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PULMONARY embolism (PE) is a prev-
alent disease with significant morbidity
and mortality. The estimated annual in-
cidence is 1.45 per 1,000 person-years
(1), which translates to 1,350,000 cases
per year in the United States (2). The
incidence of massive PE approached
11% in a postmortem evaluation of all
deaths in one series (3). The 30-day mor-
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tality rate for massive PE approached
30% (4), and the presence of shock in
these patients defines a three- to seven-
fold increase in mortality, with a major-
ity of deaths occurring within 1 hour of
presentation (5).

The role of the interventional radiol-
ogist in the diagnosis and treatment of
PE continues to evolve. Traditionally,
pulmonary angiography was per-
formed as a diagnostic modality and for
many years was the gold standard in
the diagnosis of PE. With the evolution
of computed tomographic (CT) angiog-
raphy and marked improvement in the
detection of thromboembolic events, as
well as the development of endovascu-
lar therapy with thrombectomy devices,
the interventional radiologist’s role has
shifted from diagnosis to treatment of
PE. Although the mainstay of treatment
remains anticoagulation, more aggres-
sive treatment is now possible in the
hemodynamically unstable patient.

In cases of massive PE, interventional
radiologists have used catheter-directed
thrombolytic therapy, mechanical
thrombectomy, or a combination of the
two in an effort to rapidly restore pul-
monary blood flow in a life-saving effort
(6,7). Currently as of 2009, there are no
clear evidence-based guidelines that
identify those patients who should be
treated more aggressively with endo-
vascular therapies, nor are there stan-
dard approaches to reporting clinical
trial results in this area (8). The Ameri-
can College of Chest Physicians recom-
mends against the use of mechanical ap-

proaches for most patients with PE, but
the American College of Chest Physi-
cians guidelines suggest that endovas-
cular treatment of massive PE should be
used in selected highly compromised
patients who are unable to receive intra-
venous systemic thrombolytic therapy or
whose critical status does not allow suffi-
cient time to infuse thrombolytics (9).

The purpose of the current document
is to facilitate improved quality and rel-
evance of clinical trials of endovascular
therapies for the treatment of PE by pro-
viding a basic standardized framework
for reporting results in the literature.
Current treatment options, patient pop-
ulation considerations, endpoints, fol-
low-up modalities, clinical trial designs,
and statistical plans will be discussed.

CURRENT TREATMENT
OPTIONS

Anticoagulation and Systemic
Thrombolytic Therapy

Presently, anticoagulation remains
the preferred treatment for deep venous
thrombosis (DVT) and thromboembolic
disease. There has been demonstrated
reduction in mortality rates to an esti-
mated 8% in patients who receive anti-
coagulation for the treatment of PE (10),
whereas untreated PE carries a mortal-
ity rate of approximately 30% (9,11–13).
Intravenous unfractionated heparin is
commonly used during initial hospital-
ization to prevent propagation of exist-
ing thrombus, and it has been long es-
tablished that heparin decreases the

recurrence of life-threatening PE (14).
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Typical regimens use unfractionated
heparin and/or low-molecular-weight
heparin during hospitalization. These
are later replaced by oral anticoagulants
(eg, warfarin) for extended periods.

The standard American College of
Chest Physicians–recommended medi-
cal treatment for patients in extremis
from massive PE (eg, failure to maintain
blood pressure without supportive mea-
sures) is systemic thrombolysis with tis-
sue plasminogen activator (15). Use of
this therapy has been considered on a
case-by-case basis in the setting of per-
sistent hypotension, severe hypoxemia,
large perfusion defects, right ventricular
dysfunction, free-floating right ventric-
ular thrombus, and patent foramen
ovale (16,17). Systemic thrombolytic
therapy compared with heparin was as-
sociated with a significant reduction in
recurrent PE or death in trials that en-
rolled patients with major (hemody-
namically unstable) PE (18). However,
the benefit of systemic thrombolytic
therapy has not been established in pro-
spective randomized trials and there is a
known increased risk of major hemor-
rhage (ie, intracranial hemorrhage, ret-
roperitoneal hemorrhage, bleeding
leading to death, hospitalization or
transfusion) (19). The estimated rate of
major hemorrhage from systemic tissue
plasminogen activator is approximately
20%, including a 3%–5% rate of intrace-
rebral hemorrhage, when used to treat
acute PE (20,21).

