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10 Venous Thromboembolism: Management of

Bleeding Complications
James Chen and Deepak Sudheendra

10.1 Bleeding Complications
Associated with Venous
Thromboembolism Treatment

The treatment of venous thromboembolism (VTE)
remains challenging and limitations to conven-
tional treatment with systemic anticoagulation
(AC) have led to the advent of catheter-directed
thrombolysis (CDT) and pharmacomechanical CDT
(PCDT) techniques, which more rapidly decrease
clot burden and decrease the severity and rate of
long-term sequelae such as postthrombotic syndro-
me (PTS) following deep vein thrombosis (DVT).!2
Both CDT and PCDT involve placement of an infu-
sion catheter into a clot for local infusion of throm-
bolytic, with adjunctive techniques for thrombus
removal including rheolytic systems for thromboas-
piration in PCDT. Local thrombolytic infusion allows
for higher local doses with less systemic exposure,
affording decreased bleeding complications com-
pared to systemic thrombolytic administration. A
variety of fibrinolytics are available, such as tissue
plasminogen activator (tPA) and streptokinase, all
of which function by activation of plasmin, which
facilitates clot lysis by fibrin degradation. Although
refinements of CDT and PCDT techniques and
thrombolytic agents over the past few decades have
afforded improved complication profiles, there re-
mains an elevated risk of major bleeding when using
these therapies compared to systemic AC alone.

The pathophysiologies of bleeding complications
during CDT/PCDT are related to a combination of
thrombolytic mechanisms including plasmin-
mediated degradation of fibrin, reduced plasma
concentrations of fibrinogen and other clotting
factors, and antiplatelet effects. Although the half-
lives of thrombolytic drugs are short (i.e., tPA has a
half-life of 5 minutes), the associated depletion of
clotting cascade factors and antiplatelet effects
leads to prolonged coagulopathic effects after cessa-
tion of infusion. Fibrinogen levels, for instance, re-
quire up to 48 hours to return to baseline levels after
stopping thrombolytics. When bleeding complica-
tions occur, a large majority of the complications are
venous access site-related minor bleeding episodes,
which can typically be managed conservatively and

do not result in long-term sequelae. Major bleeding,
defined as bleeding resulting in hemodynamic com-
promise or intracranial hemorrhage (ICH), occurs in
a small minority of cases, ranging from 2 to 3% in
most modern studies.234>67 A Cochrane analysis of
CDT studies found that all cases of ICH occurred in
pre-1990 studies® and a meta-analysis of pulmo-
nary embolism (PE) thrombolysis reported a 0.35%
rate of ICH.?

10.1.1 Patient Selection and
Monitoring for Bleeding
Complications

Although the risk of major bleeding is low, the
potentially catastrophic nature of these episodes
necessitates judicious patient selection for CDT/
PCDT. The following absolute contraindications to
CDT/PCDT have been suggested by guidelines from
the Society of Interventional Radiology (SIR)”:
o Active internal bleeding or disseminated
intravascular coagulation (DIC).
¢ Recent cerebrovascular accident (CVA),
neurosurgery, or intracranial trauma (within
3 months).
o Absolute contraindication to AC.

During placement of the infusion catheter,
ultrasound-guided venous access with a micropunc-
ture set should be used to decrease the number of
puncture attempts and reduce the risk of access site
bleeding complications.” No arterial or intramuscu-
lar injections should be administered and no addi-
tional venous access should be attempted during
thrombolysis due to bleeding risk.

