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Although anticoagulation remains the mainstay of treatment of acute venous thromboembolism (VTE), the use of
thrombolytic agents or thrombectomy is required to immediately restore blood flow to thrombosed vessels. Nevertheless,
systemic thrombolysis has not clearly been shown to improve outcomes in patients with large clot burdens in the lung or
legs as compared with anticoagulation alone; this is in part due to the occurrence of intracranial hemorrhage in a small
percentage of patients to whom therapeutic doses of a thrombolytic drug are administered. Algorithms have been de-
veloped to identify patients at high risk for poor outcomes resulting from large clot burdens and at low risk for major
bleeding in an effort to improve outcomes in those receiving thrombolytic therapy. In acute pulmonary embolism (PE),
hemodynamic instability is the key determinant of short-term survival and should prompt consideration of immediate
thrombolysis. In hemodynamically stable PE, systemic thrombolysis is not recommended and should be used as rescue
therapy if clinical deterioration occurs. Evidence is accumulating regarding the efficacy of administering reduced doses of
thrombolytic agents systemically or via catheters directly into thrombi in an effort to lower bleed rates. In acute deep
venous thrombosis, catheter-directed thrombolysis with thrombectomy can be used in severe or limb-threatening
thrombosis but has not been shown to prevent postthrombotic syndrome. Because the management of acute VTE can
be complex, having a rapid-response team (ie, PE response team) composed of physicians fromdifferent specialtiesmay aid
in the management of severely affected patients.

LEARNING OBJECTIVES

• Describe risk stratification strategies in patients with acute pulmonary embolism
• Review current evidence on the efficacy and safety of systemic and catheter-directed thrombolytic therapy in
pulmonary embolism and deep vein thrombosis

• Examine the role of pulmonary embolism response teams

Clinical case
A 36-year-old woman was brought to the emergency
department with a 1-day history of progressive shortness of
breath and pleuritic chest pain. Vital signs showed pulse of
142 beats per minute, respiratory rate of 38 breaths per
minute, blood pressure of 128/94 mmHg, and weight of 200
lbs; before being given oxygen, her oxygen saturation on
room air was 75%. D-dimer level was very elevated at 8238
ng/mL, lactatewas 3.7mmol/L (normal range, 0.5-2mmol/L),
and pro–B-type natriuretic peptide (proBNP) was 2636 pg/mL
(reference range, 0-178 pg/mL). Computed tomography
pulmonary arteriography showed pulmonary emboli with
a saddle embolus and extension into all lobar pulmonary
arteries; there was evidence of right heart strain, with
interventricular septal flattening and right ventricular
(RV)/atrial dilatation. Her risk factors were use of an oral

contraceptive for 10 years and obesity. She was started

on a heparin infusion, and the pulmonary embolism (PE)

response team (PERT) was consulted. Shortly after the

heparin infusion was initiated, the patient became hy-

potensive, with BP of 90/60 mmHg. Because she had no

contraindications to systemic thrombolysis, she was ad-

ministered half-dose tissue plasminogen activator (tPA) IV

(10 mg bolus followed by 40 mg over 2 hours along with

unfractionatedheparin). She clinically improvedover several

hours, with marked improvement of hypoxia. Fibrinogen

level wasmonitored, reaching a nadir at 83mg/dL (reference

range, 180-400 mg/dL); she had a brief episode of epistaxis.

She was discharged on therapeutic anticoagulation on the

fourth hospital day.
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Introduction
Venous thromboembolism (VTE), which includes deep vein
thrombosis (DVT) and PE, is a common vascular disease with
significant morbidity andmortality. The mortality rate of VTE has
substantially decreased over the last few decades as a result of
advances in diagnosis and management.1,2 Nonetheless, early
mortality remains a major complication, occurring in 3.1% to 4%
of PEs and 0.7% of DVTs.1,2

The cornerstone of treatment of VTE is anticoagulation. In a
majority of patients, therapeutic anticoagulation is effective in
preventing thrombus propagation and distal embolization while
allowing the endogenous fibrinolytic system to dissolve the
existing clots. In severe cases, such as those with acute RV
failure, hemodynamic instability, and sudden cardiac arrest in PE
or phlegmasia cerulea dolens in DVT, reperfusion therapy aimed
at thrombus dissolution with immediate restoration of vascular
patency is warranted to save life or limb function. Methods of
reperfusion are categorized as pharmacological (systemic or
catheter-directed thrombolysis [CDT]), mechanical (surgical or
catheter-based embolectomy), or a combination of both.