A few nonrandomized clinical trials
and meta-analyses failed to demonstrate
a mortality benefit with thrombolytic
therapy compared to anticoagulation
alone (22,23), whereas others have sug-
gested some mortality benefit (18,24). Of
note is that most studies were designed
to primarily evaluate the thrombolytic
effect and were not sufficiently powered
to detect differences in mortality. Some
have also suggested benefit of thrombo-
lytics on important parameters includ-
ing pulmonary arterial blood pressure,
right ventricular function, pulmonary
perfusion, and reduced need for treat-
ment of in-hospital events (25–28). The
true benefit of peripherally adminis-
tered thrombolytic therapy, if any, has
to be established in prospective trials as
newer thrombolytic agents emerge. De-
spite the lack of definitive data demon-
strating a mortality benefit and the
known increased risk of major hemor-
rhage, many clinicians may consider use

of systemic thrombolytics in patients
with hemodynamically unstable PE,
who are at low risk for a bleeding event.

Catheter-directed Thrombolysis

Catheter-directed thrombolysis
(CDT) is a technique that uses the deliv-
ery of the thrombolytic agent directly
into the thrombus through an endovas-
cular catheter. CDT has been performed
in patients with massive PE who could
not tolerate systemic thrombolysis or in
patients who failed systemic thrombol-
ysis.

In addition, CDT may be useful for
patients with relative contraindications
to systemic anticoagulative treatment
such as recent abdominal surgery, preg-
nancy, and severe allergic or idiosyn-
cratic reactions to anticoagulants. CDT
has been used in hemodynamically un-
stable patients with massive PE who are
at significant risk for bleeding complica-
tions associated with systemic thrombo-
lytic therapy. In addition, CDT has been
used to emergently treat massive PE re-
fractory to systemic thrombolysis (29).

Because the main cause of death due
to massive PE is attributed to irrevers-
ible right ventricular failure (30,31),
early revascularization of the pulmo-
nary bed in an effort to decrease right
ventricular afterload has been a goal of
CDT. There is considerable debate re-
garding the safety and efficacy of cath-
eter-directed thrombolytic therapy, and
there is no evidence that direct infusion
into the pulmonary artery confers
greater benefit than peripheral venous
infusion (32). Nonetheless, some have
suggested that results from intrapulmo-
nary thrombolytic infusion (ie, place-
ment of catheter proximally in the pul-
monary artery in a position remote from
the embolus) may be inadequate and
intra-embolus infusion is needed to pro-
vide maximal pharmacologic and me-
chanical lysis (33). Data are limited, and
well-controlled clinical trials are neces-
sary to establish the safety and effective-
ness profiles of catheter-directed throm-
bolytic administration.

Mechanical Thrombectomy

There has been increased interest in
the use of mechanical thombectomy de-
vices to treat PE. Many of these mechan-
ical or rheolytic systems were originally
developed and/or approved for use in
smaller blood vessels or grafts. Each of

these devices varies in design, ease of
use, and efficacy in removing thrombus.
They are designed to remove the throm-
bus by suction (aspiration thrombec-
tomy), macerate the thrombus and send
it distally (fragmentation), or create vor-
tex forces that break up the thrombus
and suction it into the catheter (rheolytic
thrombectomy). Although some prelim-
inary data regarding the treatment of PE
with the newer device technologies ap-
pear promising, they are limited and
none of the endovascular techniques
have been compared with other forms
of therapy in prospective randomized
controlled studies.

Clinical data on the following de-
vices have been reported in the litera-
ture to date:

Fragmentation devices.—Various
techniques have been reported to frag-
ment thrombus in an effort to send par-
ticles more distally and to expose a
larger aggregate surface area of the
thrombus to pharmacologic thrombo-
lytic agents. There have been reports of
the use of hand rotation of a standard
pigtail catheter (34,35), a rotatable pig-
tail catheter system (William Cook Eu-
rope, Bjaeverskov, Denmark) (36), and a
system with an impeller that homoge-
nizes clot (Amplatz Thrombectomy De-
vice; Microvena, White Bear Lake, Min-
nesota) (37). Adjunctive fragmentation
with an angioplasty balloon has also
been described (6,29).