The recommended tPA infusion rate for VTE is
0.01 mg/kg/hour, not to exceed 1.0mg/hour.
Concurrent AC is typically attained using heparin
drip or low-molecular-weight heparin (LMWH).10
For patients receiving heparin drip, target partial
thromboplastin time (PTT) is controversial, with
some groups advocating a subtherapeutic PTT target
of 1.2 to 1.7 times control,2 based on studies demon-
strating elevated bleeding risk with therapeutic PTT
targets.!! At our institution, we administer enoxa-
parin (Lovenox) 1 mg/kg at full AC dose. We have
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found that this protocol allows greater ease of
achieving steady-state AC, and eliminates the fre-
quent PTT checks required with heparin drip. Pa-
tients with heparin-induced thrombocytopenia
(HIT) should undergo AC with a direct thrombin
inhibitor such as argatroban or bivalirudin. Pa-
tients undergoing CDT require bedrest with im-
mobilization of the catheter-bearing limb, and
vigilant clinical evaluation for any signs of im-
pending major bleeding including acute mental
status change, severe headache or abdominal
pain, epistaxis, or other sentinel bleeding event.
Serial laboratory evaluation of hemoglobin, PTT,
and platelet levels is performed every 6 hours at
our institution. The value of monitoring fibrinogen
levels remains controversial, with conflicting evi-
dence on the association between low fibrinogen
level (<1-1.5g/L) and higher bleeding risk. An early
trial citing the higher risk of bleeding with low fi-
brinogen levels was confounded by the use of ther-
apeutic rather than subtherapeutic heparin doses,!!
and other studies have demonstrated discordant re-
sults in both venous and arterial thrombolysis set-
tings.12131415 [n the absence of definitive data, soci-
ety guidelines still recommend fibrinogen level
monitoring,” and some groups advocate slowing
down thrombolytic infusion rate once fibrinogen
level is<1.5g/L and stopping the infusion com-
pletely once fibrinogen level is < 1.0 g/L.14 At our in-
stitution, we do not routinely monitor fibrinogen
levels. Higher thrombolytic doses and longer dura-
tion of infusion are associated with significantly
higher risks of bleeding complication.'*

10.1.2 Management of Bleeding
Complications

Once a major bleeding episode is identified, the
fibrinolytic and heparin infusions should be stopped
immediately, and hemodynamic resuscitation should
be initiated. The half-life of tPA is approximately
5 minutes. Laboratory evaluation of hemoglobin, pla-
telet, international normalized ratio (INR), PTT, and
fibrinogen levels should be attained. Depending on
the laboratory findings, the patient may require
blood products including fresh frozen plasma (FFP),
cryoprecipitate, fibrinogen concentrate, platelets,
and packed red blood cell transfusion. Some groups
also administer tranexamic acid, an antifibrinolytic
agent, for cases of severe hemorrhage, although in
most cases, the 5-minute half-life of tPA is short
enough that cessation of the infusion should be

sufficient. Protamine can be administered for rapid
reversal of heparin AC at a dose of 10 mg for every
100U of heparin, with a maximum dose of 50 mg.
Given the emergent nature of major bleeding com-
plications in the setting CDT/PCDT, there is a paucity
of evidence on optimal management algorithm, and
specific protocols vary between providers and insti-
tutions.'617 Persistent bleeding may require more
aggressive interventions including embolization. The
management of ICH is outside of the scope of this
chapter, but includes optimization of intracranial
pressure, blood pressure, and respiratory status. It is
important to differentiate hematuria from periproce-
dural hemoglobinuria, which occurs commonly fol-
lowing PCDT with rheolytic thrombectomy, and will
typically resolve in 24 to 32 hours. Minor bleeding
episodes such as pericatheter oozing can be man-
aged conservatively with manual compression.

10.1.3 Summary

Although the rate of major bleeding during CDT/
PCDT for VTE is low, careful patient selection and
vigilant monitoring during thrombolysis are essen-
tial to identify and mitigate the morbidity from these
bleeding episodes. Once major bleeding is identified,
thrombolytic and AC infusions should be immedi-
ately stopped, and resuscitation with coagulation
factors and blood products may be required. Serial
monitoring of fibrinogen levels remains an area of
controversy, with conflicting evidence regarding the
need to reduce or cease thrombolytic infusion at
lower fibrinogen levels.
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10.2 Quality Improvement and
Safety of Treatment of
Thromboembolic Disease and
Guidelines and Complication
Thresholds for Treatment of DVT
and PE

Boris Nikolic

The risks associated with deep vein thrombosis
(DVT) are considerable and include pulmonary em-
bolism (PE), postthrombotic syndrome, paradoxical
(functionally patent foramen ovale-related) emboli-
zation, or limb or life loss due to venous gangrene
and congestion with potentially massive fluid
sequestration that may lead to circulatory collapse
(phlegmasia cerulea dolens). Although clinical in-
formation is not always reliable, a dichotomization
into acute and Chronic DVT based on DVT presence
of less than or more than 3 weeks, respectively, is
scientifically well grounded in histopathological
findings. As with any treatment, therapeutic suc-
cess is dependent upon diagnostic accuracy. Acute
DVTs are not always distinguishable from chronic
DVTs based on clinical history and acute on chronic
manifestations may occur. As such, initiation of
thrombolysis that is not primarily or that is incom-
pletely successful may guide the interventional
operator to acknowledge the presence of chronic
thrombus and to proceed with mechanical recanali-
zation and venous stent placement. Furthermore,
it is important to recognize distinct underlying
pathologies, such as May-Thurner (Cockett's)

syndrome, venous compression by tumor, or hyper-
coagulable states, and to address those specifically
as indicated and feasible.! This author generally
advocates for the existence of institutional,
evidence-based treatment algorithms, including
one for patients referred for endovascular therapy
of DVT and meeting such criteria, as exemplified
in » Fig. 10.1.