In VTE, the potential benefits of thrombolysis include im-
mediate symptom relief, prevention of clinical deterioration and
short-term mortality, and prevention of long-term complica-
tions, such as chronic thromboembolic pulmonary hypertension
and postthrombotic syndrome (PTS). However, evidence sup-
porting the benefits of thrombolysis are inconclusive, and de-
bate continues over whether, when, and which modality of
thrombolysis should be used for a given patient with VTE. In this
article, we present an update on evidence regarding the efficacy
and safety of thrombolytic therapy in PE and DVT.

PE
Are we able to effectively stratify high-risk patients who
will benefit from thrombolytic therapy?
The clinical presentation of PE represents a continuous spec-
trum, ranging in severity from no symptoms to hemodynamic
instability and sudden death. The prognosis, as well as the risk/
benefit ratio of thrombolytic therapy, varies widely based on
severity at presentation. During the initial assessment of PE, it is
therefore mandatory to identify those patients at risk of early
mortality to guide management decisions. An ideal strategy
would allow us to identify (1) patients who require immediate
reperfusion therapy; (2) patients who require hospitalization
and, within this group, those who may benefit from early ad-
vanced therapy, and (3) patients who can be safely discharged
and treated as outpatients.

The presence of hemodynamic instability is the most im-
portant determinant of short-term mortality and should prompt
immediate reperfusion therapy. Acute PE with hemodynamic
instability, manifested as cardiac arrest, profound bradycardia,
or persistent hypotension, represents a high-risk cohort with
massive PE.3,4 In this group, the 90-day mortality rate can be as
high as 52.4%.5 In a metaanalysis of 40 363 patients with acute
PE, 3.9% had unstable PE. These patients had increased risk of
short-term all-cause mortality (odds ratio [OR], 5.9; 95% confi-
dence interval [CI], 2.7-13.0) and PE-related mortality (OR, 8.2;
95% CI, 3.4-19.7) compared with their stable counterparts.6

Given this dire prognosis, systemic thrombolytic therapy is
justified to rapidly resolve pulmonary vascular obstruction. To
date, there has been only 1 randomized control trial (RCT)
comparing systemic thrombolysis with anticoagulation alone in

patients with massive PE.7 In this trial, 8 patients with massive PE
and cardiogenic shock were enrolled and randomly assigned to
receive either 1.5 million IU of streptokinase and heparin or
heparin alone. The trial was terminated after all 4 patients (100%)
in the heparin group died compared with none (0%) in the
streptokinase group. The streptokinase group had clinical and
echocardiographic improvement within the first hour of treat-
ment. Notwithstanding its methodological limitations, this early
evidence suggests a mortality benefit of systemic thrombolysis in
massive PE. In recent VTE registries, unstable PE patients who
received thrombolytic therapy had a lower risk of short-term
mortality than those who did not (OR, 0.69; 95% CI, 0.49-
0.95).6 Barring contraindications (Table 1), systemic thrombolytic
therapy is indicated for acute PE with hemodynamic instability.3,4

Surgical embolectomy or percutaneous catheter-directed treat-
ment is an alternative for thosewith contraindications to systemic
thrombolysis.

A large majority of hemodynamically stable PE patients
(∼50% to 60%) fall between the 2 extremes of hemodynamically
unstable and low-risk PE. Among these intermediate-risk PE pa-
tients, the short-term mortality rate ranges from 3.2% to 11.4%.8

Many clinical (concomitant DVT and respiratory index), imaging
(RV dysfunction on echocardiogram or computed tomography),
laboratory (troponin, BNP, N-terminal proBNP, lactate, and heart-
type fatty acid-binding protein levels), or combined parameters
have been shown to be associated with higher risk of clinical
deterioration and early mortality in hemodynamically stable pa-
tients with PE.9 However, none have been shown to effectively
identify patients who will benefit from routine early advanced
therapies, including systemic thrombolysis.