Aspiration thrombectomy devices.—
Various sheaths and guiding catheters
have been used in conjunction with
fragmentation devices in an attempt to
aspirate PE following clot fragmenta-
tion. (29,38). The Aspirex device (Straub
Medical, Wangs, Switzerland), a me-
chanical thrombectomy catheter, con-
sists of a high-speed rotational coil that
aspirates, macerates, and removes
thrombus through an L-shaped aspira-
tion port at the catheter tip. In vitro and
in vivo animal experiments demon-
strated reversal of cardiogenic shock in
the setting of massive PE (39).

Rheolytic devices.—The Hydrolyser
thrombectomy catheter (Cordis, Miami,
Florida) (40–42) and Oasis thrombec-
tomy catheter (40) (Boston Scientific,
Natick, Massachusetts) create a vortex
to draw thrombus into the catheter. The
AngioJet catheter (Possis Medical, Min-
neapolis, Minnesota) (43,44) is a concep-
tually similar over-the-wire system. Sev-
eral complications have been reported
with the AngioJet device, and it is un-

clear if its use for PE lysis should con-
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tinue. These complications include chest
pain, hemolysis, hemoglobinuria, bra-
dyarrhythmia, heart block, hypotension,
and fatal hemoptysis (45–50).

Although evaluation of the safety and
effectiveness of endovascular mechani-
cal thrombectomy is ongoing, a recent
systematic review and meta-analysis of
catheter-based treatment for massive PE
showed a pooled clinical success rate of
86.5% among 594 patients treated with
modern CDT, and the pooled rate of
major procedural complications was
2.4% (51).

Surgical Embolectomy

Traditionally, massive PE was
treated by surgical embolectomy, with
or without thrombolytic therapy. Surgi-
cal embolectomy is performed as a last
resort in some institutions (52,53). In ad-
dition to the aforementioned clinical
scenarios that may prompt more aggres-
sive thrombolytic or catheter-based
therapies, surgical embolectomy has
been prompted by echocardiographic
evidence of right atrial or right ventric-
ular clot as well as clot trapped in a
patent foramen ovale (54). Surgical em-
bolectomy has not been compared to
catheter-directed embolectomy or pri-
mary thrombolytic therapy. However,
outcomes data after surgical embolec-
tomy are few. Actuarial survival after
surgical embolectomy at 1-year fol-

Table 1
Definitions of Terminology

PE Intravas
Proved PE PE prov

high-p
must

Symptomatic PE Clinical
tachy

Asymptomatic PE PE dete
Suspected PE PE susp

not be
Venous thromboembolism Single c
DVT Presenc

metho
Major bleeding complication Intracra

and/o
Major vascular complication Any of

surgic
nerve

Acute technical success Successf
Acute procedural success Acute te
low-up was 86% at one center (55).
Placement of Inferior Vena Cava
(IVC) Filters

IVC filters have been used to pre-
vent large venous thrombi from em-
bolizing to the lung by capturing the
clot in the IVC. IVC filters have been
approved by the U.S. Food and Drug
Administration for use in the manage-
ment of acute PE in patients with an
absolute contraindication to anticoagu-
lation or failure of anticoagulation. IVC
filters are also used in emergency treat-
ment during massive PE as well as
chronic, recurrent PE where anticoagu-
lation has failed or is contraindicated. In
clinical practice, IVC filters have also
been placed in patients with poor car-
diopulmonary reserve, patients who
have undergone embolectomy, and as
prophylaxis in select patients (eg, malig-
nancy, trauma) (56). Available data sug-
gest that IVC filters decrease recurrent
PE and increase recurrent DVT (57)
without an effect on mortality (58).
However, in a subgroup of patients with
persistent hypotension due to PE, a mor-
tality benefit is suggested (16). To address
the long-term complications with IVC fil-
ter placement, removable filters have been
developed; however, data on their use are
limited and preliminary.

