	in	popularity.	Many	authors	have	shown	excellent	clini-
cal	success	rates.	1-3	Because	of	this,	and	as	stenting	seems	to	be	the	only	treat-
ment	 aimed	 at	 resolving	 the	 underlying	 pathology	 in	 post-thrombotic	 syn-
drome	(PTS)	and	 iliac	vein	compression	syndromes,	 it	has	been	 implemented	
in	many	expert-venous	centers	worldwide	as	a	 first-line	 treatment.	Complica-
tion	 rates	 have	 been	 shown	 to	 be	 mild,	 with	 generally	 no	 clinically	 relevant	
pulmonary	 embolisms	 and	 no	 procedure	 related	 mortality.	 3-5	 The	 most	 im-
portant	complication	is	acute	reocclusion	of	the	stented	venous	segments,	with	
or	without	 thrombus	propagation	 into	proximal	or	distal	 vein	 tracts.	This	oc-
curs	 in	 20-30%	 of	 cases,	 even	 when	 adequate	 anticoagulation	 regimens	 are	
used.4	 In	 cases	 of	 stent	 re-occlusion	 return	 of	 signs	 and	 symptoms	of	 venous	
disease	can	be	expected,	and	in	some	cases	even	worsening	of	complaints	com-
pared	to	the	pre-recanalization	state.	An	important	step	in	preventing	reocclu-
sion	 is	 to	guarantee	adequate	 in-	 and	outflow	 for	 the	 stents.	 Inflow	problems	
can	arise	when	veins	 caudal	 to	 the	 stented	 segments	 are	 also	 involved	 in	 the	
post-thrombotic	process,	most	notably	 the	 femoral	 and	deep	 femoral	 vein,	 as	
flow	volume	in	those	cases	might	not	be	sufficient	to	maintain	patency.	Outflow	
problems	arise	when	venous	tracts	cephalad	to	the	stents	are	(partly)	occluded	
due	 to	 endoluminal	 pathology	 or	 external	 compression.	 Furthermore	 in-stent	
problems,	 for	example	residual	compression	by	overlying	arteries	or	stenosis,	
kinking	or	fractures	are	also	thought	to	lead	to	higher	loss	of	patency.	Preven-
tion	by	extending	stents	cephalad	or	caudal	into	a	healthy	vein	tract	and	using	
stents	 that	withstand	 the	pressure	 from	overlying	 structures	 such	 as	 arteries	
and	do	not	kink	are	therefore	very	important.6	Adequate	antithrombotic	thera-
py	is	also	important	in	preventing	rethrombosis.	

In	 cases	 where	 reocclusion	 does	 occur	 removal	 of	 as	 much	 of	 the	 thrombus	
load	as	quickly	as	possible	is	generally	thought	necessary.7	One	possible	option	
is	 to	 remove	 the	 thrombus,	 by	means	 of	 pharmaco-mechanical	 thrombolysis.	
Ultrasound	 accelerated	 catheter	 directed	 thrombolysis	 (UACDT)	 is	 used	 for	
acute	occlusions	in	the	arterial	system,	DVT	and	pulmonary	embolism.	8-11	Lit-
erature	shows	good	safety	and	feasibility	for	UACDT	for	these	indications.	Pos-
sible	advantages	of	UACDT	over	the	use	of	a	normal	thrombolysis	catheter	are:	
shortened	treatment	duration	and	less	thrombolytics	used	reducing	the	risk	of	
(major)	 bleeding.12	 With	 adequate	 patient	 selection,	 the	 chance	 of	 gaining	
technical	success	is	around	90%	in	reported	literature	associated	with	minimal	
bleeding	risk.13		
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Abstract	

Introduction:	 Stent	 placement	 in	 the	 venous	 system	 is	 an	 increasingly	 used	
treatment	modality	in	chronic	venous	obstruction	and	as	additional	treatment	
after	thrombolytic	therapy	in	iliofemoral	DVT.	We	report	on	our	experience	in	
treating	 in-stent	 thrombosis	 with	 Ultrasound	 Accelerated	 Catheter	 Directed	
Thrombolysis	(UACDT).	

Methods:	Retrospective	analysis	of	patients	treated	for	venous	stent	occlusion,	
after	 Percutaneous	 Transluminal	 Angioplasty	 (PTA)	 and	 stent	 placement	 for	
either	chronic	venous	occlusive	disease	or	persistent	vein	compression	 in	pa-
tients	with	 acute	DVT.	Duration	of	 occlusion	 and	 suspected	 clot	 age	were	 as-
sessed	using	patient	complaints	and	typical	findings	on	duplex	ultrasonography	
(DUS).	DUS	and	venography	were	used	to	assess	patency	and	to	determine	the	
cause	 of	 reocclusion.	Acute	 treatment	 of	 occlusion	 consisted	of	UACDT.	Addi-
tional	procedures	included:	PTA,	stent	placement,	and	creation	of	an	arteriove-
nous-fistula.		

Results:	We	identified	18	patients,	who	were	treated	for	occluded	stent	tracts	
with	UACDT	between	 January	2009	and	 July	2014.	Median	age	was	43	years,	
and	67%	were	male.	Indications	for	initial	stenting	were;	treatment	of	chronic	
venous	obstructive	disease	in	12	patients	and	treatment	of	underlying	obstruc-
tion	after	initial	thrombolysis	in	acute	DVT	in	6	patients.	Technical	success	was	
achieved	 in	61%	(11/18).	Primary	patency	at	 last	 follow-up	was	73%	(8/11),	
during	median	follow-up	of	14	months	(0-41).	Additional	treatments	after	suc-
cessful	 lysis	were;	 restenting	 in	 7	 patients,	 and	 creation	 of	 an	 arteriovenous-
fistula	in	6	patients	

Conclusion:	 Treatment	with	 ultrasound-accelerated	 catheter	 directed	 throm-
bolysis	of	occluded	stent	 tracts	 is	 feasible	and	effective..	Recanalization	of	 the	
stent	 tract	 can	 be	 achieved	 in	most	 cases.	 Additional	 interventions	were	 fre-
quently	 used	 after	 successful	 UACDT	 treatment.	 Most	 stent	 occlusions	 were	
caused	by	stent	related	problems.		

	

Introduction	

During	the	last	two	decades	endovenous	recanalization,	by	percutaneous	trans-
luminal	angioplasty	(PTA)	and	stenting,	 in	chronic	deep	venous	occlusive	dis-
ease	has	quickly	gained	in	popularity.	Many	authors	have	shown	excellent	clini-
cal	success	rates.	1-3	Because	of	this,	and	as	stenting	seems	to	be	the	only	treat-
ment	 aimed	 at	 resolving	 the	 underlying	 pathology	 in	 post-thrombotic	 syn-
drome	(PTS)	and	 iliac	vein	compression	syndromes,	 it	has	been	 implemented	
in	many	expert-venous	centers	worldwide	as	a	 first-line	 treatment.	Complica-
tion	 rates	 have	 been	 shown	 to	 be	 mild,	 with	 generally	 no	 clinically	 relevant	
pulmonary	 embolisms	 and	 no	 procedure	 related	 mortality.	 3-5	 The	 most	 im-
portant	complication	is	acute	reocclusion	of	the	stented	venous	segments,	with	
or	without	 thrombus	propagation	 into	proximal	or	distal	 vein	 tracts.	This	oc-
curs	 in	 20-30%	 of	 cases,	 even	 when	 adequate	 anticoagulation	 regimens	 are	
used.4	 In	 cases	 of	 stent	 re-occlusion	 return	 of	 signs	 and	 symptoms	of	 venous	
disease	can	be	expected,	and	in	some	cases	even	worsening	of	complaints	com-
pared	to	the	pre-recanalization	state.	An	important	step	in	preventing	reocclu-
sion	 is	 to	guarantee	adequate	 in-	 and	outflow	 for	 the	 stents.	 Inflow	problems	
can	arise	when	veins	 caudal	 to	 the	 stented	 segments	 are	 also	 involved	 in	 the	
post-thrombotic	process,	most	notably	 the	 femoral	 and	deep	 femoral	 vein,	 as	
flow	volume	in	those	cases	might	not	be	sufficient	to	maintain	patency.	Outflow	
problems	arise	when	venous	tracts	cephalad	to	the	stents	are	(partly)	occluded	
due	 to	 endoluminal	 pathology	 or	 external	 compression.	 Furthermore	 in-stent	
problems,	 for	example	residual	compression	by	overlying	arteries	or	stenosis,	
kinking	or	fractures	are	also	thought	to	lead	to	higher	loss	of	patency.	Preven-
tion	by	extending	stents	cephalad	or	caudal	into	a	healthy	vein	tract	and	using	
stents	 that	withstand	 the	pressure	 from	overlying	 structures	 such	 as	 arteries	
and	do	not	kink	are	therefore	very	important.6	Adequate	antithrombotic	thera-
py	is	also	important	in	preventing	rethrombosis.	

In	 cases	 where	 reocclusion	 does	 occur	 removal	 of	 as	 much	 of	 the	 thrombus	
load	as	quickly	as	possible	is	generally	thought	necessary.7	One	possible	option	
is	 to	 remove	 the	 thrombus,	 by	means	 of	 pharmaco-mechanical	 thrombolysis.	
Ultrasound	 accelerated	 catheter	 directed	 thrombolysis	 (UACDT)	 is	 used	 for	
acute	occlusions	in	the	arterial	system,	DVT	and	pulmonary	embolism.	8-11	Lit-
erature	shows	good	safety	and	feasibility	for	UACDT	for	these	indications.	Pos-
sible	advantages	of	UACDT	over	the	use	of	a	normal	thrombolysis	catheter	are:	
shortened	treatment	duration	and	less	thrombolytics	used	reducing	the	risk	of	
(major)	 bleeding.12	 With	 adequate	 patient	 selection,	 the	 chance	 of	 gaining	
technical	success	is	around	90%	in	reported	literature	associated	with	minimal	
bleeding	risk.13		
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We	report	on	our	experience	of	treating	in-stent	thrombosis	with	UACDT	in	
patients	 referred	 to	our	 tertiary	 center.	 Furthermore	we	describe	 the	pit-
falls	 that	we	 have	 encountered	 in	 these	 cases	 and	 provide	 recommenda-
tions	how	to	follow-up	on	patients	after	venous	stenting.	

Methods	

Population:	
From	October	2009	till	July	2014	all	patients	treated	for	venous	stent	occlusion	
by	UACDT	were	eligible	for	retrospective	analysis.	All	patients	were	evaluated	
for	 bleeding	 risk.	 Indication	 for	 primary	 stent	 placement	 was	 either	 chronic	
venous	occlusive	disease	or	persistent	vein	compression	in	patients	with	acute	
iliofemoral	 DVT	 during	 thrombolytic	 therapy.	 Time	 between	 stent	 placement	
and	occlusion	was	assessed	and	divided	into	two	groups	(within	6	months	after	
stent	 placement,	 and	 longer	 than	 6	months	 after	 stent	 placement).	 Occlusion	
side	was	 noted	 and	 if	 available	 thrombophilia	 status	was	 reported.	 No	 addi-
tional	 testing	for	thrombophilia	 factors	was	performed.	Duration	of	 the	occlu-
sion	and	suspected	clot	age	were	assessed	using	patient	complaints	and	 find-
ings	on	duplex	ultrasonography	(DUS).14	Patient	complaints	were	assessed	and	
used	as	the	criterion	to	categorize	patients	into	two	groups;	21	days	or	shorter	
interval	of	complaints	and	complaints	for	over	21	days.	The	last	patent	duplex	
scan	was	taken	as	a	reference	value	for	assessment	of	clot	age.	Stent	occlusion	
was	 diagnosed	 using	 DUS	 with	 normal	 B-mode	 settings,	 power-flow,	 e-flow,	
conventional	color	and	pulse	wave	Doppler	to	assess	flow	in	the	stent	tract.	We	
used	at	least	one	of	the	available	modalities	or	combinations.	The	venous	tract	
was	assessed	 in	both	transverse	and	 longitudinal	planes.	 In	order	 to	visualize	
flow	 in	 the	 stented	 ilio-caval	 tract	 a	 number	 of	 flow	 augmenting	 maneuvers	
were	performed	such	as	inspiration	and	expiration,	dorsiflexion	of	the	foot,	and	
gluteal	muscle	contraction.		

Before	 recanalization	and	 catheter	placement,	 venography	was	 routinely	per-
formed,	to	confirm	the	diagnosis	of	stent	occlusion.	

Dutch	 law	 allows	 for	 retrospective	 analysis	 of	 patient	 data	 without	 specific	
approval	of	an	ethical	committee.		

Intervention:	
The	 interventional	 radiologist	 placed	 the	 UACDT	 catheter	 under	 venographic	
control.	The	EKOS®	EndowaveTM	Peripheral	Lysis	System	(BTG	International	
Ltd,	L)	consists	of	a	multi-lumen	infusion	catheter	with	removable,	coaxial	Ul-
trasound	 (US)	 cores	 and	 a	 control	 unit	 that	 simultaneously	 delivers	 high-
frequency	 (2.2	MHz),	 low-energy	 (0.45	W)	 US	 energy	 and	 thrombolytic	 drug	

	

into	the	thrombus.	All	patients	received	UACDT	with	the	EKOS	Endowave	sys-
tem.	Urokinase	(Medacinase®	Lamepro	the	Netherlands)	was	in	all	cases	used	
as	 the	 thrombolytic	 agent.	 Urokinase	 was	 administered	 with	 100	 000	
units/hour	 after	 a	 single	 bolus	 of	 250	 000	 units	 at	 the	 start	 of	 treatment.	 In	
cases	of	bilateral	occlusion,	 two	catheters	were	 inserted	and	 the	drug	dosage	
was	evenly	divided	over	the	two	catheters,	each	with	their	own	EKOS	machine.	
During	 thrombolysis	 fibrinogen	 levels,	Hemoglobin	 levels	 (Hb),	 activated	par-
tial	 thromboplastin	 time	 (APTT),	 prothrombin	 time	 standardized	 to	 interna-
tional	normalized	ratio	(INR),	thrombocytes	and	D-dimer	levels	were	routinely	
monitored.	During	active	thrombolysis,	anticoagulant	treatment	was	substitut-
ed	 by	 intravenous	 unfractionated	 heparin	 guided	 by	 APTT	 (between	 40-60	
seconds	or	1.2-1.7	times	the	reference	value	of	34	seconds).	At	the	same	time	
patients	were	fitted	with	intermittent	pneumatic	compression	sleeves.	Inferior	
vena	 cava	 filters	 are	 not	 used	 routinely	 in	 our	 hospital.	 None	 of	 our	 patients	
received	 a	 caval	 filter.	 After	 thrombolysis,	 patients	 either	 resumed	or	 started	
oral	 anticoagulation	 for	 at	 least	 6	 months	 or,	 if	 indicated	 lifelong	 (recurrent	
DVT).	Adequate	anticoagulation	was	achieved	with	Coumadin	with	an	Interna-
tional	normalized	ratio	(INR)	between	2.5	and	3.5	according	to	the	standards	of	
the	Dutch	federation	of	thrombosis	services	(FNT)	or	Rivaroxaban	20mg	once	
daily.	The	choice	of	anticoagulant	agent	was	based	on	patient	preference.	Com-
pressive	stockings	were	routinely	offered	to	patients	and	worn	based	on	pref-
erence	of	the	patient.	Mobilization	was	encouraged	as	much	as	possible.	

Assessment	of	recanalization:	
Phlebographic	control	was	performed	on	a	daily	basis	to	monitor	thrombolysis	
progression	and	to	evaluate	obstructions	in	the	venous	outflow	tract.	Duration	
of	thrombolysis	was	determined	by	assessment	of	phlebographic	 imaging	and	
the	point	where	>	90%	lysis	of	the	clot	was	achieved.15	Thrombolysis	was	con-
tinued	in	a	number	of	cases,	because	of	bridging	towards	additional	treatment.	
We	tried	to	determine	the	cause	of	the	stent	thrombosis	by	means	of	phlebog-
raphy	from	multiple	angles.	In	some	cases	cone-beam	CT	was	used	to	create	a	
3D	 reconstruction	 of	 the	 stent	 tract.	 If	 the	 reason	 for	 thrombosis	 of	 the	 tract	
was	identified,	adequate	measures	were	taken	to	resolve	the	problem	and	pre-
vent	 future	 rethrombosis.	 Objective	 identification	 of	 the	 underlying	 cause	 of	
stent	thrombosis	was	only	possible	in	patients	with	successful	thrombolysis.		

Additional	procedures	
After	successful	UACDT	procedures,	patients	received	additional	interventions	
if	 indicated.	 Additional	 procedures	were	 performed	 as	 soon	 as	 possible	 after	
successful	thrombolysis.	Additional	procedures	such	as,	percutaneous	translu-
minal	 angioplasty	 (PTA)	 with	 or	 without	 re-stenting	 were	 performed	 by	 the	
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We	report	on	our	experience	of	treating	in-stent	thrombosis	with	UACDT	in	
patients	 referred	 to	our	 tertiary	 center.	 Furthermore	we	describe	 the	pit-
falls	 that	we	 have	 encountered	 in	 these	 cases	 and	 provide	 recommenda-
tions	how	to	follow-up	on	patients	after	venous	stenting.	

Methods	

Population:	
From	October	2009	till	July	2014	all	patients	treated	for	venous	stent	occlusion	
by	UACDT	were	eligible	for	retrospective	analysis.	All	patients	were	evaluated	
for	 bleeding	 risk.	 Indication	 for	 primary	 stent	 placement	 was	 either	 chronic	
venous	occlusive	disease	or	persistent	vein	compression	in	patients	with	acute	
iliofemoral	 DVT	 during	 thrombolytic	 therapy.	 Time	 between	 stent	 placement	
and	occlusion	was	assessed	and	divided	into	two	groups	(within	6	months	after	
stent	 placement,	 and	 longer	 than	 6	months	 after	 stent	 placement).	 Occlusion	
side	was	 noted	 and	 if	 available	 thrombophilia	 status	was	 reported.	 No	 addi-
tional	 testing	for	thrombophilia	 factors	was	performed.	Duration	of	 the	occlu-
sion	and	suspected	clot	age	were	assessed	using	patient	complaints	and	 find-
ings	on	duplex	ultrasonography	(DUS).14	Patient	complaints	were	assessed	and	
used	as	the	criterion	to	categorize	patients	into	two	groups;	21	days	or	shorter	
interval	of	complaints	and	complaints	for	over	21	days.	The	last	patent	duplex	
scan	was	taken	as	a	reference	value	for	assessment	of	clot	age.	Stent	occlusion	
was	 diagnosed	 using	 DUS	 with	 normal	 B-mode	 settings,	 power-flow,	 e-flow,	
conventional	color	and	pulse	wave	Doppler	to	assess	flow	in	the	stent	tract.	We	
used	at	least	one	of	the	available	modalities	or	combinations.	The	venous	tract	
was	assessed	 in	both	transverse	and	 longitudinal	planes.	 In	order	 to	visualize	
flow	 in	 the	 stented	 ilio-caval	 tract	 a	 number	 of	 flow	 augmenting	 maneuvers	
were	performed	such	as	inspiration	and	expiration,	dorsiflexion	of	the	foot,	and	
gluteal	muscle	contraction.		

Before	 recanalization	and	 catheter	placement,	 venography	was	 routinely	per-
formed,	to	confirm	the	diagnosis	of	stent	occlusion.	

Dutch	 law	 allows	 for	 retrospective	 analysis	 of	 patient	 data	 without	 specific	
approval	of	an	ethical	committee.		

Intervention:	
The	 interventional	 radiologist	 placed	 the	 UACDT	 catheter	 under	 venographic	
control.	The	EKOS®	EndowaveTM	Peripheral	Lysis	System	(BTG	International	
Ltd,	L)	consists	of	a	multi-lumen	infusion	catheter	with	removable,	coaxial	Ul-
trasound	 (US)	 cores	 and	 a	 control	 unit	 that	 simultaneously	 delivers	 high-
frequency	 (2.2	MHz),	 low-energy	 (0.45	W)	 US	 energy	 and	 thrombolytic	 drug	

	

into	the	thrombus.	All	patients	received	UACDT	with	the	EKOS	Endowave	sys-
tem.	Urokinase	(Medacinase®	Lamepro	the	Netherlands)	was	in	all	cases	used	
as	 the	 thrombolytic	 agent.	 Urokinase	 was	 administered	 with	 100	 000	
units/hour	 after	 a	 single	 bolus	 of	 250	 000	 units	 at	 the	 start	 of	 treatment.	 In	
cases	of	bilateral	occlusion,	 two	catheters	were	 inserted	and	 the	drug	dosage	
was	evenly	divided	over	the	two	catheters,	each	with	their	own	EKOS	machine.	
During	 thrombolysis	 fibrinogen	 levels,	Hemoglobin	 levels	 (Hb),	 activated	par-
tial	 thromboplastin	 time	 (APTT),	 prothrombin	 time	 standardized	 to	 interna-
tional	normalized	ratio	(INR),	thrombocytes	and	D-dimer	levels	were	routinely	
monitored.	During	active	thrombolysis,	anticoagulant	treatment	was	substitut-
ed	 by	 intravenous	 unfractionated	 heparin	 guided	 by	 APTT	 (between	 40-60	
seconds	or	1.2-1.7	times	the	reference	value	of	34	seconds).	At	the	same	time	
patients	were	fitted	with	intermittent	pneumatic	compression	sleeves.	Inferior	
vena	 cava	 filters	 are	 not	 used	 routinely	 in	 our	 hospital.	 None	 of	 our	 patients	
received	 a	 caval	 filter.	 After	 thrombolysis,	 patients	 either	 resumed	or	 started	
oral	 anticoagulation	 for	 at	 least	 6	 months	 or,	 if	 indicated	 lifelong	 (recurrent	
DVT).	Adequate	anticoagulation	was	achieved	with	Coumadin	with	an	Interna-
tional	normalized	ratio	(INR)	between	2.5	and	3.5	according	to	the	standards	of	
the	Dutch	federation	of	thrombosis	services	(FNT)	or	Rivaroxaban	20mg	once	
daily.	The	choice	of	anticoagulant	agent	was	based	on	patient	preference.	Com-
pressive	stockings	were	routinely	offered	to	patients	and	worn	based	on	pref-
erence	of	the	patient.	Mobilization	was	encouraged	as	much	as	possible.	

Assessment	of	recanalization:	
Phlebographic	control	was	performed	on	a	daily	basis	to	monitor	thrombolysis	
progression	and	to	evaluate	obstructions	in	the	venous	outflow	tract.	Duration	
of	thrombolysis	was	determined	by	assessment	of	phlebographic	 imaging	and	
the	point	where	>	90%	lysis	of	the	clot	was	achieved.15	Thrombolysis	was	con-
tinued	in	a	number	of	cases,	because	of	bridging	towards	additional	treatment.	
We	tried	to	determine	the	cause	of	the	stent	thrombosis	by	means	of	phlebog-
raphy	from	multiple	angles.	In	some	cases	cone-beam	CT	was	used	to	create	a	
3D	 reconstruction	 of	 the	 stent	 tract.	 If	 the	 reason	 for	 thrombosis	 of	 the	 tract	
was	identified,	adequate	measures	were	taken	to	resolve	the	problem	and	pre-
vent	 future	 rethrombosis.	 Objective	 identification	 of	 the	 underlying	 cause	 of	
stent	thrombosis	was	only	possible	in	patients	with	successful	thrombolysis.		

Additional	procedures	
After	successful	UACDT	procedures,	patients	received	additional	interventions	
if	 indicated.	 Additional	 procedures	were	 performed	 as	 soon	 as	 possible	 after	
successful	thrombolysis.	Additional	procedures	such	as,	percutaneous	translu-
minal	 angioplasty	 (PTA)	 with	 or	 without	 re-stenting	 were	 performed	 by	 the	
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interventional	radiologist.	Surgical	procedures	to	 increase	 inflow	such	as	con-
struction	of	an	AV-fistula	between	the	common	femoral	vein	and	artery	or	en-
dophlebectomy	 were	 performed	 by	 the	 vascular	 surgeon.	 We	 used	 self-
expandable	 stents	 for	 stenting	 for	 underlying	 obstructions	 (sinus-XL®	 and	
sinus-Venous®	from	Optimed	and	Zilver	vena™	from	Cook®).	Various	diame-
ters	and	lengths	stents	were	used	ranging	from	12	to	26	mm	in	diameter	and	
60-150	mm	in	length.	Stent	sizes	were	determined	by	multiplanar	venography.	

Complications	
Complications	 following	 thrombolysis	 and	 follow-up	 were	 categorized	 into	
groups.	 These	 included	 bleeding	 complications,	 pulmonary	 embolism	 (PE),	
recurrent	thrombosis,	infections	and	others.	Bleeding	was	classified	as	major,	if	
it	was	overt	with	a	 fall	 in	hemoglobin	of	≥	2	g/dl,	or	when	hemorrhage	 led	to	
transfusion	of	2	units	of	packed	red	blood	cells	(RBCs)	or	whole	blood.	Bleeding	
situated	in	a	critical	organ	(intra-cranial,	retroperitoneal	or	pericardial)	or,	if	it	
contributed	to	death,	was	also	defined	as	a	major	bleeding.	Bleeding	was	classi-
fied	as	minor,	if	it	was	situated	near	the	catheter-insertion	site.	

Follow-up	
Standardized	follow-up	was	performed.	Patients	returned	at	2	weeks,	6	weeks,	
3	months,	 6	months,	 1	 year,	 and	 yearly	 thereafter.	 If	 the	 patient	 experienced	
complaints,	 follow-up	was	 performed	 at	 the	 earliest	 convenience,	 usually	 the	
same	or	the	next	day.	During	follow-up	patency	of	the	stent	tract	was	assessed	
using	DUS.	A	dedicated	sonographer	performed	DUS.	Recurrence,	retreatment,	
PE,	and	other	complications	were	recorded.		

We	standardized	routine	follow-up	after	stenting	in	this	manner:	the	day	after	
stenting,	patients	were	checked	with	DUS	to	ensure	patency	of	the	tract	prior	to	
discharge.	At	2	weeks,	6	weeks,	3	months	and	6	months	after	stenting	the	pa-
tients	 were	 seen	 with	 clinical	 follow-up	 and	 routine	 DUS	 examination.	 The	
complete	 stented	 tract	 was	 visualized	 in	 every	 patient.	 Apparent	 thrombosis	
and/or	lack	of	flow	in	the	stented	tract	were	used	to	determine	patency.	

Results		

Patients		
A	 total	 of	 19	 legs	 in	 18	 patients	 were	 treated	 with	 UACDT	 for	 venous	 stent	
thrombosis.	The	majority	of	patients	were	male.	The	average	age	of	the	group	
was	43	years	at	time	of	thrombolysis.	In	33%	of	cases	the	initial	indication	for	
stent	placement	was	to	treat	an	underlying	stenosis	after	acute	iliofemoral	DVT	
treatment	 with	 UACDT.	 The	 remaining	 67%	 received	 PTA	 and	 stenting	 as	 a	

	

treatment	 for	 chronic	 deep	 venous	 obstruction	 and	 subsequent	 complaints.	
Most	stents	were	placed	in	the	left	iliac	tract	(67%).	We	noticed	that	most	stent	
occlusions	occurred	within	6	months	after	initial	placement	of	the	stents	(83%	
of	patients).	In	72%	(n=13)	of	patients	we	were	able	to	assess	the	duration	of	
complaints.	In	the	other	cases	it	was	not	possible	to	make	an	indication	of	dura-
tion	 of	 complaints,	 either	 because	 of	 vague	 complaints	 or	 absence	 of	 com-
plaints.	Eleven	patients	were	assessed	as	having	acute	thrombosis	(less	than	21	
days	according	 to	 the	 reporting	 standards	 in	venous	disease).	Patient	 charac-
teristics	are	summarized	in	table	1.	

Before	 the	UACDT	 to	 treat	 the	 in-stent	 rethrombosis,	 patients	 had	 received	 a	
median	 of	 3	 (1-13)	 stents	 in	 1-3	 stenting	 sessions.	 This	was	 done	 on	 the	 left	
side	in	13,	on	the	right	side	in	1	and	bilaterally	in	3	cases;	one	patient	only	had	
stents	placed	 in	 the	 inferior	 caval	 vein.	 In	 all	 patients	Nitinol	 self-expandable	
stents	were	used	(sinus	XL,	sinus	repo-visual,	sinus	Venous),	in	two	cases	these	
were	 combined	 with	 Wallstent	 placement	 and	 in	 one	 case	 with	 balloon-
expandable	stents	(Andramed).		
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interventional	radiologist.	Surgical	procedures	to	 increase	 inflow	such	as	con-
struction	of	an	AV-fistula	between	the	common	femoral	vein	and	artery	or	en-
dophlebectomy	 were	 performed	 by	 the	 vascular	 surgeon.	 We	 used	 self-
expandable	 stents	 for	 stenting	 for	 underlying	 obstructions	 (sinus-XL®	 and	
sinus-Venous®	from	Optimed	and	Zilver	vena™	from	Cook®).	Various	diame-
ters	and	lengths	stents	were	used	ranging	from	12	to	26	mm	in	diameter	and	
60-150	mm	in	length.	Stent	sizes	were	determined	by	multiplanar	venography.	

Complications	
Complications	 following	 thrombolysis	 and	 follow-up	 were	 categorized	 into	
groups.	 These	 included	 bleeding	 complications,	 pulmonary	 embolism	 (PE),	
recurrent	thrombosis,	infections	and	others.	Bleeding	was	classified	as	major,	if	
it	was	overt	with	a	 fall	 in	hemoglobin	of	≥	2	g/dl,	or	when	hemorrhage	 led	to	
transfusion	of	2	units	of	packed	red	blood	cells	(RBCs)	or	whole	blood.	Bleeding	
situated	in	a	critical	organ	(intra-cranial,	retroperitoneal	or	pericardial)	or,	if	it	
contributed	to	death,	was	also	defined	as	a	major	bleeding.	Bleeding	was	classi-
fied	as	minor,	if	it	was	situated	near	the	catheter-insertion	site.	

Follow-up	
Standardized	follow-up	was	performed.	Patients	returned	at	2	weeks,	6	weeks,	
3	months,	 6	months,	 1	 year,	 and	 yearly	 thereafter.	 If	 the	 patient	 experienced	
complaints,	 follow-up	was	 performed	 at	 the	 earliest	 convenience,	 usually	 the	
same	or	the	next	day.	During	follow-up	patency	of	the	stent	tract	was	assessed	
using	DUS.	A	dedicated	sonographer	performed	DUS.	Recurrence,	retreatment,	
PE,	and	other	complications	were	recorded.		

We	standardized	routine	follow-up	after	stenting	in	this	manner:	the	day	after	
stenting,	patients	were	checked	with	DUS	to	ensure	patency	of	the	tract	prior	to	
discharge.	At	2	weeks,	6	weeks,	3	months	and	6	months	after	stenting	the	pa-
tients	 were	 seen	 with	 clinical	 follow-up	 and	 routine	 DUS	 examination.	 The	
complete	 stented	 tract	 was	 visualized	 in	 every	 patient.	 Apparent	 thrombosis	
and/or	lack	of	flow	in	the	stented	tract	were	used	to	determine	patency.	

Results		

Patients		
A	 total	 of	 19	 legs	 in	 18	 patients	 were	 treated	 with	 UACDT	 for	 venous	 stent	
thrombosis.	The	majority	of	patients	were	male.	The	average	age	of	the	group	
was	43	years	at	time	of	thrombolysis.	In	33%	of	cases	the	initial	indication	for	
stent	placement	was	to	treat	an	underlying	stenosis	after	acute	iliofemoral	DVT	
treatment	 with	 UACDT.	 The	 remaining	 67%	 received	 PTA	 and	 stenting	 as	 a	

	

treatment	 for	 chronic	 deep	 venous	 obstruction	 and	 subsequent	 complaints.	
Most	stents	were	placed	in	the	left	iliac	tract	(67%).	We	noticed	that	most	stent	
occlusions	occurred	within	6	months	after	initial	placement	of	the	stents	(83%	
of	patients).	In	72%	(n=13)	of	patients	we	were	able	to	assess	the	duration	of	
complaints.	In	the	other	cases	it	was	not	possible	to	make	an	indication	of	dura-
tion	 of	 complaints,	 either	 because	 of	 vague	 complaints	 or	 absence	 of	 com-
plaints.	Eleven	patients	were	assessed	as	having	acute	thrombosis	(less	than	21	
days	according	 to	 the	 reporting	 standards	 in	venous	disease).	Patient	 charac-
teristics	are	summarized	in	table	1.	

Before	 the	UACDT	 to	 treat	 the	 in-stent	 rethrombosis,	 patients	 had	 received	 a	
median	 of	 3	 (1-13)	 stents	 in	 1-3	 stenting	 sessions.	 This	was	 done	 on	 the	 left	
side	in	13,	on	the	right	side	in	1	and	bilaterally	in	3	cases;	one	patient	only	had	
stents	placed	 in	 the	 inferior	 caval	 vein.	 In	 all	 patients	Nitinol	 self-expandable	
stents	were	used	(sinus	XL,	sinus	repo-visual,	sinus	Venous),	in	two	cases	these	
were	 combined	 with	 Wallstent	 placement	 and	 in	 one	 case	 with	 balloon-
expandable	stents	(Andramed).		
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Table	1	shows	the	baseline	characteristics	of	the	patients.	

Patiënt	characteristics	(N=18)	

Gender	(male)	 67%	(n=12)	

Age	(in	years)	mean±SD	

Range	

43±15y	

15y	-	75y	

DVT	history	

First	DVT	

Recurrent	DVT	

	

56%	(n=10)	

44%	(n=8)	

Primary	stent	indication	

Acute	iliofemoral	DVT	

Chronic	venous	obstruction	

	

33%	(n=6)	

67%	(n=12)	

Original	location	stents	

Left	iliac	tract	

Right	iliac	tract	

Inferior	vena	cava		

Inferior	vena	cava	+	left	and	right	iliac	tract	

	

73%	(n=13)	

5%	(n=1)	

5%	(n=1)	

17%	(n=3)	

Time	between	stent	placement	and	stent	occlusion	

<6months	

≥6months	

	

83%	(n=15)	

17%	(n=3)	

Occlusion	side	

Left	iliac	tract	

Right	iliac	tract	

Inferior	vena	cava	

	

67%	(n=12)	

11%	(n=2)	

22%	(n=4)	

Thrombophilia*	(7	patients	tested)	

Positive	

Negative	

Not	tested	

	

28%	(n=5)	

11%	(n=2)	

61%	(n=11)	

Estimated	clot	age	(days)	

≤21	days	

>21	days	

Unclear	

	

61%	(n=11)	

17%	(n=3)	

22%	(n=4)	

Days	until	last	patent	duplex	

≤21	days	

>21	days	

	

44%	(n=8)	

56%	(n=10)	

*	Encountered	thrombophilia:	Factor	V	Leiden,	Anti-Thrombin,	deficiency,	protein	C	deficiency,	and	

anti-phospholipid	syndrome.	

	

	

Treatment	results	and	additional	procedures	
All	patients	underwent	UACDT	with	the	EKOS	catheter.	Catheter	placement	was	
successful	 in	all	cases.	 In	11	of	18	patients	patency	was	successfully	regained.	
This	 resulted	 in	 a	 61%	 technical	 success	 rate	 for	 this	 procedure.	 All	 patients	
with	failed	thrombolysis	had	an	unknown	or	estimated	clot	age	of	over	21	days	
and	last	patent	duplex	more	than	21	days	ago.	Median	lysis	time	of	successfully	
lysed	cases	was	19	hours	(range:	11-101).	In	five	cases	we	performed	addition-
al	stenting	and	created	an	AV-fistula	 to	 treat	an	underlying	cause	such	as	ste-
notic	 lesions	 not	 treated	 previously.	 Figure	 1	 and	 2	 show	 pre-	 and	 post-
thrombolysis	 results.	 Furthermore	 we	 encountered	 stent	 related	 occlusions	
and	insufficient	inflow	in	the	stent	tract.	In	two	cases	we	performed	additional	
stenting	and	in	one	patient	we	secured	inflow	of	the	stent	tract	with	the	crea-
tion	 of	 an	AV-fistula.	 In	 total	 8/11	 (73%)	patients	 needed	 ancillary	 interven-
tions	 after	 successful	 thrombolysis.	 In	 all	 cases	 of	 UACDT	 we	 identified	 the	
underlying	causes	of	rethrombosis.	These	were;	suboptimal	positioning,	failure	
due	 to	 stent	 characteristics	 (kinking	 of	 stents	 and	 stent	 fracture),	 insufficient	
inflow	or	inadequate	anticoagulation.	Figure	3	shows	an	example	of	stent	frac-
ture	 in	 the	 venous	 system.	 Most	 occlusions	 we	 encountered	 were	 related	 to	
stent	 failure	and	suboptimal	positioning.	Table	2	shows	the	treatment	results.	
Table	 3	 shows	 the	 time	 between	 last	 patent	 duplex	 and	 occlusion,	 suspected	
clot	age,	and	suspected	reason	for	reocclusion.		

Figure	1	

	
(A)	In	situ	sinus	venous	stent	in	the	left	common	iliac	vein.	(B)	Digital	subtrac-

tion	venography	with	the	catheter	in	the	common	femoral	vein	shows	con-
trast	filling	of	the	external	and	internal	iliac	veins.	There	is	no	filling	of	the	
(occluded)	 stent	 in	 the	 common	 iliac	 vein.	 (C)	 Recanalization	 of	 the	 stent	
with	 outflow	 of	 contrast	 to	 the	 inferior	 vena	 cava.	 (D)	 Placement	 of	 the	
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Table	1	shows	the	baseline	characteristics	of	the	patients.	

Patiënt	characteristics	(N=18)	

Gender	(male)	 67%	(n=12)	

Age	(in	years)	mean±SD	

Range	

43±15y	

15y	-	75y	

DVT	history	

First	DVT	

Recurrent	DVT	

	

56%	(n=10)	

44%	(n=8)	

Primary	stent	indication	

Acute	iliofemoral	DVT	

Chronic	venous	obstruction	

	

33%	(n=6)	

67%	(n=12)	

Original	location	stents	

Left	iliac	tract	

Right	iliac	tract	

Inferior	vena	cava		

Inferior	vena	cava	+	left	and	right	iliac	tract	

	

73%	(n=13)	

5%	(n=1)	

5%	(n=1)	

17%	(n=3)	

Time	between	stent	placement	and	stent	occlusion	

<6months	

≥6months	

	

83%	(n=15)	

17%	(n=3)	

Occlusion	side	

Left	iliac	tract	

Right	iliac	tract	

Inferior	vena	cava	

	

67%	(n=12)	

11%	(n=2)	

22%	(n=4)	

Thrombophilia*	(7	patients	tested)	

Positive	

Negative	

Not	tested	

	

28%	(n=5)	

11%	(n=2)	

61%	(n=11)	

Estimated	clot	age	(days)	

≤21	days	

>21	days	

Unclear	

	

61%	(n=11)	

17%	(n=3)	

22%	(n=4)	

Days	until	last	patent	duplex	

≤21	days	

>21	days	

	

44%	(n=8)	

56%	(n=10)	

*	Encountered	thrombophilia:	Factor	V	Leiden,	Anti-Thrombin,	deficiency,	protein	C	deficiency,	and	

anti-phospholipid	syndrome.	

	

	

Treatment	results	and	additional	procedures	
All	patients	underwent	UACDT	with	the	EKOS	catheter.	Catheter	placement	was	
successful	 in	all	cases.	 In	11	of	18	patients	patency	was	successfully	regained.	
This	 resulted	 in	 a	 61%	 technical	 success	 rate	 for	 this	 procedure.	 All	 patients	
with	failed	thrombolysis	had	an	unknown	or	estimated	clot	age	of	over	21	days	
and	last	patent	duplex	more	than	21	days	ago.	Median	lysis	time	of	successfully	
lysed	cases	was	19	hours	(range:	11-101).	In	five	cases	we	performed	addition-
al	stenting	and	created	an	AV-fistula	 to	 treat	an	underlying	cause	such	as	ste-
notic	 lesions	 not	 treated	 previously.	 Figure	 1	 and	 2	 show	 pre-	 and	 post-
thrombolysis	 results.	 Furthermore	 we	 encountered	 stent	 related	 occlusions	
and	insufficient	inflow	in	the	stent	tract.	In	two	cases	we	performed	additional	
stenting	and	in	one	patient	we	secured	inflow	of	the	stent	tract	with	the	crea-
tion	 of	 an	AV-fistula.	 In	 total	 8/11	 (73%)	patients	 needed	 ancillary	 interven-
tions	 after	 successful	 thrombolysis.	 In	 all	 cases	 of	 UACDT	 we	 identified	 the	
underlying	causes	of	rethrombosis.	These	were;	suboptimal	positioning,	failure	
due	 to	 stent	 characteristics	 (kinking	 of	 stents	 and	 stent	 fracture),	 insufficient	
inflow	or	inadequate	anticoagulation.	Figure	3	shows	an	example	of	stent	frac-
ture	 in	 the	 venous	 system.	 Most	 occlusions	 we	 encountered	 were	 related	 to	
stent	 failure	and	suboptimal	positioning.	Table	2	shows	the	treatment	results.	
Table	 3	 shows	 the	 time	 between	 last	 patent	 duplex	 and	 occlusion,	 suspected	
clot	age,	and	suspected	reason	for	reocclusion.		