In hemodynamically stable PE, RV dysfunction, detected by
echocardiography or computed tomography, and elevation of
myocardial injury markers such as troponins are associated with
increased risk of short-term mortality.10,11 Patients presenting
with both are classified as intermediate-high–risk or submassive

Table 1. Contraindications to thrombolysis4

Contraindication

Absolute

History of hemorrhagic stroke or stroke of unknown origin

Ischemic stroke in previous 6 mo

Central nervous system neoplasm

Major trauma, surgery, or head injury in previous 3 wk

Bleeding diathesis

Active bleeding

Relative

Transient ischemic attack in previous 6 mo

Oral anticoagulation

Pregnancy or first postpartum week

Traumatic resuscitation

Refractory hypertension (systolic blood pressure >180 mmHg)

Advanced liver disease

Infective endocarditis

Active peptic ulcer
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PE. The role of early systemic thrombolysis to prevent short-term
adverse outcomes in this group of patients has been investi-
gated in the PEITHO trial.12 In this large RCT, tenecteplase (single
weight-based IV bolus; dose range, 30-50 mg) plus heparin was
compared with placebo plus heparin in 1005 patients with in-
termediate-high–risk PE. The primary outcome,whichwas death
or hemodynamic decompensation within 7 days after random-
ization, occurred more commonly in the placebo group (5.6%)
than the tenecteplase group (2.6%; OR, 0.44; 95% CI, 0.23-0.87;
P = .02). The effect was largely driven by the difference in he-
modynamic decompensation (5.0% vs 1.6%) and not by mor-
tality (1.8% vs 1.2%). The potential benefit was offset by the
higher bleeding events from thrombolysis. The tenecteplase
group had a fivefold higher risk of major bleeding (11.5% vs 2.4%)
and 10-fold higher risk of hemorrhagic stroke (2.0% vs 0.2%).
Long-term follow-up was continued in 709 randomly assigned
patients from the PEITHO study. Over themedian follow-up time
of 37.8 months, thrombolysis did not have a positive impact on
overall mortality rate, functional limitation, persistent symp-
toms, or chronic thromboembolic pulmonary hypertension.13

These results suggest that the combination of RV dysfunction
and myocardial injury is not sufficient to identify intermediate-
risk PE patients who will benefit from systemic thrombolysis.
Nevertheless, given the substantial risk of early hemodynamic
deterioration, closemonitoring iswarranted, and rescue therapy
should be considered for patients who develop hemodynamic
instability. In a recent metaanalysis, after excluding studies with
high risk of bias, systemic thrombolysis did not show a mortality
benefit over heparin alone (OR, 0.66; 95%CI, 0.42-1.06; N = 2054;
P = .08). Moreover, the incidence of major bleeding was sig-
nificantly higher in the thrombolysis group (OR, 2.90; 95% CI,
1.95-4.31; N = 1897; P < .001).14

In light of this evidence, full-dose systemic thrombolysis is
not routinely recommended for intermediate-risk PE and should
be reserved for patients presenting with hemodynamic insta-
bility or with clinical deterioration after anticoagulation. Addi-
tional studies to improve the risk/benefit ratio of thrombolysis
should focus on developing more effective risk stratification
tools to identify high-risk patients andminimize the bleeding risk
from thrombolysis using alternatives such as low-dose or CDT.

What is the evidence for low-dose thrombolysis?
Because the bleeding risk associated with thrombolysis is dose
dependent, lower doses of thrombolytic drugs may provide a
more favorable safety profile with comparable efficacy. Several
studies have been conducted to explore the feasibility of low-
dose thrombolysis. In the MOPETT study, 121 moderate PE pa-
tients were randomly assigned to receive low-dose tPA (50 mg
for patients ≥50 kg and 0.5 mg/kg for patients <50 kg) or an-
ticoagulation alone. At 28months, the low-dose tPA group had a
lower rate of pulmonary hypertension, with no difference in
mortality rate or recurrent PE. Interestingly, bleeding events
were not observed in either group.15 Low-dose tPA was also
compared with full-dose tPA in an RCT enrolling 127 acute PE
patients with hemodynamic instability or massive obstruction. In
this study, 50 mg of tPA (10 mg bolus followed by 40 mg by IV
clinical integration over 2 hours) was comparable to 100 mg of
tPA (10 mg bolus followed by 90 mg by IV continuous infusion)
with respect to improvement of RV dysfunction, lung perfusion
defects, and pulmonary obstruction. Although statistical sig-
nificance was not reached, bleeding was numerically lower in