REPORTING
RECOMMENDATIONS

As new device technologies and
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pharmaceuticals emerge, standardized
approaches to clinical evaluation will
prove useful to facilitate comparability
of results. Suggested standards of prac-
tice for reporting those results are in-
cluded below.

Definitions

Widely accepted definitions applica-
ble to the current topic have been out-
lined in the, “Reporting Standards for
Endovascular Treatment of Lower Ex-
tremity Deep Vein Thrombosis” (59).
Relevant definitions from this document
as well as additional definitions are in-
cluded in Table 1.

Patient Population

For clinical trials designed to assess
the use of endovascular therapies for the
treatment of PE, a thorough description
of the patient population is critical to
allow for reasonable data interpretation.
Standardized use of definitions as well
as customary approaches to patient se-
lection including consideration of pa-
tient risk factors, co-morbidities, and
baseline studies are important. A thor-
ough discussion of the patient selection
criteria is important to define the patient
population in consideration of known
and presumed independent risk factors
for poor outcome, predisposing risk fac-
tors for the development of PE, medical
co-morbidities that may affect outcome,
and baseline diagnostic studies. Basic
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Study inclusion and exclusion criteria
must be specifically stated and the
method of assigning treatment to pa-
tients must be described.

Risk factors for poor outcome.—Anti-
coagulation has been shown to be effec-
tive in reducing mortality associated
with PE so the use of more aggressive
endovascular therapies is currently con-
sidered indicated only for “high-risk”
patients. Therefore, risk stratification is
critical in deciding which patients
should undergo thrombolytic therapy
or CDT. There are no definitive guide-
lines to this effect; however, some inves-
tigators have proposed criteria for endo-
vascular treatment (7). Table 2 includes
known and presumed risk factors for
poor outcome from an acute PE. Con-
sideration of this information, including
the age and the functional status of the
patient, may prove useful in the devel-
opment of relevant patient inclusion cri-
teria and in the reporting of relevant
baseline characteristics. Furthermore,
one may consider use of standardized
measures that have been used in prior
studies to assess the severity of illness.
These include angiographic assess-
ment scores (Miller index [60]), CT
evaluation of the right ventricular
dysfunction (61), the Urokinase Pul-
monary Embolism Trial index (62),
and the Shock index (63).

Risk factors for the development of ve-
nous thromboembolism.—Consideration
of predisposing risk factors for the de-
velopment of venous thromboembolism
may also prove useful in secondary
analyses of outcome. Known and pre-
sumed predisposing risk factors for the

Table 2
Risk Factors for Poor Outcome

Arterial hypotension �90 mm Hg
Circulatory collapse with need for

cardiopulmonary resuscitation
Shock with peripheral hypoperfusion

and hypoxia
Right heart strain at echocardiography

suggestive of pulmonary
hypertension

Significant PE on clinical basis and/or
imaging in a patient with
contraindication to anticoagulation
or thrombolytic therapy

Widened arterial-alveolar O2 gradient
(�50 mm Hg)

Contraindication to anticoagulation
development of venous thrombosis
have been reported in the literature and
are included in Table 3 (64–67).

Baseline evaluation.—Complete char-
acterization of the baseline pretreatment
condition is important to allow for clin-
ical interpretation of study results, par-
ticularly given that patients to be treated
with endovascular techniques will likely
be a “high-risk” subset of PE patients.
Baseline evaluation of the DVT distribu-
tion and thrombus load and assessment
of PE location and severity should be
included in the baseline evaluation.

Diagnosis and extent of DVT.—
Ultrasonographic (US) examination of
the lower extremities with localization
of the thrombus and overall thrombus
burden should be performed and re-
ported according to previously reported
standards (59). Briefly, the baseline ana-
tomic extent of thrombosis and the im-
aging methods of diagnosis must be
specified. The proportion of patients
with calf vein DVT, femoropopliteal
DVT, iliofemoral DVT, infrarenal IVC
involvement, and suprarenal IVC in-
volvement must be reported (59).