Figure	1	

	
(A)	In	situ	sinus	venous	stent	in	the	left	common	iliac	vein.	(B)	Digital	subtrac-

tion	venography	with	the	catheter	in	the	common	femoral	vein	shows	con-
trast	filling	of	the	external	and	internal	iliac	veins.	There	is	no	filling	of	the	
(occluded)	 stent	 in	 the	 common	 iliac	 vein.	 (C)	 Recanalization	 of	 the	 stent	
with	 outflow	 of	 contrast	 to	 the	 inferior	 vena	 cava.	 (D)	 Placement	 of	 the	
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EKOS	 Endowave	 Peripheral	 Lysis	 System	 (BTG	 International	 Ltd,	 London,	
UK)	thrombolysis	catheter	through	the	occluded	stent.	

Figure	2	

	
(A)	Control	 venography	 after	 extended	 thrombolysis	 and	 balloon	 angioplasty	

shows	an	open	lumen	with	outflow	to	the	inferior	vena	cava	(B)	Extension	
of	 the	 stented	 deep	 vein	 tract	 to	 the	 inferior	 vena	 cava	 and	 external	 iliac	
vein	to	cover	the	entire	deep	vein	obstruction	(C)	Control	venography	after	
stenting	and	balloon	angioplasty	shows	improved	(out)	flow	through	the	ili-
ac	veins	with	persistent	filling	of	pre-sacral	collaterals.	(D)	Final	control	ve-
nography	 after	 additional	 balloon	 angioplasty	 shows	 adequate	 flow	 from	
the	groin	to	the	inferior	vena	cava	without	filling	of	collaterals.		

	

Figure	3	

	
Fractures	of	the	rigid	Sinus	XL	stents	in	the	distal	external	iliac	vein	/	proximal	
common	femoral	vein	are	seen	(arrow).		

Table	2	treatment	results	
UACDT	procedures	(N=18)	

Successful	thrombolysis?	
Successful	
Not	successful	

	
61%	(n=11)	
39%	(n=7)	

Duration	of	successful	thrombolysis	(n=11)	
Median	
Range		

	
19	hours	
11-101	
hours	

Restenting	after	successful	UACDT	(n=11)	 64%	(n=7)	

Other	 additional	 interventions	 after	 successful	 UACDT	
(n=11)	

Arteriovenous	fistula	

	
55%	(n=6)	
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EKOS	 Endowave	 Peripheral	 Lysis	 System	 (BTG	 International	 Ltd,	 London,	
UK)	thrombolysis	catheter	through	the	occluded	stent.	

Figure	2	

	
(A)	Control	 venography	 after	 extended	 thrombolysis	 and	 balloon	 angioplasty	

shows	an	open	lumen	with	outflow	to	the	inferior	vena	cava	(B)	Extension	
of	 the	 stented	 deep	 vein	 tract	 to	 the	 inferior	 vena	 cava	 and	 external	 iliac	
vein	to	cover	the	entire	deep	vein	obstruction	(C)	Control	venography	after	
stenting	and	balloon	angioplasty	shows	improved	(out)	flow	through	the	ili-
ac	veins	with	persistent	filling	of	pre-sacral	collaterals.	(D)	Final	control	ve-
nography	 after	 additional	 balloon	 angioplasty	 shows	 adequate	 flow	 from	
the	groin	to	the	inferior	vena	cava	without	filling	of	collaterals.		

	

Figure	3	

	
Fractures	of	the	rigid	Sinus	XL	stents	in	the	distal	external	iliac	vein	/	proximal	
common	femoral	vein	are	seen	(arrow).		

Table	2	treatment	results	
UACDT	procedures	(N=18)	

Successful	thrombolysis?	
Successful	
Not	successful	

	
61%	(n=11)	
39%	(n=7)	

Duration	of	successful	thrombolysis	(n=11)	
Median	
Range		

	
19	hours	
11-101	
hours	

Restenting	after	successful	UACDT	(n=11)	 64%	(n=7)	

Other	 additional	 interventions	 after	 successful	 UACDT	
(n=11)	

Arteriovenous	fistula	

	
55%	(n=6)	
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Table	3	
Pa-
tient	

Days	 since	 last	 patent	
duplex	

Suspected	 slot	
age	
≤21	days	
>21	days	
unknown	

Lysis	 suc-
cessful	
	Yes/No	

Reason	
for	 oc-
clusion*	

1	 120	 ≤21	days	 Yes	 1	
2	 15	 ≤21	days	 Yes	 1,2	
3	 5	 ≤21	days	 Yes	 1	
4	 0	 ≤21	days	 Yes	 3	
5	 9	 ≤21	days	 Yes	 1	
6	 9	 ≤21	days	 Yes	 1,2	
7	 5	 ≤21	days	 Yes	 1,2	
8	 42	 ≤21	days	 Yes	 1	
9	 10	 ≤21	days	 Yes	 1,2	
10	 41	 ≤21	days	 Yes	 2,4	
11	 21	 ≤21	days	 Yes	 3	
12	 56	 Unknown	 No	 1	
13	 83	 Unknown	 No	 1	
14	 120	 Unknown	 No	 1	
15	 40	 >21	days	 No	 1,2	
16	 35	 Unknown	 No	 1	
17	 30	 >21	days	 No	 1	
18	 93	 >21	days	 No	 1	
*1	stent	related	failure	e.g.	stent	fracture,	kinking),	2	suboptimal	stent	position,	
3	inadequate	inflow,	4	failed	anticoagulation	

Complications	
In	total	6	patients	experienced	adverse	events.	During	UACDT	2	patients	had	a	
hemoglobin	decrease	without	a	bleeding	focus,	which	necessitated	erythrocyte	
transfusion.	One	patient	had	minor	bleeding	at	the	catheter	insertion	site	that	
was	 solved	 with	 manual	 compression.	 One	 patient	 experienced	 heparin-
induced	thrombocytopenia.	Heparin	was	switched	 for	argatroban	 intravenous	
for	the	further	duration	of	UACDT.	One	patient	complained	of	blepharo	edema	
and	urticaria,	which	was	 recognized	as	 an	allergic	 reaction	 to	 iodine	 contrast	
fluid	used	for	venographic	control	unrelated	to	thrombolytic	therapy.	One	pa-
tient	had	fever	with	positive	blood	cultures	during	thrombolysis.	In	this	patient	
thrombolysis	was	stopped	and	treatment	with	antibiotics	was	started.	None	of	
the	 patients	 experienced	 multiple	 complications.	 We	 did	 not	 encounter	 any	

	

clinically	relevant	pulmonary	embolism	or	treatment	related	mortality	Table	4	
is	an	overview	of	all	complications	encountered	during	UACDT.	

Table	4	
Patients	(n=18)	 N	(%)	

Minor	bleedinga	 1	(5)		

Major	bleedingb	 2	(11)		

Pulmonary	embolism	 0	(0)		

Death	 0	(0)		

Otherc	 3	(17)		

a	Epistaxis,	catheter	insertion	site.		
b	Drop	in	hemoglobin	needing	red	blood	cell	transfusion.		
c	Allergic	reaction,	infection,	heparin	induced	thrombocytopenia.		

Follow-up	
Regarding	 all	 successfully	 lysed	 patients	 (n=11),	 8	 remained	 patent,	 which	
translates	into	a	primary	patency	of	73%.	Seven	patients	experienced	complete	
relief	of	 complaints	and	 two	patients	had	partial	 relief	of	 complaints.	One	pa-
tients	did	not	benefit	 from	UACDT	with	 regard	 to	 relief	 of	 complaints.	 In	one	
case	there	was	an	immediate	re-occlusion	the	day	after	successful	lysis,	due	to	
stent	 related	problems.	Table	5	 shows	 the	 follow-up	data	 for	 the	 successfully	
lysed	patients.		
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Table	3	
Pa-
tient	

Days	 since	 last	 patent	
duplex	

Suspected	 slot	
age	
≤21	days	
>21	days	
unknown	

Lysis	 suc-
cessful	
	Yes/No	

Reason	
for	 oc-
clusion*	

1	 120	 ≤21	days	 Yes	 1	
2	 15	 ≤21	days	 Yes	 1,2	
3	 5	 ≤21	days	 Yes	 1	
4	 0	 ≤21	days	 Yes	 3	
5	 9	 ≤21	days	 Yes	 1	
6	 9	 ≤21	days	 Yes	 1,2	
7	 5	 ≤21	days	 Yes	 1,2	
8	 42	 ≤21	days	 Yes	 1	
9	 10	 ≤21	days	 Yes	 1,2	
10	 41	 ≤21	days	 Yes	 2,4	
11	 21	 ≤21	days	 Yes	 3	
12	 56	 Unknown	 No	 1	
13	 83	 Unknown	 No	 1	
14	 120	 Unknown	 No	 1	
15	 40	 >21	days	 No	 1,2	
16	 35	 Unknown	 No	 1	
17	 30	 >21	days	 No	 1	
18	 93	 >21	days	 No	 1	
*1	stent	related	failure	e.g.	stent	fracture,	kinking),	2	suboptimal	stent	position,	
3	inadequate	inflow,	4	failed	anticoagulation	

Complications	
In	total	6	patients	experienced	adverse	events.	During	UACDT	2	patients	had	a	
hemoglobin	decrease	without	a	bleeding	focus,	which	necessitated	erythrocyte	
transfusion.	One	patient	had	minor	bleeding	at	the	catheter	insertion	site	that	
was	 solved	 with	 manual	 compression.	 One	 patient	 experienced	 heparin-
induced	thrombocytopenia.	Heparin	was	switched	 for	argatroban	 intravenous	
for	the	further	duration	of	UACDT.	One	patient	complained	of	blepharo	edema	
and	urticaria,	which	was	 recognized	as	 an	allergic	 reaction	 to	 iodine	 contrast	
fluid	used	for	venographic	control	unrelated	to	thrombolytic	therapy.	One	pa-
tient	had	fever	with	positive	blood	cultures	during	thrombolysis.	In	this	patient	
thrombolysis	was	stopped	and	treatment	with	antibiotics	was	started.	None	of	
the	 patients	 experienced	 multiple	 complications.	 We	 did	 not	 encounter	 any	

	

clinically	relevant	pulmonary	embolism	or	treatment	related	mortality	Table	4	
is	an	overview	of	all	complications	encountered	during	UACDT.	

Table	4	
Patients	(n=18)	 N	(%)	

Minor	bleedinga	 1	(5)		

Major	bleedingb	 2	(11)		

Pulmonary	embolism	 0	(0)		

Death	 0	(0)		

Otherc	 3	(17)		

a	Epistaxis,	catheter	insertion	site.		
b	Drop	in	hemoglobin	needing	red	blood	cell	transfusion.		
c	Allergic	reaction,	infection,	heparin	induced	thrombocytopenia.		

Follow-up	
Regarding	 all	 successfully	 lysed	 patients	 (n=11),	 8	 remained	 patent,	 which	
translates	into	a	primary	patency	of	73%.	Seven	patients	experienced	complete	
relief	of	 complaints	and	 two	patients	had	partial	 relief	of	 complaints.	One	pa-
tients	did	not	benefit	 from	UACDT	with	 regard	 to	 relief	 of	 complaints.	 In	one	
case	there	was	an	immediate	re-occlusion	the	day	after	successful	lysis,	due	to	
stent	 related	problems.	Table	5	 shows	 the	 follow-up	data	 for	 the	 successfully	
lysed	patients.		

	 	



132

Chapter 9
	

Table	5	
Follow-up	n=11	

Follow-up	length	
Median	in	months	(range)	

	
12	months	(0-41)	

Patency	at	follow-up	
Patent	
Occluded	

	
73%	(n=8)	
27%	(n=3)	

Relief	of	complaints	
Complete	relief	
Partial	relief	
No	relief	
unknown	

	
64%	(n=7)		
18%	(n=2)	
9%	(n=1)	
9%	(n=1)	

	

Discussion	

With	 the	 growing	 number	 of	 effective	 thrombolytic	 treatments	 in	 acute	 ili-
ofemoral	DVT,	we	 expect	 that	 an	 increasing	 number	 of	 patients	will	 be	 addi-
tionally	 stented	 for	 residual	 stenotic	 lesions.	Some	reports	 show	over	50%	of	
patients	are	to	be	stented	after	thrombolysis.16	At	the	same	time	there	are	also	
more	interventions	performed	in	patients	with	post-thrombotic	syndrome	due	
to	 extensive	 chronic	 occlusions	 in	 the	 iliocaval	 tract.	 As	 both	 of	 these	 proce-
dures	gain	in	popularity,	 it	can	be	expected	that	more	venous	stenting	related	
complications	will	be	encountered.	

We	 identified	 reocclusion	 to	 be	 the	 most	 frequent	 and	 clinically	 important	
complication	 after	 venous	 stenting	 and	 by	 our	 knowledge	we	 are	 the	 first	 to	
specifically	 focus	on	how	 to	 treat	 this	 important	 complication.	Earlier	 studies	
also	addressed	stent	occlusions	 to	be	an	 important	complication	after	venous	
stenting.4,5,17	

We	report	a	 technically	successful	recanalization	of	occluded	stents	 in	 the	ve-
nous	system	of	61%	and	a	primary	patency	of	73%	after	a	median	follow-up	of	
12	months.	 In	all	 cases	 it	was	possible	 to	get	 a	wire	across	 the	occluded	 seg-
ments.	 In	all	 cases	we	 intended	 to	 treat	 the	stent	occlusions	with	a	suggested	
thrombus	 age	 of	 less	 than	 21	 days	 based	 on	 complaints	 or	 homogenicity	 on	
DUS.	Thrombolysis	within	21	days	seems	to	result	in	more	success	than	inter-
ventions	at	a	 later	moment	in	our	series.	Although	there	is	one	report	on	suc-
cessful	 interventions	 in	 the	chronic	DVT	phase,	we	could	not	reproduce	these	
findings.18	We	believe	 it	 is	 important	 to	accurately	assess	 the	time	of	onset	of	

	

the	thrombosis.	We	found	that	patient	reported	duration	of	complaints	was	not	
useful	to	determine	thrombus	age	and	therefore	the	success	rate	of	the	thom-
bolysis	was	 not	 predictable.	 Other	 techniques	 like	MR-venography,	DUS	 elas-
tography,	or	intra	vascular	ultrasound	might	prove	more	useful	in	determining	
the	thrombus	age,	better	predict	outcome	and	be	used	for	patient	selection.19	

Regarding	 the	specific	usefulness	of	UACDT	 in	regaining	patency,	we	report	a	
median	 lysis	 time	 to	 lyse	 90%	 of	 the	 thrombus	 of	 19	 hours,	 which	 is	 fairly	
quick.	However	in	some	cases	we	continued	the	lysis	treatment	until	the	neces-
sary	additional	procedures	could	be	performed.		

We	encountered	two	rare	complications;	HIT	and	contrast	allergy.	Two	major	
bleedings	 requiring	 transfusion	 were	 encountered.	 Other	 complications	 in-
volved	catheter	 insertion	site	bleeding,	which	were	very	minor,	and	therefore	
we	may	conclude	that	UACDT	is	a	safe	procedure.	

Many	 stent	 related	 flow-complications	 result	 in	 re-occlusion	 of	 the	 venous	
tract.	 Occlusion	 of	 the	 stent	 tract	 nullifies	 the	 progress	 gained	 by	 the	 initial	
treatment.	When	encountered	in	an	early	stage,	the	thrombosed	stent	tract	can	
be	cleared	by	thrombolysis.4	Patency	can	be	regained	and	most	importantly	the	
underlying	cause	of	occlusion	can	be	 identified	or	should	be	 identified	during	
the	 procedure.	 UACDT	 is	 one	 of	 the	 available	 options	 for	 regaining	 patency.	
Other	clot	removal	therapies	can	also	be	used	for	this	purpose.20	

In	 all	 cases	 of	 successful	 thrombolysis	 the	 underlying	 cause	 of	 the	 occlusion	
was	 identified.	 Also	 in	 the	 not	 successful	 thrombolysis	 group	 we	 identified	
stent	 related	 causes	 for	 occlusion.	 In	 total	 in	 15	 of	 all	 18	 cases	we	 identified	
stent	related	failures	like	kinking,	 fracture	and	continuous	compression	of	the	
stents.	These	stent	related	problems	are	potentially	due	to	the	stent	character-
istics.	The	stents	used	in	this	study	are	primarily	designed	for	arterial	use.	With	
new,	dedicated	venous	stents	we	expect	to	prevent	 future	stent	related	occlu-
sions.	Ideally,	dedicated	venous	stent	with	high	flexibility,	high	radial	force	and	
large	diameters	are	used	in	the	venous	system.21	A	number	of	dedicated	venous	
stents	have	become	commercially	available.		

Most	 of	 the	 occlusions	 occurred	within	 6	months	 after	 the	 initial	 stenting.	 A	
rigid	 follow-up	of	patients	 is	 therefore	paramount.	The	 frequent	 follow	up	al-
lowed	 for	 timely	 interventions	with	UACDT	 in	 case	 re-occlusion	 occurred.	 At	
the	6-month	visit	continuation	of	anticoagulation	was	evaluated	based	on	stent	
configuration,	patient	risk	factors	and	patient	preference.	Thrombocyte	aggre-
gation	inhibitors	were	not	routinely	prescribed	following	cessation	of	Couma-
din	although	they	might	be	of	influence.	If	at	any	point	between	follow-up	visits	
patients	 experienced	 complaints,	 they	were	 seen	 at	 the	 earliest	 convenience.	
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Table	5	
Follow-up	n=11	

Follow-up	length	
Median	in	months	(range)	

	
12	months	(0-41)	

Patency	at	follow-up	
Patent	
Occluded	

	
73%	(n=8)	
27%	(n=3)	

Relief	of	complaints	
Complete	relief	
Partial	relief	
No	relief	
unknown	

	
64%	(n=7)		
18%	(n=2)	
9%	(n=1)	
9%	(n=1)	

	

Discussion	

With	 the	 growing	 number	 of	 effective	 thrombolytic	 treatments	 in	 acute	 ili-
ofemoral	DVT,	we	 expect	 that	 an	 increasing	 number	 of	 patients	will	 be	 addi-
tionally	 stented	 for	 residual	 stenotic	 lesions.	Some	reports	 show	over	50%	of	
patients	are	to	be	stented	after	thrombolysis.16	At	the	same	time	there	are	also	
more	interventions	performed	in	patients	with	post-thrombotic	syndrome	due	
to	 extensive	 chronic	 occlusions	 in	 the	 iliocaval	 tract.	 As	 both	 of	 these	 proce-
dures	gain	in	popularity,	 it	can	be	expected	that	more	venous	stenting	related	
complications	will	be	encountered.	

We	 identified	 reocclusion	 to	 be	 the	 most	 frequent	 and	 clinically	 important	
complication	 after	 venous	 stenting	 and	 by	 our	 knowledge	we	 are	 the	 first	 to	
specifically	 focus	on	how	 to	 treat	 this	 important	 complication.	Earlier	 studies	
also	addressed	stent	occlusions	 to	be	an	 important	complication	after	venous	
stenting.4,5,17	

We	report	a	 technically	successful	recanalization	of	occluded	stents	 in	 the	ve-
nous	system	of	61%	and	a	primary	patency	of	73%	after	a	median	follow-up	of	
12	months.	 In	all	 cases	 it	was	possible	 to	get	 a	wire	across	 the	occluded	 seg-
ments.	 In	all	 cases	we	 intended	 to	 treat	 the	stent	occlusions	with	a	suggested	
thrombus	 age	 of	 less	 than	 21	 days	 based	 on	 complaints	 or	 homogenicity	 on	
DUS.	Thrombolysis	within	21	days	seems	to	result	in	more	success	than	inter-
ventions	at	a	 later	moment	in	our	series.	Although	there	is	one	report	on	suc-
cessful	 interventions	 in	 the	chronic	DVT	phase,	we	could	not	reproduce	these	
findings.18	We	believe	 it	 is	 important	 to	accurately	assess	 the	time	of	onset	of	

	

the	thrombosis.	We	found	that	patient	reported	duration	of	complaints	was	not	
useful	to	determine	thrombus	age	and	therefore	the	success	rate	of	the	thom-
bolysis	was	 not	 predictable.	 Other	 techniques	 like	MR-venography,	DUS	 elas-
tography,	or	intra	vascular	ultrasound	might	prove	more	useful	in	determining	
the	thrombus	age,	better	predict	outcome	and	be	used	for	patient	selection.19	

Regarding	 the	specific	usefulness	of	UACDT	 in	regaining	patency,	we	report	a	
median	 lysis	 time	 to	 lyse	 90%	 of	 the	 thrombus	 of	 19	 hours,	 which	 is	 fairly	
quick.	However	in	some	cases	we	continued	the	lysis	treatment	until	the	neces-
sary	additional	procedures	could	be	performed.		

We	encountered	two	rare	complications;	HIT	and	contrast	allergy.	Two	major	
bleedings	 requiring	 transfusion	 were	 encountered.	 Other	 complications	 in-
volved	catheter	 insertion	site	bleeding,	which	were	very	minor,	and	therefore	
we	may	conclude	that	UACDT	is	a	safe	procedure.	

Many	 stent	 related	 flow-complications	 result	 in	 re-occlusion	 of	 the	 venous	
tract.	 Occlusion	 of	 the	 stent	 tract	 nullifies	 the	 progress	 gained	 by	 the	 initial	
treatment.	When	encountered	in	an	early	stage,	the	thrombosed	stent	tract	can	
be	cleared	by	thrombolysis.4	Patency	can	be	regained	and	most	importantly	the	
underlying	cause	of	occlusion	can	be	 identified	or	should	be	 identified	during	
the	 procedure.	 UACDT	 is	 one	 of	 the	 available	 options	 for	 regaining	 patency.	
Other	clot	removal	therapies	can	also	be	used	for	this	purpose.20	

In	 all	 cases	 of	 successful	 thrombolysis	 the	 underlying	 cause	 of	 the	 occlusion	
was	 identified.	 Also	 in	 the	 not	 successful	 thrombolysis	 group	 we	 identified	
stent	 related	 causes	 for	 occlusion.	 In	 total	 in	 15	 of	 all	 18	 cases	we	 identified	
stent	related	failures	like	kinking,	 fracture	and	continuous	compression	of	the	
stents.	These	stent	related	problems	are	potentially	due	to	the	stent	character-
istics.	The	stents	used	in	this	study	are	primarily	designed	for	arterial	use.	With	
new,	dedicated	venous	stents	we	expect	to	prevent	 future	stent	related	occlu-
sions.	Ideally,	dedicated	venous	stent	with	high	flexibility,	high	radial	force	and	
large	diameters	are	used	in	the	venous	system.21	A	number	of	dedicated	venous	
stents	have	become	commercially	available.		

Most	 of	 the	 occlusions	 occurred	within	 6	months	 after	 the	 initial	 stenting.	 A	
rigid	 follow-up	of	patients	 is	 therefore	paramount.	The	 frequent	 follow	up	al-
lowed	 for	 timely	 interventions	with	UACDT	 in	 case	 re-occlusion	 occurred.	 At	
the	6-month	visit	continuation	of	anticoagulation	was	evaluated	based	on	stent	
configuration,	patient	risk	factors	and	patient	preference.	Thrombocyte	aggre-
gation	inhibitors	were	not	routinely	prescribed	following	cessation	of	Couma-
din	although	they	might	be	of	influence.	If	at	any	point	between	follow-up	visits	
patients	 experienced	 complaints,	 they	were	 seen	 at	 the	 earliest	 convenience.	
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After	 6	months	 follow-up	 visits	 were	 planned	 at	 one	 year	 after	 stenting	 and	
afterwards	yearly,	depending	on	patient	preference.	

The	most	difficult	problem	we	encountered	is	the	patient	with	bad	inflow	due	
to	extensive	 chronic	venous	occlusive	disease	with	 scarring	 in	both	major	 in-
flow	vessels	(i.e.	femoral	and	deep	femoral	vein.).	In	these	patients	we	noticed	
the	 impaired	 inflow	 due	 to	 extensive	 scarring	 of	 both	 the	 femoral	 and	 deep	
femoral	vein.	At	the	moment	there	are	no	reported	successful	treatments	avail-
able	 for	 these	 veins.	 Endophlebectomy	 with	 or	 without	 AV-fistula	 has	 been	
described	in	literature	as	a	treatment	option	in	these	cases.	22-24	Stenting	might	
be	 a	possibility	 for	 these	veins,	 however	 the	 current	 available	material	 is	not	
suitable	 for	placement	 in	 the	 femoral	or	deep	 femoral	 tract.	To	 reassure	ade-
quate	inflow	in	the	patient	we	currently	rely	on	the	creation	of	a	temporary	AV-
fistula,	 with	 or	without	 an	 endophlebectomy	 of	 the	 common	 femoral	 vein	 to	
secure	adequate	 inflow	 into	 the	stented	 tract.25	Further	research	 is	needed	to	
improve	care	in	these	cases.	

One	 of	 the	 drawbacks	 of	 our	 study	 is	 the	 retrospective	 nature.	 The	 expected	
number	of	cases	per	year,	per	center	is	expected	to	be	very	low,	which	would	
makes	 it	 challenging	 to	 complete	 a	 prospective	 study.	Optimal	 registration	of	
patient	 data	 and	 pooling	 of	 results	 from	 retrospective	 studies	 could	 improve	
patient	care	considerably.	We	therefore	would	like	to	encourage	other	centers	
to	report	on	their	experience	regarding	stent	thrombosis	and	its	treatment.	

In	conclusion	

Treatment	 with	 UACDT	 of	 occluded	 stent	 tracts	 is	 feasible	 and	 effective.	 Re-
canalization	 of	 the	 stent	 tract	 can	 be	 achieved	 in	 some	 cases	 with	 recent	
thrombosis	less	than	21	days.	Additional	interventions	were	frequently	neces-
sary	after	successful	UACDT	treatment.	Most	stent	occlusions	were	caused	by	
stent	related	problems.		
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the	 impaired	 inflow	 due	 to	 extensive	 scarring	 of	 both	 the	 femoral	 and	 deep	
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able	 for	 these	 veins.	 Endophlebectomy	 with	 or	 without	 AV-fistula	 has	 been	
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be	 a	possibility	 for	 these	veins,	 however	 the	 current	 available	material	 is	not	
suitable	 for	placement	 in	 the	 femoral	or	deep	 femoral	 tract.	To	 reassure	ade-
quate	inflow	in	the	patient	we	currently	rely	on	the	creation	of	a	temporary	AV-
fistula,	 with	 or	without	 an	 endophlebectomy	 of	 the	 common	 femoral	 vein	 to	
secure	adequate	 inflow	 into	 the	stented	 tract.25	Further	research	 is	needed	to	
improve	care	in	these	cases.	

One	 of	 the	 drawbacks	 of	 our	 study	 is	 the	 retrospective	 nature.	 The	 expected	
number	of	cases	per	year,	per	center	is	expected	to	be	very	low,	which	would	
makes	 it	 challenging	 to	 complete	 a	 prospective	 study.	Optimal	 registration	of	
patient	 data	 and	 pooling	 of	 results	 from	 retrospective	 studies	 could	 improve	
patient	care	considerably.	We	therefore	would	like	to	encourage	other	centers	
to	report	on	their	experience	regarding	stent	thrombosis	and	its	treatment.	

In	conclusion	

Treatment	 with	 UACDT	 of	 occluded	 stent	 tracts	 is	 feasible	 and	 effective.	 Re-
canalization	 of	 the	 stent	 tract	 can	 be	 achieved	 in	 some	 cases	 with	 recent	
thrombosis	less	than	21	days.	Additional	interventions	were	frequently	neces-
sary	after	successful	UACDT	treatment.	Most	stent	occlusions	were	caused	by	
stent	related	problems.		
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Abstract	
Introduction:	 Plasma	 fibrinogen	 levels	 are	 commonly	 used	 as	 a	 surrogate	
marker	 for	 predicting	 bleeding	 risk	 in	 patients	 undergoing	 thrombolysis	 to	
ensure	 patient	 safety.	 Difficulties	 in	 determining	 fibrinogen	 levels	 were	 en-
countered	 in	 patients	 undergoing	 ultrasound-accelerated	 thrombolysis	 for	
iliofemoral	deep	venous	thrombosis.	

Methods:	 From	 2012	 to	 2014	 fibrinogen	 levels	 were	 measured	 in	 patients	
undergoing	ultrasound	accelerated	catheter	directed	thrombolysis	for	iliofem-
oral	deep	venous.	Measurement	errors	were	encountered	in	routine	measure-
ment	 of	 fibrinogen	 levels	 using	 the	 Clauss	method	with	 the	 Sysmex	 CS2100i	
(optical).	 Comparative	measurements	were	performed	using	 STA-R	Evolution	
(mechanical)	 and	 Rotational	 ThromboElastoMetry	 on	 all	 samples,	 as	 well	 as	
absolute	D-dimer	levels.	

Results:	 In	 total	87	samples	 from	 fifteen	patients	were	obtained.	A	mean	dif-
ference	 of	 0.5g/l	 in	 plasma	 fibrinogen	 level	 for	 all	 samples	 (95%	 confidence	
interval	 (95%	CI):	 0.05-0.96)	was	 found	 between	 the	 optical	 and	mechanical	
method.	 Measurements	 with	 the	 optical	 method	 showed	 coagulation	 curve	
error	 in	 41%	 of	 all	 samples,	 and	 in	 2%	with	 the	mechanical	method	 and	 no	
errors	 were	 observed	 with	 ROTEM	 FIBTEM.	 	 Samples	 without	 coagulation	
curve	error	(n=49)	had	a	median	d-dimer	 level	of	54μg/l	(IQR	20.0-91.3)	and	
50μg/l	 (27.5-118.5)	 for	 the	 group	 with	 coagulation	 curve	 error	 (n=35).	 D-
dimer	 levels	did	not	differ	significantly	between	the	groups	(p=0.655).	 	Based	
on	laboratory	testing	30	FFP’s	were	given	for	the	prevention	of	bleeding.	Two	
minor	bleeds	occurred	and	no	major	bleeds.	
	
Conclusion:	 Levels	 of	 plasma	 fibrinogen	 are	 method	 dependent	 in	 patients	
undergoing	catheter	directed	thrombolysis	for	deep	venous	thrombosis.	Levels	
of	D-dimer	do	not	 seem	 to	 influence	 the	 results.	 Based	 on	 our	 results	we	 as-
sumed	that	the	optical	method	underestimates	fibrinogen	levels	
.		 	

	

Introduction	
Fibrinogen	measurements	are	commonly	requested	for	monitoring	hemostasis	
during	thrombolytic	 therapy.1	Thrombolytic	 therapy	 is	widely	used	 in	arterial	
thrombosis	to	actively	dissolve	the	thrombus	in	cases	of	vessel	occlusions	e.g.	
peripheral	arterial	occlusion,	massive	pulmonary	embolism,	and	ischemic	cer-
ebral	vascular	accidents.2-4	Lately,	 also	 iliofemoral	deep	venous	 thrombosis	 is	
sometimes	 treated	with	 thrombolysis.	Thrombolytics	 such	as	urokinase,	 t-PA,	
and	 rt-PA	are	 tissue	plasminogen	activators,	which	activate	endogenous	plas-
minogen	conversion	into	plasmin.	The	main	function	of	plasmin	is	cleavage	of	
fibrin	 strands	 thus	 destroying	 the	 fibrin	matrix	 and	 dissolving	 the	 thrombus	
into	 fibrin	 degradation	 products.5	 Urokinase	 has	 a	 direct	 catalytic	 activity	
against	 fibrinogen.6	 In	 common	 practice	 fibrinogen	 levels	 are	 monitored	 to	
make	sure	 the	patient	 is	 still	 able	 to	 form	clots	and	so	prevent	bleeding	else-
where	 in	 the	 body.	 The	 fibrinogen	 levels	 within	 an	 arbitrary	 value	 of	 1.5	 or	
1.0g/l	are	commonly	used	as	the	minimum	level	of	fibrinogen	needed	in	order	
to	prevent	bleeding	complications.7	The	fibrinogen	level	is	an	important	mark-
er	whereupon	clinical	decisions	like	continuation	or	cessation	of	thrombolytic	
therapy	are	made.	Lower	fibrinogen	levels	were	associated	with	a	higher	bleed-
ing	risk	 in	cardiac	patients.8	Subsequent	addition	of	 fibrinogen	could	possibly	
prevent	bleeding	in	patients.	However	addition	of	fibrinogen	with	either	fresh	
frozen	 plasma	 (FFP)	 or	 fibrinogen	monotherapy	 is	 associated	with	 increased	
morbidity,	mortality	 and	 costs.9-12	Accurate	 fibrinogen	measurement	 is	 of	 the	
utmost	importance	to	make	sound	clinical	decisions	and	to	secure	the	patients’	
safety	 regarding	 major	 bleeding	 complications	 during	 thrombolytic	 therapy.	
Plasma	 fibrinogen	 levels	 can	 be	 determined	 by	 a	 number	 of	 different	 assays,	
both	optical	and	mechanical.	With	regard	 to	routine	coagulation	 testing	 these	
methods	 are	 deemed	 equal.13	 The	 Clauss	method	 is	 the	most	 often	 used	me-
chanical	method.	This	 is	a	 functional	assay	based	on	 the	 time	 taken	 for	 fibrin	
clot	formation	upon	addition	of	thrombin.		

ROtational	 ThromboElastoMetry	 (ROTEM)	 has	 been	 evaluated	 in	 surgical	 pa-
tients	 and	 patients	with	major	 blood	 loss.	 ROTEM,	 and	 especially	 FIBTEM,	 is	
extensively	 used	 during	 cardiac	 and	 hepatic	 surgery,	 when	massive	 bleeding	
occurs,	 and	 in	 trauma	 patients.14	 ROTEM	 FIBTEM	 provides	 a	 quick	 and	 easy	
alternative	to	the	standard	coagulation	tests.	FIBTEM	has	been	positively	corre-
lated	with	fibrinogen	levels	in	various	patient	groups,15-17	and	reference	values	
have	been	determined.18,19	However	FIBTEM	values	during	thrombolysis	is	not	
yet	considered	for	routine	measurement	of	fibrinogen	levels.	

Difficulties	 in	determining	 fibrinogen	 levels	were	encountered	 in	patients	un-
dergoing	 catheter	 directed	 thrombolysis	 for	 iliofemoral	 deep	 venous	 throm-
bosis	using	 the	Clauss	method.	This	 article	describes	 the	 results	 for	 the	 com-
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parison	of	two	different	clot	detection	methods	for	the	determination	of	plasma	
fibrinogen	 levels	 (optical	 and	 mechanical)	 and	 for	 the	 functional	 fibrinogen	
method	 (FIBTEM)	 by	 ROTEM	 in	 patients	 undergoing	 thrombolysis	 treatment	
for	acute	iliofemoral	DVT.	

Material	and	Methods	

Patients:	
From	August	2012	till	June	2014	consecutive	patients	who	were	included	in	the	
CAVA	study	(METC	11-4-097)	and	who	were	randomized	to	undergo	catheter	
directed	 thrombolysis	 for	acute	 iliofemoral	deep	venous	 thrombosis	were	eli-
gible	for	inclusion	in	the	comparative	laboratory	study.	Before	inclusion	in	the	
CAVA	 study,	 all	 patients	 were	 screened	 for	 elevated	 bleeding	 risk	 using	 the	
criteria	 shown	 in	 table	1.	Fibrinogen	 levels	were	measured	during	 the	proce-
dure;	back	up	plasma	samples	were	stored	 for	 future	comparison	 if	 required.	
Data	acquisition	and	analyses	was	performed	anonymously	in	accordance	with	
the	Dutch	Law	for	approving	medical	research.	

Table	1	
Exclusion criteria for catheter directed thrombolysis 
History	of	Gastro-intestinal	bleeding	within	6	months		

History	of	Cerebral	Vascular	Accident	(CVA)/central	nervous	system	disease		

Severe	hypertension	(>180/100	mmHg)	

Active	malignancy	

Surgery	within	2	weeks		

Previous	thrombosis	of	the	affected	limb	(secondary	thrombosis)	

Pregnancy	

Alanine	transaminase(ALAT)>	3	times	normal	range	

Glomular	Filtration	Rate	(eGFR)	<	30	ml/min	

	

Treatment:	
All	 patients	 were	 treated	 with	 the	 EKOS	 endowave	 ultrasound	 accelerated	
catheter	directed	thrombolysis	(UACDT)	(BTG,	USA)	and	as	thrombolytic	agent	
urokinase	(Medacinase,	Lamepro)	was	used.	The	EKOS	endowave	makes	use	of	
ultrasound	elements	to	make	fibrin	strands	more	susceptible	for	thrombolysis	
and	to	distributes	the	thrombolytic	drug	more	evenly	throughout	the	clot.	The	

	

ultrasounds	elements	are	cooled	with	room	temperature	saline	solution	given	
with	a	minimum	of	35ml/hour	and	a	maximum	of	100ml/hour.	The	outer	 lu-
men	consists	of	a	multi	side-hole	catheter,	which	infuses	the	thrombolytic	drug	
into	the	clot.		

Blood	drawing	and	plasma	preparation:	
Blood	was	collected	in	4.5	ml,	3.2%	citrate	tubes	for	analysis	of	fibrinogen	and	
ROTEM	 tests	 and	 in	 EDTA	 tubes	 for	 hemocytometry	 (BD	 Vacutainer,	 Becton	
Dickinson,	 NJ,	 USA).	 Laboratory	 measurements	 were	 performed	 for	 routine	
patient	care	and	comparative	study	purposes.	Citrated	plasma	was	prepared	by	
centrifugation	for	5	minutes	at	3790	revolutions	per	minute.	For	direct	analysis	
plasma	was	prepared	at	2000g	for	10	minutes.	Preparation	of	the	frozen	plas-
ma	samples	was	carried	out	at	2500g	for	5	minutes	and	after	pipetting	residual	
contents	again	at	10,000g	for	10	minutes.	

Laboratory	measurements	
Pre-treatment	 hemoglobin	 (Hb)	 levels,	 international	 normalized	 ratio	 (INR),	
prothrombin	 time	 (PT),	D-dimer	 and	plasma	 fibrinogen	 levels	were	 assessed.	
During	thrombolysis	blood	was	drawn	routinely,	every	six	hours	and	Hb	levels,	
activated	partial	thromboplastin	time	(aPTT),	PT,	INR,	plasma	fibrinogen,	plate-
let	count,	and	D-dimer	levels	were	assessed.	

Hemostasis	 parameters	 including	 fibrinogen	 measurements	 were	 performed	
on	 a	 Sysmex	 Cs-2100-I.	 Fibrinogen	 levels	 were	 determined	 using	 the	 Clauss	
coagulation	method	(Dade	Thrombin	Reagent,	Siemens	Healthcare	Diagnostics	
Products,	Marburg,	Germany).20	Also	routine	measurements	with	ROTEM	were	
performed	at	the	same	time	in	whole	blood	and	one	additional	citrated	back	up	
plasma	sample	was	stored	at	-80	degrees	Celsius	for	later	comparative	analysis	
on	 CS2100-I	 and	 STA-R	 evolution.	 ROTEM	 tests	 and	 conventional	 laboratory	
tests	were	 performed	 simultaneously	 in	 the	 central	 laboratory	 by	 trained	 la-
boratory	staff.	Both	conventional	 laboratory	tests	and	ROTEM	tests	were	part	
of	the	standard	diagnostic	procedure	during	thrombolysis.		

The	 Clauss	method,	 is	 a	 functional	 assay	 based	 upon	 the	 time	 for	 fibrin	 clot	
formation.	 Clot	 detection	 in	 automated	 hemostasis	 analyzers	 can	 either	 be	
optical	(Sysmex	CS2100)	or	mechanical	(STA-R	Evolution,	Stago).	Another	ap-
proach	 to	 fibrinogen	measurement	 is	 the	 functional	 fibrinogen	 test	 in	 whole	
blood	 using	 the	 fibrin	 specific	 ROtational	 ThromboElastoMetry	 (ROTEM).	
ROTEM	analysis	for	coagulation	monitoring	in	bleeding	patients	is	increasingly	
used	because	of	ROTEM	analysis’	speed	and	as	a	predictor	of	global	hemostasis	
function.14	The	method	used	is	based	on	changes	in	viscoelasticity	of	activated	
whole	 blood	 due	 to	 cloth	 formation.	 A	 rotating	 pin	 emerged	 in	 the	 activated	



Fibrinogen levels in patients undergoing thrombolytic therapy for acute  
iliofemoral deep venous thrombosis are extremely method dependent

141

	

parison	of	two	different	clot	detection	methods	for	the	determination	of	plasma	
fibrinogen	 levels	 (optical	 and	 mechanical)	 and	 for	 the	 functional	 fibrinogen	
method	 (FIBTEM)	 by	 ROTEM	 in	 patients	 undergoing	 thrombolysis	 treatment	
for	acute	iliofemoral	DVT.	

Material	and	Methods	

Patients:	
From	August	2012	till	June	2014	consecutive	patients	who	were	included	in	the	
CAVA	study	(METC	11-4-097)	and	who	were	randomized	to	undergo	catheter	
directed	 thrombolysis	 for	acute	 iliofemoral	deep	venous	 thrombosis	were	eli-
gible	for	inclusion	in	the	comparative	laboratory	study.	Before	inclusion	in	the	
CAVA	 study,	 all	 patients	 were	 screened	 for	 elevated	 bleeding	 risk	 using	 the	
criteria	 shown	 in	 table	1.	Fibrinogen	 levels	were	measured	during	 the	proce-
dure;	back	up	plasma	samples	were	stored	 for	 future	comparison	 if	 required.	
Data	acquisition	and	analyses	was	performed	anonymously	in	accordance	with	
the	Dutch	Law	for	approving	medical	research.	