the low-dose group.16 In a systematic review and metaanalysis,
low-dose tPA was associated with lower risk of major bleeding
than full-dose tPA (OR, 0.33; 95% CI, 0.12-0.91), with no differ-
ence in recurrent PE or all-cause mortality.17 In contrast, a pro-
pensity score–matched analysis of an administrative database
concluded that half-dose alteplase was associated with more
frequent treatment escalation, with similar rates of mortality and
major bleeding.18 At present, more evidence is needed to support
the use of low-dose thrombolysis. PEITHO-III (NCT04430569) is an
ongoing placebo-controlled RCT evaluating the efficacy of low-
dose alteplase administered as bolus (0.6mg/kg) in intermediate-
high–risk PE; the premise is that bleeding will be reduced if tPA is
administered over a short period.19

What is the role of CDT?
In clinical practice, only a fraction (30%) of eligible high-risk PE
patients receive systemic thrombolysis, possibly because of
contraindications and risk of bleeding.8 Catheter-directed
therapy provides an alternative reperfusion approach that al-
lows localized drug delivery and can be combined with me-
chanical thrombus removal. Catheter-based modalities include
mechanical thrombectomy (thrombus fragmentation, aspira-
tion, and rheolytic thrombectomy), pharmacologic CDT (via
thrombolytic infusion catheter or ultrasound-facilitated CDT), or
a combination of both.

The major advantage of CDT is the lower bleeding risk. In a
metaanalysis of outcomes of CDT in 1168 patients, the rates of
major bleeding were 6.7% and 1.4% in high- and intermediate-risk
PE, respectively, which seem more favorable than those associ-
ated with systemic thrombolysis (up to 20% in high- and 12% in
intermediate-risk PE).20 In a propensity score-matched adminis-
trative database analysis, CDT was associated with lower in-
hospital mortality and intracranial hemorrhage rates compared
with systemic thrombolysis in acute PE.21 Nevertheless, thebleeding
risk associated with CDT is still greater than anticoagulation alone
(1.1% to 1.7%).4 The procedure also requires specialized resources
and expertise that might not be readily available in many centers.
Most importantly, current evidence supporting the use of CDT in
acute PE is limited to a small RCT or single-arm studies focusing on
short-term surrogate outcomes rather than clinical outcomes
(Table 2).22-26 Therefore, thedecision to useCDT shouldbebasedon
individualized risk/benefit considerations.

In patients with high-risk PE, CDT is recommended when
systemic thrombolysis is contraindicated or has failed.3,4 In a
recent prospective registry, catheter-directed aspiration
thrombectomywith low-dose thrombolysis was administered to
54 patients with acute unstable PE. In-hospital PE-related death
occurred in 6 patients (11%), whereas hemodynamic stability was
achieved in the remaining 48 patients. One patient (2.1%) de-
veloped hemorrhagic stroke.27

The role of routine CDT in intermediate-risk PE remains
controversial. In the ULTIMA trial, ultrasound-assisted CDT was
superior to anticoagulation alone in terms of RV/left ventricular
ratio reduction from baseline at 24 hours.22 However, there was
no difference in mortality, recurrent VTE, or major bleeding at
90 days. Given the lack of evidence regarding short- and long-
term clinical benefits, CDT should be reserved for intermediate-
risk PE patients who develop signs of hemodynamic instability
despite adequate anticoagulation.4 Additional studies with
larger sample sizes are required to elucidate the optimal use
of CDT.
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What is the role of a PERT?
Given the limitations of risk stratification and availability of ad-
vanced therapies, the optimal management of acute PE can be
challenging. Treatment decisions, especially for intermediate-
and high-risk PE, require individualized and timely use of these
therapies. To aid this process, institutions caring for patients
with severe PE have established multidisciplinary PERTs. Although
the composition of the team varies by institution, a PERT often
includes specialists in cardiology, pulmonology, vascular medicine,
critical care, emergency medicine, hematology, interventional

radiology, and vascular or cardiothoracic surgery. Upon activation,
a PERT evaluates, triages, and provides treatment and follow-up
plans for patients with acute PE. The impact of PERTs on man-
agement and outcomes has varied among institutions. Compared
with historical controls, the initiation of a PERT led to increased use
of advanced therapies, particularlyCDT, shorter time to therapeutic
anticoagulation, and decreased use of inferior vena cava filters.28-31

