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RESUMO

Introducdo: A sindrome pds-trombético estd associada a uma diminuicdo significativa da qualidade de vida dos doentes
e ocorre em até 50% dos casos de trombose venosa profunda (TVP) iliofemoral apesar de adequada anticoagulacdo.
Orecurso a trombdlise dirigida por cateter (TDC) tem-se generalizado e 0 seu uso sustenta-se num crescente volume de
evidéncia cientifica que inclui estudos randomizados controlados. No entanto, a quase totalidade dos estudos excluiram
dois gruposde doentes nos quaisa TVP temumaincidéncia e gravidade particularmente aumentadas: gravidas e doentes
com neoplasiaativa.

Objetivos:Estarevisdondo-sistematicadaliteraturapretenderealizarumaandlise compreensivadaevidénciaexistente
no que concerne aseguranca e eficaciada TDCnos subgrupos de doentes acima descritos.

Resultados: O tratamento endovascular da TVP iliofemoral durante a gravidez e puerpério parece ser seguro e eficaz,
tanto paraagrdvida como parao feto/recém-nascido. Os riscos associados a radiacdo (especialmente durante o primeiro
trimestre) devem serdiscutidos e tidos em consideracdo.

ATDCeatrombdlise farmaco-mecanicasdo eficazes e seguras no tratamento de doentes com neoplasia ativa, desde que
sejampreviamente excluidasles8es cerebrais. Noentanto, apésaintervencdo, a prescricdo de anticoagulacdo eficaz (com
heparinas de baixo peso molecular ou, em doentes selecionados, anticoagulantes orais diretos) é essencial para a manu-
tencdodapaténciavenosaneste subgrupode doentes com trombofilia sustentada.

Conclusdes: ATDC, com ou sem trombdlise farmaco-mecanica, pode ser oferecida a gravidas ou doentes com neoplasia
ativadesde que sejaassegurada uma cuidada avaliacdo do risco-beneficio em cada caso particular.

Palavras-chave
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ABSTRACT

Introduction: Post-thrombotic syndrome is associated with severely decreased quality of life and develops in up to 50%
of patients withiliofemoral deep vein thrombosis (DVT) despite effective anticoagulation. Catheter-directed thrombolysis
(CDT) use has become widespread and is supported by a growing body of scientific evidence (including randomized controlled
trials). However, almost all of these trials have excluded two groups of patients in which DVT has a particularly increased
burden: pregnant women and patients with active cancer.

*Autor para correspondéncia.
Correio eletrénico: duarterego@hotmail.com (D. Rego).

339 Angiologia e Cirurgia Vascular /Publicacdo Oficial SPACV / www.acvjournal.com



D.Regoetal.

Aims: This non-systematic review of literature aims to provide a comprehensive analysis of the existing evidence on the
safety and efficacy of CDT foriliofemoral DVT in these subgroups of patients.

Results: Endovascular treatment of iliofemoral DVT during pregnancy and puerperium seems safe and effective both for the
pregnantwomanandthe fetus. Therisks of radiation (especially in the first trimester) must be discussed and taken in consideration.
CDT and pharmacomechanical thrombolysis (PMT) are both safe and effective in patients with active cancer, as long as
metastaticbrain lesions are excluded. However, effective anticoagulation (with low-molecular weight heparin or, in selected
patients, direct oral anticoagulants) should be prescribed after the intervention to maintain patency in these patients with
continued thrombophilia.

Conclusions: CDT, with or without PMT, should be offered to pregnant patients and patients with active cancer provided

that a careful risk-benefit assessment is made for each individual patient.
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INTRODUCTION

The post-thrombotic syndrome (PTS) is a severe clinical
entity, associated with reduced quality of life, comprising
chronic limb pain and swelling, venous claudication and,
ultimately, leg ulceration®?), Despite adequate treatment
of lower limb deep vein thrombosis (DVT) with anticoagula-
tion, up to 50% of patients may manifest PTS symptoms in
the long term®. The risk of evolution to PTS after lower limb
DVT varies according to the veins involved with iliofemoral
veins thrombosis being associated with the highest risk@4,
Additionally, thrombosis of this venous segment carries a
significant risk of recurrent DVT.