Table	1	
Exclusion criteria for catheter directed thrombolysis 
History	of	Gastro-intestinal	bleeding	within	6	months		

History	of	Cerebral	Vascular	Accident	(CVA)/central	nervous	system	disease		

Severe	hypertension	(>180/100	mmHg)	

Active	malignancy	

Surgery	within	2	weeks		

Previous	thrombosis	of	the	affected	limb	(secondary	thrombosis)	

Pregnancy	

Alanine	transaminase(ALAT)>	3	times	normal	range	

Glomular	Filtration	Rate	(eGFR)	<	30	ml/min	

	

Treatment:	
All	 patients	 were	 treated	 with	 the	 EKOS	 endowave	 ultrasound	 accelerated	
catheter	directed	thrombolysis	(UACDT)	(BTG,	USA)	and	as	thrombolytic	agent	
urokinase	(Medacinase,	Lamepro)	was	used.	The	EKOS	endowave	makes	use	of	
ultrasound	elements	to	make	fibrin	strands	more	susceptible	for	thrombolysis	
and	to	distributes	the	thrombolytic	drug	more	evenly	throughout	the	clot.	The	

	

ultrasounds	elements	are	cooled	with	room	temperature	saline	solution	given	
with	a	minimum	of	35ml/hour	and	a	maximum	of	100ml/hour.	The	outer	 lu-
men	consists	of	a	multi	side-hole	catheter,	which	infuses	the	thrombolytic	drug	
into	the	clot.		

Blood	drawing	and	plasma	preparation:	
Blood	was	collected	in	4.5	ml,	3.2%	citrate	tubes	for	analysis	of	fibrinogen	and	
ROTEM	 tests	 and	 in	 EDTA	 tubes	 for	 hemocytometry	 (BD	 Vacutainer,	 Becton	
Dickinson,	 NJ,	 USA).	 Laboratory	 measurements	 were	 performed	 for	 routine	
patient	care	and	comparative	study	purposes.	Citrated	plasma	was	prepared	by	
centrifugation	for	5	minutes	at	3790	revolutions	per	minute.	For	direct	analysis	
plasma	was	prepared	at	2000g	for	10	minutes.	Preparation	of	the	frozen	plas-
ma	samples	was	carried	out	at	2500g	for	5	minutes	and	after	pipetting	residual	
contents	again	at	10,000g	for	10	minutes.	

Laboratory	measurements	
Pre-treatment	 hemoglobin	 (Hb)	 levels,	 international	 normalized	 ratio	 (INR),	
prothrombin	 time	 (PT),	D-dimer	 and	plasma	 fibrinogen	 levels	were	 assessed.	
During	thrombolysis	blood	was	drawn	routinely,	every	six	hours	and	Hb	levels,	
activated	partial	thromboplastin	time	(aPTT),	PT,	INR,	plasma	fibrinogen,	plate-
let	count,	and	D-dimer	levels	were	assessed.	
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on	 a	 Sysmex	 Cs-2100-I.	 Fibrinogen	 levels	 were	 determined	 using	 the	 Clauss	
coagulation	method	(Dade	Thrombin	Reagent,	Siemens	Healthcare	Diagnostics	
Products,	Marburg,	Germany).20	Also	routine	measurements	with	ROTEM	were	
performed	at	the	same	time	in	whole	blood	and	one	additional	citrated	back	up	
plasma	sample	was	stored	at	-80	degrees	Celsius	for	later	comparative	analysis	
on	 CS2100-I	 and	 STA-R	 evolution.	 ROTEM	 tests	 and	 conventional	 laboratory	
tests	were	 performed	 simultaneously	 in	 the	 central	 laboratory	 by	 trained	 la-
boratory	staff.	Both	conventional	 laboratory	tests	and	ROTEM	tests	were	part	
of	the	standard	diagnostic	procedure	during	thrombolysis.		

The	 Clauss	method,	 is	 a	 functional	 assay	 based	 upon	 the	 time	 for	 fibrin	 clot	
formation.	 Clot	 detection	 in	 automated	 hemostasis	 analyzers	 can	 either	 be	
optical	(Sysmex	CS2100)	or	mechanical	(STA-R	Evolution,	Stago).	Another	ap-
proach	 to	 fibrinogen	measurement	 is	 the	 functional	 fibrinogen	 test	 in	 whole	
blood	 using	 the	 fibrin	 specific	 ROtational	 ThromboElastoMetry	 (ROTEM).	
ROTEM	analysis	for	coagulation	monitoring	in	bleeding	patients	is	increasingly	
used	because	of	ROTEM	analysis’	speed	and	as	a	predictor	of	global	hemostasis	
function.14	The	method	used	is	based	on	changes	in	viscoelasticity	of	activated	
whole	 blood	 due	 to	 cloth	 formation.	 A	 rotating	 pin	 emerged	 in	 the	 activated	
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whole	blood	is	restricted	in	movement	by	the	formation	of	the	clot.	This	is	plot-
ted	 in	 a	 graph	 and	 given	by	parameters	 like	 the	 time	 till	 the	 first	 clot	 (CT	or	
clotting	time),	maximum	clot	strength	(MCF	or	Maximum	Clot	Formation),	and	
lysis	parameters	(e.g.	LY30	is	the	lysis	index	after	30	minutes).14	Thromboelas-
tometric	 measurements	 were	 performed	 with	 the	 ROTEM	 device	 (ROTEM®,	
TEM	 International	 GmbH,	 Munich,	 Germany)	 in	 citrated	 whole	 blood.	 Meas-
urements	were	performed	at	37	ºC	immediately	after	blood	draw	according	to	
the	instructions	of	the	manufacturer.	All	pipetting	steps	and	mixing	of	reagents	
(TEM	 Innovations	 GmbH,	 Munich,	 Germany)	 were	 performed	 with	 the	 auto-
mated	 electronic	 pipette.	 FIBTEM	 MCF	 values	 were	 analyzed.	 FIBTEM	 tests	
coagulation	 is	 extrinsically	 activated	 by	 tissue	 factor.	 In	 the	 FIBTEM	 tests	 a	
platelet	inhibitor	was	added	(cytochalasin	D)	to	correct	for	the	contribution	of	
platelets	 to	 the	 clot	 strength.	 Normal	 population	 reference	 values	 for	 Fibtem	
MCF	 in	 reported	 literature	 and	 according	 to	 the	 manufacturer	 is	 9-25mm,	
which	should	correlate	to	the	normal	CLauss	determined	fibrinogen	levels	1.5-
4.5g/l.18	Correlation	between	the	Clauss	method	and	fibtem	MCF	has	been	de-
scribed,	 where	 <10mm	 fibtem	 MCF	 correlated	 well	 with	 1.5g/l	 fibrinogen.21	
Because	1.0g/l	 is	used	as	 lower	 limit	during	 thrombolysis,	 the	 lower	 limit	 for	
Fibtem	MCF	was	extrapolated	and	set	at	6mm.	

At	a	later	point	in	time	fibrinogen	levels	in	the	frozen	samples	were	measured	
using	 STA-R	 Evolution	 (STA®	 Liquid	 Fib	 reagens,	 Diagnostica	 Stago)	 and	 fi-
brinogen	 measurements	 using	 CS2100-I	 fibrinogen	 analysis	 was	 repeated	 in	
the	same	thawed	plasma	sample..		

D-dimer	was	 analyzed	with	BCS	XP	using	 INNOVANCE	D-Dimer	 reagens	 (Sie-
mens	Healthcare	Diagnostics	Products,	Marburg,	Germany).	Absolute	D-dimer	
levels	were	assessed	using	a	100	or	200	fold	dilution.	Analysis	of	D-dimer	levels	
was	 performed	 to	 evaluate	 potential	 disturbances	 in	 the	 optical	 fibrinogen	
measurements.	 Routine	 hematology	 measurements	 of	 whole	 blood	 samples	
were	 carried	 out	 on	 an	 automated	 analyser	 XE-2100	 (Sysmex	 Corporation,	
Kobe,	Japan).	

Treatment	drugs	and	transfusion	
For	 the	 thrombolysis	 procedure	 Urokinase	 was	 started	 using	 a	 bolus	 of	
250.000	 IE	 and	 continued	with	 100.000	 IE/hour	 diluted	 in	 20cc	 0.9%	 saline	
solution.	If	plasma	fibrinogen	level	dropped	below	1.0	g/l,	dosage	of	urokinase	
was	halved	to	50.000IE/hour	and	2	FFP’s	were	given.		

The	fibrinogen	level	was	checked,	3	hours	after	infusion	of	FFP’s.	If	the	plasma	
fibrinogen	 level	 persisted	 to	 be	 below	 1.0	 g/l	 than	 thrombolysis	was	 paused	
and	another	infusion	of	FFP’s	was	given.	After	3	hours,	again	plasma	fibrinogen	
level	was	measured	and	when	fibrinogen	was	above	1.0	g/l,	thrombolytic	ther-

	

apy	was	continued	if	perceived	necessary.	During	thrombolysis	unfractionated	
heparin	 (Leo	Pharma,	1000EI/h	 in	2cc	 saline	 solution,	 starting	bolus	5000EI)	
was	administered	 to	prevent	new	clots	 from	 forming.	Heparin	was	controlled	
by	 measurement	 of	 aPTT	 levels,	 that	 were	 aimed	 between	 1.2-1.7	 times	 the	
reference	value,	which	translates	to	40-60	seconds	for	aPTT.	Hemoglobin	levels	
should	not	drop	more	than	1	point	between	measurements.	Thrombolysis	was	
continued	until	 >90%	clot	 resolution	and	 should	not	 exceed	 the	maximum	of	
96	hours	of	thrombolysis.		

Statistical	analysis		
Continuous	 data	 are	 shown	 as	 median	 and	 interquartile	 range	 (IQR)	 when	
skewed	distribution	is	apparent	and	mean	plus	standard	deviation	(SD)	when	
data	 follow	normal	distribution.	Categorical	data	are	 shown	 in	absolute	num-
bers	and	percentages,	unless	otherwise	stated.	Pearson’s	correlation	coefficient	
®	was	calculated	to	determine	the	correlation	between	ROTEM	variables	and	
conventional	 laboratory	 tests.	Non-parametric	Mann-Whitney	U	 test	was	per-
formed	to	determine	differences	between	fibrinogen	levels	and	D-dimer	levels.	
Differences	between	the	CS2100i	and	STA-R	are	shown	in	a	Bland-Altman	plot.	
All	statistical	analyses	were	performed	using	commercially	available	computer	
software	(SPSS,	Version	22.0,	SPSS,	Inc.,	Chicago,	IL).	

Results	

Fibrinogen	
There	is	a	notable	difference	in	reported	levels	of	fibrinogen	with	STA	showing	
higher	 levels	 of	 fibrinogen	 levels	 in	 all	 samples	 compared	 to	 CS2100-I.	 The	
mean	 difference	 is	 0.5g/l	 for	 all	 samples	 (95%	 confidence	 interval	 (95%	CI):	
0.05-0.96)	with	 higher	 values	 in	 the	 STA	 samples.	 Figure	1	 shows	 the	Bland-
Altman	 plot	 of	 the	 difference	 between	 the	 reported	 fibrinogen	 levels	 by	
CS2100-I	and	STA-R.		
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tometric	 measurements	 were	 performed	 with	 the	 ROTEM	 device	 (ROTEM®,	
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urements	were	performed	at	37	ºC	immediately	after	blood	draw	according	to	
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coagulation	 is	 extrinsically	 activated	 by	 tissue	 factor.	 In	 the	 FIBTEM	 tests	 a	
platelet	inhibitor	was	added	(cytochalasin	D)	to	correct	for	the	contribution	of	
platelets	 to	 the	 clot	 strength.	 Normal	 population	 reference	 values	 for	 Fibtem	
MCF	 in	 reported	 literature	 and	 according	 to	 the	 manufacturer	 is	 9-25mm,	
which	should	correlate	to	the	normal	CLauss	determined	fibrinogen	levels	1.5-
4.5g/l.18	Correlation	between	the	Clauss	method	and	fibtem	MCF	has	been	de-
scribed,	 where	 <10mm	 fibtem	 MCF	 correlated	 well	 with	 1.5g/l	 fibrinogen.21	
Because	1.0g/l	 is	used	as	 lower	 limit	during	 thrombolysis,	 the	 lower	 limit	 for	
Fibtem	MCF	was	extrapolated	and	set	at	6mm.	

At	a	later	point	in	time	fibrinogen	levels	in	the	frozen	samples	were	measured	
using	 STA-R	 Evolution	 (STA®	 Liquid	 Fib	 reagens,	 Diagnostica	 Stago)	 and	 fi-
brinogen	 measurements	 using	 CS2100-I	 fibrinogen	 analysis	 was	 repeated	 in	
the	same	thawed	plasma	sample..		

D-dimer	was	 analyzed	with	BCS	XP	using	 INNOVANCE	D-Dimer	 reagens	 (Sie-
mens	Healthcare	Diagnostics	Products,	Marburg,	Germany).	Absolute	D-dimer	
levels	were	assessed	using	a	100	or	200	fold	dilution.	Analysis	of	D-dimer	levels	
was	 performed	 to	 evaluate	 potential	 disturbances	 in	 the	 optical	 fibrinogen	
measurements.	 Routine	 hematology	 measurements	 of	 whole	 blood	 samples	
were	 carried	 out	 on	 an	 automated	 analyser	 XE-2100	 (Sysmex	 Corporation,	
Kobe,	Japan).	

Treatment	drugs	and	transfusion	
For	 the	 thrombolysis	 procedure	 Urokinase	 was	 started	 using	 a	 bolus	 of	
250.000	 IE	 and	 continued	with	 100.000	 IE/hour	 diluted	 in	 20cc	 0.9%	 saline	
solution.	If	plasma	fibrinogen	level	dropped	below	1.0	g/l,	dosage	of	urokinase	
was	halved	to	50.000IE/hour	and	2	FFP’s	were	given.		

The	fibrinogen	level	was	checked,	3	hours	after	infusion	of	FFP’s.	If	the	plasma	
fibrinogen	 level	 persisted	 to	 be	 below	 1.0	 g/l	 than	 thrombolysis	was	 paused	
and	another	infusion	of	FFP’s	was	given.	After	3	hours,	again	plasma	fibrinogen	
level	was	measured	and	when	fibrinogen	was	above	1.0	g/l,	thrombolytic	ther-

	

apy	was	continued	if	perceived	necessary.	During	thrombolysis	unfractionated	
heparin	 (Leo	Pharma,	1000EI/h	 in	2cc	 saline	 solution,	 starting	bolus	5000EI)	
was	administered	 to	prevent	new	clots	 from	 forming.	Heparin	was	controlled	
by	 measurement	 of	 aPTT	 levels,	 that	 were	 aimed	 between	 1.2-1.7	 times	 the	
reference	value,	which	translates	to	40-60	seconds	for	aPTT.	Hemoglobin	levels	
should	not	drop	more	than	1	point	between	measurements.	Thrombolysis	was	
continued	until	 >90%	clot	 resolution	and	 should	not	 exceed	 the	maximum	of	
96	hours	of	thrombolysis.		

Statistical	analysis		
Continuous	 data	 are	 shown	 as	 median	 and	 interquartile	 range	 (IQR)	 when	
skewed	distribution	is	apparent	and	mean	plus	standard	deviation	(SD)	when	
data	 follow	normal	distribution.	Categorical	data	are	 shown	 in	absolute	num-
bers	and	percentages,	unless	otherwise	stated.	Pearson’s	correlation	coefficient	
®	was	calculated	to	determine	the	correlation	between	ROTEM	variables	and	
conventional	 laboratory	 tests.	Non-parametric	Mann-Whitney	U	 test	was	per-
formed	to	determine	differences	between	fibrinogen	levels	and	D-dimer	levels.	
Differences	between	the	CS2100i	and	STA-R	are	shown	in	a	Bland-Altman	plot.	
All	statistical	analyses	were	performed	using	commercially	available	computer	
software	(SPSS,	Version	22.0,	SPSS,	Inc.,	Chicago,	IL).	

Results	

Fibrinogen	
There	is	a	notable	difference	in	reported	levels	of	fibrinogen	with	STA	showing	
higher	 levels	 of	 fibrinogen	 levels	 in	 all	 samples	 compared	 to	 CS2100-I.	 The	
mean	 difference	 is	 0.5g/l	 for	 all	 samples	 (95%	 confidence	 interval	 (95%	CI):	
0.05-0.96)	with	 higher	 values	 in	 the	 STA	 samples.	 Figure	1	 shows	 the	Bland-
Altman	 plot	 of	 the	 difference	 between	 the	 reported	 fibrinogen	 levels	 by	
CS2100-I	and	STA-R.		
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Figure	1:	This	Bland	Altman	plot	shows	the	difference	in	fibrinogen	levels	be-
tween	the	STA	and	CS2100i.	The	plot	shows	consistent	higher	values	with	STA	
compared	to	the	corresponding	CS2100i	samples.	

ROTEM	 results	 were	 obtained	 from	 15	 patients	 who	 underwent	 UACDT	 for	
DVT.	In	total	87	ROTEM	FIBTEM	results	were	analyzed	in	the	acute	phase.	In	all	
cases	 routinely	 measured	 CS2100-I	 fibrinogen	 results	 and	 additional	 stored	
samples	were	available.	The	number	of	analyses	per	patient	ranged	from	1	to	
17.	Baseline	characteristics	and	baseline	fibrinogen	level	per	patient	are	shown	
in	 Table	 2.	 Table	 3	 shows	 the	median	 aPTT	 levels;	median	 hemoglobin	 level,	
platelet	counts	and	PT	per	patient	during	thrombolysis.	

	 	

	

	

Table	2	
	

N/A	=	not	available.	
	 	

Patient	characteristics	 Age	in	years	 Gender	 Baseline	 fibrinogen	
level	 in	 g/l	 on	
CS2100i	 (reference	
value:	1.7-4.0)	

Patient	1	 47	 Male	 4.8	

Patient	2	 16	 Female	 N/A	

Patient	3	 19	 Female	 8.0	

Patient	4	 52	 Male	 6.9	

Patient	5	 76	 Female	 4.4	

Patient	6	 65	 Male	 6.0	

Patient	7	 18	 Female	 5.4	

Patient	8	 53	 Female	 7.1	

Patient	9	 69	 Male	 2.9	

Patient	10	 18	 Male	 3.0	

Patient	11	 16	 Female	 4.8	

Patient	12	 27	 Male	 3.3	

Patient	13	 61	 Male	 4.4	

Patient	14	 51	 Male	 5.4	

Patient	15	 42	 Female	 3.2	
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platelet	counts	and	PT	per	patient	during	thrombolysis.	
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Table	3	displays	the	median	hemostatic	values	during	thrombolysis	per	patient.	

	 Available	
samples		

Hemoglobin	
median	value	

Aptt	 in	
seconds	
median	
value	

Thrombocytes		
median	value	

Pt	 in	
seconds	
Median	

Percentage	 of	
coag	 curve	
error	 with	
CS2100i	

Reference	
values	

Total	
samples=87	

8.2-
11.0mmol/L	

23-32	sec	 130-
350*10^9\L	

9.9-
11.5sec	

	

Patient	1	 15	 5.4	 44	sec	 255	 19.4	sec	 33%	(n=5)	

Patient	2	 2	 7.4	 80	sec	 295	 20.6	sec	 100%	(n=2)	

Patient	3	 10	 5.9	 45	sec	 225	 12.6	sec	 30%	(n=3)	

Patient	4	 6	 6.9	 45	sec	 237	 12.5	sec	 0%	

Patient	5	 6	 7.0	 38	sec	 300	 13.4	sec	 0%	

Patient	6	 2	 8.2	 44	sec	 154	 16.5	sec	 0%	

Patient	7	 17	 5.3	 46	sec	 443	 12.5	sec	 71%	(n=12)	

Patient	8	 2	 7.1	 41	sec	 228	 -	 0%	

Patient	9	 1	 9.6	 57	sec	 251	 -	 100%	

Patient	10	 1	 9.1	 50	sec	 254	 -	 0%	

Patient	11	 6	 6.3	 43	sec	 206	 13.6	sec	 67%	(n=4)	

Patient	12	 4	 8.3	 55	sec	 111	 12.7	sec	 50%	(n=2)	

Patient	13	 7	 9.3	 129	sec	 171	 19.8	sec	 29%	(n=2)	

Patient	14	 4	 6.7	 58	sec	 78	 42.1	sec	 100%	

Patient	15	 4	 7.8	 39	sec	 319	 11.7	sec	 25%	(n=1)	

	
The	CS2100-I	reported	coagulation	curve	error	in	numerous	samples.	The	ana-
lyzer	 in	 these	 cases	 displayed	 fibrinogen	 results	 however	 the	 reported	 level	
was	not	reliable	according	to	the	manufacturer.	This	non-reported	number	was	
compared	 to	 STA-go	 and	 FIBTEM	 MCF	 outcomes.	 In	 41%	 of	 the	 samples	
(n=36),	 the	CS2100-I	 analyzer	with	 optical	 clot	 detection	 reported	 a	 coagula-
tion	curve	error.	By	using	STA-R,	with	mechanical	clot	detection,	98%	of	sam-
ples	showed	detectable	levels	of	fibrin	(n=85).		

Figure	2	shows	the	correlation	between	CS2100-I	and	FIBTEM	MCF.	The	value	
for	intervention	for	CS2100-I	and	STA-R	are	set	to	1.0g/l	and	6mm	for	ROTEM	
FIBTEM	MCF.	Measured	values	were	lower	than	1.0g/l	in	twenty	samples	with	
CS2100-I,	 in	two	samples	with	the	STA-R	and	in	six	samples	with	the	FIBTEM	
MCF	(<6mm).		

	

Figure	2	

	

D-Dimer	
Absolute	 D-dimers	 were	 assessed	 in	 95%	 of	 samples	 after	 dilution	 (n=84).	
Median	(IQR)	d-dimer	level	was	54μg/l	(20.0-91.3)	for	the	group	without	coag-
ulation	curve	error	(n=49)	and	50μg/l	(27.5-118.5)	for	the	group	with	coagula-
tion	curve	error	(n=35).	D-dimer	levels	did	not	differ	significantly	between	the	
groups	(p=0.655).		

Coagulation	curve	error	
Error	 reports	were	 encountered	 at	 low	 fibrinogen	 levels.	 Error	 reports	were	
encountered	with	 the	 optical	method	 in	 41%	 (36/87).	 The	 STA	method	 pro-
duced	 fibrinogen	 levels	 in	98%	of	 samples	 (85/87).	 In	 all	 cases	FIBTEM	MCF	
results	were	available.	In	36	samples	with	coagulation	curve	error	on	CS2100-I,	
median	 (IQR)	 reported	 fibrinogen	 levels	 were	 1.1g/l	 (0.9-1.5)	 compared	 to	
STA-go	samples	with	a	median	1.6g/l	(1.3-2.0)	(n=35).	The	group	without	co-
agulation	curve	error	showed	a	median	of	1.7g/l	(1.3-2.0)	(n=49)	with	CS2100-
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Table	3	displays	the	median	hemostatic	values	during	thrombolysis	per	patient.	

	 Available	
samples		

Hemoglobin	
median	value	

Aptt	 in	
seconds	
median	
value	

Thrombocytes		
median	value	

Pt	 in	
seconds	
Median	

Percentage	 of	
coag	 curve	
error	 with	
CS2100i	

Reference	
values	

Total	
samples=87	

8.2-
11.0mmol/L	

23-32	sec	 130-
350*10^9\L	

9.9-
11.5sec	
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Patient	4	 6	 6.9	 45	sec	 237	 12.5	sec	 0%	

Patient	5	 6	 7.0	 38	sec	 300	 13.4	sec	 0%	

Patient	6	 2	 8.2	 44	sec	 154	 16.5	sec	 0%	
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I	 and	 2.2g/l	 (1.6-2.7)	 (n=51)	with	 STA-go.	 There	was	 a	 significant	 difference	
between	de	CS2100-I	group	with	and	without	coagulation	curve	error	in	terms	
of	fibrinogen	level	(p<0.001)	and	also	between	the	CS2100	and	STA	group	with	
coagulation	curve	error	(p<0.001).		

Safety	and	complications:	
Based	on	the	hospital	protocol,	patients	are	transfused	with	FFP	when	fibrino-
gen	 levels	 drop	 below	 1.0g/l	 measured	 by	 the	 routine	 method,	 CS2100-I.	 In	
total	 30	 units	 of	 FFP	were	 administered	 in	 53%	of	 patients	 (n=8).	 Three	 pa-
tients	received	up	to	6	FFP’s	to	correct	fibrinogen	levels	under	1.0g/l.	Based	on	
comparative	 STA-R	 results,	 retrospectively	 determined,	 only	 one	 patient	
should	have	received	FFP’s.	Four	patients	would	have	received	FFP	if	FIBTEM	
MCF	measurements	 using	 6	mm	 as	 a	 cut	 off	 value	 had	 been	 used	 to	manage	
patients.	Two	minor	bleedings	were	reported	during	 thrombolysis,	one	at	 the	
catheter	insertion	site	and	one	patient	experienced	clinically	relevant	epistaxis.	
No	major	bleedings	were	reported.	

Discussion	

Fibrinogen	 levels	 are	 used	 to	 monitor	 the	 patient’s	 risk	 for	 bleeding	 during	
active	thrombolysis.	To	ensure	the	patients	safety	with	regards	to	bleeding	risk,	
fibrinogen	levels	are	monitored	frequently	during	the	thrombolysis	procedure.	
The	 Hospital	 protocol	 in	 use	 defines	 1.0g/l	 as	 the	 lower	 limit.	 Low	 levels	 of	
plasma	fibrinogen	were	encountered	frequently	with	the	use	of	CS2100-I	while	
STA	and	ROTEM	results	were	within	normal	 limits.	Moreover,	 the	correlating	
FIBTEM	MCF	value	analyses	showed	that	in	81	out	of	87(93%)	of	all	samples	a	
functional	 clot	 could	 be	 formed,	 indicating	 that	 fibrinogen	 levels	 were	 suffi-
ciently	 high.	 Therefore	 post	 hoc	 comparison	 testing	was	 performed	 to	 assess	
the	validity	of	the	results	determined	by	the	Clauss	method.	

It	has	been	suggested	by	some	authors	that	the	optical	method	probably	gives	
the	best	estimate	of	functional	fibrinogen.22	It	is	also	suggested	that	determina-
tion	of	fibrinogen	levels	in	optical	detection	methods	may	be	disturbed	by	high	
D-dimer	levels..	This	hypothesis	was	however	not	corroborated	by	the	present-
ed	data,	no	 statistically	 significant	difference	 in	D-dimer	 levels	was	 found	be-
tween	 the	 samples	 with	 and	 without	 errors	 in	 this	 study.	 The	 abundance	 of	
fibrinogen	 degradation	 products	 due	 to	 thrombolysis	 does	 not	 seem	 to	 influ-
ence	 test	 results,	 other	 factors	 that	 interfere	 with	 accurate	 measurement	
should	 therefore	 be	 evaluated.	 Because	 currently	 used	 fibrinogen	 levels	 are	
arbitrary,	alternative	ROTEM	values	may	be	studied.		

	

FIBTEM	MCF	 is	 an	 alternative	 to	 the	 optical	 and	mechanical	methods	 for	 de-
termining	plasma	fibrinogen	levels.	Numerous	publications	describe	the	use	of	
ROTEM	 in	 cardiothoracic	 surgery	 and	 in	 patients	with	 high	 bleeding	 tenden-
cies.8,23	ROTEM	can	provide	an	adequate	 status	of	 the	 coagulation	 capacity	of	
the	patient	and	the	clot	formation	potential.	The	method	could	therefore	poten-
tially	be	used	for	monitoring	patients	undergoing	thrombolysis	for	DVT.	Previ-
ous	 reports	 showed	 good	 correlation	 between	 FIBTEM	 MCF	 and	 alternative	
fibrinogen	 detection	 methods	 in	 healthy	 subjects.17	 Also	 the	 correlation	 be-
tween	FIBTEM	MCF	and	CS2100-I	in	patients	undergoing	thrombolysis	for	DVT	
was	good.	 	During	thrombolysis	minor	bleeding	was	observed	in	two	patients	
and	low	fibrinogen	in	8	patients,	for	which	they	received	in	total	30	FFP’s.	The	
low	 incidence	of	bleeding	and	 the	 frequently	 reported	 low	 fibrinogen	suggest	
an	underestimation	of	fibrinogen	levels	with	optical	fibrinogen	assessment.		

Some	concerns	could	be	raised	on	 the	 fact	 that	 samples	 for	 the	current	study	
were	frozen	and	stored	for	 later	evaluation,	 this	may	be	perceived	as	a	weak-
ness	of	our	study	as	this	could	have	influenced	the	results.	However,	additional	
duplicate	testing	showed	no	significant	differences	between	the	stored	samples	
and	 fresh	 blood	 samples	 (results	 are	 not	 shown).	 STA	 results	were	 obtained	
only	from	frozen	samples.	Accuracy	of	the	STA	analysis	was	assumed	based	on	
this	control	experiment.		

From	 our	 comparative	 analysis	 we	 conclude	 that	 accurate	 measurement	 of	
fibrinogen	levels	in	patients	undergoing	thrombolysis	in	acute	DVT	is	challeng-
ing.	Currently	available	methods	of	determination	by	CS2100-I	or	STA	may	not	
adequately	reflect	actual	fibrinogen	levels.	Based	on	our	experience	and	valida-
tion	 of	 ROTEM	 an	 underestimation	 of	 fibrinogen	 levels	 with	 CS2100-I	 in	 pa-
tients	undergoing	thrombolysis	for	acute	iliofemoral	DVT	is	assumed.		
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Abstract		

The	results	of	the	CaVent-study	and	the	expected	results	of	the	ATTRACT	and	
CAVA	trials	will	form	the	base	of	evidence	to	support	that	rapid	cloth	removal	
is	 beneficial	 for	 patients	with	 iliofemoral	 DVT.	 Although	 beneficial,	 there	 are	
still	significant	risks	associated	with	this	 therapy.	Therefore	alternative	meth-
ods	 for	 rapid	 cloth	 removal	without	 lysis	 are	 a	 potential	 valid	 alternative.	 In	
this	article	we	describe	the	techniques	currently	available	for	thrombolysis	and	
discuss	 the	potential	 improvements	 to	be	made	 to	clot	 removal	 techniques	 in	
the	future.	

		 	

	

Introduction:	

Thrombolytic	 therapy	 for	 Deep	 Venous	 Thrombosis	 (DVT)	 is	 becoming	more	
acceptable	 in	 common	 practices.	 The	 randomized	 controlled	 CaVenT-study	
showed	 favorable	 results	 in	patients	 treated	with	 catheter	directed	 thrombo-
lysis	 (CDT)	compared	 to	patients	who	only	 received	standard	anticoagulation	
therapy	with	regards	to	Post	Thrombotic	Syndrome	(PTS).(1)	Currently	2	ran-
domized	controlled	trials	are	conducted	and	soon	the	results	of	these	trials	are	
expected.(2,3)	If	these	trials	confirm	the	favorable	results	with	regards	to	pre-
vention	of	PTS,	CDT	for	iliofemoral	DVT	will	probably	become	standard	therapy	
in	patients	with	iliofemoral	DVT.	While	catheter	directed	thrombolytic	therapy	
might	prove	to	be	favorable	for	patients	with	iliofemoral	DVT	it	is	not	the	ideal	
treatment.(4)	Hence	 alternatives	 to	 CDT	 for	 iliofemoral	DVT	 are	 being	 devel-
oped	 and	 investigated.	 In	 this	 article	 we	 describe	 the	 techniques	 currently	
available	 for	 thrombolysis	 and	 discusses	 the	 potential	 improvements	 of	 clot	
removal	techniques	in	the	future.		

Standard	anticoagulation	treatment	
Standard	anticoagulation	therapy	prevents	clot	propagation	and	protects	from	
potentially	 lethal	 pulmonary	 embolism.(5)	Because	 the	natural	 recanalization	
process	 in	 the	popliteal-femoral	 tract	 is	good,	 in	up	 to	90%	of	cases	standard	
care	 seems	 sufficient.	 However	 in	 the	 iliac	 tract	 the	 natural	 recanalization	 is	
much	poorer	with	reported	recanalization	rates	of	only	15-30%.	The	remaining	
clot	transforms	into	fibrous	tissue	between	3-6	weeks	till	3	months	and	up	to	
one	 year	 collaterals	 are	 formed.(6)	 The	 fibrous	 tissue	 formed,	 as	 a	 result	 of	
incomplete	 recanalization,	 blocks	 venous	 outflow	 and	 is	 viewed	 as	 the	major	
cause	of	the	post	thrombotic	syndrome.	(7)	

Aim	of	thrombolytic	therapy:	
Thrombolytic	therapy	is	used	to	quickly	resolve	the	thrombus	in	an	acute	phase	
(within	 three	weeks).	With	 successful	 acute	 removal	of	 the	 thrombus,	 full	 re-
canalization	 is	 gained	 and	 the	 formation	of	 fibrous	 strands	within	 the	 vein	 is	
prevented,	therefore	hopefully	preventing	the	development	of	PTS.(8)		

Standard	catheter	directed	thrombolysis	(CDT):		
Standard	 catheter	 directed	 thrombolysis	 infuses	 the	 thrombolytics	 through	 a	
multiside	 hole	 catheter.(9)	 Urokinase,	 T-PA	 or	 rT-PA	 is	 used	 as	 thrombolytic	
agent	in	this	treatment.	The	randomised	controlled	CaVenT-study	showed	safe-
ty	and	feasibility	of	this	treatment	with	a	mean	treatment	time	of	2.4	days	using	
standard	 CDT,	with	 acceptable	 bleeding	 risk.	 Regarding	 PTS	 an	 absolute	 risk	
reduction	 of	 14.4%	 was	 shown	 in	 patients	 treated	 with	 CDT	 in	 addition	 to	
standard	anticoagulation	treatment.	
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Pharmaco-mechanical	thrombolysis	(PMT)	
Because	 of	 the	 long	 treatment	 time	 of	 CDT,	 new	 treatment	 modalities	 have	
become	 available	 and	 combine	 a	 mechanical	 component	 with	 the	 chemical	
thrombolytic	 agent.	 The	 addition	 of	 a	 mechanical	 component	 is	 supposed	 to	
speed	up	the	process	of	thrombolysis	by	disrupting	the	structure	of	the	throm-
bus,	thus	shortening	treatment	time	and	possibly	reducing	the	risk	of	bleeding	
due	to	the	use	of	 less	 thrombolytics.	Three	PMT	devices	are	available	 for	use:	
The	EKOS	endowave	system	(BTG,	USA),	the	trellis-8	(Covidien)	and	the	Angi-
ojet	 powerpulse	 system	 (Bayer,	 Germany).	 The	 EKOS	 endowave	 system	 uses	
ultrasound	 waves	 to	 enhance	 thrombolysis.	 The	 ultrasound	 waves	 influence	
the	fibrin	strands	to	make	them	more	susceptible	to	plasmin	and	also	the	drug	
is	 dispersed	more	 evenly	 throughout	 the	 clot.	 Only	 retrospective	 studies	 are	
performed	using	this	device	and	there	is	no	clear	 information	available	show-
ing	reduced	treatment	time	in	DVT.(10)(fig1a)	

The	trellis-8	isolates	the	clot	between	two	balloons	over	a	length	of	15-30	cm.	
Between	the	balloons	a	sinusoidal	wire	is	present	and	after	infusion	of	throm-
bolytic	 drugs,	 the	wire	 is	 rotated	 at	 3000	RPM.	 After	 around	 20	minutes	 the	
solution	of	clot	and	thrombolytics	can	be	aspirated	through	the	same	catheter.	
This	prevents	the	infused	thrombolytics	from	spreading	systemically	since	they	
are	 infused	 and	 aspirated	within	 the	 enclosed	 segment,	 further	 reducing	 the	
risk	of	bleeding.	This	procedure	can	be	repeated	 for	multiple	segments	 in	 the	
same	session.	The	whole	procedure	can	take	up	to	4	hours	in	the	Cath	lab.	For	
this	method	are	also	only	retrospective	studies	available.(11)	(fig	1b)	

The	Angiojet	Power	Pulse	system	(Bayer,	Germany)	is	a	PMT	catheter	that	uses	
a	 complex	mixture	 of	 rapid	 fluid	 streaming	 and	hydrodynamic	 forces	 to	 frac-
ture	thrombus,	allowing	extraction	at	the	catheter	tip	using	negative	pressure	
based	on	 the	 so-called	Bernoulli	principle.	The	catheter	 infuses	normal	 saline	
through	an	infusion	port	while	simultaneously	suctioning	through	the	effluent	
port.	 If	 the	 effluent	 port	 is	 clamped,	 the	 infusion	 port	 acts	 as	 a	 mechanical	
“pulse	spray	system”,	whereby	the	thrombus	can	be	laced	with	a	thrombolytic	
drug	that	is	infused	through	the	system.	This	system	can	also	be	used	without	
thrombolytics.	 Only	 retrospective	 studies	 and	 registries	 are	 available	 as	 evi-
dence	for	this	device.(12)(fig	1c)	

	

	

	
Figure	 1:	 (a)	 Close-up	 of	 the	 EKOS®	 endowave	 catheter	 (Reproduced	 with	
permission	from	EKOS®),	(b)	Picture	of	the	trellis-8	device	(Reproduced	with	
permission	 from	 Covidien),	 (c)	 picture	 of	 the	 angiojet	 powerpulse	 catheter	
(Reproduced	with	permission	from	Bayer	Health	Care	Medical	Care).	

Results:	

Evidence	 on	 these	 devices	 is	 largely	 derived	 from	 retrospective	 studies	 and	
registries.	All	techniques	seem	to	be	safe	and	fea§sible	in	removing	thrombus.	
Patency	 rates	 after	one	year	 are	 good	and	 there	were	no	 intracranial	 hemor-
rhages	reported	and	no	mortality.	Total	treatment	time	is	not	reported	in	most	
of	these	reports.	Patients	were	carefully	selected	to	undergo	these	procedures,	
minimizing	 bleeding	 risk.	 A	 summary	 of	 the	 available	 literature	 is	 shown	 in	
table	1.	
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minimizing	 bleeding	 risk.	 A	 summary	 of	 the	 available	 literature	 is	 shown	 in	
table	1.	



158

Chapter 11
	

Table	1	

	

Drawbacks	of	current	therapies:	
Although	advances	were	made	with	these	new	devices,	there	are	still	concerns.	
The	major	 drawback	 of	 the	 current	 techniques	 is	 the	 usage	 of	 thrombolytics.	
Patients	with	a	higher	bleeding	risk	are	excluded	for	these	treatments	because	
of	 the	use	of	 thrombolytics.	Postoperative	patients	and	patients	who	have	ac-
tive	malignancies	are	an	example	of	patients	not	eligible	for	most	thrombolysis	
techniques,	which	makes	the	therapy	unavailable	for	a	large	group	of	patients,	
estimated	to	be	around	30%	of	all	DVT’s.	

Duration	of	the	patients’	complaints	and	clot	age	is	also	of	essence.	A	thrombus	
can	be	lysed	if	it	is	not	older	than	3	weeks.	After	three	weeks	the	fibrin	strands	
in	the	clot	 form	tight	crosslinks,	and	collagen	is	 formed	within	the	clot,	which	
cannot	be	dissolved.	The	clot	will	also	stick	to	the	wall	due	to	the	inflammatory	
response.(13)	

Bleeding	risk	 is	still	an	 issue,	even	with	 the	new	PMT	techniques.	The	patient	
has	to	be	admitted	into	the	hospital	and	needs	monitoring	during	the	lytic	ther-
apy.	Fibrinogen	levels	are	closely	monitored	and	if	the	level	drops	below	1.0g/l	
thrombolytic	 therapy	 is	 discontinued,	which	 again	 influences	 the	 outcome	 of	
the	 treatment.	 The	 complete	 process	 takes	 a	 couple	 of	 days,	 which	 strongly	
influences	cost.	Reduction	in	the	length	of	stay	in	the	hospital	could	reduce	the	
burden	of	the	procedure	for	the	patient	and	decrease	the	cost	of	the	therapy.		

Additional	procedures	
After	 successful	 thrombolysis	 approximately	 50%	 of	 patients	will	 need	 addi-
tional	therapy.	In	many	cases	of	iliofemoral	DVT	an	obstructive	lesion	or	com-
pression	syndrome	can	be	identified.	If	left	untreated	this	significantly	increas-
es	the	chance	of	a	recurrent	DVT.	If	a	persistent	obstruction	is	identified	it	has	
to	 be	 treated	 with	 balloon	 dilatation	 and	 stenting.	 Pneumatic	 compressive	
stockings	 can	 also	 improve	 outcome.	 Follow-up	 should	 be	 performed	 in	 a	
standardized	 fashion,	 which	 allows	 timely	 re-intervention	 in	 case	 of	 re-

	

thrombosis	 of	 the	 treated	 and/or	 stented	 tract,	 especially	 in	 the	 first	 few	
weeks.		

