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Acute pulmonary embolectomy with
cardiopulmonary bypass support
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Deep venous thrombosis and
pulmonary thromboembolism remain ma-
jor sources of patient morbidity and mor-
tality. The authors present the case of a
55-year-old man with a massive pulmo-
nary embolism and subsequent hemody-
namic decompensation who was success-
fully treated by open pulmonary embolec-
tomy supported with cardiopulmonary
bypass. Indications for embolectomy and
patient selection as well as technical con-
siderations are discussed.
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Deep venous thrombosis and pulmonary em-
bolism remain major causes of patient mortal-
ity and morbidity despite advances in diagno-
sis and therapy.! Acute, massive pulmonary
emboli may produce hemodynamic instability
and profound systemic and cerebral hypoxe-
mia.? We present the case of a 55-year-old man
in whom a massive pulmonary embolus devel-
oped after the institution of thrombolytic ther-
apy for iliofemoral venous thrombosis. The pa-
tient was successfully treated with open pul-
monary embolectomy with the support of a
pump-oxygenator. We discuss the technique of
pulmonary embolectomy as well as considera-
tions in patient selection.
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Report of case

A 55-year-old man was seen for evaluation of exer-
tional dyspnea of 2 weeks’ duration. The patient
had no previous history of cardiac or pulmonary
illness, chest pain, cough, or hemoptysis. He had
had a deep venous thrombus in his right leg 12
years earlier. It had been treated for 3 months with
oral warfarin therapy. There were no residual prob-
lems. The patient had a history of cigarette smok-
ing of 50 pack-years. He denied having any recent
or current lower extremity trauma, pain, or swel-
ling. Results of physical examination and routine
laboratory studies were unremarkable. Concentra-
tions of arterial blood gases were within normal
limits, as were the results of a resting surface elec-
trocardiogram.

Results of a treadmill stress test suggested myo-
cardial ischemia. Bilateral cardiac catheterization
was performed by using a right femoral approach.
Coronary artery anatomy was normal, as was left
ventricular function. There was moderate pulmo-
nary hypertension (right ventricular pressure, 50/
7 mm Hg; pulmonary artery, 60/24 mm Hg). The
patient was discharged from the hospital only to
return 4 days later complaining of swelling and
pain in the left leg.

Findings of a qualitative venous Doppler ultra-
sound study were highly suggestive of left deep ve-
nous thrombosis, and contrast venography of the
left leg was performed (Fig 1). No contrast was visu-
alized in the deep leg veins. Faint filling of the
iliac vein from the greater saphenous vein was
seen. A ventilation/perfusion scan was obtained.
Results of the xenon washout ventilation scan were
normal. The perfusion lung scan showed un-
matched defects bilaterally, consistent with pul-
monary emboli (Fig 2).

The patient was hospitalized and placed on ab-
solute bed rest. Intravenous thrombolytic therapy
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for the iliofemoral deep venous thrombosis was in-
stituted with streptokinase. An initial bolus injec-
tion of 250,000 IU was followed by a continuous
infusion of 100,000 IU/hour. Six hours after throm-
bolysis was instituted, the patient got out of bed
and had sudden, severe dyspnea and cough.

On measurement of arterial blood gases, the PO,
was 52 mm Hg on a 2-L/min nasal cannula. The
patient’s room air PO, had been 61 mm Hg. Dysp-
nea worsened and the patient was transferred to
the intensive care unit. His arterial blood gas val-
ues worsened (pH, 7.31; PO,, 48 mm Hg; PCO,, 34
mm Hg; saturation, 79%), and he required en-
dotracheal intubation and mechanical ventilatory
support. Hemodynamic instability ensued and re-
quired dopamine hydrochloride infusion. Despite
vasopressor support and full ventilatory support
with a fractional concentration of oxygen in in-
spired gas (FI0,) of 1.0, the systolic blood pressure
could not be maintained above 90 mm Hg, nor could
the arterial PO, be kept above 60 mm Hg. The pa-
tient was transferred to the cardiac surgery unit.

Median sternotomy was performed. The right
atrium and ventricle were tense and distended. The

left ventricle contracted normally. On aortic can-
nulation, dark, desaturated blood was obtained.

The patient was placed on cardiopulmonary by-
pass. The ascending aorta was cross-clamped and
diastolic arrest induced with cardioplegic solution.
A longitudinal incision was made in the main pul-
monary artery (Fig 3). No thrombus material was
evident there. The pleural spaces were entered bi-
laterally; the lung parenchyma was manually com-
pressed. With the use of curved Randall stone for-
ceps, several large clots were removed from the
right and left pulmonary arteries (Fig 4). The pulmo-
nary arteriotomy was closed with continuous nonab-
sorbable monofilament sutures (Fig 5).

The patient was separated from cardiopulmon-
ary bypass without difficulty, and arterial oxygen
saturation improved dramatically. After decannu-
lation, a Greenfield inferior vena cava filter car-
tridge was passed through the right atriotomy and
guided into the inferior vena cava. Fluoroscopy
guided filter placement and discharge. The chest
was closed, the patient was returned to the inten-
sive care unit, and a low-dose infusion of dopamine
hydrochloride was started. Hemodynamic parame-

Figure 1. Lower extremity contrast venograms showing faint visualization of the iliac and femoral veins (left frame)
via the superficial saphenous system (right frame). The remainder of the deep venous system Is occluded.
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Figure 2. Perfusion lung scan showing bilateral defects consistent with pulmo-
nary emboli. These defects were unmatched on ventilation lung scan.

ters were stable and arterial oxygenation was ex-
cellent.

