1636 anticoagulation for an indefinite duration with a target INR between

2 and 3 for patients with idiopathic VTE. An alternative approach
after the first 6 months of anticoagulation is to reduce the intensity
of anticoagulation and to lower the target INR range to between
1.5 and 2.
Counterintuitively, the presence of genetic mutations such as
heterozygous factor V Leiden and prothrombin gene mutation does
not appear to increase the risk of recurrent VTE. However, patients
with antiphospholipid antibody syndrome may warrant indefiniteduration anticoagulation, even if the initial VTE was provoked by
trauma or surgery.

PART 10
Disorders of the Cardiovascular System

INFERIOR VENA CAVAL (IVC) FILTERS
The two principal indications for insertion of an IVC filter are
(1) active bleeding that precludes anticoagulation and (2) recurrent
venous thrombosis despite intensive anticoagulation. Prevention of
recurrent PE in patients with right heart failure who are not candidates for fibrinolysis and prophylaxis of extremely high-risk patients
are “softer” indications for filter placement. The filter itself may fail
by permitting the passage of small-to medium-size clots. Large
thrombi may embolize to the pulmonary arteries via collateral veins
that develop. A more common complication is caval thrombosis
with marked bilateral leg swelling.
Paradoxically, by providing a nidus for clot formation, filters
increase the DVT rate, even though they usually prevent PE (over
the short term). Retrievable filters can now be placed for patients
with an anticipated temporary bleeding disorder or for patients at
temporary high risk of PE, such as individuals undergoing bariatric
surgery who have a prior history of perioperative PE. The filters can
be retrieved up to several months after insertion unless thrombus
forms and is trapped within the filter. The retrievable filter becomes
permanent if it remains in place or if, for technical reasons such as
rapid endothelialization, it cannot be removed.
MANAGEMENT OF MASSIVE PE
For patients with massive PE and hypotension, replete volume with
500 mL of normal saline. Additional fluid should be infused with
extreme caution because excessive fluid administration exacerbates
RV wall stress, causes more profound RV ischemia, and worsens LV
compliance and filling by causing further interventricular septal shift
toward the LV. Dopamine and dobutamine are first-line inotropic
agents for treatment of PE-related shock. Maintain a low threshold
for initiating these pressors. Often, a “trial-and-error” approach works
best; other agents that may be effective include norepinephrine,
vasopressin, or phenylephrine.
FIBRINOLYSIS
Successful fibrinolytic therapy rapidly reverses right heart failure
and may result in a lower rate of death and recurrent PE by
(1) dissolving much of the anatomically obstructing pulmonary arterial thrombus, (2) preventing the continued release of serotonin and
other neurohumoral factors that exacerbate pulmonary hypertension, and (3) lysing much of the source of the thrombus in the pelvic
or deep leg veins, thereby decreasing the likelihood of recurrent PE.
The preferred fibrinolytic regimen is 100 mg of recombinant
tissue plasminogen activator (tPA) administered as a continuous
peripheral intravenous infusion over 2 h. The sooner thrombolysis is
administered, the more effective it is. However, this approach can be
used for at least 14 days after the PE has occurred.
Contraindications to fibrinolysis include intracranial disease,
recent surgery, and trauma. The overall major bleeding rate is about
10%, including a 1–3% risk of intracranial hemorrhage. Careful
screening of patients for contraindications to fibrinolytic therapy
(Chap. 295) is the best way to minimize bleeding risk.
The only Food and Drug Administration–approved indication for
PE fibrinolysis is massive PE. For patients with submassive PE, who
have preserved systolic blood pressure but moderate or severe RV
dysfunction, use of fibrinolysis remains controversial. Results of a
1006-patient European multicentered randomized trial of submassive
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PE, using the thrombolytic agent tenecteplase, were published in
2014. Death or hemodynamic collapse within 7 days of randomization
was reduced by 56% in the tenecteplase group. However, hemorrhagic stroke occurred in 2% of tenecteplase patients versus 0.2% in
patients who only received heparin.
PHARMACOMECHANICAL CATHETER-DIRECTED THERAPY
Many patients have relative contraindications to full-dose thrombolysis. Pharmacomechanical catheter-directed therapy usually
combines physical fragmentation or pulverization of thrombus with
catheter-directed low-dose thrombolysis. Mechanical techniques
include catheter maceration and intentional embolization of clot
more distally, suction thrombectomy, rheolytic hydrolysis, and lowenergy ultrasound-facilitated thrombolysis. The dose of alteplase
can be markedly reduced, usually to a range of 20 to 25 mg instead
of the peripheral intravenous systemic dose of 100 mg.
PULMONARY EMBOLECTOMY
The risk of major hemorrhage with systemically administered fibrinolysis has prompted a renaissance of interest in surgical embolectomy, an operation that had almost become extinct. More rapid
referral before the onset of irreversible multisystem organ failure
and improved surgical technique have resulted in a high survival
rate.
PULMONARY THROMBOENDARTERECTOMY
Chronic thromboembolic pulmonary hypertension develops in
2–4% of acute PE patients. Therefore, PE patients who have initial
pulmonary hypertension (usually diagnosed with Doppler echocardiography) should be followed up at about 6 weeks with a repeat
echocardiogram to determine whether pulmonary arterial pressure has normalized. Patients impaired by dyspnea due to chronic
thromboembolic pulmonary hypertension should be considered
for pulmonary thromboendarterectomy, which, if successful, can
markedly reduce, and sometimes even cure, pulmonary hypertension (Chap. 304). The operation requires median sternotomy,
cardiopulmonary bypass, deep hypothermia, and periods of hypothermic circulatory arrest. The mortality rate at experienced centers
is approximately 5%. Inoperable patients should be managed with
pulmonary vasodilator therapy.
EMOTIONAL SUPPORT
Patients with VTE may feel overwhelmed when they learn that they
are suffering from PE or DVT. Some have never previously encountered serious cardiovascular illness. They wonder whether they will
be able to adapt to the new limitations imposed by anticoagulation. They worry about the health of their families and the genetic
implications of their illness. Those who are advised to discontinue
anticoagulation may feel especially vulnerable about the potential
for suffering recurrent VTE. At Brigham and Woman’s Hospital, a
physician-nurse–facilitated PE support group was initiated to
address these concerns and has met monthly for more than 20 years.

PREVENTION OF VTE
Prevention of DVT and PE (Table 300-4) is of paramount importance
because VTE is difficult to detect and poses a profound medical and
economic burden. Low-dose UFH or LMWH is the most common
form of in-hospital prophylaxis. Computerized reminder systems can
increase the use of preventive measures and, at Brigham and Women’s
Hospital, have reduced the symptomatic VTE rate by more than 40%.
Audits of hospitals to ensure that prophylaxis protocols are being used
will also increase utilization of preventive measures. Duration of prophylaxis is an important consideration. Extended-duration prophylaxis
has not been shown to be both effective and safe in medically ill patients
after hospital discharge in separate large trials that have tested enoxaparin, apixaban, and rivaroxaban. There is an ongoing trial of a novel
oral anticoagulant, betrixaban, for extended-duration VTE prophylaxis
in medically ill patients.
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