Future	developments:	

To	 address	 all	 of	 the	 previously	 mentioned	 drawbacks,	 new	 treatment	 tech-
niques	 should	 adhere	 to	 a	 couple	 of	 preferred	 features.	 Pure	mechanical	 re-
moval	 of	 the	 clot	 in	 one	 session	 seems	 to	 be	 the	most	 likely	 preferred	 treat-
ment,	ideally	in	a	day-care	setting.	In	short	the	patient	would	report	to	the	phy-
sician.	Standard	anticoagulation	treatment	should	be	started	at	that	point.	The	
physician	assesses	eligibility	for	clot	removal	therapy	and	the	same	day	the	clot	
would	be	removed	in	an	outpatient	setting.	Before	starting	the	procedure	a	full	
venous	roadmap	should	be	made,	using	Duplex,	magnetic	resonance	venogra-
phy	(MRV)	or	computed	tomography	venography	(CTV)	and	the	patient	should	
be	 classified	 according	 to	 the	 LET	 classification	 (fig	 2).(14)	 After	 successful	
thrombus	 removal,	 ideally	 in	 less	 then	an	hour	via	 a	popliteal	 vein	 approach,	
immediate	additional	stenting	of	a	pre	or	per	procedural	identified	underlying	
lesion	should	be	performed.	After	completion	of	the	therapy	the	patient	is	im-
mediately	discharged	and	continues	with	the	standard	treatment,	being	antico-
agulation,	compression	and	mobilization.		

Figure	2	
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Currently	available	purely	mechanical	thrombectomy	devices:	

Lazarus	ReCover™:		
The	 Lazarus	 ReCover	 is	 a	 next-generation	 ischemic	 stroke	 of	 today’s	 stent	
based	retrievers.		The	ReCover	incorporates	a	cover	segment	that	automatically	
covers	and	protects	the	thrombus	as	the	device	is	removed,	helping	to	prevent	
clot	embolization	and	secondary	stroke.	This	device	 is	an	example	of	a	purely	
mechanical	 clot	 removal	 therapy,	 but	 its	 use	 seems	 to	 be	 limited	 to	 ischemic	
cerebral	strokes.	(Fig	3)	

	
figure	3:	Picture	of	the	Lazarus	device.	Reproduced	with	permission	from	Laza-
rus	Effect,	Inc.	

AngioVac:	
The	 AngioVac	 Cannula	 (AngioDynamics,	 Latham,	 New	 York)	 is	 a	 mechanical	
suction	 device	 that	 is	 designed	 for	 removal	 of	 intravascular	material	 such	 as	
thrombus,	tumor,	foreign	bodies,	and	vegetation,	while	maintaining	flow	during	
extracorporeal	 circulation.	 The	 suction	 cannula	 is	 a	 22-F	 device	 that	 can	 be	
advanced	over	a	wire	using	an	 internal	dilator.	The	device	has	an	expandable	
tip	 that	opens	up	to	48-F.	This	 tip	serves	as	 the	suction	end	of	a	veno-venous	
non-oxygenating	bypass	circuit	that	filters	removed	blood	and	returns	it	to	the	
venous	system	via	a	separate	reinfusion	cannula	or	sheath.	The	patient	 is	put	
under	 general	 anaesthesia	 to	 perform	 this	 procedure.	Maximum	 anticoagula-
tion	is	given	to	keep	the	bypass	circuit	open	and	a	perfusionist	monitors	it.	This	
makes	the	procedure	very	 invasive	and	not	eligible	 for	every	patient.	 It	might	
be	an	option	for	patients	in	whom	initial	thrombolytic	therapy	failed	with	per-
sisting	complaints.	Evidence	for	this	procedure	is	limited	to	case	reports	in	the	
available	literature.	Therefore	it	is	not	possible	to	assess	weather	it	is	feasible	

	

and	safe	 to	use	 in	 iliofemoral	and	 inferior	vena	cava	DVT’s	and	 long	 term	pa-
tency	rates	after	follow-up	are	lacking.(fig	4)	

	
figure	 4:	 (a,b)	 Picture	 of	 the	 AngioVac	 system.	 Reproduced	 with	 permission	
from	AngioVac.	

The	future	of	purely	mechanical	clot	removal	therapy	
New	devices	should	preferably	have	the	following	features:	Minimally	invasive,	
fast,	and	with	 low	risks	of	bleeding	and	other	complications	or	no	risks	at	all.	
Additionally	the	device	should	be	cheap,	available	for	all	sorts	of	patient,	capa-
ble	of	 removing	 clot	older	 than	3	weeks,	 and	easy	 to	use.	These	 items	are	all	
limitations	 of	 the	 currently	 available	 therapies.	We	 will	 discuss	 each	 feature	
below.	

Minimally	invasive:	
Some	 devices	 are	more	minimally	 invasive	 than	 others.	 The	 Ekos	 endowave,	
Trellis-8	and	Angiojet	can	all	be	used	with	one	single	entry	in	the	popliteal	vein	
of	the	patient.	Less	invasive	is	probably	not	possible,	because	entry	to	the	ves-
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and	safe	 to	use	 in	 iliofemoral	and	 inferior	vena	cava	DVT’s	and	 long	 term	pa-
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New	devices	should	preferably	have	the	following	features:	Minimally	invasive,	
fast,	and	with	 low	risks	of	bleeding	and	other	complications	or	no	risks	at	all.	
Additionally	the	device	should	be	cheap,	available	for	all	sorts	of	patient,	capa-
ble	of	 removing	 clot	older	 than	3	weeks,	 and	easy	 to	use.	These	 items	are	all	
limitations	 of	 the	 currently	 available	 therapies.	We	 will	 discuss	 each	 feature	
below.	

Minimally	invasive:	
Some	 devices	 are	more	minimally	 invasive	 than	 others.	 The	 Ekos	 endowave,	
Trellis-8	and	Angiojet	can	all	be	used	with	one	single	entry	in	the	popliteal	vein	
of	the	patient.	Less	invasive	is	probably	not	possible,	because	entry	to	the	ves-
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sel	will	 always	be	necessary,	 even	with	 future	devices.	The	procedure	 can	be	
performed	 in	 a	 cath	 lab	with	 local	 anaesthesia.	 Contrary	 to	 this	 the	Angiovac	
system	 requires	more	 than	 1	 entry	 for	 the	 system	 to	work.	 Besides	 that,	 the	
patient	 is	 under	 general	 anaesthesia	 when	 the	 procedure	 is	 performed.	 This	
will	 limited	the	recovery	time	for	the	patient.	Ideally	the	patient	should	mobi-
lise	as	soon	as	possible	after	the	clot	is	fully	removed.	The	available	mechanical	
devices	all	have	a	low	profile	system	with	a	limited	reach	and	often	do	not	clear	
the	complete	thrombus	in	large	veins	from	wall	to	wall,	such	as	the	iliac	veins	
with	diameters	up	to	2	cm.	A	new	mechanical	device	should	catch	the	complete	
thrombus	from	wall	to	wall	and	remove	it	all	in	one	run.	

Treatment	time:	
The	Ekos	endowave	takes	between	12-72	hours	 to	 fully	dissolve	 the	clot.	The	
whole	time	the	patient	is	monitored	in	the	hospital,	which	brings	high	costs.	At	
the	same	time,	with	the	catheter	in	place	the	patient	is	unable	to	mobilise.	The	
trellis-8	and	Angiojet	do	not	have	this	problem,	but	therapy	with	the	Trellis-8	
can	take	up	to	4	hours	to	completely	remove	the	clot	and	the	Angiojet	is	limited	
in	total	treatment	time,	due	to	haemolysis.	If	the	clot	is	not	completely	removed	
than	 therapy	 is	 continued	with	 a	 thrombolysis	 catheter	 until	 the	 desired	 clot	
removal	is	established.	Ideally	the	surgeon	or	interventional	radiologist	should	
perform	the	complete	treatment	in	one	setting	within	2	hours	maximum	with-
out	thrombolytics.		

Contra-indications:	
Another	advantage	of	purely	mechanical	clot	removal	is	the	reduction	of	bleed-
ing	 risk.	 Because	 thrombolytics	 are	 not	 used,	 their	 inherent	 bleeding	 risk	 is	
avoided.	This	could	potentially	mean	that	patients	who	are	not	currently	eligi-
ble	for	thrombolytic	therapy,	such	as	post-operative	patients,	pregnant	women,	
and	patients	with	malignancies,	are	potential	candidates	for	purely	mechanical	
clot	 removal.	 This	will	make	 clot	 removal	 therapy	 available	 to	 a	much	 larger	
group	of	patients.	However,	bleeding	risk	will	not	be	reduced	to	zero,	because	
standard	anticoagulation	 treatment	will	 still	 be	administered.	A	 lot	of	 contra-
indications	 for	 thrombolytic	 therapy	at	 this	moment	will	 not	 apply	 for	 future	
clot	removal	therapy.	

The	potential	of	removing	older	clots	
Possibly	 clots	older	 than	3	weeks	can	be	 removed.	Nowadays	clot	age	 is	esti-
mated	 according	 to	 duration	 of	 complaints.	 However	 this	 can	 be	 misleading	
and	 the	 clot	 could	 be	 older	 than	was	 guessed	 based	 on	 this	 information.	 Be-
tween	3	 and	6	weeks	 the	 clot	becomes	harder	 to	 lyse	with	 the	 current	 treat-
ments.	Intense	crosslinking	between	fibrin	strands	and	the	replacement	of	red	

	

blood	 cells	 and	 platelets	 by	 collagenous	 tissue	 gradually	 transforms	 the	 clot	
into	 fibrous	 tissue.	 The	 fibrous	 tissue	 eventually	 forms	 permanent	 strands	
within	 the	 vein	wall.	 These	 cannot	 be	 dissolved	 or	 removed	 by	 thrombolytic	
therapy.	 A	 good	mechanical	 device	 could	 potentially	make	 it	 possible	 to	 also	
remove	clots	older	than	3	weeks.	What	the	potential	window	of	removal	will	be	
is	unclear	 and	will	 become	apparent	 in	 the	 future.	Advances	 in	 imaging	 tech-
niques	 such	as	MRV	and	CTV	could	prove	 to	be	useful	 in	making	an	estimate	
whether	 the	 clot	 is	 acute,	 sub-acute	 or	 has	 already	 partly	 or	 completely	
changed	into	an	intraluminal	scar.	

Cost	reduction	
If	 the	mechanical	 therapy	 can	 be	 done	 in	 a	 single	 day,	 this	 could	 potentially	
save	 a	 lot	 of	 resources,	 due	 to	 reduced	 hospital	 stay.	 Reduced	 complications	
also	help	with	cost	reduction.	Therefore	the	cost-effectiveness	of	new	therapies	
should	 increase.	 Ideally	the	cost	of	catheter	 itself	would	also	be	reasonable	to	
further	support	this	cost-reduction.	

Easy	to	use	
The	catheter	should	be	easy	to	use,	so	there	should	be	a	small	 learning	curve,	
enabling	all	involved	specialists	to	use	it.	This	makes	it	a	lot	easier	for	patients	
to	receive	the	therapy	in	a	hospital	in	their	own	region.	It	should	also	not	dam-
age	vein	valves,	in	particular	when	the	device	is	introduced	through	the	poplit-
eal	vein.	

Future	of	imaging	techniques	in	DVT	
In	cases	of	 iliofemoral	DVT,	 the	patient	should	be	assessed	extensively	by	du-
plex	ultrasound	and	additionally	with	CTV	or	MRV	before	starting	a	procedure.	
Standardizing	reporting	will	make	it	possible	to	pool	data	gathered	from	future	
studies.	Scorings	systems,	like	the	LET	classification,	based	on	extensive	imag-
ing,	could	provide	physicians	with	an	objective	tool	 to	make	clinical	decisions	
for	their	patients.(14)	

Furthermore	CTV	and	MRV	may	prove	useful	in	determining	underlying	stenot-
ic	lesions	in	the	iliac	tract	and	inferior	vena	cava,	which	is	more	difficult	to	as-
sess	 using	 duplex	 ultrasound.	 Stenotic	 lesions	 should	 not	 be	 treated	 with	
thrombolysis	or	clot	removal,	but	recanalization,	balloon	angioplasty	and	stent-
ing.	 Accurate	 pre-interventional	 imaging	 assessment	 to	 identify	 such	 lesions	
enables	correct	pre-interventional	treatment	selection.	In	the	future	it	may	be	
possible	 to	assess	clot	age	based	on	these	 imaging	techniques.	This	could	 fur-
ther	enhance	patient	selection	and	make	sure	the	patient	receives	the	right	clot	
removal	strategy	depending	on	the	clot	present.	
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remove	clots	older	than	3	weeks.	What	the	potential	window	of	removal	will	be	
is	unclear	 and	will	 become	apparent	 in	 the	 future.	Advances	 in	 imaging	 tech-
niques	 such	as	MRV	and	CTV	could	prove	 to	be	useful	 in	making	an	estimate	
whether	 the	 clot	 is	 acute,	 sub-acute	 or	 has	 already	 partly	 or	 completely	
changed	into	an	intraluminal	scar.	

Cost	reduction	
If	 the	mechanical	 therapy	 can	 be	 done	 in	 a	 single	 day,	 this	 could	 potentially	
save	 a	 lot	 of	 resources,	 due	 to	 reduced	 hospital	 stay.	 Reduced	 complications	
also	help	with	cost	reduction.	Therefore	the	cost-effectiveness	of	new	therapies	
should	 increase.	 Ideally	the	cost	of	catheter	 itself	would	also	be	reasonable	to	
further	support	this	cost-reduction.	

Easy	to	use	
The	catheter	should	be	easy	to	use,	so	there	should	be	a	small	 learning	curve,	
enabling	all	involved	specialists	to	use	it.	This	makes	it	a	lot	easier	for	patients	
to	receive	the	therapy	in	a	hospital	in	their	own	region.	It	should	also	not	dam-
age	vein	valves,	in	particular	when	the	device	is	introduced	through	the	poplit-
eal	vein.	

Future	of	imaging	techniques	in	DVT	
In	cases	of	 iliofemoral	DVT,	 the	patient	should	be	assessed	extensively	by	du-
plex	ultrasound	and	additionally	with	CTV	or	MRV	before	starting	a	procedure.	
Standardizing	reporting	will	make	it	possible	to	pool	data	gathered	from	future	
studies.	Scorings	systems,	like	the	LET	classification,	based	on	extensive	imag-
ing,	could	provide	physicians	with	an	objective	tool	 to	make	clinical	decisions	
for	their	patients.(14)	

Furthermore	CTV	and	MRV	may	prove	useful	in	determining	underlying	stenot-
ic	lesions	in	the	iliac	tract	and	inferior	vena	cava,	which	is	more	difficult	to	as-
sess	 using	 duplex	 ultrasound.	 Stenotic	 lesions	 should	 not	 be	 treated	 with	
thrombolysis	or	clot	removal,	but	recanalization,	balloon	angioplasty	and	stent-
ing.	 Accurate	 pre-interventional	 imaging	 assessment	 to	 identify	 such	 lesions	
enables	correct	pre-interventional	treatment	selection.	In	the	future	it	may	be	
possible	 to	assess	clot	age	based	on	these	 imaging	techniques.	This	could	 fur-
ther	enhance	patient	selection	and	make	sure	the	patient	receives	the	right	clot	
removal	strategy	depending	on	the	clot	present.	
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Per	procedural	information	can	also	dictate	if	additional	procedures	are	need-
ed.	The	per-procedural	 information	of	 a	 phlebography	 in	different	 directions,	
an	additional	3D	phlebography	or	an	intravascular	ultrasound	(IVUS)	can	also	
determine	additional	 strategies.	But	 logistically,	with	regard	 to	 treatment	and	
procedure	time	and	to	limit	patient	en	doctor	exposure	to	radiation	it	is	better	
to	know	it	in	advance.		

Dedicated	stent	material	
In	order	to	get	the	best	result	dedicated	venous	stents	should	be	used.	With	the	
right	size,	flexibility	and	radial	force.	Known	newly	dedicated	venous	stents	are	
the	Zilver	vena	(Cook)(fig.5)	and	the	Sinus	Venous	(OptiMed)(fig.6)	

Figure	5:	Zilver	vena	stent.	Reproduced	with	permission	from	Cook	Medical.	

	
Figure	6:	Close-up	of	the	sinus	venous	stent.	Reproduced	with	permission	from	
Rembrandt	Medical.	

	

	

General	ideas	for	improvement:	
With	enhanced	awareness	of	the	possibilities	in	treating	patients	with	iliofemo-
ral	 DVT	 we	 hope	 that	 physicians	 as	 well	 as	 patients	 will	 sooner	 evaluate,	 if	
thrombectomy,	with	or	without	stenting,	should	be	performed.	The	sooner	DVT	
gets	 treated	the	better	 the	results.	With	better	patient	selection,	more	patient	
will	 be	 eligible	 to	 undergo	 therapy.	 With	 expanding	 knowledge,	 a	 minimally	
invasive	 non-thrombolytic	 outpatient	 treatment	 of	 an	 iliofemoral	 DVT	 might	
become	 the	 standard	 treatment	 to	 reduce	 acute	 symptoms,	 recurrence	 DVT	
and	PTS	incidence.	If	this	new	purely	mechanical	treatment	seems	feasible	and	
safe	even	more	patients	might	be	considered	for	treatment.	Not	only	in	iliofem-
oral	DVT,	but	perhaps	also	in	DVT	confined	to	the	femoral	or	popliteal	segment.		

Conclusion	

Clot	removal	therapy	will	most	likely	become	standard	treatment	in	iliofemoral	
deep	 venous	 thrombosis	 in	 order	 to	 prevent	 the	 post	 thrombotic	 syndrome.	
Currently	available	techniques	use	thrombolytic	drugs	with	an	inherent	chance	
of	 bleeding	 and	 other	 drawbacks,	 like	 hospital	 admission,	 costs	 and	 limited	
patient	 eligibility.	 Future	 techniques	will	 focus	 on	 purely	mechanical	ways	 of	
clot	 removal	with	 the	possible	advantages	of	decreased	bleeding	risk,	 shorter	
hospital	stay,	lower	cost	and	fewer	contra-indications.	
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Introduction	

DVT	 is	 a	 prevalent	 disease	 in	 the	western	world	 affecting	 approximately	 1-2	
per	1000	persons	per	year.1-3	Patients	in	whom	DVT	is	suspected	are	selected	
for	further	diagnosis	with	a	clinical	decision	rule,	such	as	the	Wells	score.4,5	In	
combination	with	a	d-dimer	level	patients	are	categorized	as	low	or	high	prob-
ability	of	having	DVT.6,7	If	the	patient	is	categorized	as	having	a	high	probability	
of	 DVT,	 a	 two-point	 compression	 ultrasonography	 is	 typically	 performed	 to	
confirm	or	 exclude	 the	 diagnosis.1,3,8	 If	DVT	 is	 confirmed	patients	 are	 usually	
treated	 conservatively,	 and	 started	 on	 anticoagulation	 with	 low	 molecular	
weight	 heparin	 for	 five	 days	 in	 conjunction	with	 vitamin-K-antagonists	 for	 a	
total	duration	of	3-6	months	or	lifelong	depending	on	risk	factors	and	history	of	
previous	 thrombotic	events.	 In	addition	compressive	bandages	or	 therapeutic	
elastic	 stockings	 for	 two	 years	 and	 immediate	 mobilization	 is	 prescribed.4,9	
When	 treated	 accordingly,	 20-50%	 of	 all	 patients	 develop	 a	 post-thrombotic	
syndrome.6,10	PTS	is	defined	as	a	chronic	clinical	manifestations	of	venous	hy-
pertension	 following	DVT.6,8	Subjective	symptoms	of	PTS	can	be	 itching,	pain,	
cramps,	 paresthesia,	 and	 heaviness	 of	 the	 leg.	 Objective	 symptoms	 can	 be	
swelling	of	 the	 leg,	 telangiectasia,	 varicosities,	 induration,	hyperpigmentation,	
redness	or	finally	ulceration	of	the	leg.	Symptoms	can	range	from	mild,	moder-
ate	to	severe.	Severe	PTS	is	associated	with	increased	medical	and	social	costs,	
and	has	 a	 large	 impact	 on	 the	 quality	 of	 life	 of	 patients,	 comparable	 to	 other	
chronic	diseases	like	diabetes	mellitus,	chronic	pulmonary	obstructive	disease	
and	 heart	 failure.(9,11)	 Diagnosis	 of	 PTS	 is	 made	 by	 a	 clinical	 scale	 for	 PTS	
(Villalta	scale)	preferably	 in	combination	with	a	disease	specific	quality	of	 life	
questionnaire.(10,12)	One	in	four	patients	with	a	DVT	is	categorized	as	LET	3	
or	4	(iliofemoral)	DVT.(6,13)	A	LET	3,4	DVT	is	associated	with	a	higher	risk	of	
PTS.(11,14)	

Post	Thrombotic	Syndrome	
The	 exact	 etiology	 of	 PTS	 is	 unknown	 but	 there	 is	 a	 strong	 association	with	
obstruction	and	reflux	of	the	deep	venous	system.(12,15)	Standard	anticoagu-
lation	therapy	does	not	actively	dissolve	the	thrombus.	The	individual	patients’	
lytic	 system	 is	 responsible	 for	 lysing	 the	 thrombus	 and	 thus	 establishing	 re-
canalization	of	the	vein.	If	recanalization	of	the	vein	is	not	achieved,	the	remain-
ing	thrombus	is	transformed	into	fibrous	tissue	and	this	process	results	in	par-
tial	or	 total	obstruction	of	 the	vein	and	vein	wall	 stiffness.(13,16)	Concurrent	
processes	 of	 inflammation,	 can	 damage	 the	 valves,	 leading	 to	 venous	 insuffi-
ciency.(14,17)	These	mechanisms	eventually	 lead	to	venous	hypertension	and	
are	 considered	 the	 cause	 of	 PTS.(1,15)	 PTS	 is	 the	most	 frequently	 occurring	
complication	after	DVT.	With	a	reported	incidence	after	DVT	of	up	to	50%,	it	is	
important	 to	 recognize	 patients	who	 are	 at	 increased	 risk	 of	 developing	 PTS	
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Introduction	

DVT	 is	 a	 prevalent	 disease	 in	 the	western	world	 affecting	 approximately	 1-2	
per	1000	persons	per	year.1-3	Patients	in	whom	DVT	is	suspected	are	selected	
for	further	diagnosis	with	a	clinical	decision	rule,	such	as	the	Wells	score.4,5	In	
combination	with	a	d-dimer	level	patients	are	categorized	as	low	or	high	prob-
ability	of	having	DVT.6,7	If	the	patient	is	categorized	as	having	a	high	probability	
of	 DVT,	 a	 two-point	 compression	 ultrasonography	 is	 typically	 performed	 to	
confirm	or	 exclude	 the	 diagnosis.1,3,8	 If	DVT	 is	 confirmed	patients	 are	 usually	
treated	 conservatively,	 and	 started	 on	 anticoagulation	 with	 low	 molecular	
weight	 heparin	 for	 five	 days	 in	 conjunction	with	 vitamin-K-antagonists	 for	 a	
total	duration	of	3-6	months	or	lifelong	depending	on	risk	factors	and	history	of	
previous	 thrombotic	events.	 In	addition	compressive	bandages	or	 therapeutic	
elastic	 stockings	 for	 two	 years	 and	 immediate	 mobilization	 is	 prescribed.4,9	
When	 treated	 accordingly,	 20-50%	 of	 all	 patients	 develop	 a	 post-thrombotic	
syndrome.6,10	PTS	is	defined	as	a	chronic	clinical	manifestations	of	venous	hy-
pertension	 following	DVT.6,8	Subjective	symptoms	of	PTS	can	be	 itching,	pain,	
cramps,	 paresthesia,	 and	 heaviness	 of	 the	 leg.	 Objective	 symptoms	 can	 be	
swelling	of	 the	 leg,	 telangiectasia,	 varicosities,	 induration,	hyperpigmentation,	
redness	or	finally	ulceration	of	the	leg.	Symptoms	can	range	from	mild,	moder-
ate	to	severe.	Severe	PTS	is	associated	with	increased	medical	and	social	costs,	
and	has	 a	 large	 impact	 on	 the	 quality	 of	 life	 of	 patients,	 comparable	 to	 other	
chronic	diseases	like	diabetes	mellitus,	chronic	pulmonary	obstructive	disease	
and	 heart	 failure.(9,11)	 Diagnosis	 of	 PTS	 is	 made	 by	 a	 clinical	 scale	 for	 PTS	
(Villalta	scale)	preferably	 in	combination	with	a	disease	specific	quality	of	 life	
questionnaire.(10,12)	One	in	four	patients	with	a	DVT	is	categorized	as	LET	3	
or	4	(iliofemoral)	DVT.(6,13)	A	LET	3,4	DVT	is	associated	with	a	higher	risk	of	
PTS.(11,14)	

Post	Thrombotic	Syndrome	
The	 exact	 etiology	 of	 PTS	 is	 unknown	 but	 there	 is	 a	 strong	 association	with	
obstruction	and	reflux	of	the	deep	venous	system.(12,15)	Standard	anticoagu-
lation	therapy	does	not	actively	dissolve	the	thrombus.	The	individual	patients’	
lytic	 system	 is	 responsible	 for	 lysing	 the	 thrombus	 and	 thus	 establishing	 re-
canalization	of	the	vein.	If	recanalization	of	the	vein	is	not	achieved,	the	remain-
ing	thrombus	is	transformed	into	fibrous	tissue	and	this	process	results	in	par-
tial	or	 total	obstruction	of	 the	vein	and	vein	wall	 stiffness.(13,16)	Concurrent	
processes	 of	 inflammation,	 can	 damage	 the	 valves,	 leading	 to	 venous	 insuffi-
ciency.(14,17)	These	mechanisms	eventually	 lead	to	venous	hypertension	and	
are	 considered	 the	 cause	 of	 PTS.(1,15)	 PTS	 is	 the	most	 frequently	 occurring	
complication	after	DVT.	With	a	reported	incidence	after	DVT	of	up	to	50%,	it	is	
important	 to	 recognize	 patients	who	 are	 at	 increased	 risk	 of	 developing	 PTS	
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and	offer	them	alternative	therapies	capable	of	reducing	post	thrombotic	mor-
bidity.	 Prevention	 of	 PTS	 could	 be	 achieved	with	 early	 thrombus	 removal	 by	
UACDT	as	 this	 could	minimize	obstruction	of	 the	vein	and	preserve	 the	valve	
function.(16,18,19)	

Diagnosis	and	treatment	of	DVT	
Chapter	two	gives	an	overview	of	the	treatment	currently	available	to	patients	
with	iliofemoral	DVT	and	the	results	regarding	this	treatment.	It	shortly	intro-
duces	 the	 problem	 of	 PTS	 after	 DVT,	 especially	 in	 LET	 3,4,	 iliofemoral	 DVT.	
Physicians	can	use	 the	Wells	criteria	combined	with	a	d-dimer	 level	 to	assess	
the	 patients	 risk	 for	 DVT.	 This	 is	 generally	 regarded	 as	 the	 standard	 clinical	
appraisal	 to	reduce	 the	number	of	unnecessary	ultrasounds.	The	combination	
of	a	low	wells	score	in	combination	with	low	d-dimer	level	has	a	97.7%	nega-
tive	 predictive	 value,	 which	 makes	 it	 very	 useful	 in	 safely	 ruling	 out	
DVT.(17,20)	Diagnosis	of	DVT	with	 two-point	compression	ultrasound	 is	 con-
sidered	 the	current	 standard	and	has	a	 sensitivity	of	98.7%	and	specificity	of	
100%	for	above	the	knee	thrombus	and	85.2%	sensitivity	and	98.2%	specificity	
for	below	the	knee	thrombus	compared	to	the	gold	standard	(invasive	venog-
raphy).(1,21)	 Magnetic	 resonance	 venography	 or	 computed	 tomography	 ve-
nography	can	be	considered	for	DVT	above	the	inguinal	level.(18,19,22)	

The	risk	of	PTS	in	DVT	patients	varies	greatly	in	literature	from	20%	to	greater	
than	 60%	 in	 LET	 3,4	 DVT.	 The	 risk	 of	 developing	 a	 venous	 ulcer	 after	 DVT	
ranges	 from	 3-5%.(20,23,24)	 Additional	 thrombus	 removal	 therapies	 have	
shown	potential	for	regaining	patency	and	lowering	PTS.	However	evidence	is	
limited	to	retrospective	analysis	and	case	reports.	

Villalta	scale	to	diagnose	PTS	
Diagnosis	of	PTS	 is	discussed	 in	Chapter	 three.	The	Villalta	 scale	 for	PTS,	 its	
goals	 and	 limitations	 are	 presented.	 PTS	 consists	 of	 both	 patient	 reported	
symptoms	and	clinical	signs.	Symptoms	include	pain,	heaviness,	swelling,	itch-
ing,	 cramps	or	 tingling	 in	 the	affected	Leg.	Symptoms	can	be	persistent	or	 in-
termittent.	Exercise	tends	to	aggravate	symptoms	and	rest	and	elevation	of	the	
leg	 reduce	 symptoms.(21,25)	 Clinical	 signs	 include	 teleangiectasia,	 eczema,	
varicose	 veins,	 edema,	 lipodermatosclerosis	 and	ulceration.	As	 a	 result	 of	 the	
wide	range	of	clinical	presentations,	it	has	proven	difficult	to	achieve	consensus	
on	a	clear	definition	of	PTS.	PTS	 is	a	 syndrome	and	 there	 is	no	gold	standard	
diagnostic	 test.	 An	 ad	 hoc	 conference	 organized	 by	 the	 European	Venous	 Fo-
rum	defined	PTS	as	chronic	venous	symptoms/signs	secondary	to	DVT.(22,26)	
In	the	past	20	years,	a	few	clinical	scales	have	been	introduced	to	diagnose	PTS.	
PTS	is	considered	when	a	patient	has	had	a	DVT	and	has	complaints	in	the	ipsi-
lateral	leg	that	have	developed	or	persisted	a	few	months	after	DVT.	Ideally,	a	

	

clinical	 scale	 should	 be	 able	 to	 assess	whether	PTS	 is	 present	 and	preferably	
also	distinguish	between	severe	and	milder	forms	of	PTS.	The	scale	should	be	
easy	 to	 use	with	 high	 inter-	 and	 intra-observer	 reliability,	 so	 that	 scores	 are	
reproducible	and	can	be	used	for	clinical	research	and	daily	practice.	The	scale	
should	be	accepted	and	used	worldwide,	so	 that	pooling	of	 results	 is	possible	
and	 the	 strongest	 evidence	 becomes	 available.	 The	 Brandjes,	 Ginsberg,	 and	
Villalta	scales	are	specific	PTS	scales	and	 include	clinical	sings	as	wells	as	pa-
tient	symptoms.	Of	 these	scores	 the	Villalta	scale	 is	considered	as	 the	scale	of	
choice	 combining	 all	 above	mentioned	 properties	 and	 in	 addition	 has	 a	 good	
correlation	 to	generic	quality	of	 life	 scores	 (SF-36)	as	well	 as	disease	 specific	
(VEINES-QOL)	 scores.(23,24,27)	 The	 reproducibility	 and	 correlation	with	 pa-
tients’	 perception	 of	 interference	 with	 life	 is	 good.	 Inter-rater	 reliability	 be-
tween	physicians	and	nurses	was	shown	to	be	excellent.	 Inter	rater	reliability	
was	good	for	the	cut-off	point	no	PTS/PTS	(κ=0.71),	and	excellent	for	the	cut-
off	moderate/severe	 (κ=1.00).	Limitations	of	 the	 scale	 included;	 lack	of	 intra-
rater	reliability,	test-retest	properties	and	the	lack	of	venous	claudication	as	a	
symptom	and	the	lack	of	grading	for	venous	ulceration.	

Selection	 of	 patients	 eligible	 for	 ultrasound	 accelerated	 catheter	 directed	
thrombolysis	(UACDT)	treatment	
Patient	selection	is	crucial	to	determine	who	is	eligible	for	thrombolytic	treat-
ment	and	who	will	benefit	the	most.	Typical	parameters	such	as	thrombus	load,	
duration	of	complaints	and	bleeding	risk	are	taken	into	account.	PTS	incidence	
after	calf	DVT	is	lower	compared	to	iliofemoral	(LET	3,4)	DVT.(25,28)	Chapter	
four	 evaluates	 two	 different	methods	 of	 use	 of	 the	 LET	 classification	 and	 its	
effect	on	predicting	PTS	in	the	long	term.		

The	LET	classification	classifies	patients	 in	 four	different	groups	based	on	the	
thrombus	 location	 in	 the	 acute	phase.(19,26)	 In	Chapter	 five	we	 studied	 the	
properties	 of	 the	 LET	 classification	 in	 predicting	 PTS	 incidence	 and	 severity	
and	 quality	 of	 life	 impairment	 in	 patients.	We	 used	 the	 exact	 location	 of	 the	
thrombus	determined	 in	 the	acute	phase	 in	1338	patients	of	 a	 cohort	 in	Ant-
werp.	 Patients	who	 died	 or	 surpassed	 the	 age	 of	 80	 years	 at	 follow-up	were	
excluded	from	the	analysis.	In	total	660	patients	were	invited	to	fill-out	a	ques-
tionnaire	regarding	their	complaints.	We	used	a	modified	version	of	the	Villalta	
scale	 to	 assess	 PTS.	 General	 quality	 of	 life	 (SF-36)	 and	 specific	 quality	 of	 life	
(VEINES-sym/qol)	 were	 recorded	 as	 well	 as	 baseline	 characteristics	 such	 as	
age,	 BMI,	 gender,	 original	 treatment	 in	 the	 acute	 phase.	 Confounding	 factors	
such	as:	recurrent	DVT,	compression	therapy,	anticoagulation,	orthopedic	dis-
ease,	 peripheral	 arterial	 disease	 and	 length	 of	 follow-up	 were	 recorded.	 We	
correlated	the	initial	localization	of	the	thrombus,	using	the	LET	classification,	
with	 the	patient	 complaints,	 and	prevalence	of	PTS,	 and	quality	of	 life.	Of	 the	
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and	offer	them	alternative	therapies	capable	of	reducing	post	thrombotic	mor-
bidity.	 Prevention	 of	 PTS	 could	 be	 achieved	with	 early	 thrombus	 removal	 by	
UACDT	as	 this	 could	minimize	obstruction	of	 the	vein	and	preserve	 the	valve	
function.(16,18,19)	

Diagnosis	and	treatment	of	DVT	
Chapter	two	gives	an	overview	of	the	treatment	currently	available	to	patients	
with	iliofemoral	DVT	and	the	results	regarding	this	treatment.	It	shortly	intro-
duces	 the	 problem	 of	 PTS	 after	 DVT,	 especially	 in	 LET	 3,4,	 iliofemoral	 DVT.	
Physicians	can	use	 the	Wells	criteria	combined	with	a	d-dimer	 level	 to	assess	
the	 patients	 risk	 for	 DVT.	 This	 is	 generally	 regarded	 as	 the	 standard	 clinical	
appraisal	 to	reduce	 the	number	of	unnecessary	ultrasounds.	The	combination	
of	a	low	wells	score	in	combination	with	low	d-dimer	level	has	a	97.7%	nega-
tive	 predictive	 value,	 which	 makes	 it	 very	 useful	 in	 safely	 ruling	 out	
DVT.(17,20)	Diagnosis	of	DVT	with	 two-point	compression	ultrasound	 is	 con-
sidered	 the	current	 standard	and	has	a	 sensitivity	of	98.7%	and	specificity	of	
100%	for	above	the	knee	thrombus	and	85.2%	sensitivity	and	98.2%	specificity	
for	below	the	knee	thrombus	compared	to	the	gold	standard	(invasive	venog-
raphy).(1,21)	 Magnetic	 resonance	 venography	 or	 computed	 tomography	 ve-
nography	can	be	considered	for	DVT	above	the	inguinal	level.(18,19,22)	

The	risk	of	PTS	in	DVT	patients	varies	greatly	in	literature	from	20%	to	greater	
than	 60%	 in	 LET	 3,4	 DVT.	 The	 risk	 of	 developing	 a	 venous	 ulcer	 after	 DVT	
ranges	 from	 3-5%.(20,23,24)	 Additional	 thrombus	 removal	 therapies	 have	
shown	potential	for	regaining	patency	and	lowering	PTS.	However	evidence	is	
limited	to	retrospective	analysis	and	case	reports.	

Villalta	scale	to	diagnose	PTS	
Diagnosis	of	PTS	 is	discussed	 in	Chapter	 three.	The	Villalta	 scale	 for	PTS,	 its	
goals	 and	 limitations	 are	 presented.	 PTS	 consists	 of	 both	 patient	 reported	
symptoms	and	clinical	signs.	Symptoms	include	pain,	heaviness,	swelling,	itch-
ing,	 cramps	or	 tingling	 in	 the	affected	Leg.	Symptoms	can	be	persistent	or	 in-
termittent.	Exercise	tends	to	aggravate	symptoms	and	rest	and	elevation	of	the	
leg	 reduce	 symptoms.(21,25)	 Clinical	 signs	 include	 teleangiectasia,	 eczema,	
varicose	 veins,	 edema,	 lipodermatosclerosis	 and	ulceration.	As	 a	 result	 of	 the	
wide	range	of	clinical	presentations,	it	has	proven	difficult	to	achieve	consensus	
on	a	clear	definition	of	PTS.	PTS	 is	a	 syndrome	and	 there	 is	no	gold	standard	
diagnostic	 test.	 An	 ad	 hoc	 conference	 organized	 by	 the	 European	Venous	 Fo-
rum	defined	PTS	as	chronic	venous	symptoms/signs	secondary	to	DVT.(22,26)	
In	the	past	20	years,	a	few	clinical	scales	have	been	introduced	to	diagnose	PTS.	
PTS	is	considered	when	a	patient	has	had	a	DVT	and	has	complaints	in	the	ipsi-
lateral	leg	that	have	developed	or	persisted	a	few	months	after	DVT.	Ideally,	a	

	

clinical	 scale	 should	 be	 able	 to	 assess	whether	PTS	 is	 present	 and	preferably	
also	distinguish	between	severe	and	milder	forms	of	PTS.	The	scale	should	be	
easy	 to	 use	with	 high	 inter-	 and	 intra-observer	 reliability,	 so	 that	 scores	 are	
reproducible	and	can	be	used	for	clinical	research	and	daily	practice.	The	scale	
should	be	accepted	and	used	worldwide,	so	 that	pooling	of	 results	 is	possible	
and	 the	 strongest	 evidence	 becomes	 available.	 The	 Brandjes,	 Ginsberg,	 and	
Villalta	scales	are	specific	PTS	scales	and	 include	clinical	sings	as	wells	as	pa-
tient	symptoms.	Of	 these	scores	 the	Villalta	scale	 is	considered	as	 the	scale	of	
choice	 combining	 all	 above	mentioned	 properties	 and	 in	 addition	 has	 a	 good	
correlation	 to	generic	quality	of	 life	 scores	 (SF-36)	as	well	 as	disease	 specific	
(VEINES-QOL)	 scores.(23,24,27)	 The	 reproducibility	 and	 correlation	with	 pa-
tients’	 perception	 of	 interference	 with	 life	 is	 good.	 Inter-rater	 reliability	 be-
tween	physicians	and	nurses	was	shown	to	be	excellent.	 Inter	rater	reliability	
was	good	for	the	cut-off	point	no	PTS/PTS	(κ=0.71),	and	excellent	for	the	cut-
off	moderate/severe	 (κ=1.00).	Limitations	of	 the	 scale	 included;	 lack	of	 intra-
rater	reliability,	test-retest	properties	and	the	lack	of	venous	claudication	as	a	
symptom	and	the	lack	of	grading	for	venous	ulceration.	

Selection	 of	 patients	 eligible	 for	 ultrasound	 accelerated	 catheter	 directed	
thrombolysis	(UACDT)	treatment	
Patient	selection	is	crucial	to	determine	who	is	eligible	for	thrombolytic	treat-
ment	and	who	will	benefit	the	most.	Typical	parameters	such	as	thrombus	load,	
duration	of	complaints	and	bleeding	risk	are	taken	into	account.	PTS	incidence	
after	calf	DVT	is	lower	compared	to	iliofemoral	(LET	3,4)	DVT.(25,28)	Chapter	
four	 evaluates	 two	 different	methods	 of	 use	 of	 the	 LET	 classification	 and	 its	
effect	on	predicting	PTS	in	the	long	term.		

The	LET	classification	classifies	patients	 in	 four	different	groups	based	on	the	
thrombus	 location	 in	 the	 acute	phase.(19,26)	 In	Chapter	 five	we	 studied	 the	
properties	 of	 the	 LET	 classification	 in	 predicting	 PTS	 incidence	 and	 severity	
and	 quality	 of	 life	 impairment	 in	 patients.	We	 used	 the	 exact	 location	 of	 the	
thrombus	determined	 in	 the	acute	phase	 in	1338	patients	of	 a	 cohort	 in	Ant-
werp.	 Patients	who	 died	 or	 surpassed	 the	 age	 of	 80	 years	 at	 follow-up	were	
excluded	from	the	analysis.	In	total	660	patients	were	invited	to	fill-out	a	ques-
tionnaire	regarding	their	complaints.	We	used	a	modified	version	of	the	Villalta	
scale	 to	 assess	 PTS.	 General	 quality	 of	 life	 (SF-36)	 and	 specific	 quality	 of	 life	
(VEINES-sym/qol)	 were	 recorded	 as	 well	 as	 baseline	 characteristics	 such	 as	
age,	 BMI,	 gender,	 original	 treatment	 in	 the	 acute	 phase.	 Confounding	 factors	
such	as:	recurrent	DVT,	compression	therapy,	anticoagulation,	orthopedic	dis-
ease,	 peripheral	 arterial	 disease	 and	 length	 of	 follow-up	 were	 recorded.	 We	
correlated	the	initial	localization	of	the	thrombus,	using	the	LET	classification,	
with	 the	patient	 complaints,	 and	prevalence	of	PTS,	 and	quality	of	 life.	Of	 the	
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total	of	660	patients,	315	responded.	One	hundred	were	classified	as	LET	I,	108	
as	 LET	 II	 and	 107	 as	 LET	 III.	 Severe	 PTS	was	 reported	 in	 18.4%	 of	 patients.	
Univariate	 analysis	 resulted	 in	 LET	 I	 and	 LET	 II	 the	 OR	 for	 severe	 PTS	 was	
2.0(0.9-4.6)	and	comparing	LET	I	and	LET	III	resulted	in	an	OR	of	3.0	(1.4-6.7).	
According	 to	multivariate	 logistic	 regression	 analysis	 LET	 II	 predicted	 devel-
opment	of	 severe	PTS	compared	 to	LET	 I,	with	an	OR	of	1.9	 (0.7-4.9),	LET	 III	
had	 an	 OR	 of	 3.4	 (1.3-8.8)	 for	 predicting	 severe	 PTS,	 compared	 to	 LET	 I.	
VEINES-qol	scores	significantly	decreased	with	higher	LET	(p=0.003).	The	LET	
classification	 showed	 a	 good	 predictive	 value	 for	 severe	 PTS	 and	 decreased	
quality	of	life	in	DVT	patients	based	on	initial	thrombus	location	and	extension.	
The	LET	classification	could	prove	useful	in	selecting	patients	who	would	bene-
fit	most	of	additional	treatment	with	UACDT.		