Diagnosis of extent and severity of
PE.—Currently, CT angiography has
become the clinically preferred modal-
ity to diagnose PE and has largely re-
placed pulmonary angiography at most
institutions (68,69). CT angiography of-
fers good specificity for the detection of
PE in main, lobar, and segmental arter-
ies and also facilitates the diagnosis of
other disease entities (17,70–72). The

Table 3
Risk Factors for the Development of
Venous Thromboembolism

Chronic heart disease
Fracture of long bone
Heavy cigarette smoking (�25

cigarettes per day)
History of thromboembolism
Hypercoagulable state (primary and

acquired)
Hypertension
Immobilization
Increased age
Indwelling venous catheters
Malignancy
Obesity (body mass index �29 kg/m2)
Oral contraceptive use
Preexisting respiratory disease
Pregnancy and postpartum state
Stroke
Surgery
Varicose veins
sensitivity and specificity of CT angiog-
raphy is expected to improve with im-
proved CT technology (eg, higher con-
trast resolution with better peripheral
visualization, less motion artifact) and
greater experience with scan interpreta-
tion. CT angiography may also be used
to evaluate the extent and location of
clot and may, in some cases, give infor-
mation regarding the severity of PE. For
example, CT angiography may offer in-
formation regarding noncontroversial
indicators of severity (eg, right ventric-
ular/left ventricular diameter ratio, IVC
diameter, and azygos diameter) as well
as controversial indicators of severity
(eg, pulmonary artery clot load, pulmo-
nary artery diameter, septal bowing,
IVC contrast reflux) (73). While informa-
tion regarding the predictors of severity
increases, it may prove useful to report
known and potential imaging predic-
tors for future analysis.

Other baseline testing.—Advances
are also being made with the use of
magnetic resonance (MR) angiography
and diffusion imaging with hyperpolar-
ized helium 3 in the diagnosis of PE. As
technical problems (eg, respiratory/
cardiac artifact, suboptimal resolution,
susceptibility artifact from adjacent
lung) and logistical problems (eg, MR
scheduling, study time, screening is-
sues) are addressed, MR angiography
may have an increased role in the diag-
nosis of PE in the future (74).

Each patient being considered for en-
dovascular therapy should undergo
baseline imaging to diagnose PE (ie, CT
angiography, ventilation-perfusion
scanning, pulmonary angiography,
and/or MR angiography), and the diag-
nostic modality should be justified.
Given current clinical practice, it is ex-
pected that CT angiography will be the
preferred method to diagnose and char-
acterize massive PE.

Patients who present with symptoms
and signs of PE (ie, dyspnea, pleuritic
chest pain, tachypnea, tachycardia) will
often get a preliminary work-up to in-
clude vital signs, basic blood work
(complete blood count, chemistries),
electrocardiography, arterial blood
gases, and chest radiography. These
tests are nonspecific and further
evaluation is required for diagnosis.
Additional tests that may have diag-
nostic and/or prognostic roles in the
detection and treatment of PE are

included in Table 4.
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TREATMENT DESCRIPTION

Device Description and Procedure
Description

Information regarding the device(s)
selected for treatment should be pro-
vided, including a description of the de-
vice (name, model, manufacturer), its
mechanism of action, and the reason
why it was chosen. If multiple devices
are included in a single study, clarifica-
tion should be provided regarding the
method by which devices were se-
lected for use. Details regarding the
procedure should be provided, in-
cluding technique, procedure length,
need for sedation, venous access,
and procedural medications. In par-
ticular, details must be provided re-
garding thrombolytic drug type and
dose and the method of transluminal
removal of thrombus from the pul-
monary arterial system.

Systemic thrombolysis refers to a form
of pharmacologic thrombolysis where
the infusion of the agent is administered
through an intravenous line that is dis-
tant from the pulmonary system.

Flow-directed thrombolysis refers to a
form of pharmacologic thrombolysis
where the infusion is administered
through a catheter that is positioned in
the pulmonary artery proximal to the
location of pulmonary artery throm-
bus.

Catheter directed intrathrombus throm-
bolysis refers to the delivery of the

Table 4
Diagnostic Tests

Duplex US Duplex US h
Regarding
therefore, e
prior to int

BNP BNP may be
Although t
may provid

Troponin Similar to BN
to BNP, ele
with PE (eg
that includ

D-dimer D-dimer assa
specificity
prognosis,

Echocardiography Echocardiogr
decreased r
30%–40% (
increase in

Note.—BNP � brain natriuretic peptide.
thrombolytic agent into the pulmonary
artery thrombus through an infusion
catheter, such as a multi-side-hole cath-
eter, that is positioned into the throm-
bus. In appropriate situations, a lacing
dose or a bolus can be given into the
thrombus–-usually at the initiation of
therapy.