Giventhe poorprognosis of this disease an effort was made
by vascular surgeons to offer their patients a better treat-
ment. Open surgical thrombectomy became popularized
inthe 1950 to 1960s and early results showed a decreased
incidence of PTS, especially in the operated patients who
had symptoms for less than 10 days®. However, long-term
follow-up results were poor due to decreased venous
patency®. In the 80s the technical evolution led to the use
of surgical adjuncts after venous thrombectomy, such as
the creation the of a temporary arteriovenous fistula (AVF)
or the construction of a venous bypass (with or without an
AVF); however, the outcome was still rather unpredictable,
the procedures complex and, in some cases, associated with
severe complications such as death or major amputation®.
In parallel with the evolution of such surgical techniques,
in the 80s and early 90’s a growing interest in the use
of fibrinolytic therapy was observed based on the expe-
riences in other thrombotic events such as myocardial
infarction and stroke. Early experiences with streptoki-
nase®-19 and later with, the safer, recombinant tissue

plasminogen activator (tPA) infused systemically by
intravenous (1V) administration showed increased resto-
ration of venous patency (in comparison with the standard
treatment with heparin) and asignificantly decreased inci-
dence of PTSM13), The enthusiasm with this treatment was
howeverhampered by the increased incidence of bleeding
complications, namely intracranial hemorrhage [incidence
of up to 3-6% with IV tPAM4]3), Protocols using low-dose
tPA, either systemic orloco-regional, were testedin order
to reduce the incidence of bleeding but the therapeutic
effect was significantly affected®.

“MODERN DAY”FIBRINOLYSIS

The technical evolution, and increased interventional skills,
brought a true revolution to the way patients with symp-
tomatic iliofemoral DVT were treated. Catheter-directed
thrombolysis (CDT), by directly exposing the fresh thrombus
tothe tPA, exponentially increased its efficacy and allowed
adramatic tPA dose reduction: about 0.01 mg/kg/h, usually
ranging between 0.5 and 1 mg/h instead of a single dose
of 50-100 mg (0.9 mg/kg)*®. This dose reduction, and the
in-clot administration, greatly reduces the systemic expo-
sure tothedrug;infact, therisk of intracranial hemorrhage
with CDT is quite low and probably comparable to the one
seen with anticoagulation alone®?”,

Withincreased experience small, butimportant, clinical and
technical details further increased the safety profile of this
treatment, such as: reqular biochemical marker monitoring
[hemoglobin, platelet count and activated partial thrombo-
plastin time (APTT); there still is debate about the clinical
value of fibrinogen monitoring®®], better patient selection
(particularly patients with symptoms for less than 14 to 21
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days) and ultrasound-guided puncture of the access vein.
The feared complication of pulmonary embolism has a low
reportedincidence®®,

QUALITY DATA

Despite the increasing usage of CDT at the turn of the
millennia most of all published data comprised low quality
retrospective case series reports. It wasn't until 2002
that the first randomized controlled trial was published
confirming increased venous patency and valve compe-
tence in patients with iliofemoral DVT treated with CDT?,
Thisstudy was, however, flawed by ashortfollow-up (6 months)
and lack of health-related quality of life (HRQOL) assessment.
The CaVenT Trialwas awell-designed RCT, withalong follow-up
and HRQOL assessment, it showed a significant increase in
venous patency with CDT vs anticoagulation alone (p=0.012)
and decreased incidence of PTS (absolute risk reduction of
14.4%, p=0.047)*Y. The 5-year results of this RCT reported
a further benefit in terms of PTS prevention (absolute risk
reduction of 28%, p<0.0001)%??), Despite these positive findings,
HRQOL didn't differ between treatment and control groups
in both publications®??. A low rate of adjunctive iliac vein
stenting (withmaintained residual venous outflow obstruction)
may, atleast partially, explain this poorer outcome®,