Contrast	enhanced-MR-Venography	for	acute	DVT	
In	 order	 for	 UACDT	 to	 be	 successful	 it	 is	 important	 to	 select	 patients	 in	 the	
acute	 phase	 of	 thrombosis.	 However,	 symptoms	 can	 be	masked,	 leading	 to	 a	
delayed	presentation.	This	can	result	in	unsuccessful	UACDT,	because	of	older	
thrombus	age	and	processes	of	thrombus	organization.	Adequate	assessment	of	
thrombus	 age	 can	 potentially	 reduce	 the	 number	 of	 treatment	 failures	 and	
reduce	 the	 risks	associated	with	 thrombolysis.	Thrombus	age	 is	 currently	de-
termined	based	on	patient’s	 complaints.(27,29,30)	Other	methods	 like	duplex	
ultrasound	 also	 have	 been	 described	 in	 literature.(28,31)	 MR-venography	
(MRV)	is	a	relatively	new	imaging	modality	and	could	potentially	be	useful	for	
the	 assessment	 of	 thrombus	 age.(19,32-34)	Chapter	 six	describes	 results	 on	
the	 use	 of	 contrast	 enhanced-MRV	 for	 acute	DVT.	 In	 total	 46	 CE-MRV’s	were	
assessed	by	four	different	observers.	Two	observers	had	great	experience	with	
MRV	 and	 venous	 pathology;	 the	 remaining	 two	 observers	 were	 radiologists	
with	 great	 experience	 in	 interpreting	MRI	 scans,	 but	 with	 less	 experience	 in	
venous	pathology.	All	CE-MRV	scans	were	 interpreted	at	the	 level	of	 the	com-
mon	femoral	vein	on	the	affected	side.	Five	possible	options	for	interpretation	
of	thrombus	age	were	given:	Acute,	sub-acute,	old,	acute	on	chronic	and	incon-
clusive.	Each	of	these	interpretations	was	predefined	by	characterizations	in	an	
illustration.	Agreement	between	the	two	observers	with	experience	 in	venous	
pathology	was	excellent	with	a	kappa	of	0.969	(p<0.001).	Agreement	between	
the	 first	 interpreter	 and	 the	other	 two	MRI	 experts	was	 also	 excellent	with	 a	
kappa	 of	 0.824	 (p<0.001)	 and	 0.821	 (p<0.001).	 The	 interpretations	 of	 acute,	
sub-acute,	 and	 older	 thrombus	 age	 were	 also	 correlated	 to	 actual	 patient’s	
complaints	in	days.	Thrombus	on	CE-MRV	characterized	as	acute	had	an	aver-
age	 of	 6.5	 days	 of	 patient	 complaints	 (range	 2-13	 days),	 sub-acute	 13	 days	
(range	8-18	days)	and	old	22	days	(range	15-32).	This	study	shows	that	identi-
fication	of	specific	characteristics	of	thrombus	on	CE-MRV	is	feasible	and	has	a	

	

good	 to	 excellent	 inter-observer	 agreement.	 The	 thrombus	 characteristics	 on	
MRV	 in	 addition	 showed	an	 adequate	 correlation	with	 regards	 to	duration	of	
DVT	 complaints	 of	 the	 patients.	 CE-MRV	 could	 become	 a	 valuable	 diagnostic	
tool	for	DVT	above	the	inguinal	ligament.	

Safety	and	feasibility	of	UACDT	
CDT	has	been	used	for	treatment	of	IFDVT	and	reports	show	successful	lysis	in	
the	majority	of	patients.(29,30,33,35)	However	 treatment	 time	with	a	median	
of	2.4	days	is	considered	too	long.(31,36)	UACDT	is	designed	to	be	more	effec-
tive	 in	quickly	 lysing	 the	 thrombus	 in	patients	with	arterial	occlusion,	bypass	
occlusions,	 pulmonary	 embolism	 and	 DVT.(32-34,37)	 In	 Chapter	 seven	 our	
experience	using	UACDT	for	acute	iliofemoral	DVT	is	reported.	A	retrospective	
analysis	was	performed	on	UACDT	treatments	 for	 iliofemoral	DVT	from	Octo-
ber	2008	till	January	2010.	Twelve	patients	underwent	UACDT	for	this	indica-
tion.	Seven	patients	were	male	and	five	female.	Median	age	was	44	years	(range	
5-79).	 Diagnosis	 of	 IFDVT	 was	 made	 with	 a	 combination	 of	 duplex	 and	 CT-
venography	 or	 duplex	 and	 MR-venography.	 Seven	 patients	 had	 popliteal-
femoral-ilio-caval	(LET	2,3,4)	thrombsis,	three	had	popliteal-femoral-iliac	(LET	
2,3)	thrombosis,	one	had	popliteal-femoral	(LET	2)	thrombosis	and	one	patient	
had	superior	caval	(LET	4)	thrombosis.	UACDT	was	successful	in	85%	(11/13)	
with	complete	 lysis	 (>90%)	 in	 ten	patients	and	partial	 lysis	 (50-90%)	 in	one.	
No	PE	was	encountered	and	one	bleeding	at	the	catheter	insertion	site.	In	three	
patients,	 underlying	 residual	 stenosis	 was	 treated	 successfully	 with	 balloon	
angioplasty	and	stent	placement.	Four	patients	developed	an	early	recurrence	
due	to	untreated	residual	venous	obstruction.		

Chapter	eight	 reports	 on	 a	 larger	 cohort	 of	 patients	 treated	with	UACDT	 for	
acute	 iliofemoral	(LET	¾)	DVT.	 In	this	retrospective	analysis	we	report	on	37	
patients	with	a	mean	age	of	42	years	(range	5-76)	treated	in	Aachen	and	Maas-
tricht.	In	twenty	cases	the	DVT	was	located	on	the	left	side,	in	13	cases	on	the	
right	side	and	four	patients	had	bilateral	DVT.	Eighteen	patients	were	male	and	
nineteen	 female.	Most	patients	had	duration	of	 complaints	between	7	and	13	
days.	One	DVT	was	 located	 in	popliteal-femoral	 (LET	2)	 segment,	32	patients	
had	 an	 iliofemoral	 (LET	2,3)	DVT	and	4	patients	had	 also	 involvement	of	 the	
inferior	caval	vein	(LET	2,3,4),	causing	bilateral	DVT.	Technical	success	of	 the	
treatment	showed	Grade	1	lysis	(>90%)	was	achieved	in	52%	of	patients;	grade	
2	 lysis	 (50-90%)	was	 achieved	 in	 43%.	 The	 remaining	 5%	did	 not	 show	any	
improvement	during	UACDT	and	treatment	in	these	patients	was	discontinued.	
Average	treatment	time	was	43	hours	till	successful	 lysis.	In	75%	of	left	sided	
DVT,	May-Thurner	 syndrome	was	 encountered.	 Two	 patients	 had	 an	 inferior	
vena	cava	atresia.	In	total	54%	of	patients	received	additional	stenting	for	un-
derlying	residual	stenosis.	Additional	interventions	included	PTA	and	stenting,	
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total	of	660	patients,	315	responded.	One	hundred	were	classified	as	LET	I,	108	
as	 LET	 II	 and	 107	 as	 LET	 III.	 Severe	 PTS	was	 reported	 in	 18.4%	 of	 patients.	
Univariate	 analysis	 resulted	 in	 LET	 I	 and	 LET	 II	 the	 OR	 for	 severe	 PTS	 was	
2.0(0.9-4.6)	and	comparing	LET	I	and	LET	III	resulted	in	an	OR	of	3.0	(1.4-6.7).	
According	 to	multivariate	 logistic	 regression	 analysis	 LET	 II	 predicted	 devel-
opment	of	 severe	PTS	compared	 to	LET	 I,	with	an	OR	of	1.9	 (0.7-4.9),	LET	 III	
had	 an	 OR	 of	 3.4	 (1.3-8.8)	 for	 predicting	 severe	 PTS,	 compared	 to	 LET	 I.	
VEINES-qol	scores	significantly	decreased	with	higher	LET	(p=0.003).	The	LET	
classification	 showed	 a	 good	 predictive	 value	 for	 severe	 PTS	 and	 decreased	
quality	of	life	in	DVT	patients	based	on	initial	thrombus	location	and	extension.	
The	LET	classification	could	prove	useful	in	selecting	patients	who	would	bene-
fit	most	of	additional	treatment	with	UACDT.		

Contrast	enhanced-MR-Venography	for	acute	DVT	
In	 order	 for	 UACDT	 to	 be	 successful	 it	 is	 important	 to	 select	 patients	 in	 the	
acute	 phase	 of	 thrombosis.	 However,	 symptoms	 can	 be	masked,	 leading	 to	 a	
delayed	presentation.	This	can	result	in	unsuccessful	UACDT,	because	of	older	
thrombus	age	and	processes	of	thrombus	organization.	Adequate	assessment	of	
thrombus	 age	 can	 potentially	 reduce	 the	 number	 of	 treatment	 failures	 and	
reduce	 the	 risks	associated	with	 thrombolysis.	Thrombus	age	 is	 currently	de-
termined	based	on	patient’s	 complaints.(27,29,30)	Other	methods	 like	duplex	
ultrasound	 also	 have	 been	 described	 in	 literature.(28,31)	 MR-venography	
(MRV)	is	a	relatively	new	imaging	modality	and	could	potentially	be	useful	for	
the	 assessment	 of	 thrombus	 age.(19,32-34)	Chapter	 six	describes	 results	 on	
the	 use	 of	 contrast	 enhanced-MRV	 for	 acute	DVT.	 In	 total	 46	 CE-MRV’s	were	
assessed	by	four	different	observers.	Two	observers	had	great	experience	with	
MRV	 and	 venous	 pathology;	 the	 remaining	 two	 observers	 were	 radiologists	
with	 great	 experience	 in	 interpreting	MRI	 scans,	 but	 with	 less	 experience	 in	
venous	pathology.	All	CE-MRV	scans	were	 interpreted	at	the	 level	of	 the	com-
mon	femoral	vein	on	the	affected	side.	Five	possible	options	for	interpretation	
of	thrombus	age	were	given:	Acute,	sub-acute,	old,	acute	on	chronic	and	incon-
clusive.	Each	of	these	interpretations	was	predefined	by	characterizations	in	an	
illustration.	Agreement	between	the	two	observers	with	experience	 in	venous	
pathology	was	excellent	with	a	kappa	of	0.969	(p<0.001).	Agreement	between	
the	 first	 interpreter	 and	 the	other	 two	MRI	 experts	was	 also	 excellent	with	 a	
kappa	 of	 0.824	 (p<0.001)	 and	 0.821	 (p<0.001).	 The	 interpretations	 of	 acute,	
sub-acute,	 and	 older	 thrombus	 age	 were	 also	 correlated	 to	 actual	 patient’s	
complaints	in	days.	Thrombus	on	CE-MRV	characterized	as	acute	had	an	aver-
age	 of	 6.5	 days	 of	 patient	 complaints	 (range	 2-13	 days),	 sub-acute	 13	 days	
(range	8-18	days)	and	old	22	days	(range	15-32).	This	study	shows	that	identi-
fication	of	specific	characteristics	of	thrombus	on	CE-MRV	is	feasible	and	has	a	

	

good	 to	 excellent	 inter-observer	 agreement.	 The	 thrombus	 characteristics	 on	
MRV	 in	 addition	 showed	an	 adequate	 correlation	with	 regards	 to	duration	of	
DVT	 complaints	 of	 the	 patients.	 CE-MRV	 could	 become	 a	 valuable	 diagnostic	
tool	for	DVT	above	the	inguinal	ligament.	

Safety	and	feasibility	of	UACDT	
CDT	has	been	used	for	treatment	of	IFDVT	and	reports	show	successful	lysis	in	
the	majority	of	patients.(29,30,33,35)	However	 treatment	 time	with	a	median	
of	2.4	days	is	considered	too	long.(31,36)	UACDT	is	designed	to	be	more	effec-
tive	 in	quickly	 lysing	 the	 thrombus	 in	patients	with	arterial	occlusion,	bypass	
occlusions,	 pulmonary	 embolism	 and	 DVT.(32-34,37)	 In	 Chapter	 seven	 our	
experience	using	UACDT	for	acute	iliofemoral	DVT	is	reported.	A	retrospective	
analysis	was	performed	on	UACDT	treatments	 for	 iliofemoral	DVT	from	Octo-
ber	2008	till	January	2010.	Twelve	patients	underwent	UACDT	for	this	indica-
tion.	Seven	patients	were	male	and	five	female.	Median	age	was	44	years	(range	
5-79).	 Diagnosis	 of	 IFDVT	 was	 made	 with	 a	 combination	 of	 duplex	 and	 CT-
venography	 or	 duplex	 and	 MR-venography.	 Seven	 patients	 had	 popliteal-
femoral-ilio-caval	(LET	2,3,4)	thrombsis,	three	had	popliteal-femoral-iliac	(LET	
2,3)	thrombosis,	one	had	popliteal-femoral	(LET	2)	thrombosis	and	one	patient	
had	superior	caval	(LET	4)	thrombosis.	UACDT	was	successful	in	85%	(11/13)	
with	complete	 lysis	 (>90%)	 in	 ten	patients	and	partial	 lysis	 (50-90%)	 in	one.	
No	PE	was	encountered	and	one	bleeding	at	the	catheter	insertion	site.	In	three	
patients,	 underlying	 residual	 stenosis	 was	 treated	 successfully	 with	 balloon	
angioplasty	and	stent	placement.	Four	patients	developed	an	early	recurrence	
due	to	untreated	residual	venous	obstruction.		

Chapter	eight	 reports	 on	 a	 larger	 cohort	 of	 patients	 treated	with	UACDT	 for	
acute	 iliofemoral	(LET	¾)	DVT.	 In	this	retrospective	analysis	we	report	on	37	
patients	with	a	mean	age	of	42	years	(range	5-76)	treated	in	Aachen	and	Maas-
tricht.	In	twenty	cases	the	DVT	was	located	on	the	left	side,	in	13	cases	on	the	
right	side	and	four	patients	had	bilateral	DVT.	Eighteen	patients	were	male	and	
nineteen	 female.	Most	patients	had	duration	of	 complaints	between	7	and	13	
days.	One	DVT	was	 located	 in	popliteal-femoral	 (LET	2)	 segment,	32	patients	
had	 an	 iliofemoral	 (LET	2,3)	DVT	and	4	patients	had	 also	 involvement	of	 the	
inferior	caval	vein	(LET	2,3,4),	causing	bilateral	DVT.	Technical	success	of	 the	
treatment	showed	Grade	1	lysis	(>90%)	was	achieved	in	52%	of	patients;	grade	
2	 lysis	 (50-90%)	was	 achieved	 in	 43%.	 The	 remaining	 5%	did	 not	 show	any	
improvement	during	UACDT	and	treatment	in	these	patients	was	discontinued.	
Average	treatment	time	was	43	hours	till	successful	 lysis.	In	75%	of	left	sided	
DVT,	May-Thurner	 syndrome	was	 encountered.	 Two	 patients	 had	 an	 inferior	
vena	cava	atresia.	In	total	54%	of	patients	received	additional	stenting	for	un-
derlying	residual	stenosis.	Additional	interventions	included	PTA	and	stenting,	
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creation	 of	 an	 arterio-venous	 fistula	 and	 one	 open	 surgical	 thrombectomy.	
Primary	 patency	 after	 one-year	 follow-up	 was	 70%	 as	 calculated	 with	 a	
Kaplan-Meier	 survival	 analysis.	 Secondary	 patency	was	 87%	at	 one	 year.	 Re-
garding	safety	we	reported	8%	minor	bleeding,	3%	major	bleeding,	5%	other	
complications,	 including	 heparin-induced	 thrombocytopenia	 (HIT).	 We	 en-
countered	one	PE	and	none	of	 the	patients	died.	The	PE	occurred	 two	weeks	
after	UACDT	treatment	and	was	regarded	as	unrelated	to	UACDT.	Duration	of	
UACDT	was	 longer	than	previously	reported	by	Motarjeme	and	Raabe.(33,35)	
This	observation	could	be	explained	by	the	different	selection	of	patients,	logis-
tics	of	monitoring	during	 treatment	 and	differences	 in	 thrombus	age.	The	 se-
cond	important	observation	is	the	high	number	of	additional	treatment	needed	
to	 resolve	 underling	 residual	 stenosis.	 In	more	 than	 50%	 of	 cases	 additional	
stents	were	placed	in	the	venous	tract.	Overall	UACDT	was	considered	feasible	
and	safe	for	the	treatment	of	acute	iliofemoral	DVT.	The	safety	and	feasibility	of	
UACDT	should	also	be	investigated	in	methodologically	rigorous	trials,	to	better	
control	 for	 confounding.	 The	 CaVenT–study	 a	 randomized	 controlled	 trial,	
showed	an	absolute	risk	reduction	in	PTS	with	additional	CDT	in	patients	with	
acute	DVT.	However,	concerns	regarding	bleeding	risk	and	the	potential	benefit	
in	reducing	PTS	remain.	The	CAVA	trail	is	a	randomized	controlled	study	com-
paring	conventional	treatment	and	UACDT	for	the	prevention	of	PTS	after	DVT	
in	patients	with	acute	DVT	(complaints	<21	days).	This	trial	is	currently	enrol-
ling	patients	with	(LET	¾)	iliofemoral	DVT	in	the	Maastricht	university	medical	
center+	and	affiliated	hospitals	in	the	Netherlands.		

Another	 randomized	 controlled	 trial	 studying	 the	 effect	 of	 CDT	 in	 acute	 ili-
ofemoral	(LET3,4)	DVT	to	reduce	PTS,	the	Attract	trial,	is	also	underway	in	the	
United	 States	 and	 reports	 are	 expected	 in	 2016.(36)The	 combined	 results	 of	
the	 three	 randomized	controlled	 trials,	 should	provide	a	definitive	answer	on	
the	subject	of	CDT	in	iliofemoral	DVT	for	the	reduction	of	PTS.	

Stenting	and	UACDT	
In	the	two	previous	chapters	a	50%	rate	of	stenting	was	reported	after	UACDT.	
Stent	occlusions	were	encountered	in	a	small	number	of	these	patients.	Most	of	
the	patient	experienced	acute	symptoms	of	leg	swelling	and	pain.	With	duplex	
ultrasound	the	diagnosis	of	stent	occlusion	could	be	made.	Because	of	the	pres-
ence	 of	 acute	 thrombus	 an	 attempt	was	made	 to	 regain	 patency	 in	 these	 pa-
tients.	 In	 the	 literature	 there	 are	 only	 few	 reports	 on	 stent	 related	problems.	
Chapter	 nine	 reports	 on	 the	 findings	 of	 a	 retrospective	 analysis	 of	 eighteen	
patients	 treated	 with	 acute	 stent	 occlusion	 between	 January	 2009	 and	 July	
2014.	All	patients	underwent	UACDT	as	primary	treatment.	Median	age	was	43	
years,	 and	67%	were	male.	 Indications	 for	 initial	 stenting	were;	 treatment	 of	
chronic	venous	obstructive	disease	in	12	patients	and	treatment	of	underlying	

	

obstruction	 after	 initial	 UACDT	 in	 acute	DVT	 in	 6	 patients.	 Technical	 success	
was	 achieved	 in	 61%	 (11/18).	 Primary	 patency	 at	 last	 follow-up	 was	 73%	
(8/11),	during	median	follow-up	of	14	months	(range	0-41	months).	After	suc-
cessful	lysis,	7	patients	were	re-stented	with	an	arteriovenous-fistula	in	6.	Me-
dian	lysis	time	of	successfully	lysed	cases	was	19	hours	(range:	11-101).	These	
results	are	more	in	line	with	earlier	reports	of	UACDT.	Compared	to	the	report-
ed	treatment	time	in	Chapter	eight,	UACDT	duration	is	halved.	In	earlier	cases	
lysis	 treatment	was	prolonged	as	result	of	persistent	 thrombus,	which	 turned	
out	to	be	residual	stenosis.	With	increasing	treatment	experience	recognition	of	
these	 residual	 lesions	 and	 their	 resistance	 to	 therapy,	 was	 recognized	 and	
treatment	would	be	advanced	from	UACDT	to	PTA	and	stenting.	Patient	report-
ed	duration	of	complaints	was	not	useful	 to	determine	success;	 thrombus	age	
was	often	older	than	reported	duration	of	complaints	would	suggest.	With	re-
spect	to	safety	of	the	procedure:	6	complications	were	encountered,	two	minor	
bleeding,	 one	 clinically	 relevant	 bleeding.	One	HIT	was	 encountered,	 and	one	
allergic	 reaction	 to	 iodine	 contrast	 fluid.	 No	 PE	 and	 no	 deaths	were	 encoun-
tered	 and	 overall	 UACDT	 was	 considered	 to	 be	 safe.	 Stent	 related	 problems	
were	recognized	as	the	main	reason	for	stents	occlusion,	underlining	the	need	
for	dedicated	venous	stents.	If	patency	could	be	regained	it	should	be	followed	
directly	 by	 adequate	 treatment	 of	 the	 underlying	 problem.	 This	 leads	 to	 an	
acceptable	one-year	patency	of	73%.	A	follow-up	regimen	after	stent	placement	
is	proposed	to	ensure	that	problems	can	be	recognized	in	an	early	stage	of	re-
occlusion	when	UACDT	 is	 still	 possible.	 Follow-up	at	 intervals	of	 initially	 two	
weeks,	six	weeks,	three	months,	six	months,	and	one	year	should	be	sufficient	
to	 catch	 any	potential	 occlusion	or	 stent	 failure.	This	 regimen	 should	be	pro-
spectively	evaluated	for	effectiveness.	

Safety	during	UACDT	
Frequent	 blood	monitoring	 is	 performed	 In	 order	 to	 ensure	 the	 safety	 of	 pa-
tients	 undergoing	 UACDT.	 Fibrinogen	 levels	 should	 not	 drop	 below	 1.0g/l	 as	
this	increases	the	chance	of	bleeding	anywhere	in	the	body.	In	case	of	fibrino-
gen	levels	below	1.0g/l	we	supplement	plasma	fibrinogen	by	giving	Fresh	Fro-
zen	 Plasma	 (FFP).	 In	 chapter	 ten	 we	 compared	 three	 different	 methods	 of	
determining	plasma	fibrinogen	levels	in	patients	undergoing	UACDT.	The	most	
recommended	and	used	one	 is	 the	Clauss	method.	Both	optic	and	mechanical	
clot	detection	methods	 are	 accepted	as	 standard	methods	 and	deemed	equal.	
ROTEM	 FIBTEM	 is	 an	 alternative	method	 of	 determining	 fibrinogen	 levels	 in	
patients.	However	this	method	is	not	considered	standard.	We	noticed	difficul-
ties	determining	 fibrinogen	 levels	 in	patients	undergoing	UACDT.	Optic	meas-
urement	 by	 CS2100i,	 mechanical	 measurement	 by	 STA-go,	 and	 functional	
measurement	by	ROTEM	were	compared	in	this	study.	Fifteen	patients	under-
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creation	 of	 an	 arterio-venous	 fistula	 and	 one	 open	 surgical	 thrombectomy.	
Primary	 patency	 after	 one-year	 follow-up	 was	 70%	 as	 calculated	 with	 a	
Kaplan-Meier	 survival	 analysis.	 Secondary	 patency	was	 87%	at	 one	 year.	 Re-
garding	safety	we	reported	8%	minor	bleeding,	3%	major	bleeding,	5%	other	
complications,	 including	 heparin-induced	 thrombocytopenia	 (HIT).	 We	 en-
countered	one	PE	and	none	of	 the	patients	died.	The	PE	occurred	 two	weeks	
after	UACDT	treatment	and	was	regarded	as	unrelated	to	UACDT.	Duration	of	
UACDT	was	 longer	than	previously	reported	by	Motarjeme	and	Raabe.(33,35)	
This	observation	could	be	explained	by	the	different	selection	of	patients,	logis-
tics	of	monitoring	during	 treatment	 and	differences	 in	 thrombus	age.	The	 se-
cond	important	observation	is	the	high	number	of	additional	treatment	needed	
to	 resolve	 underling	 residual	 stenosis.	 In	more	 than	 50%	 of	 cases	 additional	
stents	were	placed	in	the	venous	tract.	Overall	UACDT	was	considered	feasible	
and	safe	for	the	treatment	of	acute	iliofemoral	DVT.	The	safety	and	feasibility	of	
UACDT	should	also	be	investigated	in	methodologically	rigorous	trials,	to	better	
control	 for	 confounding.	 The	 CaVenT–study	 a	 randomized	 controlled	 trial,	
showed	an	absolute	risk	reduction	in	PTS	with	additional	CDT	in	patients	with	
acute	DVT.	However,	concerns	regarding	bleeding	risk	and	the	potential	benefit	
in	reducing	PTS	remain.	The	CAVA	trail	is	a	randomized	controlled	study	com-
paring	conventional	treatment	and	UACDT	for	the	prevention	of	PTS	after	DVT	
in	patients	with	acute	DVT	(complaints	<21	days).	This	trial	is	currently	enrol-
ling	patients	with	(LET	¾)	iliofemoral	DVT	in	the	Maastricht	university	medical	
center+	and	affiliated	hospitals	in	the	Netherlands.		

Another	 randomized	 controlled	 trial	 studying	 the	 effect	 of	 CDT	 in	 acute	 ili-
ofemoral	(LET3,4)	DVT	to	reduce	PTS,	the	Attract	trial,	is	also	underway	in	the	
United	 States	 and	 reports	 are	 expected	 in	 2016.(36)The	 combined	 results	 of	
the	 three	 randomized	controlled	 trials,	 should	provide	a	definitive	answer	on	
the	subject	of	CDT	in	iliofemoral	DVT	for	the	reduction	of	PTS.	

Stenting	and	UACDT	
In	the	two	previous	chapters	a	50%	rate	of	stenting	was	reported	after	UACDT.	
Stent	occlusions	were	encountered	in	a	small	number	of	these	patients.	Most	of	
the	patient	experienced	acute	symptoms	of	leg	swelling	and	pain.	With	duplex	
ultrasound	the	diagnosis	of	stent	occlusion	could	be	made.	Because	of	the	pres-
ence	 of	 acute	 thrombus	 an	 attempt	was	made	 to	 regain	 patency	 in	 these	 pa-
tients.	 In	 the	 literature	 there	 are	 only	 few	 reports	 on	 stent	 related	problems.	
Chapter	 nine	 reports	 on	 the	 findings	 of	 a	 retrospective	 analysis	 of	 eighteen	
patients	 treated	 with	 acute	 stent	 occlusion	 between	 January	 2009	 and	 July	
2014.	All	patients	underwent	UACDT	as	primary	treatment.	Median	age	was	43	
years,	 and	67%	were	male.	 Indications	 for	 initial	 stenting	were;	 treatment	 of	
chronic	venous	obstructive	disease	in	12	patients	and	treatment	of	underlying	

	

obstruction	 after	 initial	 UACDT	 in	 acute	DVT	 in	 6	 patients.	 Technical	 success	
was	 achieved	 in	 61%	 (11/18).	 Primary	 patency	 at	 last	 follow-up	 was	 73%	
(8/11),	during	median	follow-up	of	14	months	(range	0-41	months).	After	suc-
cessful	lysis,	7	patients	were	re-stented	with	an	arteriovenous-fistula	in	6.	Me-
dian	lysis	time	of	successfully	lysed	cases	was	19	hours	(range:	11-101).	These	
results	are	more	in	line	with	earlier	reports	of	UACDT.	Compared	to	the	report-
ed	treatment	time	in	Chapter	eight,	UACDT	duration	is	halved.	In	earlier	cases	
lysis	 treatment	was	prolonged	as	result	of	persistent	 thrombus,	which	 turned	
out	to	be	residual	stenosis.	With	increasing	treatment	experience	recognition	of	
these	 residual	 lesions	 and	 their	 resistance	 to	 therapy,	 was	 recognized	 and	
treatment	would	be	advanced	from	UACDT	to	PTA	and	stenting.	Patient	report-
ed	duration	of	complaints	was	not	useful	 to	determine	success;	 thrombus	age	
was	often	older	than	reported	duration	of	complaints	would	suggest.	With	re-
spect	to	safety	of	the	procedure:	6	complications	were	encountered,	two	minor	
bleeding,	 one	 clinically	 relevant	 bleeding.	One	HIT	was	 encountered,	 and	one	
allergic	 reaction	 to	 iodine	 contrast	 fluid.	 No	 PE	 and	 no	 deaths	were	 encoun-
tered	 and	 overall	 UACDT	 was	 considered	 to	 be	 safe.	 Stent	 related	 problems	
were	recognized	as	the	main	reason	for	stents	occlusion,	underlining	the	need	
for	dedicated	venous	stents.	If	patency	could	be	regained	it	should	be	followed	
directly	 by	 adequate	 treatment	 of	 the	 underlying	 problem.	 This	 leads	 to	 an	
acceptable	one-year	patency	of	73%.	A	follow-up	regimen	after	stent	placement	
is	proposed	to	ensure	that	problems	can	be	recognized	in	an	early	stage	of	re-
occlusion	when	UACDT	 is	 still	 possible.	 Follow-up	at	 intervals	of	 initially	 two	
weeks,	six	weeks,	three	months,	six	months,	and	one	year	should	be	sufficient	
to	 catch	 any	potential	 occlusion	or	 stent	 failure.	This	 regimen	 should	be	pro-
spectively	evaluated	for	effectiveness.	

Safety	during	UACDT	
Frequent	 blood	monitoring	 is	 performed	 In	 order	 to	 ensure	 the	 safety	 of	 pa-
tients	 undergoing	 UACDT.	 Fibrinogen	 levels	 should	 not	 drop	 below	 1.0g/l	 as	
this	increases	the	chance	of	bleeding	anywhere	in	the	body.	In	case	of	fibrino-
gen	levels	below	1.0g/l	we	supplement	plasma	fibrinogen	by	giving	Fresh	Fro-
zen	 Plasma	 (FFP).	 In	 chapter	 ten	 we	 compared	 three	 different	 methods	 of	
determining	plasma	fibrinogen	levels	in	patients	undergoing	UACDT.	The	most	
recommended	and	used	one	 is	 the	Clauss	method.	Both	optic	and	mechanical	
clot	detection	methods	 are	 accepted	as	 standard	methods	 and	deemed	equal.	
ROTEM	 FIBTEM	 is	 an	 alternative	method	 of	 determining	 fibrinogen	 levels	 in	
patients.	However	this	method	is	not	considered	standard.	We	noticed	difficul-
ties	determining	 fibrinogen	 levels	 in	patients	undergoing	UACDT.	Optic	meas-
urement	 by	 CS2100i,	 mechanical	 measurement	 by	 STA-go,	 and	 functional	
measurement	by	ROTEM	were	compared	in	this	study.	Fifteen	patients	under-
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going	 UACDT	were	 prospectively	 included	 and	 blood	 samples	were	 analyzed	
with	all	three	techniques.	A	mean	difference	of	0.5g/l	in	plasma	fibrinogen	level	
for	 all	 samples	 (95%	 confidence	 interval	 (95%	CI):	 0.05-0.96)	was	 found	 be-
tween	 the	 optical	 and	mechanical	 method.	 Besides	 the	 difference	 in	 we	 also	
found	 a	 large	 number	 of	 samples,	 which	 returned	 with	 a	 coagulation	 curve	
error.	 This	 occurred	 in	 41%	of	 all	 samples	 using	 optical	measuring,	 2%	with	
mechanical	measuring	and	no	curve	errors	with	ROTEM	FIBTEM.	D-dimer	has	
been	suggested	in	literature	as	potential	disturbing	factor	for	fibrinogen	levels.	
We	 compared	 d-dimer	 levels	 in	 samples	with	 and	without	 curve	 errors.	 The	
samples	without	coagulation	curve	error	(n=49)	had	a	median	d-dimer	level	of	
54μg/l	(IQR	20.0-91.3)	and	50μg/l	(27.5-118.5)	for	the	group	with	coagulation	
curve	 error	 (n=35).	 D-dimer	 levels	 did	 not	 differ	 significantly	 between	 the	
groups	(p=0.655).	A	large	number	of	FFP’s	was	given	to	patients	(30	in	total),	
because	 coagulation	 curve	 error	 samples	 were	 regarded	 as	 fibrinogen	 levels	
dropping	below	1.0g/l.	In	two	cases	minor	bleeding	was	observed	and	no	major	
bleeding	occurred.	The	question	remains	what	causes	the	discrepancy	between	
the	 different	 techniques	 and	which	 technique	 produces	 the	most	 reliable	 re-
sults	 in	 terms	 of	 safety	 for	 the	 patient.	 Based	 on	 our	 results	we	 assume	 that	
cs2100i	underestimates	fibrinogen	levels.	High	D-dimer	levels	did	not	correlate	
with	errors	in	our	study.	

Future	research	

Chapter	eleven	gives	an	overview	of	the	treatment	modalities	currently	avail-
able	 for	 interventional	 treatment	 of	 acute	 iliofemoral	 DVT	 and	 also	 shows	 a	
perspective	on	the	advances	that	can	be	made	in	the	near	future.	UACDT	is	one	
of	the	options	for	removing	thrombus	in	an	acute	phase	of	DVT.	However,	there	
are	 advances	 in	 the	 technique	of	 thrombus	 removal.	 Additional	 thrombus	 re-
moval	 techniques	 should	 be	 used	 to	 lower	 the	 incidence	 of	 PTS	 incidence.	 In	
order	to	maintain	an	optimal	benefit/harm	ratio	the	used	technique	should	be	
safe.	 Most	 of	 the	 current	 techniques	 use	 thrombolytic	 drugs	 to	 dissolve	 the	
thrombus.(37)	This	carries	an	inherent	risk	of	bleeding,	which	can	be	potential-
ly	 devastating	 for	 the	 patient	 if	 it	 occurs	 in	 a	 critical	 organ	 (e.g.	 intracranial,	
retroperitoneal,	 and	 intra-ocular).	Pure	mechanical	 thrombectomy	devices	do	
not	use	thrombolytic	drugs	and	thus	the	inherent	bleeding	risk	is	not	present.	
Patients	who	have	contra-indications	for	the	current	techniques	can	potentially	
be	treated	with	those	newer	techniques,	such	as	postoperative	DVT’s	or	DVT	in	
patients	 with	 cancer	 (total	 about	 30	%	 of	 all	 DVT’s).	 Current	 thrombectomy	
devices	are	not	capable	of	removing	the	full	thrombus	load	in	acute	iliofemoral	
(LET	¾)	DVT.	Future	imaging	techniques	could	be	used	to	assess	thrombus	age	
and	 diagnose	 underlying	 stenosis	 making	 better	 patient	 selection	 possible.	

	

Improvement	in	patient	selection	is	necessary	to	ensure	thrombolysis	is	possi-
ble,	and	can	be	effective	in	reducing	PTS.		

Most	of	the	materials	currently	used	are	directly	adapted	from	the	techniques	
available	for	the	arterial	system.(5,38)	The	characteristics	of	the	venous	vascu-
lature	differ	significantly	from	the	arterial	vasculature.	This	makes	it	necessary	
to	design	dedicated	materials	 for	use	 in	 the	venous	system.	Dedicated	venous	
stents	may	decrease	the	number	of	stent	related	problems	and	make	adequate	
treatment	of	underlying	stenotic	lesions	possible	more	often.		

Future	thrombectomy	devices	should	have	a	minimal	 invasive	character,	have	
the	potential	to	remove	the	complete	thrombus	load,	and	should	be	easy	to	use.	
The	 treatment	 should	 be	 fast	 and	 allow	 for	 immediate	 stenting	 if	 necessary.	
And	also	of	practical	importance	towards	implementation,	treatment	should	be	
cost	effective	compared	to	current	 treatment.	With	 the	suggested	advances	 in	
the	 techniques	 it	 could	well	 be	 possible	 to	 not	 only	 treat	 acute	 (LET	 3,4)	 ili-
ofemoral	DVT,	but	 also	 include	popliteal-femoral	 (LET	2)	DVT	and	 somewhat	
older	thrombus.	

Conclusion	and	future	perspective	

In	conclusion,	this	thesis	discusses	the	invasive	treatment	options	for	the	pre-
vention	 of	 PTS	 after	 DVT.	 Especially	 iliofemoral	 DVT	 (LET	 III)	 causes	 severe	
PTS.	UACDT	in	the	acute	phase	could	potentially	lower	PTS.	This	thesis	shows	
the	 safety	 and	 feasibility	 of	 UACDT	 in	 acute	 LET	 3,4	 iliofemoral	 DVT	 and	 in	
stent	thrombosis.	There	is	a	need	for	better	identification	of	patients	at	risk	for	
PTS	 after	DVT.	The	LET	 classification	 could	be	 an	 easy	 tool	 for	 radiologist	 or	
other	physicians	 to	 categories	patients	 in	high-risk	group	 for	developing	PTS.	
To	ensure	successful	treatment	it	is	necessary	to	assess	thrombus	age	and	fea-
sibility	 of	 UACDT.	MR-venography	 showed	 the	 potential	 for	 adequately	 diag-
nosing	acute	thrombosis	with	good	inter-rater	agreement.	Better	patient	selec-
tion,	 non-thrombolytic	 stenting	 techniques,	 and	 dedicated	 stenting	 materials	
for	the	venous	system	can	enhance	feasibility	of	UACDT.	Although	the	CaVenT–
study	showed	an	absolute	risk	reduction	in	PTS	with	additional	CDT	in	patients	
with	acute	DVT,	 there	are	 still	 concerns.	These	 concerns	 regard	bleeding	 risk	
and	 the	potential	benefit	 in	 reducing	PTS.	The	combined	results	of	 three	 ran-
domized	controlled	trials	(two	trials	currently	enrolling	patients),	should	give	a	
definitive	 answer	 on	 the	 subject	 of	 CDT	 in	 (LET	 3,4)	 iliofemoral	 DVT	 for	 the	
reduction	of	PTS.	Anticoagulation	treatment	for	DVT	is	rapidly	changing.	Alter-
natives	for	the	oral	vitamin	K-antagonists	such	as	Dabigatran,	Rivaroxaban,	and	
Apixaban	are	more	frequently	used	in	daily	practice.(39,40)	A	potential	benefi-
cial	 effect	 of	 these	 new	 anticoagulation	 agents	 is	 hypothesized,	 however	 an	
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going	 UACDT	were	 prospectively	 included	 and	 blood	 samples	were	 analyzed	
with	all	three	techniques.	A	mean	difference	of	0.5g/l	in	plasma	fibrinogen	level	
for	 all	 samples	 (95%	 confidence	 interval	 (95%	CI):	 0.05-0.96)	was	 found	 be-
tween	 the	 optical	 and	mechanical	 method.	 Besides	 the	 difference	 in	 we	 also	
found	 a	 large	 number	 of	 samples,	 which	 returned	 with	 a	 coagulation	 curve	
error.	 This	 occurred	 in	 41%	of	 all	 samples	 using	 optical	measuring,	 2%	with	
mechanical	measuring	and	no	curve	errors	with	ROTEM	FIBTEM.	D-dimer	has	
been	suggested	in	literature	as	potential	disturbing	factor	for	fibrinogen	levels.	
We	 compared	 d-dimer	 levels	 in	 samples	with	 and	without	 curve	 errors.	 The	
samples	without	coagulation	curve	error	(n=49)	had	a	median	d-dimer	level	of	
54μg/l	(IQR	20.0-91.3)	and	50μg/l	(27.5-118.5)	for	the	group	with	coagulation	
curve	 error	 (n=35).	 D-dimer	 levels	 did	 not	 differ	 significantly	 between	 the	
groups	(p=0.655).	A	large	number	of	FFP’s	was	given	to	patients	(30	in	total),	
because	 coagulation	 curve	 error	 samples	 were	 regarded	 as	 fibrinogen	 levels	
dropping	below	1.0g/l.	In	two	cases	minor	bleeding	was	observed	and	no	major	
bleeding	occurred.	The	question	remains	what	causes	the	discrepancy	between	
the	 different	 techniques	 and	which	 technique	 produces	 the	most	 reliable	 re-
sults	 in	 terms	 of	 safety	 for	 the	 patient.	 Based	 on	 our	 results	we	 assume	 that	
cs2100i	underestimates	fibrinogen	levels.	High	D-dimer	levels	did	not	correlate	
with	errors	in	our	study.	