Mechanical thrombectomy refers to a
method of thrombus removal through a
catheter system that removes the throm-
bus by aspiration, fragmentation or
maceration or combination of these.

Pharmacomechanical thrombectomy re-
fers to thrombus removal using a com-
bination of pharmacologic thrombolytic
agents and a mechanical catheter-based
device.

Concomitant Medical Therapies and
Procedures and Intention to Treat
Analysis

Concomitant medical therapies (eg,
pharmacologic lysis for residual throm-
bus) and procedures (eg, IVC filter
placement) will likely play a significant
role in the endovascular treatment of
PE; therefore, effort should be made to
develop prospective medical therapy
regimens and/or algorithmic ap-
proaches to treatment such that their
role as confounding variables is limited.
Data should be collected and reported
regarding the type of medications, dose,
method of administration, and rationale
for use. Parenteral agents that may be
used include anticoagulants or platelet

argely replaced diagnostic venography for
current topic, the presence of massive PE

uation for DVT is not intended to facilitat
ention and to serve as a potential covarian
vated in acute PE presumed secondary to
magnitude of BNP elevation is nonspecific
rognostic information regarding benign v

serum troponin I and troponin T are eleva
ed troponin is nonspecific but may also of
ortality risk) (79). Recently, some have pr
combination of BNP and troponin values
for the diagnosis of PE have good sensitiv
. Attempts have been made to correlate D
this approach is not widely accepted.
ic evidence of right ventricular dysfunctio
t ventricular function, tricuspid regurgitat
Right ventricular dysfunction has been sh

-related mortality (83).
inhibitors. Drug doses and appropriate
laboratory values must be reported. The
authors must state what treatment was
intended and what was actually admin-
istered. Any use of adjunctive therapies
not included in the original protocol
should be reported as deviations and
considered intent-to-treat failures. For
example, if the protocol for the endovas-
cular procedure includes mechanical
thrombectomy alone, any use of addi-
tional pharmacologic lysis would be
considered a treatment failure. Con-
versely, if the endovascular treatment
includes planned adjunctive pharmaco-
logic treatment (local or systemic) then
these cases would not be treatment fail-
ures. Nonetheless, the control group or
criteria to which the combined pharma-
comechanical thrombectomy procedure
is compared should be established to
elucidate a difference (ie, benefit) with
the addition of the endovascular device
compared to thrombolysis alone. Fur-
thermore, the protocol should include
specific directions regarding the use of
IVC filters.

Control Group

Detailed information should be pro-
vided regarding the control treatment
against which the endovascular treat-
ment is compared. For example, com-
parison to a thrombolytic agent should
include details regarding the agent,
dose (ie, bolus, infusion rate, infusion

e detection and characterization of DVT.
uld not be a diagnostic dilemma;

iagnosis, rather to define vessel patency
egarding outcome.
reased right ventricular wall stress.
me have suggested that BNP levels

us complicated clinical course (77).
in some patients with PE (78). Similar
some prognostic information in patients
sed biomarker risk stratification models
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and negative predictive value, but poor
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FOLLOW-UP MODALITIES
AND SCHEDULES

Currently, the vast majority of re-
ports of interventional procedures con-
ducted for the purpose of treating PE
include retrospective analyses of cases
conducted at one or a few institutions.
For this reason, reports of outcome often
relate to the index procedure or to a
subsequent review of the medical
record to draw conclusions regarding
complications and overall medical con-
dition. Ideally, trials should be con-
ducted with prospective follow-up,
with the frequency and type of fol-
low-up depending on the specific re-
search question. Nonetheless, there are
standard patient assessments that
should be conducted and reported for
all trials. Baseline evaluation should in-
clude physical examination, basic labo-
ratory tests (eg, chemistries including
coagulation), CT angiography (or other
modality used to diagnose PE), and as-
sessment of the severity of cardiopul-
monary compromise. Follow-up evalu-
ation should include at least a physical
examination, monitoring laboratory
studies (eg, prothrombin time, partial
thromboplastin time, international nor-
malized ratio), assessment of residual
PE, and assessment of overall medical
condition. Follow-up should continue to
evaluate for recurrence of PE, long-term
effects of therapy (eg, unintended vas-
cular damage secondary to mechanical
thrombolysis), and stability of acute out-
comes. The protocol must specify the
nature and timing of clinical and imag-
ing follow-up, and results of this fol-
low-up must be reported. Prospectively
developed Case Report Forms should
be used to record all relevant follow-up
information and explanations should be
provided regarding any patients who