The recently published RCT, the Pharmacomechanical
Catheter-Directed Thrombolysis for Deep-Vein Throm-
bosis (ATTRACT) Trial was a highly awaited multicenter
NIH-funded study®®. It was the largest RCT to date and its
results had the potential to reflect the technical evolution
observed in the latest years, particularly the novel devices
forpharmacomechanical thrombolysis (PMT). These devices
recur to different physical methods to disrupt the thrombus
increasing its contact with the thrombolytic drug therefore
increasing its efficacy (this translates into shorter treat-
ment sessions and a reduced total dose of thrombolytic)@>.
In ATTRACT 66% of the treatment patients were treated
with PMT, most of them (61%) with Angiojet Rheolytic Throm-
bectomy System® (Boston Scientific). Despite its promises,
ATTRACT failed to reveal any significant difference between
treatment (CDT * PMT + anticoagulation and compression
therapies) and control (anticoagulation and compression
alone) groups interms of PTS prevention orimproved QOL. In
fact, the only difference encountered was anincreased inci-
dence of bleeding events in the treatment group®®®. These
disconcerting results didn't reflect the previous Case Series
or CaVenT Trial results nor the daily practice impression
that patients indeed benefited from this additional inter-
vention. However, this RCT actually validates today’s prac-
tice based on the Society of Vascular Surgery’s Guidelines
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that recommend early thrombus removal only in selected
patients with iliofemoral DVT®®), Due to patient enrollment
pressures in the ATTRACT Trial only 58% of the patients
had DVT extending into the common femoral vein, iliac vein
or both and this reflected on a rather low overall incidence
of PTS both in the treatment and control groups®® and an
underestimation of CDT and/or PMT benefits. Another RCT,
the Dutch CAVA Trial is stillenrolling patients and may further
delineate the role of CDT iniliofemoral DVT®?),

Asinall fields of Medicine, our practice towards a particular
patient willalways be based on high quality data from RCT
(if available), Clinical Practice Guidelines from recognized
Scientific Societies and our own personal clinical experi-
ence. Further validation of this practice comes from retro-
spective data such as arecently published nonrandomized
retrospective study in which the large majority of patients
(93%) had extensiveiliofemoral DVT and where the authors
achieved a low incidence of PTS (21.3%) with a low risk of
bleeding complications®,

SPECIAL POPULATIONS

Allthe evolutiondescribed above inthe treatment of iliofem-
oral DVTis basedin asignificant number of studies including
well designed RCTs, however, there are two special popula-
tions of patients, in which DVT has an increased incidence,
that are commonly excluded from those trials: pregnant
women and patients with active malignancy. This was the
case forboth the CaVenT and ATTRACT trials?*?4,

Given the high incidence of DVT in these patients and the
factthat many of these patients are active, young, patients
that would highly benefit from early thrombus removal it is
essential that an effort should be made to offer them the
besttreatment possible.

Pregnancy

Pregnancy has significant effects on the lower extremity
venous system. The cardiovascular system undergoes
dynamic physiologic changes throughout the course of preg-
nancy tomeet the demands of both the motherand the fetus.
These changes predispose pregnantwomen toanincreased
incidence of venous thromboembolism (VTE), including
DVT and pulmonary embolism (PE), nearly five times more
often than nonpregnant women, this risk increases even
further during the postpartum period®®3%. A combination
of altered venous flow hemodynamics [due to iliac veins
andinferior vena cava compression by the gravid uterus®V]
and the establishment of a hypercoagulable state with a
significantrise inthe concentrations of coagulation factors V,
VII, VIII, IX, X, and XIl and the adhesive protein von Willebrand
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factoraswellas increased fibrinogen levels. The anticoagu-
lation systemis also impaired with decreased protein S and

increasedresistance to activated protein C. In addition, fibri-
nolysis is affected because of increased plasminogen acti-
vatorinhibitor, decreasedtissue plasminogen activator, and

acquired antithrombin deficiency®?; all these changes lead

toanincreasedrisk of DVT. Certain factors further increase

this risk:inherited or acquired thrombophilias, a previous DVT,
antiphospholipid syndrome, lupus, heart disease and sickle

celldisease, age 35 andolder, null parity, multiple gestations,
obesity and immobility®3. In the puerperium, post-partum

infection increases the risk of thrombosis by 4-fold and

cesareandelivery increases the risk 2-fold®.

The benefit of treatment in pregnant women must be

weighed against the risks of miscarriage or fetal malforma-
tions and the risks to the woman itself.