The early involvement of interventional radiologists may help fa-
cilitate the identification of patients who are suitable for catheter-
directed therapies and avoid the bleeding risk from systemic

Table 2. Summary of key studies of DCT in intermediate-risk PE

Study N Study design
Study

population Treatment Comparison Efficacy Safety

ULTIMA22 59 RCT Intermediate-
risk PE

USAT: tPA at 10 mg via EKOS catheter +
therapeutic anticoagulation (n = 30)

UFH alone
(n = 29)

Mean difference in RV/
LV ratio from baseline
to 24 h

No major
bleeding

USAT tPA: 0.30 ± 0.20
Minor
bleeding

UFH alone: 0.03 ± 0.16
(P < .001)

USAT rtPA:
10%

No difference in
hemodynamic
decompensation,
recurrent VTE,
mortality at 90 d

UFH alone:
3% (P = .61)

SEATTLE
II23

150 Prospective
single arm

Massive PE
(n = 31; 21%)

USAT: tPA at 24 mg via EKOS catheter +
therapeutic anticoagulation

None Mean RV/LV ratio
decreased from
baseline (1.55) to 48 h
(1.13; P < .001)

30-d major
bleeding,
10%

Submassive
PE (n = 119;
79%)

PASP decreased at 48 h
30-d
mortality,
2.7%; no ICH

PERFECT24 101 Prospective
single arm

Massive PE
(n = 28; 28%)

Standard CDT (64%) or USAT via EKOS
catheter (36%) with tPA at 0.5-1.0 mg/h or
urokinase 100000 IU/hr + therapeutic
anticoagulation

None Clinical success*
achieved in 85.7%
massive PE and 97.3%
submassive PE

In-hospital
mortality,
5.9%

Submassive
PE (n = 73;
72%)

PASP decreased post-
CDT

No major
bleeding or
ICH at 30 d

No difference in PASP
change, tPA dose, or
infusion between USAT
and standard CDT

OPTALYSE-
PE25

101 Randomized
comparison
of 4 USAT
regimens

Intermediate-
risk PE

USAT: tPA at 8-24 mg via EKOS catheter +
therapeutic anticoagulation

4 USAT
regimens

Mean RV/LV ratio
decreased at 48 h in all
4 regimens

Major
bleeding at
72 h, 4%

2 ICHs (1
attributable
to USAT tPA)

Recurrent
PE, 1%

30-d
mortality, 1%

FLARE26 104 Prospective
single arm

Intermediate-
risk PE

Catheter-directed mechanical
thrombectomy without thrombolysis +
therapeutic anticoagulation

None Mean RV/LV ratio
decreased from
baseline (1.56) to 48 h
(1.15; P < .0001)

1 major
bleeding

No ICH

4 clinical
deterioration

1 death at
23 d

EKOS, EndoWave Infusion Catheter System; ICH, intracranial hemorrhage; LV, left ventricular; PASP, pulmonary artery systolic pressure; rtPA,
recombinant tPA; UFH, unfractionated heparin; USAT, ultrasound-assisted CDT.
*Clinical success was defined as stabilization of hemodynamics, improvement in pulmonary hypertension and/or right-sided heart strain, and survival
to hospital discharge.
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thrombolysis. Major bleeding and 30-day mortality rates were
lower after PERT involvement in 1 study,31 but this was not dem-
onstrated in others.32

In our clinical case, the patient was normotensive on pre-
sentation, with an elevated proBNP level and evidence of right
heart strain on computed tomography pulmonary arteriography;
this placed her in the intermediate-high–risk group. Although
immediate systemic thrombolysis was not clearly required, she
hemodynamically decompensated after anticoagulation was
initiated. Because she was at low risk for bleeding, the rec-
ommendation of the PERT was to administer low-dose tPA,
which was associated with clinical improvement.