Future	research	

Chapter	eleven	gives	an	overview	of	the	treatment	modalities	currently	avail-
able	 for	 interventional	 treatment	 of	 acute	 iliofemoral	 DVT	 and	 also	 shows	 a	
perspective	on	the	advances	that	can	be	made	in	the	near	future.	UACDT	is	one	
of	the	options	for	removing	thrombus	in	an	acute	phase	of	DVT.	However,	there	
are	 advances	 in	 the	 technique	of	 thrombus	 removal.	 Additional	 thrombus	 re-
moval	 techniques	 should	 be	 used	 to	 lower	 the	 incidence	 of	 PTS	 incidence.	 In	
order	to	maintain	an	optimal	benefit/harm	ratio	the	used	technique	should	be	
safe.	 Most	 of	 the	 current	 techniques	 use	 thrombolytic	 drugs	 to	 dissolve	 the	
thrombus.(37)	This	carries	an	inherent	risk	of	bleeding,	which	can	be	potential-
ly	 devastating	 for	 the	 patient	 if	 it	 occurs	 in	 a	 critical	 organ	 (e.g.	 intracranial,	
retroperitoneal,	 and	 intra-ocular).	Pure	mechanical	 thrombectomy	devices	do	
not	use	thrombolytic	drugs	and	thus	the	inherent	bleeding	risk	is	not	present.	
Patients	who	have	contra-indications	for	the	current	techniques	can	potentially	
be	treated	with	those	newer	techniques,	such	as	postoperative	DVT’s	or	DVT	in	
patients	 with	 cancer	 (total	 about	 30	%	 of	 all	 DVT’s).	 Current	 thrombectomy	
devices	are	not	capable	of	removing	the	full	thrombus	load	in	acute	iliofemoral	
(LET	¾)	DVT.	Future	imaging	techniques	could	be	used	to	assess	thrombus	age	
and	 diagnose	 underlying	 stenosis	 making	 better	 patient	 selection	 possible.	

	

Improvement	in	patient	selection	is	necessary	to	ensure	thrombolysis	is	possi-
ble,	and	can	be	effective	in	reducing	PTS.		

Most	of	the	materials	currently	used	are	directly	adapted	from	the	techniques	
available	for	the	arterial	system.(5,38)	The	characteristics	of	the	venous	vascu-
lature	differ	significantly	from	the	arterial	vasculature.	This	makes	it	necessary	
to	design	dedicated	materials	 for	use	 in	 the	venous	system.	Dedicated	venous	
stents	may	decrease	the	number	of	stent	related	problems	and	make	adequate	
treatment	of	underlying	stenotic	lesions	possible	more	often.		

Future	thrombectomy	devices	should	have	a	minimal	 invasive	character,	have	
the	potential	to	remove	the	complete	thrombus	load,	and	should	be	easy	to	use.	
The	 treatment	 should	 be	 fast	 and	 allow	 for	 immediate	 stenting	 if	 necessary.	
And	also	of	practical	importance	towards	implementation,	treatment	should	be	
cost	effective	compared	to	current	 treatment.	With	 the	suggested	advances	 in	
the	 techniques	 it	 could	well	 be	 possible	 to	 not	 only	 treat	 acute	 (LET	 3,4)	 ili-
ofemoral	DVT,	but	 also	 include	popliteal-femoral	 (LET	2)	DVT	and	 somewhat	
older	thrombus.	

Conclusion	and	future	perspective	

In	conclusion,	this	thesis	discusses	the	invasive	treatment	options	for	the	pre-
vention	 of	 PTS	 after	 DVT.	 Especially	 iliofemoral	 DVT	 (LET	 III)	 causes	 severe	
PTS.	UACDT	in	the	acute	phase	could	potentially	lower	PTS.	This	thesis	shows	
the	 safety	 and	 feasibility	 of	 UACDT	 in	 acute	 LET	 3,4	 iliofemoral	 DVT	 and	 in	
stent	thrombosis.	There	is	a	need	for	better	identification	of	patients	at	risk	for	
PTS	 after	DVT.	The	LET	 classification	 could	be	 an	 easy	 tool	 for	 radiologist	 or	
other	physicians	 to	 categories	patients	 in	high-risk	group	 for	developing	PTS.	
To	ensure	successful	treatment	it	is	necessary	to	assess	thrombus	age	and	fea-
sibility	 of	 UACDT.	MR-venography	 showed	 the	 potential	 for	 adequately	 diag-
nosing	acute	thrombosis	with	good	inter-rater	agreement.	Better	patient	selec-
tion,	 non-thrombolytic	 stenting	 techniques,	 and	 dedicated	 stenting	 materials	
for	the	venous	system	can	enhance	feasibility	of	UACDT.	Although	the	CaVenT–
study	showed	an	absolute	risk	reduction	in	PTS	with	additional	CDT	in	patients	
with	acute	DVT,	 there	are	 still	 concerns.	These	 concerns	 regard	bleeding	 risk	
and	 the	potential	benefit	 in	 reducing	PTS.	The	 combined	results	of	 three	 ran-
domized	controlled	trials	(two	trials	currently	enrolling	patients),	should	give	a	
definitive	 answer	 on	 the	 subject	 of	 CDT	 in	 (LET	 3,4)	 iliofemoral	 DVT	 for	 the	
reduction	of	PTS.	Anticoagulation	treatment	for	DVT	is	rapidly	changing.	Alter-
natives	for	the	oral	vitamin	K-antagonists	such	as	Dabigatran,	Rivaroxaban,	and	
Apixaban	are	more	frequently	used	in	daily	practice.(39,40)	A	potential	benefi-
cial	 effect	 of	 these	 new	 anticoagulation	 agents	 is	 hypothesized,	 however	 an	
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effect	 on	 PTS	 reduction	 is	 to	 be	 seen.	 Future	 research	 should	 look	 into	 the	
working	mechanism	of	these	agents	on	the	development	of	PTS.	Routine	use	of	
compression	stockings	was	regarded	as	standard	since	the	90’s.	However	fairly	
recently,	 the	 role	 of	 therapeutic	 elastic	 compression	 stockings	 (TECS)	 was	
reevaluated	in	a	randomized	controlled,	which	showed	no	additional	benefit	of	
wearing	TECS	for	2	years	on	PTS	incidence.(41)	Further	research	should	focus	
on	 the	working	principle	of	TECS	and	 the	 indication	and	duration	of	wearing	
TECS	 to	 prevent	 PTS.	 As	 the	 call	 for	 preventing	 PTS	 becomes	 louder	 and	 the	
possibilities	of	early	thrombus	removal	 increase,	 it	can	be	expected	that	early	
thrombus	 removal	 therapies	will	 become	 standard	 in	 the	 near	 future.	 At	 the	
moment	only	a	select	group	of	patients	qualifies	for	these	procedures,	but	with	
increasing	safety	and	awareness	of	 the	benefits	more	patients	will	be	eligible.	
The	potentially	large	group	of	patients	with	treatable	DVT	should	make	manu-
facturers	aware	of	the	possibilities	of	investing	in	treatment	options.	If	industry	
and	health	professionals	combine	their	efforts	in	this	matter	it	is	to	be	expected	
that	major	improvements	can	be	made	in	the	near	future.	

DVT	diagnosis	and	treatment	is	divided	amongst	specialists.	Treatment	is	taken	
care	of	mostly	taken	care	of	by	internists.	Radiologists	play	an	important	role	in	
diagnosing	 DVT,	 dermatologists	 can	 suggest	 adequate	 compression	 therapy	
and	in	acute	severe	cases	vascular	surgeons	in	combination	with	interventional	
radiologist	 can	provide	 adequate	 care.	With	 help	 of	 the	 LET	 classification	we	
hope	to	simplify	the	treatment	algorithm	for	DVT	in	such	a	manner	that	general	
practitioners	are	able	to	determine	if	 the	patients	needs	to	see	a	specialist	di-
rectly	after	DVT	diagnosis.	In	mild	cases	the	general	practitioner	can	coordinate	
all	the	care	of	the	patient	and	in	more	severe	cases	the	general	practitioner	will	
refer	 to	a	specialized	venous	center	 for	adequate	anticoagulation	therapy	and	
thrombus	removal	therapy.	
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working	mechanism	of	these	agents	on	the	development	of	PTS.	Routine	use	of	
compression	stockings	was	regarded	as	standard	since	the	90’s.	However	fairly	
recently,	 the	 role	 of	 therapeutic	 elastic	 compression	 stockings	 (TECS)	 was	
reevaluated	in	a	randomized	controlled,	which	showed	no	additional	benefit	of	
wearing	TECS	for	2	years	on	PTS	incidence.(41)	Further	research	should	focus	
on	 the	working	principle	of	TECS	and	 the	 indication	and	duration	of	wearing	
TECS	 to	 prevent	 PTS.	 As	 the	 call	 for	 preventing	 PTS	 becomes	 louder	 and	 the	
possibilities	of	early	thrombus	removal	 increase,	 it	can	be	expected	that	early	
thrombus	 removal	 therapies	will	 become	 standard	 in	 the	 near	 future.	 At	 the	
moment	only	a	select	group	of	patients	qualifies	for	these	procedures,	but	with	
increasing	safety	and	awareness	of	 the	benefits	more	patients	will	be	eligible.	
The	potentially	large	group	of	patients	with	treatable	DVT	should	make	manu-
facturers	aware	of	the	possibilities	of	investing	in	treatment	options.	If	industry	
and	health	professionals	combine	their	efforts	in	this	matter	it	is	to	be	expected	
that	major	improvements	can	be	made	in	the	near	future.	

DVT	diagnosis	and	treatment	is	divided	amongst	specialists.	Treatment	is	taken	
care	of	mostly	taken	care	of	by	internists.	Radiologists	play	an	important	role	in	
diagnosing	 DVT,	 dermatologists	 can	 suggest	 adequate	 compression	 therapy	
and	in	acute	severe	cases	vascular	surgeons	in	combination	with	interventional	
radiologist	 can	provide	 adequate	 care.	With	 help	 of	 the	 LET	 classification	we	
hope	to	simplify	the	treatment	algorithm	for	DVT	in	such	a	manner	that	general	
practitioners	are	able	to	determine	if	 the	patients	needs	to	see	a	specialist	di-
rectly	after	DVT	diagnosis.	In	mild	cases	the	general	practitioner	can	coordinate	
all	the	care	of	the	patient	and	in	more	severe	cases	the	general	practitioner	will	
refer	 to	a	specialized	venous	center	 for	adequate	anticoagulation	therapy	and	
thrombus	removal	therapy.	
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DVT	is	een	veelvoorkomende	aandoening	in	de	westerse	wereld.	De	incidentie	
wordt	geschat	op	ongeveer	1-2	per	1000	 inwoners	per	 jaar.	Patiënten	bij	wie	
het	vermoeden	op	een	DVT	bestaat	worden	voorgeselecteerd	met	een	klinische	
beslisregel	zoals	de	Wells	score.	In	combinatie	met	een	D-dimeer	waarde	in	het	
bloed	 wordt	 er	 een	 uitspraak	 gedaan	 over	 de	 kans	 op	 het	 hebben	 van	 een	
trombose.	Als	 de	 bestaat	 in	 de	 categorie	 hoge	 verdenking	 zit,	 dan	 zal	 er	 nor-
maal	gesproken	een	twee-punts	echo	volgen	om	de	diagnose	DVT	te	bevestigen	
of	uit	te	sluiten.	Als	er	een	DVT	wordt	gezien	dan	zal	de	patiënt	meestal	conser-
vatief	behandeld	worden	met	antistolling	 in	de	vorm	van	een	 laag	moleculair	
gewicht	 heparine	 voor	 5	 dagen	 en	 gelijktijdig	 opstarten	 van	 vitamine-K-
antagonisten	voor	een	totale	duur	van	3-6	maanden	of	 levenslang,	afhankelijk	
van	de	risicofactoren	en	voorgeschiedenis	van	trombose.	Additioneel	wordt	er	
gestart	met	compressieve	zwachtels	of	een	therapeutisch	elastische	kous	voor	
de	totale	duur	van	2	jaar	en	de	patiënt	dient	te	mobiliseren.	Met	deze	behande-
ling	zal	in	20-50%	van	de	patiënten	het	post	trombotische	syndroom	ontstaan.	
PTS	is	gedefinieerd	als	een	chronische	aandoening	van	veneuze	hypertensie	na	
een	DVT.	Subjectieve	symptomen	van	PTS	zijn:	jeuk,	pijn,	kramp,	paresthesie	of	
een	zwaar	gevoel	 in	het	been.	Objectieve	symptomen	zijn	oedeem,	teleangiëc-
tastieën,	 varices,	 induratie,	 hyperpigmentatie,	 roodheid	 aan	 het	 been	 of	 een	
open	wond.	Symptomen	kunnen	variëren	van	mild,	matig	tot	ernstig.	Ernstige	
PTS	 is	 geassocieerd	met	hoge	medische	kosten	 en	 sociale	 lasten	 en	heeft	 een	
grote	 impact	op	de	kwaliteit	van	 leven	van	patiënten.	PTS	 is	daarin	vergelijk-
baar	met	andere	chronische	ziekten	zoals	diabetes	mellitus,	COPD,	en	hartfalen.	
De	diagnose	PTS	wordt	gesteld	aan	de	hand	van	een	schaal	voor	PTS	(Villalta	
schaal)	 vaak	 in	 combinatie	met	 een	 ziekte	 specifieke	 kwaliteit	 van	 leven	 vra-
genlijst.	Een	op	de	vier	patiënten	kan	gecategoriseerd	worden	als	een	LET	3	of	
4	 DVT	 (iliofemoraal).	 Een	 LET	 3,4	 trombose	 is	 geassocieerd	 met	 een	 hoger	
risico	op	het	ontwikkelen	van	PTS.	

Post	trombotisch	syndroom	
The	exacte	etiologie	van	PTS	is	niet	opgehelderd,	maar	er	is	een	sterke	associa-
tie	met	obstructie	en	reflux	van	het	diepe	veneuze	systeem.	Standaard	antistol-
ling	therapie	lost	het	stolsel	niet	actief	op.	Het	lichaamseigen	lytische	systeem	
is	 verantwoordelijk	 voor	 oplossen	 van	 het	 stolsel	 en	 tot	 het	 verkrijgen	 van	
rekanalisatie	in	de	vene.	Als	de	rekanalisatie	van	de	vene	niet	toereikend	is,	zal	
het	resterende	deel	van	het	stolsel	omgevormd	worden	tot	 fibreus	weefsel	en	
dit	proces	resulteert	in	partiële	of	volledige	obstructie	van	de	vene	en	zorgt	ook	
voor	stijfheid	van	de	vene	wand.	Gelijktijdige	 inflammatie	kan	de	kleppen	be-
schadigen	 en	 leiden	 tot	 veneuze	 insufficiëntie.	 Deze	mechanismes	 leiden	 uit-
eindelijk	veneuze	hypertensie	en	worden	gezien	als	de	oorzaak	van	PTS.	PTS	is	
de	meest	voorkomende	complicatie	na	DVT.	Met	een	gerapporteerde	incidentie	
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DVT	is	een	veelvoorkomende	aandoening	in	de	westerse	wereld.	De	incidentie	
wordt	geschat	op	ongeveer	1-2	per	1000	 inwoners	per	 jaar.	Patiënten	bij	wie	
het	vermoeden	op	een	DVT	bestaat	worden	voorgeselecteerd	met	een	klinische	
beslisregel	zoals	de	Wells	score.	In	combinatie	met	een	D-dimeer	waarde	in	het	
bloed	 wordt	 er	 een	 uitspraak	 gedaan	 over	 de	 kans	 op	 het	 hebben	 van	 een	
trombose.	Als	 de	 bestaat	 in	 de	 categorie	 hoge	 verdenking	 zit,	 dan	 zal	 er	 nor-
maal	gesproken	een	twee-punts	echo	volgen	om	de	diagnose	DVT	te	bevestigen	
of	uit	te	sluiten.	Als	er	een	DVT	wordt	gezien	dan	zal	de	patiënt	meestal	conser-
vatief	behandeld	worden	met	antistolling	 in	de	vorm	van	een	 laag	moleculair	
gewicht	 heparine	 voor	 5	 dagen	 en	 gelijktijdig	 opstarten	 van	 vitamine-K-
antagonisten	voor	een	totale	duur	van	3-6	maanden	of	 levenslang,	afhankelijk	
van	de	risicofactoren	en	voorgeschiedenis	van	trombose.	Additioneel	wordt	er	
gestart	met	compressieve	zwachtels	of	een	therapeutisch	elastische	kous	voor	
de	totale	duur	van	2	jaar	en	de	patiënt	dient	te	mobiliseren.	Met	deze	behande-
ling	zal	in	20-50%	van	de	patiënten	het	post	trombotische	syndroom	ontstaan.	
PTS	is	gedefinieerd	als	een	chronische	aandoening	van	veneuze	hypertensie	na	
een	DVT.	Subjectieve	symptomen	van	PTS	zijn:	jeuk,	pijn,	kramp,	paresthesie	of	
een	zwaar	gevoel	 in	het	been.	Objectieve	symptomen	zijn	oedeem,	teleangiëc-
tastieën,	 varices,	 induratie,	 hyperpigmentatie,	 roodheid	 aan	 het	 been	 of	 een	
open	wond.	Symptomen	kunnen	variëren	van	mild,	matig	tot	ernstig.	Ernstige	
PTS	 is	 geassocieerd	met	hoge	medische	kosten	 en	 sociale	 lasten	 en	heeft	 een	
grote	 impact	op	de	kwaliteit	van	 leven	van	patiënten.	PTS	 is	daarin	vergelijk-
baar	met	andere	chronische	ziekten	zoals	diabetes	mellitus,	COPD,	en	hartfalen.	
De	diagnose	PTS	wordt	gesteld	aan	de	hand	van	een	schaal	voor	PTS	(Villalta	
schaal)	 vaak	 in	 combinatie	met	 een	 ziekte	 specifieke	 kwaliteit	 van	 leven	 vra-
genlijst.	Een	op	de	vier	patiënten	kan	gecategoriseerd	worden	als	een	LET	3	of	
4	 DVT	 (iliofemoraal).	 Een	 LET	 3,4	 trombose	 is	 geassocieerd	 met	 een	 hoger	
risico	op	het	ontwikkelen	van	PTS.	

Post	trombotisch	syndroom	
The	exacte	etiologie	van	PTS	is	niet	opgehelderd,	maar	er	is	een	sterke	associa-
tie	met	obstructie	en	reflux	van	het	diepe	veneuze	systeem.	Standaard	antistol-
ling	therapie	lost	het	stolsel	niet	actief	op.	Het	lichaamseigen	lytische	systeem	
is	 verantwoordelijk	 voor	 oplossen	 van	 het	 stolsel	 en	 tot	 het	 verkrijgen	 van	
rekanalisatie	in	de	vene.	Als	de	rekanalisatie	van	de	vene	niet	toereikend	is,	zal	
het	resterende	deel	van	het	stolsel	omgevormd	worden	tot	 fibreus	weefsel	en	
dit	proces	resulteert	in	partiële	of	volledige	obstructie	van	de	vene	en	zorgt	ook	
voor	stijfheid	van	de	vene	wand.	Gelijktijdige	 inflammatie	kan	de	kleppen	be-
schadigen	 en	 leiden	 tot	 veneuze	 insufficiëntie.	 Deze	mechanismes	 leiden	 uit-
eindelijk	veneuze	hypertensie	en	worden	gezien	als	de	oorzaak	van	PTS.	PTS	is	
de	meest	voorkomende	complicatie	na	DVT.	Met	een	gerapporteerde	incidentie	
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tot	 50%	 is	het	 belangrijk	 om	patiënten	 te	herkennen	die	 een	verhoogd	 risico	
hebben	 om	PTS	 te	 ontwikkelen	 en	 hen	 alternatieve	 therapieën	 aan	 te	 bieden	
die	het	post	 trombotisch	morbiditeit	kunnen	verminderen.	Preventie	van	PTS	
zou	bereikt	kunnen	worden	met	vroege	verwijdering	van	stolsel	door	UACDT	
omdat	dit	obstructie	van	de	vene	minimaliseert	en	de	klepfunctie	kan	behou-
den.	

Diagnose	en	behandeling	van	DVT	
Hoofdstuk	 twee	 geeft	 een	 overzicht	 van	 de	 beschikbare	 behandelingen	 voor	
patiënten	met	 een	 iliofemorale	 trombose	en	de	 resultaten	met	betrekking	 tot	
de	 behandeling.	 Een	 korte	 introductie	 wordt	 gegeven	 omtrent	 het	 probleem	
PTS	na	DVT,	specifiek	in	LET	3,4	(iliofemorale)	DVT	patiënten.	Als	een	arts	DVT	
vermoed	bij	een	patiënt	dan	kan	hij	de	Wells	criteria	gecombineerd	met	een	d-
dimeer	gebruiken	om	het	risico	in	te	schatten.	Dit	is	algemeen	geaccepteerd	als	
standaard	 zorg	 om	 het	 aantal	 onnodige	 echo’s	 te	 reduceren.	 The	 combinatie	
van	 en	 lage	 Wells	 score	 en	 lage	 D-dimeer	 heeft	 een	 negatief	 voorspellende	
waarde	van	97,7%	wat	maakt	dat	het	 een	 zeer	handige	methode	 is	 om	veilig	
een	 DVT	 uit	 te	 sluiten.	 De	 diagnose	 DVT	 wordt	 gemaakt	 met	 een	 standaard	
twee	punts-echo.	Dit	heeft	een	sensitiviteit	van	98,7%	en	een	specificiteit	van	
100%	 voor	 DVT	 boven	 de	 knie	 en	 85,2%	 sensitiviteit	 en	 98,2%	 specificiteit	
voor	onder	de	knie	DVT	in	vergelijk	met	de	gouden	standaard	invasieve	flebo-
grafie.	MR-Venografie	en	CT-Venografie	kunnen	overwogen	worden	bij	patiën-
ten	met	een	DVT	boven	de	liesplooi.		Het	risico	op	PTS		in	DVT	patiënten	vari-
eert	in	de	literatuur	tussen	de	20%	en	meer	dan	60%	in	de	LET	3,4	groep.	Het	
risico	op	het	ontwikkelen	van	een	veneus	ulcus	na	DVT	varieert	 tussen	de	3-
5%.	 Additionele	 stolsel	 verwijderingsmethode	 laten	 goede	 potentie	 zien	 wat	
betreft	het	verkrijgen	van	een	open	vat	en	potentieel	verlagen	van	PTS.	Echter	
is	het	bewijs	gelimiteerd	tot	retrospectieve	analyses	en	case	reports.		

Villalta	schaal	om	PTS	te	diagnosticeren	
Hoofdstuk	 drie	 beschrijft	 hoe	 PTS	 te	 diagnosticeren	 en	 de	 validatie	 van	 de	
Villalta	 schaal	 voor	PTS,	 de	 opzet	 en	 limitaties	 van	de	 schaal.	 PTS	bestaat	 uit	
subjectieve	patiënt	gerapporteerde	klachten	en	subjectieve	zichtbare	afwijkin-
gen	aan	het	been.	Subjectieve	symptomen	van	PTS	zijn:	 jeuk,	pijn,	krampen	of	
tintelingen,	paresthesie	of	 een	zwaar	gevoel	 in	het	been.	De	 symptomen	kun-
nen	continue	aanwezig	zijn	of	wisselend	van	aard.	Inspanning	zorgt	vaak	voor	
verergering	van	de	klachten	en	rust	en	hoog	leggen	zal	de	klachten	reduceren.	
Objectieve	 symptomen	 zijn	 onder	 andere	 teleangiëctastieën,	 eczeem,	 varices,	
oedeem,	 lipodermatosclerose	 en	 een	 ulcus.	 Vanwege	 de	 verscheidenheid	 aan	
presentatie	 van	 PTS	 is	 het	 moeilijk	 gebleken	 om	 consensus	 te	 bereiken	 een	
goede	definitie	voor	PTS	te	geven.	PTS	is	een	syndroom	en	er	bestaat	geen	gou-

	

den	standaard	om	het	te	diagnosticeren.	Een	ad	hoc	bijeenkomst	georganiseerd	
door	het	european	venous	forum	heeft	PTS		gedefinieerd	als	chronische	veneu-
ze	klachten/afwijkingen	secundair	na	een	DVT.	In	de	laatste	20	jaar	zijn	er	een	
aantal	klinisch	schalen	ontwikkeld	om	PTS	te	diagnosticeren.	De	diagnose	PTS	
kan	overwogen	worden	als	de	patiënt	een	DVT	heeft	gehand	en	als	gevolg	hier-
van	klachten	aan	het	zelfde	been	ontwikkeld	of	houdt	een	aantal	maanden	na	
de	DVT.	Idealiter	zou	een	klinische	schaal	PTS	kunnen	vaststellen	en	daarnaast	
ook	differentiëren	tussen	milde	PTS	en	ernstige	PTS.	De	schaal	moet	makkelijk	
in	gebruik	zijn	en	een	goede	inter	en	intra-observer	betrouwbaarheid	hebben,	
zodat	de	score	reproduceerbaar	is	en	gebruikt	kan	worden	zowel	in	onderzoek	
als	in	de	klinische	praktijk.	De	schaal	moet	breed	gedragen	en	geaccepteerd	zijn	
wereldwijd.	 Dit	moet	 pooling	 van	 resultaten	mogelijk	maken	 zodat	 er	 sterke	
bewijskracht	 beschikbaar	 wordt.	 De	 Brandjes,	 Ginsberg	 enVillalta	 schaal	 zijn	
specifieke	PTS	schalen	en	hebben	zowel	klinische	tekenen	als	klachten	van	de	
patient	in	de	schaal	zitten.	Van	deze	schalen	wordt	de	Villalta	schaal	gezien	als	
de	schaal	van	keuze	voor	PTS,	gezien	het	voldoet	aan	de	eerder	genoemde	ei-
genschappen	 en	 daarnaast	 heeft	 het	 een	 goede	 correlatie	 met	 de	 generieke	
kwaliteit	van	leven	schaal	de	Short-form	36	en	de	ziekte	specifieke	VEINES-qol	
score.	 De	 reproduceerbaarheid	 en	 correlatie	 met	 de	 eigen	 perceptie	 van	 de	
patiënt	op	de	kwaliteit	van	leven	zijn	goed.	Inter-beoordelaar	betrouwbaarheid	
tussen	 artsen	 en	 verpleegkundigen	 is	 zeer	 goed.	 De	 betrouwbaarheid	 tussen	
geen	PTS	en	PTS	was	goed(κ=0.71),	 tussen	matige	 en	ernstige	PTS	 zeer	 goed	
(κ=1.00).	 beperkingen	 van	 de	 schaal	 zijn	 onder	 andere:	 gebrek	 aan	 intra-
beoordelaar	 betrouwbaarheid,	 test-hertest	 eigenschappen	 en	 het	 ontbreken	
van	veneuze	claudicatio	in	de	schaal	en	de	beperking	voor	de	mate	van	veneuze	
ulceratie.	

Selectie	van	patiënten	die	geschikt	zijn	om	UACDT	te	ondergaan	
Patiënten	 selectie	 is	 cruciaal	 om	 te	 bepalen	 wie	 in	 aanmerking	 komt	 voor	
UACDT	en	wie	er	het	meeste	baat	bij	hebben.	De	typische	meest	gebruikte	pa-
rameters	zoals	stolsel	grootte,	duur	van	de	klachten	en	bloedingsrisico	worden	
gebruikt.	PTS	incidentie	na	kuit	venetrombose	is	lager	dan	na	een	iliofemorale	
(LET3,4)	 trombose.	Hoofdstuk	 vier	 evalueert	 2	 verschillende	methodes	 van	
gebruik	 van	 de	 LET	 classificatie	 en	 het	 effect	 op	 de	 mogelijkheid	 om	 PTS	 te	
voorspellen	op	de	lange	termijn.	

De	 let	 classificatie	verdeelt	patiënten	 in	4	verschillende	groepen	op	basis	van	
de	stolsel	locatie	in	de	acute	fase	van	een	trombose.	In	Hoofdstuk	vijf	worden	
de	 eigenschappen	 van	 de	 LET	 classificatie	 besproken	met	 betrekking	 tot	 het	
voorspellen	 van	 PTS	 incidentie	 en	 hevigheid	 en	 kwaliteit	 van	 leven.	 Er	werd	
gebruik	gemaakt	van	een	database	van	1338	patiënten		van	een	cohort	uit	Ant-
werpen.	Overleden	patiënten	of	patiënten	die	de	 leeftijd	van	80	 jaar	en	ouder	
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tot	 50%	 is	het	 belangrijk	 om	patiënten	 te	herkennen	die	 een	verhoogd	 risico	
hebben	 om	PTS	 te	 ontwikkelen	 en	 hen	 alternatieve	 therapieën	 aan	 te	 bieden	
die	het	post	 trombotisch	morbiditeit	kunnen	verminderen.	Preventie	van	PTS	
zou	bereikt	kunnen	worden	met	vroege	verwijdering	van	stolsel	door	UACDT	
omdat	dit	obstructie	van	de	vene	minimaliseert	en	de	klepfunctie	kan	behou-
den.	

Diagnose	en	behandeling	van	DVT	
Hoofdstuk	 twee	 geeft	 een	 overzicht	 van	 de	 beschikbare	 behandelingen	 voor	
patiënten	met	 een	 iliofemorale	 trombose	en	de	 resultaten	met	betrekking	 tot	
de	 behandeling.	 Een	 korte	 introductie	 wordt	 gegeven	 omtrent	 het	 probleem	
PTS	na	DVT,	specifiek	in	LET	3,4	(iliofemorale)	DVT	patiënten.	Als	een	arts	DVT	
vermoed	bij	een	patiënt	dan	kan	hij	de	Wells	criteria	gecombineerd	met	een	d-
dimeer	gebruiken	om	het	risico	in	te	schatten.	Dit	is	algemeen	geaccepteerd	als	
standaard	 zorg	 om	 het	 aantal	 onnodige	 echo’s	 te	 reduceren.	 The	 combinatie	
van	 en	 lage	 Wells	 score	 en	 lage	 D-dimeer	 heeft	 een	 negatief	 voorspellende	
waarde	van	97,7%	wat	maakt	dat	het	 een	 zeer	handige	methode	 is	 om	veilig	
een	 DVT	 uit	 te	 sluiten.	 De	 diagnose	 DVT	 wordt	 gemaakt	 met	 een	 standaard	
twee	punts-echo.	Dit	heeft	een	sensitiviteit	van	98,7%	en	een	specificiteit	van	
100%	 voor	 DVT	 boven	 de	 knie	 en	 85,2%	 sensitiviteit	 en	 98,2%	 specificiteit	
voor	onder	de	knie	DVT	in	vergelijk	met	de	gouden	standaard	invasieve	flebo-
grafie.	MR-Venografie	en	CT-Venografie	kunnen	overwogen	worden	bij	patiën-
ten	met	een	DVT	boven	de	liesplooi.		Het	risico	op	PTS		in	DVT	patiënten	vari-
eert	in	de	literatuur	tussen	de	20%	en	meer	dan	60%	in	de	LET	3,4	groep.	Het	
risico	op	het	ontwikkelen	van	een	veneus	ulcus	na	DVT	varieert	 tussen	de	3-
5%.	 Additionele	 stolsel	 verwijderingsmethode	 laten	 goede	 potentie	 zien	 wat	
betreft	het	verkrijgen	van	een	open	vat	en	potentieel	verlagen	van	PTS.	Echter	
is	het	bewijs	gelimiteerd	tot	retrospectieve	analyses	en	case	reports.		

Villalta	schaal	om	PTS	te	diagnosticeren	
Hoofdstuk	 drie	 beschrijft	 hoe	 PTS	 te	 diagnosticeren	 en	 de	 validatie	 van	 de	
Villalta	 schaal	 voor	PTS,	 de	 opzet	 en	 limitaties	 van	de	 schaal.	 PTS	bestaat	 uit	
subjectieve	patiënt	gerapporteerde	klachten	en	subjectieve	zichtbare	afwijkin-
gen	aan	het	been.	Subjectieve	symptomen	van	PTS	zijn:	 jeuk,	pijn,	krampen	of	
tintelingen,	paresthesie	of	 een	zwaar	gevoel	 in	het	been.	De	 symptomen	kun-
nen	continue	aanwezig	zijn	of	wisselend	van	aard.	Inspanning	zorgt	vaak	voor	
verergering	van	de	klachten	en	rust	en	hoog	leggen	zal	de	klachten	reduceren.	
Objectieve	 symptomen	 zijn	 onder	 andere	 teleangiëctastieën,	 eczeem,	 varices,	
oedeem,	 lipodermatosclerose	 en	 een	 ulcus.	 Vanwege	 de	 verscheidenheid	 aan	
presentatie	 van	 PTS	 is	 het	 moeilijk	 gebleken	 om	 consensus	 te	 bereiken	 een	
goede	definitie	voor	PTS	te	geven.	PTS	is	een	syndroom	en	er	bestaat	geen	gou-

	

den	standaard	om	het	te	diagnosticeren.	Een	ad	hoc	bijeenkomst	georganiseerd	
door	het	european	venous	forum	heeft	PTS		gedefinieerd	als	chronische	veneu-
ze	klachten/afwijkingen	secundair	na	een	DVT.	In	de	laatste	20	jaar	zijn	er	een	
aantal	klinisch	schalen	ontwikkeld	om	PTS	te	diagnosticeren.	De	diagnose	PTS	
kan	overwogen	worden	als	de	patiënt	een	DVT	heeft	gehand	en	als	gevolg	hier-
van	klachten	aan	het	zelfde	been	ontwikkeld	of	houdt	een	aantal	maanden	na	
de	DVT.	Idealiter	zou	een	klinische	schaal	PTS	kunnen	vaststellen	en	daarnaast	
ook	differentiëren	tussen	milde	PTS	en	ernstige	PTS.	De	schaal	moet	makkelijk	
in	gebruik	zijn	en	een	goede	inter	en	intra-observer	betrouwbaarheid	hebben,	
zodat	de	score	reproduceerbaar	is	en	gebruikt	kan	worden	zowel	in	onderzoek	
als	in	de	klinische	praktijk.	De	schaal	moet	breed	gedragen	en	geaccepteerd	zijn	
wereldwijd.	 Dit	moet	 pooling	 van	 resultaten	mogelijk	maken	 zodat	 er	 sterke	
bewijskracht	 beschikbaar	 wordt.	 De	 Brandjes,	 Ginsberg	 enVillalta	 schaal	 zijn	
specifieke	PTS	schalen	en	hebben	zowel	klinische	tekenen	als	klachten	van	de	
patient	in	de	schaal	zitten.	Van	deze	schalen	wordt	de	Villalta	schaal	gezien	als	
de	schaal	van	keuze	voor	PTS,	gezien	het	voldoet	aan	de	eerder	genoemde	ei-
genschappen	 en	 daarnaast	 heeft	 het	 een	 goede	 correlatie	 met	 de	 generieke	
kwaliteit	van	leven	schaal	de	Short-form	36	en	de	ziekte	specifieke	VEINES-qol	
score.	 De	 reproduceerbaarheid	 en	 correlatie	 met	 de	 eigen	 perceptie	 van	 de	
patiënt	op	de	kwaliteit	van	leven	zijn	goed.	Inter-beoordelaar	betrouwbaarheid	
tussen	 artsen	 en	 verpleegkundigen	 is	 zeer	 goed.	 De	 betrouwbaarheid	 tussen	
geen	PTS	en	PTS	was	goed(κ=0.71),	 tussen	matige	 en	ernstige	PTS	 zeer	 goed	
(κ=1.00).	 beperkingen	 van	 de	 schaal	 zijn	 onder	 andere:	 gebrek	 aan	 intra-
beoordelaar	 betrouwbaarheid,	 test-hertest	 eigenschappen	 en	 het	 ontbreken	
van	veneuze	claudicatio	in	de	schaal	en	de	beperking	voor	de	mate	van	veneuze	
ulceratie.	

Selectie	van	patiënten	die	geschikt	zijn	om	UACDT	te	ondergaan	
Patiënten	 selectie	 is	 cruciaal	 om	 te	 bepalen	 wie	 in	 aanmerking	 komt	 voor	
UACDT	en	wie	er	het	meeste	baat	bij	hebben.	De	typische	meest	gebruikte	pa-
rameters	zoals	stolsel	grootte,	duur	van	de	klachten	en	bloedingsrisico	worden	
gebruikt.	PTS	incidentie	na	kuit	venetrombose	is	lager	dan	na	een	iliofemorale	
(LET3,4)	 trombose.	Hoofdstuk	 vier	 evalueert	 2	 verschillende	methodes	 van	
gebruik	 van	 de	 LET	 classificatie	 en	 het	 effect	 op	 de	 mogelijkheid	 om	 PTS	 te	
voorspellen	op	de	lange	termijn.	

De	 let	 classificatie	verdeelt	patiënten	 in	4	verschillende	groepen	op	basis	van	
de	stolsel	locatie	in	de	acute	fase	van	een	trombose.	In	Hoofdstuk	vijf	worden	
de	 eigenschappen	 van	 de	 LET	 classificatie	 besproken	met	 betrekking	 tot	 het	
voorspellen	 van	 PTS	 incidentie	 en	 hevigheid	 en	 kwaliteit	 van	 leven.	 Er	werd	
gebruik	gemaakt	van	een	database	van	1338	patiënten		van	een	cohort	uit	Ant-
werpen.	Overleden	patiënten	of	patiënten	die	de	 leeftijd	van	80	 jaar	en	ouder	
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hadden	 bereikt	 werden	 geexcludeerd	 van	 de	 analyse.	 In	 totaal	 werden	 660	
patiënten	aangeschreven	met	het	verzoek	een	vragenlijst	in	te	vullen	over	hun	
klachten.	We	 gebruikte	 een	 aangepast	 versie	 van	 de	 Villalta	 schaal.	 Generiek	
kwaliteit	 van	 leven	 (SF-36)	 en	 ziekte	 specifieke	 kwaliteit	 van	 leven	 (VEINES-
sym/qol)	 werd	 bepaald	 naast	 de	 patiënt	 eigenschappen	 zoals	 leeftijd,	 Body	
Mass	Index,	geslacht	en	ontvangen	therapie.	Confounders	werden	uitgevraagd,	
zoals	 recidief	 DVT,	 compressie	 therapie,	 gebruik	 van	 antistolling,	 orthopedi-
sche	ziekte,	perifeer	arterieel	vaatlijden	en	 follow-up	duur.	 	De	 initiële	 stolsel	
locatie	uitgedrukt	in	LET	klasse	werd	gecorreleerd	aan	de	klachten	van	patiën-
ten,	 incidentie	 van	 PTS	 en	 kwaliteit	 van	 leven.	 Van	 de	 660	 patiënten	 hebben	
315	patiënten	 gereageerd	 en	de	 vragenlijst	 ingevuld	 teruggestuurd.	Van	deze	
patiënten	werden	100	 geclassificeerd	 als	 LET	1,	 108	hadden	LET	klasse	 2	 en	
107	 patiënten	 LET	 klasse	 3.	 Ernstige	 PTS	 werd	 gerapporteerd	 in	 18,4%	 van	
patiënten.	 Univariate	 analyse	 op	 ernstige	 PTS	 liet	 een	 odds	 ratio(OR)	 van	
2.0(0.9-4.6)	zien	tussen	LET	1	en	LET	2.	Tussen	LET	1	en	LET	3	was	er	een	OR	
van	 3.0(1.4-6.7)	 op	 het	 ontwikkelen	 van	 ernstige	 PTS.	 In	 de	multivariate	 re-
gressie	analyse	liet	LET	2	een	OR	van	1.9(0.7-4.9)	zien	op	het	ontwikkelen	van	
ernstige	PTS	ten	opzichte	van	LET	1	en	LET	3	had	een	OR	3.4(1.3-8.8)	op	het	
ontwikkelen	van	ernstige	PTS	ten	opzichte	van	LET	1.	VEINES-qol	score	waren	
significant	lager	bij	hoger	wordende	LET	klasse	(p=0.003).	De	LET	classificatie	
liet	een	goede	correlatie	zien	wat	betreft	voorspellen	van	ernstige	PTS	en	ver-
minderde	 kwaliteit	 van	 leven	 op	 basis	 van	 de	 initiële	 stolsel	 locatie.	 De	 LET	
classificatie	kan	goed	gebruikt	worden	om	patiënten	te	selecteren	die	het	mees-
te	kunnen	profiteren	van	additionele	behandeling	met	UACDT.	