Concerns on fetal malformations derive only from the radia-
tion exposure, that CDT demands, as tPA does not cross the

human placenta due to its large molecular size (7200 kDa)

(4, The International Commission on Radiological Protection

statesthat "no deterministic effects of practical significance”
would be expectedin the developing human at doses lower
than 100 mGy®> and the fetus is particularly sensitive to

radiation between 8 and 15 weeks, during which there is

rapid neuronal developmentand migration®®. Besides, fetal

radiation exposure increases the risk of childhood cancer
with arelative risk of approximately 3.19in the first trimester,
1.29inthesecondtrimester,and1.30in the third trimester©®.,
If the procedure is to be performed the fetus should have

a minimal exposure to radiation, if possible by avoiding

imaging the uterus and placing a lead shield to protect the

uterus fromexternal scattered radiation®”. If thisis unavoid-
able, minimal fluoroscopy acquisitions should be made, with

the lowest frame rate possible, maximizing collimation

and resorting to digital zooming instead of magnification.
Additionally, use of intravascular ultrasound (IVUS) should
be consideredinorderto minimize the use of fluoroscopy®.
The problematic of radiation shouldn’t only focus on the proce-
dure itself. Duplex ultrasound has excellent sensitivity and
specificity for proximal DVT diagnosis, 97% and 94% respec-
tively®, however, adequate commoniliac veinevaluation may
notbepossibleinup to53% of patients?. Forthis reason, the

SVSguidelinesrecommend, inorderto adequately establish the
diagnosis andplan the procedures, the use of adjunctimaging
modalities such as computed tomographic venography (CTV)
ormagnetic resonance venography (MRV)@®. Although CTV is
generally the chosen imaging method, in pregnant patients,
because of the fetal and maternal radiation exposure associ-
atedwith CTV, MRV should be the preferred method.

In relation to thrombolysis itself, although the available
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literature is scarce, it doesn't seem to carry an increased
bleeding risk for the pregnant women in comparison to the
general population. Regarding IV administration of tPA during
pregnancy forstroke, bothareview of case reports (16 cases)“V
andaretrospective case series (with 15 cases)“? show aninci-
denceof intracranialhemorrhage comparable tonon-pregnant
patients and no specific obstetrical complications.

The results of CDT and PMT for iliofemoral DVT during
pregnancy are, as previously stated, based on a few retro-
spective studies, the largest two are from Bloom et al“®
and Herrera et al“®. The first one reported on 11 patients
and was essentially a report on post-partum treatment
(2 patients who presented in the first trimester terminated
their pregnancies after CDT, 2 patients who presented in
the third trimester delayed CDT until after delivery, and
7 patients who presented with postpartum DVT underwent
immediate CDT). PMT was performed using Angiolet followed
by overnight CDT and a repeat venogram was done the next
morning with adjunct procedures (balloon angioplasty and/
or stenting) if necessary. No major bleeding events were
observedanda greaterthan 90% clot lysis was achievedin
82% of patients.

The retrospective series from Herrera et al describes the
treatment of 13 pregnant patients (gestational age ranged
from 8to 34 weeks), of these, 2 declined endovascular treat-
ment and underwent surgical thrombectomy. There were
two major bleeding events: one hematuria (secondary to
traumaby a Foley catheter) and a popliteal artery pseudoan-
eurysm (treated with ultrasound compression); there were
also 3 minor bleeding events (puncture site hematomas).
Mean follow-up was 1.3 years with one registered DVT recur-
rence (a patient that didn't comply with anticoagulation).
There were no pregnancy or postpartum complications.
Another potential concern treating these patients is the
behavior of stents compressed by the gravid uterus and
the inherent risk of structural damage. Two retrospective
analysis of a total of 372 women of reproductive age who
receivediliocaval stenting; 19 were identified to have had at
least one pregnancy after stenting>4%), During pregnancy
and follow-up all but one patient [treated with a Palmaz
XXL balloon-expandable stent that became completely
crushed during pregnancy“] had patent stents with no
ultrasound-identified structural damage or thrombosis.