The patient was extubated on the first postop-
erative day and had an uncomplicated convales-
cence. He was discharged from the hospital 9 days
after surgery. Follow-up examinations have shown
him to be well, and his dyspnea has abated.

Discussion

Acute, open pulmonary embolectomy remains
a controversial procedure.35 The first attempts
at surgical removal of pulmonary emboli were
reported by Trendelenburg in 1908, when he
described the operation that bears his name.
He was unable, however, to report any survi-
vors of the procedure.>$ Successful embolec-
tomy was first reported by Kirschner (a stu-
dent of Trendelenburg) in 1924.7 Scattered clini-
cal reports appeared over the next four dec-
ades, with poor patient survival.®? Because it
had a high mortality rate, the procedure was
not widely used.

The development of clinically applicable car-
diopulmonary bypass spurred a renewed in-
terest in surgery for pulmonary embolus. Over
the next 30 years, the number of reports of
successful procedures burgeoned, although the
mortality rate remained significant.!%16 Refine-
ments in cardiopulmonary bypass and myocar-
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dial protection have furthered the acceptabil-
ity of the procedure.

Patient selection based on preoperative hemo-
dynamic and oxygenation data correlates well
with a successful surgical outcome.!” Patients
who have experienced cardiac arrest have been
successfully treated with surgery, but their
overall survival rate is lower than that of pa-
tients without an episode of arrest.!®

Pulmonary embolectomy has been per-
formed in the modern era without cardiopul-
monary bypass support.'® In an analysis of 651
cases in the literature, however, Del Campo?°
found that survival was improved in patients
who were supported with a pump-oxygenator.
His review gives a concise analysis of survival
data in published series.2?

Surgical technique using cardiopulmonary
bypass is relatively standard. The method of
cannulation may vary with patient status, as
may the timing of cannulation and bypass (eg,
femoral-femoral cannulation before sterno-
tomy).1420.21 The current refinements in per-
cutaneous portable bypass techniques may fur-
ther expand the pool of patients who are can-
didates for embolectomy.

Once cardiopulmonary bypass is established
and aortic cross-clamping achieved, the main
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bolectomy. The main pulmonary artery is incised above
level of valve and below arterial bifurcation.

Figure 4. Use of curved stone forceps to grasp and ex-
tract thrombus from the right pulmonary artery.

pulmonary arteryisincised longitudinally and
monofilament stay sutures are placed in each
side of the arteriotomy for traction. Thrombus
material may not be immediately seen in the
lumen. We find that a curved stone forceps
works nicely for extraction of clot from the
right and left pulmonary trunks and their
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Figure 5. After embolectomy, pulmonary arteriotomy is
closed with continuous nonabsorbable monofilament su-
tures.

branches. Manual compression of the lungs
helps to “milk” the distal aspect of the clot back
into the main arterial branches where it can
be easily extracted.!?2! Beckman and col-
leagues?? described direct visualization of the
arterial lumen by use of a flexible fiberoptic
choledochoscope as a valuable adjunct to
“blind” extraction with forceps or an embolec-
tomy catheter.?

The pulmonary arteriotomy is closed primar-
ily with continuous monofilament sutures. The
procedure can be performed without cardiople-
gic arrest.14

Some authors describe the concomitant use
of a procedure that interrupts the vena cava
to reduce the risk of recurrent embolism.!42!1
In our patient, we elected to use the Green-
field filter because of the ease of intraluminal
placement without the need for a second op-
erative incision. The right atrial cannulation
site provides superb access for passage of the
relatively bulky filter cartridge.

Difficulty in postoperative management is
usually related to the presence of pulmonary
infarction, complications associated with car-
diopulmonary bypass, or profound preopera-
tive cerebral anoxia with resultant neurologic
impairment.1419

Case report * Waters and Stanley



The role of preoperative pulmonary angiogra-
phy is often affected by the rapidity of hemo-
dynamicandrespiratory deterioration. Pulmo-
nary angiograms should be obtained when the
clinical situation permits and can be performed
while the patient is supported on portable car-
diopulmonary bypass.14:20:21.23 [ patients with
documented deep venous thrombosis undergo-
ing thrombolytic therapy, sudden cardiopul-
monary collapse is associated with the occur-
rence of a massive pulmonary embolism, and
surgery may be undertaken without delay for
arteriography.?l%4

It is interesting to note that it was a case
of fatal pulmonary embolism in a young pa-
tient that spurred John Gibbon?® to seek a
method that would artificially both pump and
oxygenate the blood. His development of the
pump-oxygenator and clinical cardiopulmon-
ary bypass ushered in a new surgical era.
While the treatment of congenital and ac-
quired cardiac defects seems to have been the
major beneficiary of bypass technology, there
is a pleasing irony in its use to rescue patients
from the very malady that fostered its inven-
tion.

Comment

Emergency open pulmonary embolectomy can
be a lifesaving procedure in properly selected
patients. Combined with the use of cardiopul-
monary bypass, it is a valuable treatment op-
tion for patients who have massive pulmonary
embolism associated with hemodynamic com-
promise and refractory hypoxemia.
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