Table 5
Endpoints

Safety Death
Major bleed
Other major

(eg, stroke
retrospecti
adjudicate
it is prefer
review (ie

Effectiveness Acute techn
Acute proce
missed a follow-up examination. The
outcomes such as of treatment can be
evaluated with follow-up intervals
graded as short-term (�30 days), mid-
term (30 days to 1 year), or long-term
(�1 year).

PRIMARY AND SECONDARY
OUTCOMES MEASURES

Treatment decisions regarding endo-
vascular therapies for the treatment of
PE will likely be based on the concept
that the increased risk to the patient as-
sociated with a more invasive treatment
may be justified if the benefit to the pa-
tient outweighs the risk. Therefore, rig-
orous collection of both safety and effi-
cacy outcome measures is essential.
Table 5 includes a list of basic clinically
relevant endpoints that should be re-
ported for all devices.

In developing primary and second-
ary safety endpoints, one may con-
sider the potential adverse events
listed in Table 6. Additional relevant
efficacy endpoints may also be consid-
ered (eg, length of hospitalization).

Details regarding hemodynamic and
physiologic parameters of a procedure
should include baseline and posttreat-
ment pulmonary artery pressures and
oxygen saturations. Pulmonary angiog-
raphy performed during the procedure
should include arterial, parenchymal,
and venous phases. The contrast agent
and the volume used during angiogra-
phy should be reported.

When reporting clinical trial results,
the measures that are primary and those
that are secondary should be clear and
prospectively established. Attempts
should be made to choose primary end-
points that have the most direct clinical
relevance and would be the most mean-
ingful to consider in future treatment

and major vascular complications
verse events may be prospectively listed
yocardial infarction) or established
y. If events are retrospectively
nd categorized as “major” or “minor,”
that each event undergo independent

inical Events Committee).
success
al success
decisions (eg, reduction in mortality,
acute clinical success). Surrogate pri-
mary efficacy endpoints should be
avoided where possible (eg, improve-
ment in right ventricular dysfunction,
reduction in clot burden). All complica-
tions should be reported on a per-
patient basis and categorized according
to the SIR classification of Complica-
tions by Outcome shown in Table 7 (75).

CLINICAL TRIAL DESIGN
AND STATISTICAL PLAN

In general, the randomized con-

Table 6
Potential and Observed Adverse
Events

Aneurysm
Angina
Arrhythmias
Arteriovenous fistula
Cardiac tamponade
Cardiogenic shock
Dissection
Drug reactions to contrast,

thrombolytics, or anticoagulation
Foreign body embolization
Fistulization
Hemoglobinuria
Hemolysis
Hemoptysis
Hypo/hypertension
Infection
Myocardial infarction
Perforation or rupture
Pericardial effusion
Pseudoaneurysm
Renal failure
Respiratory failure
Stroke/transient ischemic attack
Valvular injury/insufficiency

Table 7
SIR Classification of Complications
by Outcome

Minor complications
No therapy, no consequence
Nominal therapy, no consequence;

includes overnight admission for
observation only

Major complications
Require therapy, minor

hospitalization (�48 h)
Require major therapy, unplanned

increase in level of care, prolonged
hospitalization (�48 h)