In conclusion, endovascular treatment of iliofemoral DVT
during pregnancy and puerperium seems safe and effec-
tive both for the pregnant woman and the fetus. The risks
and potential benefits of the procedure should be carefully
discussed and, although thrombolysis itself doesn’t seem
to present an additional risk in this population, the risks of
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radiation (especially in the first trimester) must be taken in
consideration. Given the fact that the safety and efficacy of
these interventions in this particular group of patients are,
as discussed above, based on few retrospective series the
decision to proceed with them should probably be reserved
to the few patients that are severely symptomatic and that
show a poor clinical response to a trial of adequate antico-
agulationand compression therapy.

Cancer

Cancer is one of the most significant risk factors for the occur-
rence of DVT: cancer patients have a 4.1-fold increased
risk of thrombosis, this value increases to 6.5-fold during
chemotherapy*”). Worsening this scenario is the fact that
cancer patients often have greater initial clot burdens in prox-
imal veins and achieve less venographic improvement on
anticoagulation than patients without cancer who develop
DVT thereby increasing their chances of developing PTS“#®,
Theincreasedrisk of DVTin cancer patients is multifactorial (Tablel).

Tablel Risk factorassociated with anincreased risk of DVT
occurrence in cancer patients ©9),

Patient-Related | Cancer - Related | Treatment- Related
Increased age Pancreas Cisplatin
Infection* Brain Platinium
Renal disease* Lung Thalidomide
Lungdisease* Ovarian Lenalidomide
Anemia* Metastatic Bevacizumab ©°)
Obesity* Tamoxifen ¢®

. Central venous
Atherosclerosis* catheter

*the riskincreases with the number of comorbid conditions (¢8) (69),

Despite the expected benefit from thrombus-removal treat-
mentsincancer patients, practitioners more than often opt
out for a conservative approach due to fear of bleeding
complications. This fear is based on an increased (two to
sixfold) bleedingrisk that cancer patients present on antico-
agulation¥®39), This fearis reflected on the exclusion criteria
fromthe RCTs comparing CDT and anticoagulation alone for
proximal DVT: both CaVenT and ATTRACT trials excluded
patients with active malignancy®*2, However, limited
evidence derived from systemic thrombolytic treatment in
cancer patients with ischemic stroke or pulmonary embo-
lism (PE) indicates that this is a safe treatment although
thereportedrate orreperfusion in PE was slower compared
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to non-cancer patients®->3; jt should be, however, noted
that all this studies excluded patients with known meta-
staticbrainlesions. In light of this results, one would expect
CDT, given its lower risk profile, to be even safer and that
was the conclusion of a retrospective study published in
2008 comparing CDT for brachiosubclavian and iliofemoral
DVT in patients with (61 patients, 75 limbs) and without
(117 patients, 127 limbs) cancer®®®. The outcomes in cancer
patients were non-inferior, both in efficacy and safety,
to those without cancer (Tablell).

The addition of PMT techniques to CDT may provide a further
reduction of bleeding risk (lower lytic doses and shorter
procedures)andallow cancer patients to rapidly resume their
antineoplastic treatments (if applicable). Two small-size retro-
spective reports, comprising 7 limbs treated with Angiojet®
and 14 limbs treated with Trellis-8® [Bacchus Vascular, Santa
Clara, California, USA; this device was later removed from the
market®>] show promising results regarding the use of these
techniques in this subset of patients®67,

One, interesting, common finding to the above described
retrospective series is the increased rates of stenting
after CDT or PMT in comparison to patients without cancer.
This may be related to sequelae of radiation-associated stenosis
orundiagnosed prior chronic DVT and, in some instances, to the
needto treat an underlying venous tumor compression.
Patients with cancer who undergo CDT=PMT for iliofemoral
DVT are still at increased risk for recurrent DVT (hazard ratio
of 6.75) and medium to long-term failure after interventional
treatment®® stemming fromanongoing hypercoagulable state.
Therefore, strictadherence toan optimal secondary prevention
strategy for DVT is of paramount importance. On this matter,
the review International clinical practice guidelines (ITAG-CME)
9 state that:

LMWH is recommended for the initial treatment of VTE in
patients with cancer (Grade 1B). Fondaparinux and UFH can
also be used (Grade 2D),