Endovascular venous thrombus removal can
occur with pharmacological (systemic thrombolysis,
flow-directed thrombolysis, catheter-directed intra-
thrombus thrombolysis) or mechanical means (clot
pulverization), but a combined pharmacomechani-
cal approach is often the preferred one, where
mechanical clot pulverization increases the exposed
clot target surface area for plasminogen-activated
thrombolysis, thus reducing hospital and ICU stay.
In considering the indication for endovascular treat-
ment of acute DVT, assessment of clinical severity is
of particular relevance. The ATTRACT (Acute Venous
Thrombosis: Thrombus Removal with Adjunctive
Catheter-Directed Thrombolysis) trial (currently
unpublished data)—largely considered sentinel in
addressing the topic of approaching therapy of acute
DVT—failed to show the superiority of endovascular
treatment compared to systemic treatment in reduc-
ing future development of postthrombotic syndrome
or in lowering treatment-related adverse event rates.
Consequently, an interventional approach would
generally not be justified in asymptomatic patients,
which more commonly have thrombus limited to
the femoropopliteal system. However, in severely
symptomatic patients and in those with acutely
threatened limbs—where iliac venous system

Fig. 10.1 Axial (@) and coronal (b) computed tomography images demonstrating peripheral calcifications of the lower
IVC And iliac veins as sequalae of chronic venous occlusion. (c) coronal computed tomography images demonstrating
the top of the filter penetrating outside of the caval wall (arrow).

Source: Samuel M, Nahab B, Chadalavada S. Balloon-assisted retrieval of a retained vascular sheath during complex inferior
vena cava filter removal. Semin Intervent Radiol. 2023; 40(3):298-303.
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involvement is typical—endovascular therapy is
preferable over open surgical treatment.23:4

The most common major adverse event associated
with endovascular treatment of DVT is substantial
bleeding—with its intracranial manifestation being
most feared.> Occurrence of symptomatic PE has also
been reported. Frequency and severity of adverse
events can often be reduced with proper patient
selection and properly rigorous intra- and peripro-
cedural monitoring. With regard to the former, pa-
tients with absolute contraindications, that is, active
internal hemorrhage, recent stroke, transient ische-
mic attack (TIA) or cerebral trauma, or absolute con-
traindication to anticoagulation, should be excluded
from thrombolysis considerations. With regard to
the latter, initial micropuncture set venous access,
a recombinant tissue plasminogen activator dose
of <1 mg/h, presence of frequent nurse-to-patient
contact, monitoring of fibrinogen levels, immobili-
zation of the punctured extremity, avoidance of
stand-alone mechanical thrombolysis, and assur-
ance of subtherapeutic effects of any anticoagu-
lants that had previously been administered to the
patient lower the risk profile for the occurrence of
adverse events.57

Procedural efficacy outcome has been measured
based on removal of >50% of thrombus resulting
in restoration of iliofemoral flow and absence of
early (1-3 months postprocedural) thrombosis
recurrence.” Corresponding practice thresholds for
both parameters, below which an internal investi-
gation should be considered, have been set by the
Standards of Practice Committee of the Society of
Interventional Radiology (SIR) as 80% each, pro-
vided that intrathrombus thrombolytic therapy oc-
curred, treated thrombus was predominantly acute,
heparin-based therapy could be administered dur-
ing catheter manipulation and postprocedure com-
pletion, and that underlying flow-limiting stenoses
were appropriately therapeutically addressed with
venoplasty or stent placement.89.1011.12

As for any complex interventional procedure,
care is incomplete and inadequate without post-
procedural clinical follow-up. In the case of endo-
vascular DVT therapy, this entails at least two
follow-up clinic visits with evaluation for post-
thrombotic syndrome (in>80% of patients), post-
procedural administration of anticoagulation for at
least 3 months if DVT was related to a major ini-
tiating event (e.g., major surgery, trauma, etc.) and
for 6 months in the absence of such event as well
as arrangements for inferior vena cava (IVC) filter

removal, if placed intraprocedurally. With regard
to the latter, it is notable, however, that procedure-
related PE is uncommon® and the appropriateness
of IVC filter placement is therefore unclear.!?
Longer-term postprocedural (i.e., 2-year-long) ap-
plication of elastic compression stockings has not
proven more effective than placebo in more recent
investigation but may be beneficial for more rapid
reduction of swelling during the initial postproce-
dural weeks and for longer-term postthrombotic
syndrome management in individual patients.'4