DVT
How can we predict the risk of PTS in DVT patients?
In patients with acute DVT that is limb threatening or who have
progressive symptoms despite adequate anticoagulation,
thrombolysis and/or thrombectomy is indicated to improve
blood flow. Another proposed benefit of thrombolysis with or
without thrombectomy is the prevention of PTS by rapidly re-
lieving venous obstruction. PTS is a common long-term compli-
cation occurring in up to 50% of patients with lower-extremity
DVT. Risk factors for PTS include preexisting venous insufficiency,
iliofemoral DVT, high body mass index, older age, inadequate
anticoagulation during the first 3 months, and ipsilateral DVT
recurrence.33 Several models have been developed to predict the
risk of PTS in patients with DVT (Table 3).34-36 On the basis of these

models, the highest risk groups have a risk of 25% to 80.7% for
developing PTS. Although external validation is needed, elements
of these models may be useful in selecting DVT patients at high
risk for PTS who may benefit from strategies employing throm-
bolysis with or without thrombectomy.

Should thrombolysis be used to prevent PTS?
In the early clinical trials comparing systemic thrombolysis with
anticoagulation alone in DVT, thrombolysis was associated with
a nonsignificant reduction of PTS and a twofold higher bleeding
risk, particularly intracranial hemorrhage.37 Therefore, systemic
thrombolysis was not recommended as an adjunct to anti-
coagulation for the initial treatment of DVT. Pharmacological
and pharmacomechanical CDT have been investigated to pre-
vent PTS in selected patients with DVT. To date, 3 multicenter
RCTs have been conducted to assess the efficacy and safety of
these interventions (Table 4).38-40 In CaVenT, CDT prevented
PTS at 2 and 5 years. In contrast, the occurrence of PTS at 2
years was not significantly different in ATTRACT, although
CDT decreased PTS severity and rate of moderate to severe
PTS in the subgroup with iliofemoral DVT. In CAVA, which
enrolled only patients with iliofemoral DVT, the rates of PTS at
1 year were not different between the 2 groups. The risk of
bleeding increased with CDT in all studies. Although CDT led
to quality of life (QoL) improvement at 1 and 6 months in the
ATTRACT trial, none of the studies found long-term QoL to be
improved with CDT.

Table 3. Risk prediction models for PTS

SOX-PTS score34 Points Amin et al35 Points Méan et al36 Points

Age, y — >56 2 ≥75 1

BMI, kg/m2 ≥35 2 >30 2 —

DVT anatomy Iliac DVT 1 Iliofemoral
DVT

1 Multilevel thrombosis 1

Signs of preexisting venous
insufficiency

Baseline Vilalta
score

Varicose
veins

4 Prior varicose vein surgery 1

>14 (severe) 2

10-14 (moderate) 1

N of leg signs and symptoms* 1 (for each)

Other — Smoking 1 Concomitant antiplatelet/NSAID
therapy

1

Female sex 1

Provoked
DVT

1

History of
DVT

1

Risk category Total score PTS risk, % Total score PTS risk, % Total score PTS risk, %

Low 0 6.4 0-2 10 0-3 24.4

1 13.4

Intermediate 2 16.4 3-4 20 4-5 38.4

3 25

High ≥4 30 ≥5 40 ≥6 80.7

BMI, body mass index; NSAID, nonsteroidal antiinflammatory drug.
*Pain, cramps, heaviness, pruritus, paraesthesias, edema, skin induration, hyperpigmentation, venous ectasia, redness, and pain during calf
compression.
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In summary, CDT has not consistently been shown to reduce
the occurrence of PTS or improve long-term QoL and is asso-
ciatedwith an increased bleeding risk. Therefore, CDT should be
restricted to selected patients with severe symptoms and
a higher risk of PTS (iliofemoral DVT) who have a low risk of
bleeding. The use of validated prediction models for PTS in the
future may allow us to successfully reduce its occurrence in
future studies of CDT with or without thrombectomy.

Systemic or CDT can lead to a rapid improvement in vascular
patency in patients with severe PE and DVT. Because improved
clinical outcomes have not clearly been demonstrated in RCTs,
the selection of suitable candidates for these therapies remains
critical. Management of these patients can be facilitated by
taking a multidisciplinary team approach to their care, with
consideration of each patient’s clinical presentation, disease
severity, comorbidities, and bleeding tendency.
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