Forearly maintenance (10 days to 3months) and long-term
(beyond 3 months) LMWH is preferred over VKA (Grade 1A)
andshould be used foraminimum of 3months to treat estab-
lished VTE in patients with cancer (Grade 1A). Evidence for 6
months is low due to inconsistency of the data. Direct oral
anticoagulants (DOAC) can be considered for VTE treatment
of patients with stable cancer not receiving systemic anti-
cancertherapy (Guidance);

After 3-6 months, termination or continuation of antico-
agulation should be based on individual assessment of the
benefit to risk ratio, tolerability, drug availability, patient
preference, and cancer activity (Guidance).

Although the treatment of acute DVT with DOACs is attractive
duetoitsease of use (noneed of INR-monitoring), non-inferior
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Tablell Comparison of outcomes of CDT treatmentin patients with and without cancer 9.
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arobust amount of data obtained
from retrospective series and

Patients with Patients without
Outcome cancer,n =61 cancer,n=117
(75 limbs) (127 limbs)
Treatment duration, 5974212 >8.8422.2
mean+SDh
AREESEESES, 15.1+10.1 (47 limbs)
mean £ SDmg
Clot reduction, %
(No.)
Grade Il 66.7 (50/75) 64.6 (82/127)
Gradell 26.7 (20/75) 26.8(34/127)
Gradel 6.7 (5/75) 8.7(11/127)
Complications during
CDT, % (No.)
Majorbleeding 4.9(3/61) 3.4 (4/117)
Minorbleeding 6.6 (4/61) 5.1(6/117)
Pulmonary embolism | 1.6 (1/61) 1.7 (2/117)

prospective randomized, and
nonrandomized, trials. RCT's often

P don‘treflect thereal-worldpractice:
a study from the Mayo Clinic noted
that a total of 75% of the patients

7774 they treated with CDT+PMT would
have been excluded from CaVenT
2672 or ATTRACT®Y, Despite this, based
on the above reviewed literature,
and according to the local exper-
tise and experience, CDT+PMT may
be offered to pregnant patients
.7619 . . .
9672 and patients with active cancer
' (thatare physically active and have
.6122 . . )
an otherwise good surgical risk),
that remain severely symptom-
atic after a short trial of adequate
anticoagulation and compres-
.6924 . .
7376 sion therapy, provided that a
: careful risk-benefit assessment is
.9999 f /i

efficacy and overall superior safety profile®® there is still
limited supportive evidence for its use in cancer patients. Two
recently published RCTs, the Select-D®V and the Hokusai VTE
Cancer®?trials, comparing treatment with DOAC (rivaroxaban
and edoxaban, respectively) for acute DVT in cancer patients,
both showed a low rate of recurrent VTE with DOAC (non-in-
ferior to low-molecular weight heparin) but at the expense
of a significantly increased risk of bleeding events (mostly
gastrointestinal bleeding events), therefore, on the basis of
the available evidence the use of DOACs in these patients can
be supportedin well-selected, low-risk, patients®3.

The data here provided, although scarce and retrospective,
supports aninterventional strategy in cancer patients with
iliofemoral DVT that are physically active and present with
debilitating symptoms (the same as for the non-cancer popu-
lation). The DVT episode is more than often the first manifesta-
tion and coincides with the diagnosis of a neoplastic disorder;
this means that an accurate survival prognosis can’t be estab-
lished and one should proceed (bearing in mind that the best
resultsare obtainediftreatmentisinitiatedinthe first 14 days
afterthe DVT'sonset) with the treatment that will provide the
bestquality of life, on the long-term, for the patient.

CONCLUSION

Interventional treatment, with CDT (with or without associ-
ated PMT), in patients with iliofemoral DVT is supported by

made for each individual patient.
Additionally, the use of PMT with
thrombolysis should be consideredto reduce the total dosage
of thrombolytics (and hemorrhagic risks) and the availability
of the required institutional conditions (high-dependency
ward with adequate nurse and physician-to-patient ratios,
quality fluoroscopy in the operating room or interventional
suite aswell as the clinical support of medical specialties such
as hematology, oncology and obstetrics/gynecology to assess
eventual specific complications).
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