In summary, a distinction between mostly acute
and mostly chronic presence of DVT fundamentally
impacts the type of treatment and endovascular
technique. Patients with acute DVT, where endovas-
cular management is considered, should be care-
fully selected, well monitored periprocedurally, and
rigorously followed clinically for outcome. Based on
most recent data, a highly symptomatic and threat-
ened limb seems to present the most convincing
indication for endovascular intervention.
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Filter-Related Adverse Events and Thresholds

10.3 Filter-Related Adverse
Events and Thresholds

Boris Nikolic

Monitoring and evaluating inferior vena cava (IVC)
filter-related adverse events should never be con-
sidered or analyzed in isolation, but be embedded
into an adequately comprehensive quality im-
provement program. Additional parameters, such
as appropriateness of indication and patient selec-
tion, adequacy of preprocedural preparation, post-
procedural patient monitoring, and retrieval rate
for temporary IVC filters are additional parameters
that fundamentally affect quality. These factors
may also be causally related to adverse event
occurrences. Some examples are permanent IVC
filter placement in a preprocedurally bacteremic
patient (where a subsequently placed IVC filter
acts as a constant nidus for ongoing infection),
wrong patient IVC filter insertion, allergic reaction
to contrast media administration due to failure of
preprocedural review of such available history,
filter malpositioning or filter embolization in pa-
tients with anatomic variations or mega vena cava,
respectively, that could have been recognizable dur-
ing additional preprocedural review of existing
cross-sectional imaging, etc. Along similar lines, pre-
mature discharge of a patient that is not fully awake
and alert after receiving moderate sedation or punc-
ture site hematoma formation may result from inad-
equate postprocedural patient monitoring.

Potential access site-related adverse events in
association with IVC filter insertion include bleed-
ing (6-15%)! and thrombosis (3-10%),2 although
the true incidence in general—and for individual
operators/facilities in particular—is largely uncertain
given the variability of patient follow-up and prob-
able lack of clinical manifestation in most patients.
Arteriovenous fistula formation and incomplete fil-
ter opening during deployment are theoretical risks
but without respective recent reporting of inciden-
ces of occurrence. Aside from filter misplacement
within the IVC, nontarget filter deployment into the
gonadal vein, superior mesenteric vein, aorta, and
within the spinal canal have all been reported.34567
Other than a minor malposition near the target area,
filter malpositioning seems an avoidable phenom-
enon with proper utilization of image guidance (in-
travenous cavography and intravascular ultrasound).
Similarly, upside-down filter placement should be

considered a never event in interventional radiology.
Specific thresholds for potential IVC filter-related
adverse events have previously been established by
the Standards of Practice Committee of the Society
of Interventional Radiology (> Table 10.1). Per-
formance of an internal institutional investigation
is usually recommended when any of these thresh-
olds are exceeded. However, factors such as patient
sampling/selection bias or device failure and spe-
cifics may well contribute to such a scenario and
early assignment of blame to the operator is there-
fore generally misguided. An additional caveat for
threshold application arises if a specific procedure
is rare at an institution, so that individual adverse
events have disproportionate impact on the overall
procedural volume percentage, which may even be
the case for IVC filter placement and/or removal at
some facilities. Impact of specific device or patient-
related factors may further compound analysis of
additional potential adverse events such as filter tilt,
caval wall perforation, filter fracture, pulmonary
embolism recurrence, and IVC thrombus formation
or occlusion, which would likewise complicate de-
termination of corresponding specific thresholds,
rendering such attempt arguably inappropriate at
this time. At the same time, rigorous patient follow-
up, reporting, and scientific study for all of these
events is highly warranted, so that thresholds can
be appropriately refined where they exist and
operator-related influences can be scientifically un-
covered where thresholds are currently lacking.
Over the last few years, much discussion has
evolved around adverse events that may more

Table 10.1 Reported inferior vena cava filter
complication rates

Complication Reported Threshold (%)
rates (%)