Contrast	versterkte	MR-venografie	voor	acute	DVT	
Om	succesvol	UACDT	toe	te	passen	is	het	zeer	belangrijk	om	patiënten	met	een	
acute	 verse	 trombose	 te	 selecteren.	 Tot	 op	heden	werden	hiervoor	 patiënten	
symptomen	gebruikt.	Echter	zijn	deze	vaak	misleidend	en	kan	de	trombose	er	
al	een	tijd	zitten	voordat	deze	wordt	opgemerkt.	Dit	kan	resulteren	in	falen	van	
UACDT	omdat	het	stolsel	al	ouder	 is	dan	gedacht	en	het	stolsel	georganiseerd	
is.	Adequate	voorspellen	van	de	stolsel	leeftijd	zou	de	potentie	hebben	om	het	
aantal	gefaalde	UACDT	procedures	 te	verminderen	en	daarmee	ook	het	 risico	
van	de	behandeling.	 	Stolsel	leeftijd	wordt	momenteel	geschat	op	basis	van	de	
klachten	van	de	patiënt.	Andere	methodes	met	duplex	onderzoek	zijn	ook	be-
schreven	 in	 de	 literatuur.	 MR-venografie	 is	 een	 relatief	 nieuwe	 techniek	 om	
DVT	in	beeld	te	brengen	en	kan	potentieel	bruikbaar	zijn	in	het	schatten	van	de	
stolsel	leeftijd.	Hoofdstuk	zes	beschrijft	de	resultaten	van	het	gebruik	van	MR-
venografie	voor	acute	DVT.	In	totaal	46	MRV’s	zijn	gemaakt	en	beoordeeld	door	
4	 beoordelaars.	 2	 beoordelaars	 hadden	 veel	 ervaring	 met	 MRV	 en	 veneuze	
pathologie,	the	twee	overige	beoordelaars	waren	radiologen	met	veel	ervaring	

	

in	beoordelen	van	MRI,	maar	niet	op	veneus	gebied.	 	Alle	MRV’s	werden	geïn-
terpreteerd	op	het	niveau	van	de	femoralis	communis	aan	de	aangedane	zijde.	
Er	werden	 5	mogelijke	 interpretatiemogelijkheden	 gegeven.:	 acuut,	 subacuut,	
oud,	acuut	op	chronisch	of	inconclusief.	Elke	interpretatie	was	gedefinieerd	met	
een	 karakteristieke	 illustratie.	 Overeenkomst	 tussen	 de	 twee	 ervaren	 MRV	
beoordelaars	was	excellent	met	een	kappa	van	0.969	(p<0.001).	Overeenstem-
ming	tussen	de	eerste	MRV	beoordelaar	en	de	twee	overige	beoordelaars	was	
ook	 uitstekend	 met	 een	 kappa	 van	 0.824	 (P<0.001)	 en	 0.821	 (p<0.001).	 de	
interpretatie	 van	 acuut,	 subacuut	 en	oud	 stolsel	was	ook	 gecorreleerd	 tussen	
de	 duur	 van	 klachten	 van	 de	 patiënt.	 Stolsel	 gedefinieerd	 als	 acuut	 had	 een	
gemiddelde	klachten	duur	van	6.5	dagen	(range	2-13),	subacuut	13	dagen	(8-
18	dagen),	en	oud	22	dagen	(15-32	dagen).	Deze	studie	laat	zien	dat	identifica-
tie	van	MRV	specifieke	stolsel	karakteristieken	mogelijk	is	en	dat	er	een	goede	
inter-observer	overeenkomst	is.	De	stolsel	karakteristieken	op	MRV	lieten	ook	
een	goede	correlatie	zien	met	betrekking	tot	duur	van	de	klachten	van	de	pati-
ent.	 MRV	 kan	 hiermee	 een	 belangrijk	 diagnostiek	 middel	 worden	 voor	 DVT	
boven	de	liesplooi.	

Uitvoerbaarheid	en	veiligheid	van	UACDT	
CDT	wordt	 gebruikt	 voor	 de	 behandeling	 van	 iliofemarale	DVT	 en	 laat	 goede	
resultaten	 zien	wat	 betreft	 succesvol	 oplossen	 van	 stolsel	 in	 de	meerderheid	
van	de	patiënten.	Echter	is	de	behandelingsduur	met	een	mediane	duur	van	2.4	
dagen	lang.	UACDT	is	ontworpen	om	een	snellere	effectievere	oplossing	van	het	
stolsel	 te	bereiken	 in	patiënten	met	een	arteriële	afsluiting,	afsluiting	van	een	
bypass,	massale	longembolie	en	DVT.	In	hoofdstuk	zeven	wordt	onze	ervaring	
met	het	toepassen	van	UACDT	in	iliofemorale	DVT	beschreven.	Een	retrospec-
tieve	analyse	is	verricht	van	alle	UACDT	behandelingen	voor	iliofemorale	DVTs	
tussen	oktober	2008	en	 januari	2010.	 In	die	 tijd	zijn	12	behandelingen	uitge-
voerd.	 Zeven	mannelijke	 en	 vijf	 vrouwelijke	 patiënten	werden	 behandeld.	 De	
mediane	leeftijd	van	de	groep	was	44	jaar	(range	5-79	jaar).	De	diagnose	ilio-
femorale	DVT	werd	gesteld	aan	de	hand	van	een	veneuze	duplex	in	combinatie	
met	ct-venografie	of	MR-venografie.	7	patiënten	hadden	een	LET	2,3,4	DVT,	3	
patiënten	een	LET	2,3	DVT,	een	patiënt	een	LET	2	DVT	en	een	patiënt	een	LET	4	
DVT.	 UACDT	was	 succesvol	 in	 85%	 van	 de	 gevallen	 (11/13),	 waarvan	 in	 10	
gevallen	complete	lyse	(>90%)	is	bereikt	en	partiële	lyse	(50-90%)in	1	patiënt.	
Er	 werden	 geen	 longembolieën	 geobserveerd	 en	 1	 bloeding	 aan	 de	 katheter	
insteekopening.	 In	 drie	 patiënten	 werd	 een	 onderliggende	 stenose	 succesvol	
behandeld	met	 een	ballonangioplastiek	 en	 stentplaatsing.	Vier	patiënten	had-
den	een	vroege	recidief	 trombose	gewijd	aan	een	niet	of	onvoldoende	behan-
delde	onderliggende	stenose	van	het	veneuze	traject.	
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hadden	 bereikt	 werden	 geexcludeerd	 van	 de	 analyse.	 In	 totaal	 werden	 660	
patiënten	aangeschreven	met	het	verzoek	een	vragenlijst	in	te	vullen	over	hun	
klachten.	We	 gebruikte	 een	 aangepast	 versie	 van	 de	 Villalta	 schaal.	 Generiek	
kwaliteit	 van	 leven	 (SF-36)	 en	 ziekte	 specifieke	 kwaliteit	 van	 leven	 (VEINES-
sym/qol)	 werd	 bepaald	 naast	 de	 patiënt	 eigenschappen	 zoals	 leeftijd,	 Body	
Mass	Index,	geslacht	en	ontvangen	therapie.	Confounders	werden	uitgevraagd,	
zoals	 recidief	 DVT,	 compressie	 therapie,	 gebruik	 van	 antistolling,	 orthopedi-
sche	ziekte,	perifeer	arterieel	vaatlijden	en	 follow-up	duur.	 	De	 initiële	 stolsel	
locatie	uitgedrukt	in	LET	klasse	werd	gecorreleerd	aan	de	klachten	van	patiën-
ten,	 incidentie	 van	 PTS	 en	 kwaliteit	 van	 leven.	 Van	 de	 660	 patiënten	 hebben	
315	patiënten	 gereageerd	 en	de	 vragenlijst	 ingevuld	 teruggestuurd.	Van	deze	
patiënten	werden	100	 geclassificeerd	 als	 LET	1,	 108	hadden	LET	klasse	 2	 en	
107	 patiënten	 LET	 klasse	 3.	 Ernstige	 PTS	 werd	 gerapporteerd	 in	 18,4%	 van	
patiënten.	 Univariate	 analyse	 op	 ernstige	 PTS	 liet	 een	 odds	 ratio(OR)	 van	
2.0(0.9-4.6)	zien	tussen	LET	1	en	LET	2.	Tussen	LET	1	en	LET	3	was	er	een	OR	
van	 3.0(1.4-6.7)	 op	 het	 ontwikkelen	 van	 ernstige	 PTS.	 In	 de	multivariate	 re-
gressie	analyse	liet	LET	2	een	OR	van	1.9(0.7-4.9)	zien	op	het	ontwikkelen	van	
ernstige	PTS	ten	opzichte	van	LET	1	en	LET	3	had	een	OR	3.4(1.3-8.8)	op	het	
ontwikkelen	van	ernstige	PTS	ten	opzichte	van	LET	1.	VEINES-qol	score	waren	
significant	lager	bij	hoger	wordende	LET	klasse	(p=0.003).	De	LET	classificatie	
liet	een	goede	correlatie	zien	wat	betreft	voorspellen	van	ernstige	PTS	en	ver-
minderde	 kwaliteit	 van	 leven	 op	 basis	 van	 de	 initiële	 stolsel	 locatie.	 De	 LET	
classificatie	kan	goed	gebruikt	worden	om	patiënten	te	selecteren	die	het	mees-
te	kunnen	profiteren	van	additionele	behandeling	met	UACDT.	

Contrast	versterkte	MR-venografie	voor	acute	DVT	
Om	succesvol	UACDT	toe	te	passen	is	het	zeer	belangrijk	om	patiënten	met	een	
acute	 verse	 trombose	 te	 selecteren.	 Tot	 op	heden	werden	hiervoor	 patiënten	
symptomen	gebruikt.	Echter	zijn	deze	vaak	misleidend	en	kan	de	trombose	er	
al	een	tijd	zitten	voordat	deze	wordt	opgemerkt.	Dit	kan	resulteren	in	falen	van	
UACDT	omdat	het	stolsel	al	ouder	 is	dan	gedacht	en	het	stolsel	georganiseerd	
is.	Adequate	voorspellen	van	de	stolsel	leeftijd	zou	de	potentie	hebben	om	het	
aantal	gefaalde	UACDT	procedures	 te	verminderen	en	daarmee	ook	het	 risico	
van	de	behandeling.	 	Stolsel	leeftijd	wordt	momenteel	geschat	op	basis	van	de	
klachten	van	de	patiënt.	Andere	methodes	met	duplex	onderzoek	zijn	ook	be-
schreven	 in	 de	 literatuur.	 MR-venografie	 is	 een	 relatief	 nieuwe	 techniek	 om	
DVT	in	beeld	te	brengen	en	kan	potentieel	bruikbaar	zijn	in	het	schatten	van	de	
stolsel	leeftijd.	Hoofdstuk	zes	beschrijft	de	resultaten	van	het	gebruik	van	MR-
venografie	voor	acute	DVT.	In	totaal	46	MRV’s	zijn	gemaakt	en	beoordeeld	door	
4	 beoordelaars.	 2	 beoordelaars	 hadden	 veel	 ervaring	 met	 MRV	 en	 veneuze	
pathologie,	the	twee	overige	beoordelaars	waren	radiologen	met	veel	ervaring	

	

in	beoordelen	van	MRI,	maar	niet	op	veneus	gebied.	 	Alle	MRV’s	werden	geïn-
terpreteerd	op	het	niveau	van	de	femoralis	communis	aan	de	aangedane	zijde.	
Er	werden	 5	mogelijke	 interpretatiemogelijkheden	 gegeven.:	 acuut,	 subacuut,	
oud,	acuut	op	chronisch	of	inconclusief.	Elke	interpretatie	was	gedefinieerd	met	
een	 karakteristieke	 illustratie.	 Overeenkomst	 tussen	 de	 twee	 ervaren	 MRV	
beoordelaars	was	excellent	met	een	kappa	van	0.969	(p<0.001).	Overeenstem-
ming	tussen	de	eerste	MRV	beoordelaar	en	de	twee	overige	beoordelaars	was	
ook	 uitstekend	 met	 een	 kappa	 van	 0.824	 (P<0.001)	 en	 0.821	 (p<0.001).	 de	
interpretatie	 van	 acuut,	 subacuut	 en	oud	 stolsel	was	ook	 gecorreleerd	 tussen	
de	 duur	 van	 klachten	 van	 de	 patiënt.	 Stolsel	 gedefinieerd	 als	 acuut	 had	 een	
gemiddelde	klachten	duur	van	6.5	dagen	(range	2-13),	subacuut	13	dagen	(8-
18	dagen),	en	oud	22	dagen	(15-32	dagen).	Deze	studie	laat	zien	dat	identifica-
tie	van	MRV	specifieke	stolsel	karakteristieken	mogelijk	is	en	dat	er	een	goede	
inter-observer	overeenkomst	is.	De	stolsel	karakteristieken	op	MRV	lieten	ook	
een	goede	correlatie	zien	met	betrekking	tot	duur	van	de	klachten	van	de	pati-
ent.	 MRV	 kan	 hiermee	 een	 belangrijk	 diagnostiek	 middel	 worden	 voor	 DVT	
boven	de	liesplooi.	

Uitvoerbaarheid	en	veiligheid	van	UACDT	
CDT	wordt	 gebruikt	 voor	 de	 behandeling	 van	 iliofemarale	DVT	 en	 laat	 goede	
resultaten	 zien	wat	 betreft	 succesvol	 oplossen	 van	 stolsel	 in	 de	meerderheid	
van	de	patiënten.	Echter	is	de	behandelingsduur	met	een	mediane	duur	van	2.4	
dagen	lang.	UACDT	is	ontworpen	om	een	snellere	effectievere	oplossing	van	het	
stolsel	 te	bereiken	 in	patiënten	met	een	arteriële	afsluiting,	afsluiting	van	een	
bypass,	massale	longembolie	en	DVT.	In	hoofdstuk	zeven	wordt	onze	ervaring	
met	het	toepassen	van	UACDT	in	iliofemorale	DVT	beschreven.	Een	retrospec-
tieve	analyse	is	verricht	van	alle	UACDT	behandelingen	voor	iliofemorale	DVTs	
tussen	oktober	2008	en	 januari	2010.	 In	die	 tijd	zijn	12	behandelingen	uitge-
voerd.	 Zeven	mannelijke	 en	 vijf	 vrouwelijke	 patiënten	werden	 behandeld.	 De	
mediane	leeftijd	van	de	groep	was	44	jaar	(range	5-79	jaar).	De	diagnose	ilio-
femorale	DVT	werd	gesteld	aan	de	hand	van	een	veneuze	duplex	in	combinatie	
met	ct-venografie	of	MR-venografie.	7	patiënten	hadden	een	LET	2,3,4	DVT,	3	
patiënten	een	LET	2,3	DVT,	een	patiënt	een	LET	2	DVT	en	een	patiënt	een	LET	4	
DVT.	 UACDT	was	 succesvol	 in	 85%	 van	 de	 gevallen	 (11/13),	 waarvan	 in	 10	
gevallen	complete	lyse	(>90%)	is	bereikt	en	partiële	lyse	(50-90%)in	1	patiënt.	
Er	 werden	 geen	 longembolieën	 geobserveerd	 en	 1	 bloeding	 aan	 de	 katheter	
insteekopening.	 In	 drie	 patiënten	 werd	 een	 onderliggende	 stenose	 succesvol	
behandeld	met	 een	ballonangioplastiek	 en	 stentplaatsing.	Vier	patiënten	had-
den	een	vroege	recidief	 trombose	gewijd	aan	een	niet	of	onvoldoende	behan-
delde	onderliggende	stenose	van	het	veneuze	traject.	
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Hoofdstuk	acht	beschrijft	een	groter	cohort	van	patiënten	die	ook	behandeld	
zijn	met	UACDT	voor	acute	LET3/4	DVT.	In	deze	retrospectieve	analyse	zitten	
37	patiënten	met	een	gemiddelde	leeftijd	van	42	jaar(range	5-76),	die	zijn	be-
handeld	in	Aken	of	Maastricht.	Er	waren	20	linkszijdige	trombose,	13	rechtszij-
dige	 en	 4	 bilaterale	 DVT’s.	 De	 man/vrouw	 verdeling	 was	 18/19.	 De	 meeste	
patiënten	 hadden	 en	 klachtenduur	 voor	 behandeling	 van	 tussen	 de	 7	 en	 13	
dagen.	De	verdeling	in	LET-klasse	was	als	volgt:	een	patiënt	met	LET	2	DVT,	32	
patiënten	met	en	LET2,3	DVT	en	4	patiënten	met	een	LET	2,3,4	DVT.	Volledige	
stolsel	 lyse(>90%)	 werd	 bereikt	 in	 52%	 van	 de	 patiënten.	 Partiële	 lyse	 (50-
90%)	 werd	 in	 43%	 bereikt.	 De	 overige	 5%	 liet	 geen	 verbetering	 zien	 met	
UACDT	en	de	behandeling	werd	hierop	gestaakt.	De	gemiddelde	behandelings-
duur	 van	UACDT	was	 43	 uur	 tot	 succesvolle	 lyse.	 In	 75%	van	 de	 linkszijdige	
DVT’s	werd	het	May	Thurner	syndroom	gezien	bij	beeldvorming.	In	twee	pati-
enten	 werd	 een	 vena	 cava	 inferior	 atresie	 gezien.	 In	 54%	 van	 de	 patiënten	
werd	 een	 aanvullende	 stentplaatsing	 verricht	 om	 onderliggende	 stenoses	 te	
behandelen.	Andere	additionele	 interventies	die	verricht	werden	zijn	het	aan-
leggen	 van	 een	 Arterio	 Veneuze-fistel	 en	 een	 chirurgische	 trombectomie.	 De	
Kaplan	Meyer	survival	analyse	liet	een	primaire	patency	zien	van	70%	na	1	jaar	
en	een	secundaire	patency	van	87%	na	1	jaar.	Complicaties	van	de	behandeling	
waren	in	8%	kleine	bloedingen,	3%	grote	bloedingen	en	5%	andere	complica-
ties,	zoals	een	heparine	geinduceerde	trombocytopenie.	Een	klinische	longem-
bolie	werd	opgemerkt.	Er	werden	geen	overlijdens	gezien.	De	longembolie	trad	
op	twee	weken	na	de	UACDT	behandeling	en	wordt	niet	beschouwd	als	zijnde	
gerelateerd	aan	de	behandeling.	De	duur	van	de	UACDT	behandeling	is	 langer	
dan	 in	de	 literatuur	werd	gerapporteerd	door	Motarjeme	en	Raabe.	Dit	 is	 ge-
duid	bij	een	andere	selectie	methode	en	logistieke	zaken	omtrent	het	plannen	
van	additionele	 ingrepen	en	verschil	 in	 leeftijd	van	het	 stolsel.	De	 tweede	be-
langrijke	observatie	is	het	aantal	ingrepen	nodig	voor	onderliggende	stenoses.	
In	dit	 cohort	 in	50%	additioneel	behandeld	met	 stents	 in	het	veneuze	 traject.	
Concluderend	 vinden	wij	 dat	 de	 UACDT	 behandeling	 veilig	 en	 effectief	 uitge-
voerd	kan	worden	voor	patiënten	met	een	iliofemorale	DVT.	Gerandomiseerde	
trials	 zullen	 deze	 observatie	 moeten	 bevestigen	 en	 zullen	 ook	 een	 uitspraak	
moeten	doen	over	het	effect	op	het	voorkomen	van	PTS	na	UACDT.	De	Cavent	
studie	 is	 de	 eerste	 gerandomiseerde	 studie	 die	 hiernaar	 kijkt,	maar	 gebruikt	
geen	 UACDT.	 De	 behandelingsduur	 en	 het	 bloedingsrisico	 blijft	 een	 continue	
discussiepunt.	De	CAVA	trial	randomiseert	patiënten	met	een	iliofemorale	DVT	
tussen	 conservatieve	 behandeling	 en	 UACDT	 en	 kijkt	 ook	 naar	 het	 klinische	
uitkomstpunt	PTS.	De	studie	loopt	momenteel	in	heel	Nederland	en	includeert	
patiënten	met	een	LET	¾	DVT.	

In	 de	 Verenigde	 Staten	 loopt	 ook	 een	 soortgelijk	 onderzoek.	 De	 attract	 trial	
vergelijkt	 verschillend	 stolsel	 oplossende	 technieken	 versus	 de	 conservatieve	

	

behandeling.		Als	deze	3	studies	verricht	zijn	zullen	de	gepoolde	resultaten	een	
antwoord	moeten	geven	of	additionele	stolsel	verwijdering	zinvol	is	om	PTS	te	
reduceren	in	patiënten	met	een	iliofemorale	DVT.	

Stenting	en	UACDT	
In	de	vorige	twee	hoofdstukken	wordt	gerapporteerd	dat	50%	van	de	patiënten	
stenting	 ondergaat	 van	 een	 onderliggende	 veneuze	 obstructie.	Occlussies	 van	
deze	 stent	 zijn	 gezien	 in	 een	 klein	 percentage	 van	deze	 patiënten.	De	meeste	
patiënten	merkten	dit	door	weer	een	acute	zwelling	van	het	been	en	klachten	
van	een	trombose.	Met	duplex	kon	de	diagnose	stentocclusie	worden	gemaakt.	
Vanwege	de	aanwezigheid	van	vers	stolsel	is	getracht	het	traject	weer	open	te	
maken	 met	 behulp	 van	 UACDT.	 In	 de	 literatuur	 is	 weinig	 te	 vinden	 over	 de	
aanpak	van	zulke	problemen.	 In	hoofdstuk	negen	bespreken	we	onze	bevin-
dingen	met	het	herwinnen	van	patency	 in	de	geoccludeerde	trajecten.	Een	re-
trospectieve	 analyse	 van	 19	 patiënten,	 die	 tussen	 januari	 2009	 en	 juli	 2014	
werden	gezien	met	een	stentocclusie	werd	verricht.	Alle	patiënten	ondergingen	
UACDT	als	primaire	 interventie	om	het	 traject	 te	openen.	De	mediane	 leeftijd	
was	43	jaar	en	67%	was	man.	De	primaire	indicatie	voor	stentplaatsing	was	het	
behandelen	 van	 een	 chronische	 veneuze	 obstructie	 in	 12	 patiënten	 en	 in	 de	
andere	 6	 patiënten	 het	 behandelen	 van	 een	 residuale	 obstructie	 na	 UACDT	
voor	acute	DVT.	In	11	van	de	18	patiënten	slaagden	wij	om	het	traject	te	ope-
nen.	 Primaire	 patency	 was	 73%	 na	 14	 maanden	 follow-up.	 Na	 succesvolle	
UACDT	werd	er	in	7	patiënten	overgegaan	tot	stentplaatsing	en	in	6	patiënten	
werd	een	AV-fistel	aangelegd.	Mediane	UACDT	tijd	was	19	uur	(range	11-101)	
in	de	succesvolle	behandelingen.	Deze	behandelingsduur	is	meer	in	lijn	met	de	
eerdere	 publicaties	 over	 UACDT.	 In	 vergelijking	met	 de	 behandelingsduur	 in	
hoofdstuk	8	is	de	duur	meer	dan	gehalveerd.	Dit	verschil	zit	in	ervaring	en	het	
herkennen	 van	 stenoses	 die	 therapieresistent	 zijn.	 Hierdoor	 is	 er	 eerder	 ge-
stopt	met	 UACDT	 en	 overgegaan	 tot	 stentplaatsing	 of	 andere	 additionele	 be-
handeling.	 De	 patiënt	 gerapporteerde	 klachtenduur	 bleek	 in	 dit	 cohort	 niet	
bruikbaar	te	zijn	om	succes	van	de	behandeling	te	voorspellen.	De	stolsels	wa-
ren	 dikwijls	 ouder	 dan	werd	 verwacht	 aan	 de	 hand	 van	 patiënt	 gerelateerde	
klachtenduur.	Wat	 betreft	 veiligheid	 van	de	 behandeling.	 6	 complicaties	wer-
den	 gezien,	waarvan	 2	 kleine	 bloedingen,	 1	 klinische	 relevante	 bloeding.	 Een	
heparine	 geinduceerde	 trombocytopenie	 en	 1	 allergische	 reactie	werd	 gezien	
op	jodiumhoudend	contrastvloeistof.	Er	werden	geen	longembolieën	of	overlij-
dens	gezien.	 In	onze	ogen	maakt	dit	dat	de	behandeling	als	veilig	kan	worden	
beschouwd.	Stent	gerelateerde	problemen	werden	herkent	als	de	meest	voor-
komende	oorzaak	van	stentocclusie.	Dit	maakt	de	roep	om	specifieke	veneuze	
stents	luider.	Er	werd	een	redelijke	primaire	patency	van	73%	bereikt	na	suc-
cesvolle	 interventie.	Naar	 aanleiding	 van	deze	 analyse	 is	 een	 voorstel	 gedaan	
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Hoofdstuk	acht	beschrijft	een	groter	cohort	van	patiënten	die	ook	behandeld	
zijn	met	UACDT	voor	acute	LET3/4	DVT.	In	deze	retrospectieve	analyse	zitten	
37	patiënten	met	een	gemiddelde	leeftijd	van	42	jaar(range	5-76),	die	zijn	be-
handeld	in	Aken	of	Maastricht.	Er	waren	20	linkszijdige	trombose,	13	rechtszij-
dige	 en	 4	 bilaterale	 DVT’s.	 De	 man/vrouw	 verdeling	 was	 18/19.	 De	 meeste	
patiënten	 hadden	 en	 klachtenduur	 voor	 behandeling	 van	 tussen	 de	 7	 en	 13	
dagen.	De	verdeling	in	LET-klasse	was	als	volgt:	een	patiënt	met	LET	2	DVT,	32	
patiënten	met	en	LET2,3	DVT	en	4	patiënten	met	een	LET	2,3,4	DVT.	Volledige	
stolsel	 lyse(>90%)	 werd	 bereikt	 in	 52%	 van	 de	 patiënten.	 Partiële	 lyse	 (50-
90%)	 werd	 in	 43%	 bereikt.	 De	 overige	 5%	 liet	 geen	 verbetering	 zien	 met	
UACDT	en	de	behandeling	werd	hierop	gestaakt.	De	gemiddelde	behandelings-
duur	 van	UACDT	was	 43	 uur	 tot	 succesvolle	 lyse.	 In	 75%	van	 de	 linkszijdige	
DVT’s	werd	het	May	Thurner	syndroom	gezien	bij	beeldvorming.	In	twee	pati-
enten	 werd	 een	 vena	 cava	 inferior	 atresie	 gezien.	 In	 54%	 van	 de	 patiënten	
werd	 een	 aanvullende	 stentplaatsing	 verricht	 om	 onderliggende	 stenoses	 te	
behandelen.	Andere	additionele	 interventies	die	verricht	werden	zijn	het	aan-
leggen	 van	 een	 Arterio	 Veneuze-fistel	 en	 een	 chirurgische	 trombectomie.	 De	
Kaplan	Meyer	survival	analyse	liet	een	primaire	patency	zien	van	70%	na	1	jaar	
en	een	secundaire	patency	van	87%	na	1	jaar.	Complicaties	van	de	behandeling	
waren	in	8%	kleine	bloedingen,	3%	grote	bloedingen	en	5%	andere	complica-
ties,	zoals	een	heparine	geinduceerde	trombocytopenie.	Een	klinische	longem-
bolie	werd	opgemerkt.	Er	werden	geen	overlijdens	gezien.	De	longembolie	trad	
op	twee	weken	na	de	UACDT	behandeling	en	wordt	niet	beschouwd	als	zijnde	
gerelateerd	aan	de	behandeling.	De	duur	van	de	UACDT	behandeling	is	 langer	
dan	 in	de	 literatuur	werd	gerapporteerd	door	Motarjeme	en	Raabe.	Dit	 is	 ge-
duid	bij	een	andere	selectie	methode	en	logistieke	zaken	omtrent	het	plannen	
van	additionele	 ingrepen	en	verschil	 in	 leeftijd	van	het	 stolsel.	De	 tweede	be-
langrijke	observatie	is	het	aantal	ingrepen	nodig	voor	onderliggende	stenoses.	
In	dit	 cohort	 in	50%	additioneel	behandeld	met	 stents	 in	het	veneuze	 traject.	
Concluderend	 vinden	wij	 dat	 de	 UACDT	 behandeling	 veilig	 en	 effectief	 uitge-
voerd	kan	worden	voor	patiënten	met	een	iliofemorale	DVT.	Gerandomiseerde	
trials	 zullen	 deze	 observatie	 moeten	 bevestigen	 en	 zullen	 ook	 een	 uitspraak	
moeten	doen	over	het	effect	op	het	voorkomen	van	PTS	na	UACDT.	De	Cavent	
studie	 is	 de	 eerste	 gerandomiseerde	 studie	 die	 hiernaar	 kijkt,	maar	 gebruikt	
geen	 UACDT.	 De	 behandelingsduur	 en	 het	 bloedingsrisico	 blijft	 een	 continue	
discussiepunt.	De	CAVA	trial	randomiseert	patiënten	met	een	iliofemorale	DVT	
tussen	 conservatieve	 behandeling	 en	 UACDT	 en	 kijkt	 ook	 naar	 het	 klinische	
uitkomstpunt	PTS.	De	studie	loopt	momenteel	in	heel	Nederland	en	includeert	
patiënten	met	een	LET	¾	DVT.	

In	 de	 Verenigde	 Staten	 loopt	 ook	 een	 soortgelijk	 onderzoek.	 De	 attract	 trial	
vergelijkt	 verschillend	 stolsel	 oplossende	 technieken	 versus	 de	 conservatieve	

	

behandeling.		Als	deze	3	studies	verricht	zijn	zullen	de	gepoolde	resultaten	een	
antwoord	moeten	geven	of	additionele	stolsel	verwijdering	zinvol	is	om	PTS	te	
reduceren	in	patiënten	met	een	iliofemorale	DVT.	

Stenting	en	UACDT	
In	de	vorige	twee	hoofdstukken	wordt	gerapporteerd	dat	50%	van	de	patiënten	
stenting	 ondergaat	 van	 een	 onderliggende	 veneuze	 obstructie.	Occlussies	 van	
deze	 stent	 zijn	 gezien	 in	 een	 klein	 percentage	 van	deze	 patiënten.	De	meeste	
patiënten	merkten	dit	door	weer	een	acute	zwelling	van	het	been	en	klachten	
van	een	trombose.	Met	duplex	kon	de	diagnose	stentocclusie	worden	gemaakt.	
Vanwege	de	aanwezigheid	van	vers	stolsel	is	getracht	het	traject	weer	open	te	
maken	 met	 behulp	 van	 UACDT.	 In	 de	 literatuur	 is	 weinig	 te	 vinden	 over	 de	
aanpak	van	zulke	problemen.	 In	hoofdstuk	negen	bespreken	we	onze	bevin-
dingen	met	het	herwinnen	van	patency	 in	de	geoccludeerde	trajecten.	Een	re-
trospectieve	 analyse	 van	 19	 patiënten,	 die	 tussen	 januari	 2009	 en	 juli	 2014	
werden	gezien	met	een	stentocclusie	werd	verricht.	Alle	patiënten	ondergingen	
UACDT	als	primaire	 interventie	om	het	 traject	 te	openen.	De	mediane	 leeftijd	
was	43	jaar	en	67%	was	man.	De	primaire	indicatie	voor	stentplaatsing	was	het	
behandelen	 van	 een	 chronische	 veneuze	 obstructie	 in	 12	 patiënten	 en	 in	 de	
andere	 6	 patiënten	 het	 behandelen	 van	 een	 residuale	 obstructie	 na	 UACDT	
voor	acute	DVT.	In	11	van	de	18	patiënten	slaagden	wij	om	het	traject	te	ope-
nen.	 Primaire	 patency	 was	 73%	 na	 14	 maanden	 follow-up.	 Na	 succesvolle	
UACDT	werd	er	in	7	patiënten	overgegaan	tot	stentplaatsing	en	in	6	patiënten	
werd	een	AV-fistel	aangelegd.	Mediane	UACDT	tijd	was	19	uur	(range	11-101)	
in	de	succesvolle	behandelingen.	Deze	behandelingsduur	is	meer	in	lijn	met	de	
eerdere	 publicaties	 over	 UACDT.	 In	 vergelijking	met	 de	 behandelingsduur	 in	
hoofdstuk	8	is	de	duur	meer	dan	gehalveerd.	Dit	verschil	zit	in	ervaring	en	het	
herkennen	 van	 stenoses	 die	 therapieresistent	 zijn.	 Hierdoor	 is	 er	 eerder	 ge-
stopt	met	 UACDT	 en	 overgegaan	 tot	 stentplaatsing	 of	 andere	 additionele	 be-
handeling.	 De	 patiënt	 gerapporteerde	 klachtenduur	 bleek	 in	 dit	 cohort	 niet	
bruikbaar	te	zijn	om	succes	van	de	behandeling	te	voorspellen.	De	stolsels	wa-
ren	 dikwijls	 ouder	 dan	werd	 verwacht	 aan	 de	 hand	 van	 patiënt	 gerelateerde	
klachtenduur.	Wat	 betreft	 veiligheid	 van	de	 behandeling.	 6	 complicaties	wer-
den	 gezien,	waarvan	 2	 kleine	 bloedingen,	 1	 klinische	 relevante	 bloeding.	 Een	
heparine	 geinduceerde	 trombocytopenie	 en	 1	 allergische	 reactie	werd	 gezien	
op	jodiumhoudend	contrastvloeistof.	Er	werden	geen	longembolieën	of	overlij-
dens	gezien.	 In	onze	ogen	maakt	dit	dat	de	behandeling	als	veilig	kan	worden	
beschouwd.	Stent	gerelateerde	problemen	werden	herkent	als	de	meest	voor-
komende	oorzaak	van	stentocclusie.	Dit	maakt	de	roep	om	specifieke	veneuze	
stents	luider.	Er	werd	een	redelijke	primaire	patency	van	73%	bereikt	na	suc-
cesvolle	 interventie.	Naar	 aanleiding	 van	deze	 analyse	 is	 een	 voorstel	 gedaan	
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voor	 follow-up	van	patiënten	na	veneuze	stentplaatsing.	Het	voorgestelde	 fol-
low-up	regime	stelt	voor	de	patiënt	na	2	en	6	weken,	3	en	6	maanden	en	daarna	
jaarlijks	 terug	 te	 laten	 komen	 voor	 controle	 van	 het	 stenttraject	middels	 du-
plex.	 Deze	 intervallen	 zullen	 voldoende	 zijn	 om	 de	meest	 voorkomende	 pro-
blemen	omtrent	stents	op	tijd	 te	kunnen	ondervangen.	Prospectieve	evaluatie	
van	dit	protocol	zal	zijn	effectiviteit	moeten	bewijzen.	

Veiligheid	tijdens	UACDT	
Om	het	 bloedingsrisico	 te	 beperken	 en	 daarmee	 de	 veiligheid	 van	 de	 patiënt	
tijdens	UACDT	te	vergroten,	wordt	er	standaard	bloedonderzoek	gedaan.	Fibri-
nogeen	levels	zullen	niet	onder	de	1.0g/l	moeten	vallen,	omdat	dit	de	kans	op	
een	bloeding	ergens	in	het	lichaam	laat	toenemen.	In	het	geval	dat	het	fibrino-
geen	onder	de	1.0	kwam,	werd	dit	gesuppleerd	met	het	geven	van	fibrinogeen	
in	de	vorm	van	Fresh	Frozen	Plasma	(FFP).	In	hoofdstuk	tien	vergelijken	we	3	
verschillende	methodes	voor	het	bepalen	van	de	plasma	fibrinogeen	hoogte	in	
patiënten	die	UACDT	ondergaan.	De	standaard	methode	om	dit	te	bepalen	is	via	
de	Claus	methode.	Zowel	optische	als	mechanische	methodes	zijn	beide	geac-
cepteerd	en	worden	gelijkwaardig	beschouwd.	ROTEM	FIBTEM	is	een	alterna-
tieve	methode	voor	fibrinogeen	metingen,	maar	dit	is	geen	standaard	methode.	
We	observeerden	problemen	met	 fibrinogeen	bepalingen	 in	 patiënten	 tijdens	
UACDT.	 De	 optische	 methode	 CS2100i	 en	 mechanische	 methode	 STA-go	 en	
functionele	 analyse	 middels	 ROTEM	 werden	 met	 elkaar	 vergeleken.	 Van	 15	
patiënten	waren	 bloedmonsters	 beschikbaar	 en	 analyses	 op	 alle	 3	 de	metho-
des.	 Zij	 waren	 prospectief	 geïncludeerd	 in	 de	 studie.	 Een	 gemiddeld	 verschil	
van	 0.5g/l	 (95%	 betrouwbaarheids	 interval	 0.05-0.96)	 werd	 geobserveerd	
tussen	de	CS2100i	en	de	STA-go	in	alle	monsters.	Naast	dit	verschil	werd	er	ook	
opgemerkt	dat	in	41%	van	de	monsters	het	apparaat	een	sample	error	aangaf.	
Dit	 kwam	voornamelijk	 voor	 bij	 de	 optische	meting	 en	nauwelijks	 bij	 de	me-
chanische	meting.	 In	de	ROTEM	fibtem	analyse	was	altijd	een	uitslag	beschik-
baar.	D-dimeer	waardes	werden	vergeleken	 in	de	monsters	 om	 te	 bepalen	of	
een	hoge	d-dimeer	waarde	een	verstoring	verzorgde	 in	de	optische	methode.	
De	monsters	met	een	error	hadden	een	mediane	D-dimeer	waarde	van	54μg/l	
(IQR	20.0-91.3)	en	in	de	monster	zonder	error	was	dit	50μg/l	(27.5-118.5).	Dit	
liet	 geen	 significant	 verschil	 zien	 tussen	 beide	 groepen	 (p=0.655).	 in	 totaal	
werden	 in	de	15	patiënten	30	FFP’s	 gegeven	vanwege	 lage	 fibrinogeen	waar-
des.	 In	twee	gevallen	werd	een	kleine	bloeding	geobserveerd,	er	werden	geen	
grote	bloedingen	gezien.	De	studie	verheldert	echter	niet	of	het	verschil	 in	de	
gevonden	methodes	een	overschatting	 is	van	de	mechanische	methode	of	een	
onderschatting	van	de	optische	methode.	Welke	methode	de	beste	is	om	bloe-
dingsrisico	 te	minimaliseren	voor	patiënten	blijft	de	vraag.	Eerder	werd	 in	de	

	

literatuur	aangegeven	dat	hoge	d-dimeer	waardes	de	bepaling	zouden	versto-
ren.	Dit	kunnen	wij	echter	niet	terugvinden	in	onze	analyse.	

Toekomstig	onderzoek	

Hoofdstuk	 elf	 geeft	 een	 overzicht	 van	 de	 stolseloplossende	modaliteiten	 die	
momenteel	beschikbaar	zijn	voor	de	behandeling	van	 iliofemorale	DVT.	Daar-
naast	geeft	het	een	overzicht	van	de	vooruitgang	die	nog	geboekt	kan	worden	
en	de	mogelijkheden	om	de	technieken	te	verfijnen.	UACDT	is	een	van	die	tech-
nieken.	 Er	 zijn	 echter	 al	 verbeteringen	 op	 komst.	 De	 stolsel	 verwijderende	
technieken	moeten	 de	 incidentie	 van	 PTS	 zien	 te	 verlagen.	 De	 techniek	moet	
veilig	zijn	zodat	de	patiënt	er	netto	op	vooruit	gaat.	De	meeste	technieken	ma-
ken	nog	gebruikt	van	trombolytica	om	het	stolsel	op	te	lossen.	Echter	brengt	dit	
een	inherent	risico	van	bloedingen	met	zich	mee,	met	potentieel	verwoestende	
gevolgen	voor	de	patiënt,	 zoals	 een	 intracraniële	bloeding.	Puur	mechanische	
trombectomie	apparaten	moeten	zonder	het	gebruik	van	trombolytica	het	stol-
sel	verwijderen	en	hebben	daarmee	het	risico	gepaard	gaande	met	trombolyti-
ca	gebruik	niet.	Dit	betekent	ook	dat	er	meer	patiënten	potentieel	 in	aanmer-
king	 kunnen	 komen	 voor	 deze	 behandelingsoptie,	 denk	hierbij	 patiënten	met	
een	maligniteit	(30%	van	alle	DVT’s).	Op	dit	moment	is	er	echter	nog	geen	puur	
mechanische	techniek	beschikbaar	die	het	volledige	stolsel	kan	verwijderen	bij	
een	LET3/4	trombose.	Vooruitgang	in	de	beeldvorming	bij	DVT	zal	het	mogelijk	
maken	 patiënten	 beter	 te	 selecteren	 en	 te	 voorspellen	 bij	 wie	 trombolyse	 of	
trombectomie	zinvol	is	en	wat	er	moet	gebeuren	aan	additionele	stentplaatsing	
bij	resterende	stenotische	afwijkingen.	Hiermee	zal	de	effectiviteit	toenemen.	

De	meeste	 technieken	die	momenteel	 gebruikt	worden,	 zijn	 rechtstreeks	gea-
dapteerd	vanuit	de	arteriële	behandelingen.	Echter	zijn	de	omstandigheden	in	
het	veneuze	stelsel	geheel	anders	dan	de	omstandigheden	in	het	arteriële	stel-
sel.	Het	 is	 dan	 ook	 nodig	 dat	 er	 specifiek	materiaal	 beschikbaar	moet	 komen	
wat	inspeelt	op	de	veneuze	ziekten.	De	stents	bijvoorbeeld	dienen	aan	een	aan-
tal	 andere	 voorwaarden	 te	 voldoen	 om	 goed	 te	 functioneren	 in	 het	 veneuze	
stelsel	dan	in	het	arteriële	stelsel.	Met	speciaal	ontwikkelde	stent	hopen	we	het	
aantal	stent	gerelateerde	problemen	te	verminderen	en	te	voorkomen.	