Permanent adverse sequelae
Death
ing
ad
, m
vel
d a
red
, Cl
ical
dur
trolled trial is the preferred trial design
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to evaluate new treatments because of
inherent benefits to (a) minimize bias, (b)
increase the likelihood that comparable
groups will actually be compared by
balancing known and unknown covari-
ates, (c) allow for comparability of treat-
ments in the current situation where
there is the lack of a clear control group,
and (d) provide the best evidence so as
to avoid providing unnecessary treat-
ment to some patients with all of its
attendant costs and risks. Unfortu-
nately, it is recognized that randomized
trials are difficult to conduct in the eval-
uation of all new medical treatments
and particularly difficult to employ in
the evaluation of treatments of “last re-
sort.” This is the case for endovascular
treatment of PE, because patients with
nonmassive PE are treated safely and
effectively pharmacologically and the
anticipated increased risk with invasive
treatment is not expected to confer sig-
nificant offsetting incremental benefit.
Initially, it is expected that the evalua-
tion of the feasibility of endovascular
treatment of PE will be reserved for
patients with massive PE; therefore,
comparison may be made with mo-
dalities that constitute current stan-
dard of care given severity of illness
as defined by the patient selection
criteria. For some trials, comparison
to the expected natural course of the
disease may be appropriate. For non-
randomized trial designs, every effort
should be made to maximize method-
ologic rigor—especially when evaluating
new devices.

Reports should indicate the over-
all trial design and identify the num-
ber of patients and the number of
investigational sites. The rationale
for choosing a particular trial design
should be stated, and any limitations
of the chosen design should be dis-
cussed. The process by which pa-
tients have been screened, enrolled,
and assigned to a particular treat-
ment should be described.

All prospective trials should be de-
signed with sufficiently powered sam-
ple sizes calculated from estimated
event rates based on the primary end-
point. Randomized trials should also
be performed in accordance with Con-
solidated Standards of Reporting Trials
(CONSORT) guidelines (76). Inclusion
of the hypothesis in mathematical terms
is helpful in focusing the reader on the

specific research question around which
the trial is designed. If more novel sta-
tistical methods are used (eg, Bayesian,
sequential designs), a brief discussion of
the statistical method should be in-
cluded. Primary statistical analyses
should be reported on an intent-to-treat
basis. A per-protocol analysis may also
be reported.

If more than one primary end-
point is stated, the estimated sample
size should have sufficient power to
detect differences between groups
for all primary endpoints. Results for
secondary endpoints may be re-
ported; however, caution should be
used when making statements re-
garding the significance of those re-
sults. Discussion of significant find-
ings should be restricted to those for
which prospective statistical analy-
ses were planned.

If more than one device is used, an
explanation should be provided regard-

Table 8
Recommendations for Research Reportin

Data

Population description
Inclusion/exclusion criteria
Demographic information
Method of treatment assignment
Imaging method of PE diagnosis
Chronicity (acute vs chronic)
Detailed risk factor description
Description of co-morbidities
Baseline anatomic extent of embolus
Baseline DVT distribution and extent

Treatment description
Venous access site
Use of concomitant anticoagulation, do
Route of delivery (systemic vs intrathro
Thrombolytic agent, dose, duration
Device used, manufacturer, model
Duration of device activation time
Mechanical maceration used?
Aspiration thrombectomy used?
Concomitant IVC filter used?
Standardized measures of severity of il
Adjunctive surgical procedures

Outcomes assessment
Technical success
Clinical success and failure
Time to symptom improvement
Degree of thrombolysis by angiography
Complications classified by SIR outcom
Description of adverse events

Analysis
Description of study design
Institutional review board approval
Description of statistical methods
ing how the data were stratified and
how this issue was addressed during
the prospective statistical plan.

CONCLUSIONS

With the promise and excitement of
new innovative technologies, rigorous
clinical trials are necessary to demon-
strate the safety and effectiveness of
each new device for its specific intended
use in the treatment of PE. A standard-
ized approach to reporting clinical expe-
rience with these devices will facilitate
understanding, communication, and
clinical comparability of clinical trial re-
sults. Table 8 summarizes the data ele-
ments that are required or recom-
mended in research on endovascular
treatment of pulmonary embolism.
Well-designed randomized trials, com-
paring different treatment modalities
conducted early in the device’s clinical
use, are important to expedite clinical
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based on reasoned assessments of device
safety and effectiveness and will ulti-
mately allow more patients to receive the
best established treatment.
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