Death 0.12 <1

Filter embolization 0.1 1

Filter malposition 1-9 0

Access site occlusive  3-10 3

thrombosis

Source: Molvar C. Interior vena cava filtration in the
management of venous thormboembolism: filtering the
data. Semin Intervent Radiol. 2012; 29(3):204-217.
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commonly afflict some types of retrievable IVC
filter, such as filter fractures, migration as well as
embolization of filter parts or the entire devices,
device tilt, and caval wall perforation.8210.11 For
IVC filters that are implanted if only temporary
protection from pulmonary embolism is needed,
relevance and requirement of patient monitoring
often extends many weeks beyond the immediate
postprocedural recovery time. Lack of patient
tracking and filter retrieval seems to be associated
with generally higher frequencies of fracturing of
filter material or caval wall perforation, at least for
individual device types.'>13 A number of adverse
events including but not limited to fragment embo-
lization to the right heart, pulmonary arterial sys-
tem, pericardium, iliac vein, and kidney have all
been reported. The sequelae of caval wall perfora-
tion and filter migration may cause symptoms such
as back pain, retroperitoneal hematoma, lumbar ar-
tery pseudoaneurysm formation, or gastrointestinal
injury.1314151617 Careful patient follow-up and in-
troduction of dedicated filter retrieval clinics have
therefore been advocated, implementation of which
has been accompanied by the expected increases in
reported filter retrieval rates.18192021.22.23 Apalysis
of the MAUDE database seems to suggest that ad-
verse events are significantly more frequent in re-
trievable IVC filters than in permanent IVC filters;
however, more rigorous follow-up and higher re-
porting rates for retrievable filters may well account
for or contribute to this finding.2 Generalized judg-
ment regarding retrievable IVC filters may fre-
quently be inappropriate, given the differences in
individual filter design, variability of reporting and
reported rates of adverse events for individual fil-
ters, evolution of individual filters in terms of man-
ufacturing process, required retrieval technique and
needed supplies, as well as overwhelmingly lower
levels of evidence in the currently existing body of
literature, typically presented as retrospective,
single-center studies.2526

Benefits of retrieval of IVC filters that are designed
and labeled for such procedure as soon as their pres-
ence is no longer indicated have been well docu-
mented, because longer filter dwell times have been
associated with increased risks of DVT as well as de-
vice fractures, limb perforation, and migration for at
least some filter types.9.1427.282930 At the same time,
successful filter removal has been accomplished after
6 months for a variety of filter types, because of
which such longer dwell time alone should generally

not discourage retrieval attempts.31:3233 Specific
parameters known to potentially complicate filter
retrieval are filter tilt, IVC wall perforation, and frac-
tured or intraretrieval fracturing of filter material,
and advanced retrieval techniques may be required
for device removal under these circumstances.>* A
larger portion of published literature is dedicated to
description of such advanced retrieval techniques,
which include bronchial forceps use, balloon disrup-
tion, loop snare technique, and laser assistance 83°36
Lower incidences of strut penetration and filter tilt
have been reported for Denali filters compared to
Celect filters.?6 As advanced technique applications
may be associated with a higher adverse event
rate, a more cautious approach in utilization of
these techniques seems prudent.® Adverse events
described with filter retrieval include IVC intussus-
ception and dissection, filter fracturing, and hem-
orrhage (MAUDE). The general rule is to exercise the
best case-based judgement in deciding whether fil-
ter retrieval or leaving a given filter in situ has the
lower risk-to-benefit ratio prevails here as much as
elsewhere in the practice of medicine. Referring the
patient to a high-volume center with vast experi-
ence in filter retrieval may sometimes be most
advisable for these generally elective procedures.

Placement of filters in the suprarenal IVC and
superior vena cava (SVC) has been described an-
ecdotally and in smaller case series.3” Meaning-
ful generalized conclusions cannot be drawn
from the currently existing literature, and the
potential for adverse events may be partly simi-
lar to what has been described for IVC filters
placed in the infrarenal position. IVC filter place-
ment is rarely indicated in pediatric patients and
is often performed in patients with very limited
prognosis where filter removal may therefore
not be required.

In summary, the myriad of existing filter types
and rapid generational evolution of devices fre-
quently limits generalized conclusions and compa-
rability among filters. Placement of retrievable
filters should be followed by rigorous follow-up
and device removal—if possible—as soon as its use
is no longer indicated. Filter retrieval should
always be attempted in completeness and include
efforts to retrieve fractured fragments, if feasible.
Scientifically rigorous efforts to prove IVC filtration
effectiveness on the basis of strong evidence seem
to be one of the most challenging yet meaningful
tasks at this time.
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