De	 toekomstige	 trombectomie	 apparatuur	 dient	 te	 voldoen	 aan	 een	 aantal	
voorwaarden.	Het	moet	minimaal	 invasief	zijn,	het	volledige	stolsel	dient	ver-
wijderd	te	kunnen	worden,	 liefst	 in	1	sessie,	het	dient	makkelijk	 in	gebruik	te	
zijn	 en	 het	 liefst	 zo	 goedkoop	mogelijk.	 De	 behandeling	 dient	 snel	 te	 zijn	 om	
eventuele	stentplaatsing	daarna	gelijk	te	faciliteren.	Met	deze	doelen	in	gedach-
te	hopen	we	dat	er	 in	de	toekomst	een	grotere	patiëntengroep	behandeld	kan	
worden	en	dat	er	meer	mensen	in	aanmerking	komen.	Momenteel	ligt	de	focus	
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voor	 follow-up	van	patiënten	na	veneuze	stentplaatsing.	Het	voorgestelde	 fol-
low-up	regime	stelt	voor	de	patiënt	na	2	en	6	weken,	3	en	6	maanden	en	daarna	
jaarlijks	 terug	 te	 laten	 komen	 voor	 controle	 van	 het	 stenttraject	middels	 du-
plex.	 Deze	 intervallen	 zullen	 voldoende	 zijn	 om	 de	meest	 voorkomende	 pro-
blemen	omtrent	stents	op	tijd	 te	kunnen	ondervangen.	Prospectieve	evaluatie	
van	dit	protocol	zal	zijn	effectiviteit	moeten	bewijzen.	
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Om	het	 bloedingsrisico	 te	 beperken	 en	 daarmee	 de	 veiligheid	 van	 de	 patiënt	
tijdens	UACDT	te	vergroten,	wordt	er	standaard	bloedonderzoek	gedaan.	Fibri-
nogeen	levels	zullen	niet	onder	de	1.0g/l	moeten	vallen,	omdat	dit	de	kans	op	
een	bloeding	ergens	in	het	lichaam	laat	toenemen.	In	het	geval	dat	het	fibrino-
geen	onder	de	1.0	kwam,	werd	dit	gesuppleerd	met	het	geven	van	fibrinogeen	
in	de	vorm	van	Fresh	Frozen	Plasma	(FFP).	In	hoofdstuk	tien	vergelijken	we	3	
verschillende	methodes	voor	het	bepalen	van	de	plasma	fibrinogeen	hoogte	in	
patiënten	die	UACDT	ondergaan.	De	standaard	methode	om	dit	te	bepalen	is	via	
de	Claus	methode.	Zowel	optische	als	mechanische	methodes	zijn	beide	geac-
cepteerd	en	worden	gelijkwaardig	beschouwd.	ROTEM	FIBTEM	is	een	alterna-
tieve	methode	voor	fibrinogeen	metingen,	maar	dit	is	geen	standaard	methode.	
We	observeerden	problemen	met	 fibrinogeen	bepalingen	 in	 patiënten	 tijdens	
UACDT.	 De	 optische	 methode	 CS2100i	 en	 mechanische	 methode	 STA-go	 en	
functionele	 analyse	 middels	 ROTEM	 werden	 met	 elkaar	 vergeleken.	 Van	 15	
patiënten	waren	 bloedmonsters	 beschikbaar	 en	 analyses	 op	 alle	 3	 de	metho-
des.	 Zij	 waren	 prospectief	 geïncludeerd	 in	 de	 studie.	 Een	 gemiddeld	 verschil	
van	 0.5g/l	 (95%	 betrouwbaarheids	 interval	 0.05-0.96)	 werd	 geobserveerd	
tussen	de	CS2100i	en	de	STA-go	in	alle	monsters.	Naast	dit	verschil	werd	er	ook	
opgemerkt	dat	in	41%	van	de	monsters	het	apparaat	een	sample	error	aangaf.	
Dit	 kwam	voornamelijk	 voor	 bij	 de	 optische	meting	 en	nauwelijks	 bij	 de	me-
chanische	meting.	 In	de	ROTEM	fibtem	analyse	was	altijd	een	uitslag	beschik-
baar.	D-dimeer	waardes	werden	vergeleken	 in	de	monsters	 om	 te	 bepalen	of	
een	hoge	d-dimeer	waarde	een	verstoring	verzorgde	 in	de	optische	methode.	
De	monsters	met	een	error	hadden	een	mediane	D-dimeer	waarde	van	54μg/l	
(IQR	20.0-91.3)	en	in	de	monster	zonder	error	was	dit	50μg/l	(27.5-118.5).	Dit	
liet	 geen	 significant	 verschil	 zien	 tussen	 beide	 groepen	 (p=0.655).	 in	 totaal	
werden	 in	de	15	patiënten	30	FFP’s	 gegeven	vanwege	 lage	 fibrinogeen	waar-
des.	 In	twee	gevallen	werd	een	kleine	bloeding	geobserveerd,	er	werden	geen	
grote	bloedingen	gezien.	De	studie	verheldert	echter	niet	of	het	verschil	 in	de	
gevonden	methodes	een	overschatting	 is	van	de	mechanische	methode	of	een	
onderschatting	van	de	optische	methode.	Welke	methode	de	beste	is	om	bloe-
dingsrisico	 te	minimaliseren	voor	patiënten	blijft	de	vraag.	Eerder	werd	 in	de	

	

literatuur	aangegeven	dat	hoge	d-dimeer	waardes	de	bepaling	zouden	versto-
ren.	Dit	kunnen	wij	echter	niet	terugvinden	in	onze	analyse.	

Toekomstig	onderzoek	

Hoofdstuk	 elf	 geeft	 een	 overzicht	 van	 de	 stolseloplossende	modaliteiten	 die	
momenteel	beschikbaar	zijn	voor	de	behandeling	van	 iliofemorale	DVT.	Daar-
naast	geeft	het	een	overzicht	van	de	vooruitgang	die	nog	geboekt	kan	worden	
en	de	mogelijkheden	om	de	technieken	te	verfijnen.	UACDT	is	een	van	die	tech-
nieken.	 Er	 zijn	 echter	 al	 verbeteringen	 op	 komst.	 De	 stolsel	 verwijderende	
technieken	moeten	 de	 incidentie	 van	 PTS	 zien	 te	 verlagen.	 De	 techniek	moet	
veilig	zijn	zodat	de	patiënt	er	netto	op	vooruit	gaat.	De	meeste	technieken	ma-
ken	nog	gebruikt	van	trombolytica	om	het	stolsel	op	te	lossen.	Echter	brengt	dit	
een	inherent	risico	van	bloedingen	met	zich	mee,	met	potentieel	verwoestende	
gevolgen	voor	de	patiënt,	 zoals	 een	 intracraniële	bloeding.	Puur	mechanische	
trombectomie	apparaten	moeten	zonder	het	gebruik	van	trombolytica	het	stol-
sel	verwijderen	en	hebben	daarmee	het	risico	gepaard	gaande	met	trombolyti-
ca	gebruik	niet.	Dit	betekent	ook	dat	er	meer	patiënten	potentieel	 in	aanmer-
king	 kunnen	 komen	 voor	 deze	 behandelingsoptie,	 denk	hierbij	 patiënten	met	
een	maligniteit	(30%	van	alle	DVT’s).	Op	dit	moment	is	er	echter	nog	geen	puur	
mechanische	techniek	beschikbaar	die	het	volledige	stolsel	kan	verwijderen	bij	
een	LET3/4	trombose.	Vooruitgang	in	de	beeldvorming	bij	DVT	zal	het	mogelijk	
maken	 patiënten	 beter	 te	 selecteren	 en	 te	 voorspellen	 bij	 wie	 trombolyse	 of	
trombectomie	zinvol	is	en	wat	er	moet	gebeuren	aan	additionele	stentplaatsing	
bij	resterende	stenotische	afwijkingen.	Hiermee	zal	de	effectiviteit	toenemen.	

De	meeste	 technieken	die	momenteel	 gebruikt	worden,	 zijn	 rechtstreeks	gea-
dapteerd	vanuit	de	arteriële	behandelingen.	Echter	zijn	de	omstandigheden	in	
het	veneuze	stelsel	geheel	anders	dan	de	omstandigheden	in	het	arteriële	stel-
sel.	Het	 is	 dan	 ook	 nodig	 dat	 er	 specifiek	materiaal	 beschikbaar	moet	 komen	
wat	inspeelt	op	de	veneuze	ziekten.	De	stents	bijvoorbeeld	dienen	aan	een	aan-
tal	 andere	 voorwaarden	 te	 voldoen	 om	 goed	 te	 functioneren	 in	 het	 veneuze	
stelsel	dan	in	het	arteriële	stelsel.	Met	speciaal	ontwikkelde	stent	hopen	we	het	
aantal	stent	gerelateerde	problemen	te	verminderen	en	te	voorkomen.	

De	 toekomstige	 trombectomie	 apparatuur	 dient	 te	 voldoen	 aan	 een	 aantal	
voorwaarden.	Het	moet	minimaal	 invasief	zijn,	het	volledige	stolsel	dient	ver-
wijderd	te	kunnen	worden,	 liefst	 in	1	sessie,	het	dient	makkelijk	 in	gebruik	te	
zijn	 en	 het	 liefst	 zo	 goedkoop	mogelijk.	 De	 behandeling	 dient	 snel	 te	 zijn	 om	
eventuele	stentplaatsing	daarna	gelijk	te	faciliteren.	Met	deze	doelen	in	gedach-
te	hopen	we	dat	er	 in	de	toekomst	een	grotere	patiëntengroep	behandeld	kan	
worden	en	dat	er	meer	mensen	in	aanmerking	komen.	Momenteel	ligt	de	focus	
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bij	de	LET	¾	patiënten,	maar	hier	hopen	we	binnenkort	ook	de	LET	2	patiënten	
in	mee	te	nemen.	

Conclusie	en	toekomstperspectief	

Samenvattend	bespreekt	dit	proefschrift	de	minimaal	 invasieve	behandelings-
optie	 om	 PTS	 te	 voorkomen	 na	 iliofemorale	 DVT	 (LET3/4).	 Speciaal	 LET3/4	
omdat	dit	vaker	ernstige	PTS	veroorzaakt.	UACDT	in	acute	DVT	kan	potentieel	
PTS	 verlagen.	Dit	 proefschrift	 laat	 zien	 dat	UACDT	 veilig	 en	 uitvoerbaar	 is	 in	
acute	LET3/4	trombose	en	stent	trombose.	Er	is	nog	ruimte	voor	verbetering	in	
het	voorspellen	wie	PTS	krijgt	na	DVT.	De	LET	classificatie	kan	hier	een	goed	
instrument	 voor	 zijn,	 wat	 makkelijk	 door	 de	 radioloog	 of	 arts	 gebruikt	 kan	
worden	 om	patiënten	 te	 categoriseren.	 Om	 succesvolle	 stolselverwijdering	 te	
voorspellen	 is	 het	 belangrijk	 de	 leeftijd	 van	 het	 stolsel	 te	 bepalen.	 MR-
venografie	lijkt	hier	potentieel	een	goed	diagnosticum	voor	te	zijn.	Betere	pati-
enten	selectie	en	trombectomie	zonder	trombolyticum	en	beter	stent	materiaal	
voor	 veneus	moeten	ook	 aan	 een	betere	 uitkomst	 bijdragen.	De	 cavent	 study	
laat	 een	 absolute	 risico	 reductie	 zien	 in	 patiënten	 additioneel	 behandeld	met	
CDT.	Toch	zijn	er	nog	steeds	zorgen	over	het	bloedingsrisico	en	het	potentiele	
voordeel	 voor	de	patiënt.	We	hopen	dat	 de	 gecombineerde	 resultaten	 van	de	
drie	gerandomiseerde	studies	een	definitief	antwoord	geven	en	de	zorgen	opzij	
kunnen	zetten.		

Ook	de	 conservatieve	 behandeling	 van	DVT	 is	 veranderd.	 Er	 zijn	 alternatieve	
voor	 de	 traditionele	 vitamine-K-antagonisten	 bijgekomen.	 Deze	 alternatieven	
zoals,	 dabigatran,	 rivaroxaban	 en	 apixaban	 worden	 in	 de	 dagelijkse	 praktijk	
steeds	meer	 gebruikt.	De	voordelen	 in	 gebruik	 zijn	bekend.	Het	 is	 echter	nog	
onduidelijk	of	deze	nieuwe	middelen	iets	doen	op	de	incidentie	van	PTS.	Als	de	
middelen	langer	in	gebruik	zijn,	kan	er	gekeken	worden	wat	hun	invloed	op	de	
PTS	incidentie	is.	Het	gebruik	van	een	therapeutisch	elastische	kous	na	DVT	is	
standaard	therapie	sinds	de	jaren	‘90.	In	een	recente	gerandomiseerde	studie	is	
echter	vergeleken	of	het	dragen	van	een	 therapeutisch	elastische	kous	versus	
een	niet	therapeutische	kous	de	incidentie	van	PTS	verlaagd	na	2	jaar.	De	stu-
die	laat	geen	verschil	zien	na	2	jaar.	Dit	is	in	tegenspraak	met	eerder	uitgevoer-
de	studies	die	wel	effect	van	de	therapeutisch	elastische	kous	laten	zien.	In	de	
nabije	toekomst	zal	hier	ook	aandacht	voor	moeten	zijn	om	het	precieze	wer-
kingsmechanisme	te	achterhalen.	Het	probleem	PTS	wordt	steeds	bekender	en	
men	is	zich	er	steeds	meer	van	bewust	dat	hier	iets	aan	gedaan	moeten	worden.	
De	roep	voor	stolsel	verwijderende	technieken	wordt	luider.	Dit	zal	zeker	gaan	
leiden	tot	de	ontwikkeling	van	betere	technieken	om	dit	te	bewerkstelligen.	Wij	
verwachten	dat	acute	 stolselverwijdering	binnenkort	 standaard	zorg	zal	wor-
den.	 Er	 zal	 een	 grote	 groep	 patiënten	 zijn	 die	 in	 aanmerking	 zal	 komen	 voor	

	

deze	therapieën.	Dit	zal	de	fabrikanten	ook	stimuleren	te	investeren	en	te	ont-
wikkelen	op	dit	gebied.	

De	diagnose	en	behandeling	van	DVT	is	verdeeld	onder	een	aantal	specialisten.	
De	 internist	 is	 de	 specialist	 die	 DVT	 voornamelijk	 behandeld.	 De	 radioloog	
speelt	 een	 belangrijke	 rol	 in	 de	 diagnostiek,	 de	 dermatoloog	 kan	goed	 advies	
geven	 over	 de	 te	 volgen	 compressie	 therapie	 en	 in	 ernstige	 gevallen	 kan	 de	
chirurg	 een	 invasieve	 behandeling	 voorstellen	 vaak	 in	 overleg	met	 de	 radio-
loog.	 Met	 de	 LET	 classificatie	 hopen	 we	 ook	 voor	 de	 huisarts	 een	 duidelijke	
stramien	uit	 te	 zetten	zodat	 zij	 zouden	kunnen	bepalen	of	 iemand	specialisti-
sche	hulp	nodig	heeft.	 In	sommige	gevallen	kan	dan	gekozen	worden	om	naar	
een	gespecialiseerd	centrum	te	verwijzen	voor	veneuze	ziektes,	waar	het	hele	
scala	van	conservatieve	therapie	tot	stolselverwijdering	wordt	aangeboden.	
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Relevance	and	economic	impact	of	the	scientific	results	

This	thesis	shows	there	is	a	large	group	of	patients	who	experience	complaints	
after	 standard	 treatment	 for	 DVT.	 Most	 physicians	 are	 unaware	 of	 the	 long-
term	 complications	 of	 DVT,	 and	most	 physicians	 are	 unaware	 how	many	 pa-
tients	are	affected	by	PTS.	Patients	who	have	PTS	are	often	told,	that	there	are	
no	treatment	options,	and	they	should	coop	with	their	complaints.	This	thesis	
sheds	 a	 light	 on	 the	possibilities	 of	 PTS	prevention	 and	 the	magnitude	of	 the	
problem.	 Physicians	 are	 also	 unaware	 of	 the	 possibility	UACDT	 for	 the	 treat-
ment	 of	DVT.	 The	most	 heard	 comment	why	not	 to	 use	UACDT	 is	 the	 risk	 of	
intracranial	 hemorrhage.	 In	 this	 thesis	 we	 hope	 to	 provide	 more	 up	 to	 date	
information	 on	 the	 bleeding	 risk	with	UACDT	 in	DVT	patients.	Hopefully	 this	
thesis	will	put	bleeding	risk	in	a	new	perspective	so	physicians	will	more	likely	
consider	UACDT.		

As	mentioned	earlier	in	this	thesis,	PTS	is	associated	with	high	healthcare	costs.	
Especially	severe	PTS	causes	the	highest	medical	costs.	If	PTS	can	successfully	
be	 prevented	 by	 UACDT	 it	will	 eventually	 reduce	 costs	 for	 society,	 as	 severe	
PTS	is	also	associated	with	many	lost	workdays.		

Groups	of	interest	outside	the	medical	field	

Internists,	radiologist,	vascular	surgeons,	general	practitioners	and	dermatolo-
gists	are	targeted	in	this	thesis.	Pharmaceutical	companies	can	find	new	infor-
mation	on	how	to	target	their	therapies.		There	is	a	great	potential	in	optimiz-
ing	treatment	 for	DVT	patients.	Current	devices	are	directly	adapted	from	the	
treatment	 of	 arterial	 diseases.	 This	 thesis	 shows	 a	 potential	 area	 for	 future	
developments	 and	 also	 shows	 how	many	 patients	 could	 be	 eligible	 for	 addi-
tional	treatments.	This	big	potential	could	awaken	the	commercial	industry	to	
dedicate	 research	 funds	 towards	 venous	 diseases	 and	 develop	 dedicated	 ve-
nous	devices	as	is	also	discussed	in	chapter	eleven.	

Activities	and	implementation	as	result	of	this	thesis	

The	 LET	 classification	 is	 a	 novel	 tool,	 which	 can	 be	 used	 to	 identify	 patients	
with	a	high	risk	for	developing	severe	PTS.	The	classification	has	to	be	evaluat-
ed	prospectively	in	other	to	become	useful	in	daily	clinical	practice.	When	using	
the	LET-classification,	the	physician	will	have	to	be	aware	of	the	exact	location	
of	 the	 thrombus.	 Duplex	 ultrasound	 and/or	 MR-venography	 can	 provide	 the	
clinician	with	this	information.	MR-venography	is	used	in	all	DVT	patients,	and	
we	 believe	 it	 should	 be	 considered	 in	 all	 DVT	 patients	 with	 an	 iliofemoral	
(LET3/4)	DVT.	To	show	the	possible	advantages	of	MR-venography	compared	
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thesis	will	put	bleeding	risk	in	a	new	perspective	so	physicians	will	more	likely	
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As	mentioned	earlier	in	this	thesis,	PTS	is	associated	with	high	healthcare	costs.	
Especially	severe	PTS	causes	the	highest	medical	costs.	If	PTS	can	successfully	
be	 prevented	 by	 UACDT	 it	will	 eventually	 reduce	 costs	 for	 society,	 as	 severe	
PTS	is	also	associated	with	many	lost	workdays.		

Groups	of	interest	outside	the	medical	field	

Internists,	radiologist,	vascular	surgeons,	general	practitioners	and	dermatolo-
gists	are	targeted	in	this	thesis.	Pharmaceutical	companies	can	find	new	infor-
mation	on	how	to	target	their	therapies.		There	is	a	great	potential	in	optimiz-
ing	treatment	 for	DVT	patients.	Current	devices	are	directly	adapted	from	the	
treatment	 of	 arterial	 diseases.	 This	 thesis	 shows	 a	 potential	 area	 for	 future	
developments	 and	 also	 shows	 how	many	 patients	 could	 be	 eligible	 for	 addi-
tional	treatments.	This	big	potential	could	awaken	the	commercial	industry	to	
dedicate	 research	 funds	 towards	 venous	 diseases	 and	 develop	 dedicated	 ve-
nous	devices	as	is	also	discussed	in	chapter	eleven.	

Activities	and	implementation	as	result	of	this	thesis	

The	 LET	 classification	 is	 a	 novel	 tool,	 which	 can	 be	 used	 to	 identify	 patients	
with	a	high	risk	for	developing	severe	PTS.	The	classification	has	to	be	evaluat-
ed	prospectively	in	other	to	become	useful	in	daily	clinical	practice.	When	using	
the	LET-classification,	the	physician	will	have	to	be	aware	of	the	exact	location	
of	 the	 thrombus.	 Duplex	 ultrasound	 and/or	 MR-venography	 can	 provide	 the	
clinician	with	this	information.	MR-venography	is	used	in	all	DVT	patients,	and	
we	 believe	 it	 should	 be	 considered	 in	 all	 DVT	 patients	 with	 an	 iliofemoral	
(LET3/4)	DVT.	To	show	the	possible	advantages	of	MR-venography	compared	
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to	duplex	ultrasound,	 there	 is	 currently	a	study	comparing	 those	 two	modali-
ties	with	 the	 golden	 standard	 invasive	 venography.	 The	 results	 are	 currently	
analyzed	and	hopefully	published	in	the	near	future.		

Another	novelty	was	used	in	the	analysis	of	the	LET	classification.	The	modified	
version	of	the	villalta	scale	made	it	possible	for	the	patients	to	fill	out	the	score	
on	 their	 own.	 Previously	 scored	 villalta	 scores	 depended	 on	 the	 physician	 to	
provide	 information	 on	 the	 clinical	 signs	 on	 the	 leg	 of	 the	 patient.	 With	 the	
addition	of	a	visual	guide,	the	patient	was	able	to	score	the	clinical	signs	them-
selves.	This	will	 simplify	 future	 evaluations	of	PTS	 in	 large	 group	of	 patients,	
and	does	not	necessitate	a	visit	to	the	hospital.		

Innovative	ideas	and	activities	as	result	of	this	thesis	

The	chapters	on	UACDT	add	to	the	already	existing	knowledge,	that	UACDT	is	a	
technique	for	thrombus	removal	in	the	acute	phase	of	DVT.	In	the	Netherlands	
there	is	still	great	reluctance	to	treat	patients	with	UACDT	for	DVT.	This	result-
ed	in	low	number	of	patients	being	referred	for	the	randomized	controlled	trial	
currently	conducted	in	the	Netherlands.		

The	modified	version	of	the	Villalta	scale	used	in	chapter	four	is	new	and	could	
potentially	make	follow-up	of	large	patient	groups	easier.	The	modified	version	
had	been	used	previously	by	Wik	et	al.	and	we	further	adapted	the	score	to	be	
more	reliable.	The	original	score	necessitates	 that	 the	physician	examines	 the	
leg	of	the	patient	in	order	to	come	to	a	score.	With	the	modified	version	the	leg	
examination	is	done	by	the	patients	or	his	partner.	This	reduces	the	need	for	a	
hospital	 visit,	 reduces	 traveling	 costs	 and	 saves	 time	 of	 the	 physician,	 while	
retaining	reliable	results.	

Treatment	of	stent	problems	have	not	been	described	in	literature	before,	this	
is	the	first	report	ever	on	the	topic.	Previous	reports	by	Raju,	Neglen,	Titus	and	
de	Wolf,	describe	the	use	of	stents	in	the	venous	system.	Beakgaard,	Enden	and	
our	own	experience	show	stent	placement	 is	 sometimes	necessary	after	DVT.	
Stent	problems	are	reported,	however	a	 treatment	option	 for	 these	complica-
tions	 is	never	reported.	 In	this	thesis	there	 is	a	 first	dedicated	paper	on	these	
problems	and	we	encourage	other	centers	to	also	share	their	experience	with	
the	world.	

Planning	and	realization	of	future	activities	as	result	of	this	thesis	

Results	of	randomized	controlled	trials	are	still	needed	to	provide	us	with	con-
clusive	 answer	 in	 the	 subject	 of	 PTS	 prevention	with	UACDT.	 The	 CAVA-trial	
already	started	in	2010	and	is	still	enrolling	patients	at	the	moment	of	writing.	

	

Results	of	 the	 trial	 are	expected	 in	2017/2018.	Depending	on	 the	outcome	of	
this	trial	 in	combination	with	the	Attract-trial	and	CaVenT-study,	the	trial	will	
probably	 be	 succeeded	 by	 another	 randomized	 trial	 comparing	 different	
thrombus	removal	techniques.	These	trials	will	likely	start	in	2017	or	2018.	

During	 the	 UACDT	 treatment,	 we	 encountered	many	 stenotic	 leasions	 in	 the	
venous	 tract,	 and	 especially	 in	 the	 common	 iliac	 vein.	 Research	 on	 the	 best	
treatment	options	for	these	kinds	of	lesions	will	be	necessary	to	ensure	optimal	
patient	care.	Different	stents	and	approaches	should	be	compared	to	see	which	
is	the	best.		
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Een	proefschrift	komt	niet	uit	zichzelf	tot	stand.	In	de	loop	van	een	proefschrift	
raken	er	een	heel	 aantal	mensen	betrokken.	 Ik	wil	de	gelegenheid	aangrijpen	
om	een	aantal	hiervan	persoonlijk	te	bedanken.	
	
Prof.	dr.	Wittens,	beste	Cees,	jij	was	net	een	jaar	in	Maastricht	toen	ik	me	bij	het	
team	mocht	voegen.	Toen	bestond	het	team	nog	uit	5	personen.	In	de	loop	van	
de	tijd	is	het	team	ongelofelijk	uitgebreid.	Wat	ik	het	meeste	waardeer	is	dat	je	
ons	 (promovendi)	 heel	 veel	 kansen	 hebt	 gegeven	 om	 artikelen	 te	 schrijven,	
congressen	te	bezoeken	en	presentaties	te	geven.	Het	enige	wat	wij	hoefden	te	
doen	was	de	kansen	aan	te	grijpen.	Naast	het	promoveren	vind	je	het	ook	heel	
belangrijk	dat	 iedereen	daarna	op	de	 juiste	plek	 terecht	komt	en	daar	help	 je	
dan	ook	graag	in	mee.	Dit	waardeer	ik	ontzettend.	Ik	heb	veel	geleerd	in	deze	
periode	en	daar	ben	ik	jou	veel	dank	voor	verschuldigd.	
	
Prof.	dr.	 ten	Cate,	beste	Hugo,	 jij	 stond	 tijdens	mijn	promotie	wat	meer	op	de	
achtergrond.	Tijdens	overleg	met	het	promotieteam	ging	het	er	soms	verhit	aan	
toe,	maar	jij	was	dan	de	rust	zelve	en	zorgde	ervoor	dat	we	met	een	werkbaar	
voorstel	 de	 kamer	 verlieten.	 Bij	 moeilijke	 vraagstukken	 over	 patiënten	 met	
stollingsproblemen	kon	ik	altijd	bij	je	terecht.		
	
Dr.	 ten	Cate-Hoek,	beste	Arina,	 toen	 ik	de	cava-studie	overnam	van	Stephanie	
kwam	ik	bij	jou	terecht.	Bedankt	voor	je	inzet	voor	mijn	proefschrift	en	de	cava-
studie.	Dank	ook	voor	je	hulp	bij	statistiekvraagstukken	en	praktische	adviezen	
omtrent	het	onderzoek.	Je	kon	Cees	soms	het	broodnodige	tegengas	geven.			
	
Irma	en	Margriet,	in	het	begin	moest	ik	de	studie	alleen	gaande	houden.	Geluk-
kig	kreeg	 ik	naar	verloop	van	tijd	hulp	van	 jullie.	Margriet,	 jouw	ervaring	met	
trials	en	monitoring	heeft	ontzettend	veel	bijgedragen	aan	de	cava-studie.	Sa-
men	met	Irma	vorm	je	een	goed	team	om	patiënten	goed	voor	te	lichten	over	de	
cava-studie	en	om	de	deelnemende	centra	op	de	hoogte	te	houden	en	te	zorgen	
dat	ook	daar	alles	 in	orde	 is.	Met	 jullie	 erbij	werd	het	niet	 alleen	beter,	maar	
ook	een	stuk	gezelliger.	
	
Irwin,	 jou	wil	 ik	 graag	bedanken	 voor	 alle	 echo’s	 die	 je	 hebt	 gemaakt	 en	nog	
steeds	maakt	voor	alle	patiënten.	Als	er	weer	eens	een	cava	patiënt	tussendoor	
kwam,	dan	kreeg	ik	alsnog	de	echo	die	ik	nodig	had.	Daarnaast	heb	je	mij	veel	
geleerd	over	echo’s	en	hebben	we	veel	gepraat	over	artikelen	en	mogelijkheden		
voor	nieuw	onderzoek.		
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Carina,	 jij	zit	al	vanaf	het	eerste	uur	bij	het	cava-team.	 In	het	begin	heb	 je	me	
vaak	 geholpen	 bij	 het	 prikken	 van	 bloed	 bij	 patiënten.	 Daarnaast	 heb	 je	 ook	
goed	geholpen	bij	het	inplannen	van	studiepatiënten.	
	
De	leescommissie	bestaande	uit	Prof.	dr.	Steylen,	prof.	dr.	De	Haan,	prof.	dr.	M.	
Huisman,	 dr.	 R.	 Rennenberg,	 en	 dr.	 E.	 Serné	 wil	 ik	 graag	 hartelijk	 bedanken	
voor	hun	tijd	om	mijn	proefschrift	te	beoordelen	en	bij	de	verdediging	hiervan	
aanwezig	te	zijn.	
	
Tijdens	mijn	promotie	onderzoek	was	Yee	Lai	een	van	mijn	kamergenoten.	We	
hebben	 vaak	 gelachen	 tijdens	 de	 koffie	 en	 lunchpauzes	 en	 hebben	 ook	 veel	
meegemaakt	op	 congresbezoek.	Deze	belevenissen	zullen	mij	nog	 lang	bijblij-
ven.	 Veel	 succes	met	 je	 opleiding	 tot	 dermatoloog.	 Ik	 kijk	 ook	 uit	 naar	 jouw	
proefschrift.	
	
Tijdens	het	 eerste	 jaar	 van	mijn	promotie	 zat	 ik	nog	op	een	 studentenkamer.	
Daar	kwam	verandering	in	toen	Fabio	zich	bij	het	veneuze	team	voegde.	Fabio	
had	 een	 groot	 appartement	 in	 Ceramique	 uitgezocht,	maar	 zocht	 nog	 huisge-
noot	 om	 de	 maandelijkse	 kosten	 draagbaar	 te	 maken.	 Ik	 heb	 me	 toen	 geen	
moment	bedacht	en	ben	in	het	appartement	ingetrokken.	Ik	heb	daar	tot	mijn	
verhuizing	 naar	 Rotterdam	 gewoond	 en	 erg	 veel	 plezier	 van	 gehad.	 Ik	 dank	
Fabio	ook	voor	zijn	unieke	aanwezigheid	en	gezelligheid	bij	de	borrels	en	eten-
tjes	bij	cafe	Sjiek	en	op	congres.		
	
Rick,	jou	wil	ik	bedanken	voor	je	expertise	en	je	toewijding	ten	aanzien	van	de	
veneuze	patiënt.	Het	meedenken	en	kritisch	reviseren	van	artikelen	en	je	hulp	
om	het	mogelijk	 te	maken	om	vandaag	toch	nog	even	die	patiënt	 te	helpen	 in	
plaats	van	morgen.		
	
Carsten,	ik	heb	meegemaakt	hoe	je	van	assistent	naar	radioloog	bent	gegaan	en	
uiteindelijk	als	interventie-radioloog	in	Venlo	aan	de	slag	bent	gegaan.	Voor	de	
cava-studie	 en	 voor	mij	 heb	 je	 veel	 betekend	wat	 betreft	 het	 beoordelen	 van	
MRV’s.	 Daarnaast	 gaf	 je	mij	 ook	 goed	 advies	 omtrent	 het	 promoveren	 en	 le-
venszaken.	Een	avond	die	me	nog	goed	bijstaat	was	de	vrijdag	na	hemelvaart	
waarop	we	overdag	nog	gewerkt	hebben	aan	onderzoek	om	daarna	culinair	te	
genieten	bij	manjefiek	samen	met	Mark.	Veel	succes	in	Venlo	en	veel	geluk	met	
Jette	en	jullie	twee	kinderen.	
	
Jorinde,	 Jolanda,	 Cora	 en	Wijnand,	 jullie	 ook	 bedankt	 voor	 al	 jullie	 inzet	 om-
trent	mijn	proefschrift	en	de	leuke	tijd	die	ik	in	Maasticht	heb	gehad.		
	

	

Om	 alle	 data	 te	 kunnen	 verzamelen	 en	 alles	 omtrent	 de	 patiënten	 te	 regelen	
heb	 ik	ook	hulp	gehad	van	studenten.	Milea	en	Claudia,	dank	voor	 jullie	 inzet.	
Jullie	 hebben	 kunnen	 zien	wat	 onderzoek	 doen	 inhoudt	 en	wellicht	 heeft	 het	
jullie	gestimuleerd	om	ook	een	keer	onderzoek	te	gaan	doen.		
	
Daarnaast	wil	ik	de	verpleging	van	D4	bedanken	voor	het	waken	over	de	pati-
enten	die	aan	de	trombolysekatheter	liggen.	Ik	wil	 in	het	bijzonder	André,	Ria	
en	Yuri	bedanken.	Dank	voor	het	 steeds	op	korte	 termijn	 ruimte	maken	voor	
patiënten	van	de	cava	studie.	
	
Ralph,	ik	was	zeer	verheugd	toen	ik	hoorde	dat	jij	naast	een	goede	vriend	ook	
een	 collega	 van	 mij	 werd.	 We	 hebben	 mooie	 tripjes	 gemaakt,	 waarvan	 New	
Orleans	 wel	 de	meest	 memorabele	 is.	 Daarnaast	 heb	 je	 een	mooi	 onderzoek	
uitgevoerd	en	ik	hoop	dat	je	hier	snel	op	kunt	promoveren.	Veel	succes	in	jouw	
toekomstige	carriere	in	de	gynaecologie.	Ik	ben	benieuwd	waar	dit	avontuur	je	
gaat	brengen.	
	
Naast	alle	collega’s	en	vrienden	in	de	medische	wereld	zijn	er	ook	vrienden	die	
helemaal	niks	met	geneeskunde	te	maken	hebben	en	al	voor	de	studie	aanwe-
zig	waren.	Ron,	 Bart,	 Rob	A.,	 Joost,	 Benno	 en	Maarten,	 dank	 voor	 jullie	 steun	
tijdens	het	promoveren,	de	verjaardagen,	bruiloften,	uitjes	en	‘sjaele	zeiver’.		
	
De	oud-Reflex	groep	bestaande	uit	Irene	en	Sander,	Tineke	en	Lars,	Hanneke	en	
Marijn,	Lonneke	en	Wenzel,	Frans	en	Miranda,	Koen	en	Marloes,	David	en	Lin-
da,	Yvo	en	Kevin	wil	 ik	ook	graag	danken	voor	de	continue	steun,	 interesse	in	
mijn	bezigheden	en	fijne	weekendjes	weg.	Ik	hoop	dat	er	nog	velen	zullen	vol-
gen.	
	
Daarnaast	wil	ik	heel	het	dispuut	e	Causa	Ignota	bedanken	en	in	het	speciaal	de	
volgende	 personen:	 Rik,	 Marco,	 Etienne,	 Jeroen,	 Yves,	 Marc	 Jenniskens,	 Marc	
Thijssen,	Nick,	 Stijn.	Daarnaast	 ook	de	huidige	 generatie	 en	de	 generaties	die	
nog	gaan	komen.	Ik	vond	het	heel	speciaal	om	tijdens	de	promotieperiode	het	
dispuut	nog	van	dichtbij	 te	kunnen	volgen	en	te	zien	hoe	het	van	een	groepje	
oprichters	is	uitgegroeid	naar	de	huidige	groep	enthousiastelingen.	
	
Ad	en	Anke	den	Boer	wil	ik	graag	bedanken.	Jullie	hebben	mij	met	open	armen	
ontvangen	en	ik	voel	de	warmte	binnen	jullie	familie	heel	erg	goed.	Anke,	heel	
erg	bedankt	voor	het	ontwerpen	van	de	mooie,	creatieve	kaft	en	uitnodigingen.	
Ook	 Jetske	en	 Jors	wil	 ik	graag	bedanken	voor	alle	gezelligheid	en	warmte	en	
veel	geluk	wensen	samen	met	Timo.		
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Dan	ben	ik	aangekomen	bij	het	gedeelte	waar	ik	mijn	paranimfen	mag	bedan-
ken.		
Suzanne,	mijn	 kleine	 zusje.	 Je	 weet	 het	 wellicht	 niet,	 maar	 recent	 heb	 jij	 mij	
geinspireerd	om	een	moeilijke	keuze	te	maken.	Ik	heb	gezien	hoe	jij	nu	je	plek	
hebt	gevonden	op	je	werk	en	hoe	dit	niet	altijd	even	makkelijk	ging.	Ik	vind	het	
ontzettend	leuk	dat	jij	paranimf	wilt	zijn	en	naast	mij	bij	de	verdediging	staat.	
Ik	wens	je	heel	veel	geluk	toe	in	de	toekomst.			
	
Mijn	tweede	paranimf	is	Mark	de	Wolf,	studievriend	vanaf	de	eerste	dag	van	de	
opleiding	geneeskunde	in	Maastricht.	Ik	weet	nog	goed	hoe	we	na	het	allereer-
ste	feest	achterop	de	fiets	zaten	bij	Joris	en	Fabian	en	dat	we	blij	waren	dat	we	
de	 eerste	 avond	 ongeschonden	 aan	 kwamen	 bij	 ons	 slaapadres.	 Ik	 zou	 een	
compleet	 hoofdstuk	 kunnen	 schrijven	 over	 alle	 avonturen	 die	 hierop	 volgde,	
maar	 ik	 hou	 het	 beperkt.	 Bestuur	 van	MFV	 Relfex	 en	mede-oprichters	 van	 e	
Causa	Ignota	zijn	twee	dingen	die	we	beiden	hebben	gedaan.	Daarnaast	hebben	
we	 samen	verschillende	 festivals	bezocht.	Tijdens	de	 coschappen	zaten	we	 in	
verschillende	 ziekenhuizen	 waardoor	 het	 contact	 wat	 minder	 frequent	 werd	
dan	voorheen.	Dit	veranderde	echter	drastisch	toen	we	in	ons	laatste	jaar	bei-
den	 bij	 Nicole	 Bouvy	 op	 de	 chirurgie	 belandden.	 Daarna	 ben	 ik	 als	 eerste	 bij	
Cees	beland	en	jij	volgde	al	snel.	Als	collega’s	hebben	we	ook	veel	samen	mee-
gemaakt,	 zoals	 congressen	 bezoeken,	 workshops	 organiseren,	 poli	 draaien,	
APG’s	maken	en	nog	veel	meer.	Het	feit	dat	jij	ook	bij	Cees	werkte,	heeft	ervoor	
gezorgd	dat	ik	bijna	altijd	een	sparringpartner	beschikbaar	had.	Ik	wil	je	graag	
bedanken	voor	 je	 vriendschap,	 je	 kritische	opmerkingen	en	 soms	andere	ma-
nier	van	denken.	 Ik	wens	 je	veel	succes	met	 jouw	vervolg	carrière	en	 ik	hoop	
snel	bij	jouw	promotie	aanwezig	te	mogen	zijn.	
		
Mijn	 beide	 ouders	 wil	 ik	 uiteraard	 ook	 graag	 bedanken.	 Promoveren	 is	 iets	
aparts	 en	 soms	moeilijk	 te	 begrijpen	 of	 uit	 te	 leggen.	 Ik	 ben	 niet	 iemand	 die	
makkelijk	 vertelt	 wat	 me	 bezig	 houdt	 en	 zeker	 niet	 over	 zaken	 waar	 ik	 het	
moeilijk	mee	heb.	Dit	 zal	 niet	 altijd	 even	gemakkelijk	 geweest	 zijn,	 aangezien	
ouders	hun	kinderen	graag	willen	helpen.	Ik	heb	nooit	de	behoefte	gevoeld	om	
hulp	van	jullie	te	krijgen.	Ik	ben	al	tevreden	puur	met	het	feit	dat	jullie	er	bei-
den	zijn	en	dat	ik	weet	dat	ik	kan	terugvallen	op	jullie	ook	al	hoop	ik	dat	nooit	
te	hoeven	doen.	Weet	dat	jullie	heel	veel	voor	mij	betekenen.	
	
Femke,	 het	 laatste	woord	 richt	 ik	 aan	 jou.	 Jij	 ben	 in	 het	 laatste	 jaar	 van	mijn	
promotie	volledig	in	mijn	leven	gekomen.	Ik	kende	je	weliswaar	al	langer,	maar	
vanaf	de	 jaarwisseling	2013-2014	 is	dit	heel	anders	geworden.	 Jij	hebt	vooral	
mijn	laatste	loodjes	van	het	proefschrift	meegemaakt.	Dit	heeft	langer	geduurd	
dan	 van	 te	 voren	 gehoopt.	 Jij	 bent	 een	 onvoorwaardelijke	 steun	 voor	mij.	 Ik	

	

merk	dat	we	 in	een	aantal	opzichten	op	elkaar	 lijken	en	dat	we	elkaar	op	een	
aantal	punten	goed	weten	aan	te	vullen.	Het	samenwonen	in	Rotterdam	bevalt	
me	uitstekend	en	dat	 komt	door	 jou.	 Je	hebt	me	ook	gezien	 in	de	 fase	na	het	
proefschrift.	Je	hebt	gezien	dat	ik	op	de	interne	niet	op	mijn	plek	zat	en	je	hebt	
me	onvoorwaardelijk	gesteund	in	het	zoeken	van	een	nieuwe	richting	waarin	ik	
gelukkig	wordt	en	daarmee	jij	ook.	Jij	bent	een	goede	steun	voor	mij	geweest	en	
ik	wil	dit	ook	voor	 jou	zijn.	 Ik	wil	een	mooie	toekomst	opbouwen	en	gelukkig	
worden	met	jou.	Ik	houd	van	jou	leive	sjat!	
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