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Background: A massive pulmonary embolism (PE) is associated with high mortality once cardiac arrest occurs. Surgical

embolectomy is indicated in patients who have massive PE.

Case Report: A 62-year-old male emergently underwent surgical embolectomy after sustaining an intraoperative cardiac arrest

caused by a massive PE during an open reduction with internal fixation of a closed comminuted midshaft tibia fracture.

Postoperatively, the patient developed pulmonary hypertension and acute renal failure. He was treated with aerosolized

epoprostenol for right ventricular strain secondary to pulmonary hypertension. He survived the hospital course and was

discharged without any other major complications.

Conclusion: Surgical embolectomy is a viable option for massive PE, and aerosolized epoprostenol can be used as adjuvant

treatment for right ventricular strain secondary to acute pulmonary hypertension.
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INTRODUCTION

A massive pulmonary embolism (PE) resulting in cardiac
arrest is associated with a mortality rate up to 74%." Massive
PE refers to the sustained systemic hypotension or shock
secondary to significant right ventricular failure.? Surgical
embolectomy is indicated in patients with massive PE.>
We present the case of a patient who emergently underwent
open surgical embolectomy of the main pulmonary artery
after intraoperative cardiac arrest from a massive PE during
repair of a lower limb fracture. We also describe the use
of aerosolized epoprostenol for adjuvant treatment of
right ventricular strain secondary to acute pulmonary
hypertension.

CASE REPORT

A 62-year-old male with a history of chronic obstructive
pulmonary disease and smoking presented to the emergen-
cy department with a 3-day-old closed right midshaft tibia
fracture. The patient had slipped and fallen and was initially
evaluated at an outside institution. He was splinted with a
dorsal splint that immobilized the ankle to above the knee;
surgical fixation was recommended. The patient presented
to our institution for evaluation and definitive management
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and was admitted for an open reduction with internal fixa-
tion scheduled for the following day.

In the operating room, after standard American Society of
Anesthesiology monitors were placed, general anesthesia
was induced with lidocaine, propofol, fentanyl, and succinyl-
choline, and the airway was secured via 8-mm endotracheal
tube and Miller 3 blade. The patient’s hemodynamic param-
eters were stable during the first 30 minutes: blood pressure
(BP) of 135/85 mmHg, heart rate of 95bpm in normal sinus
rhythm, and oxygen saturation of 100%. A tourniquet was
applied because of excessive bleeding. After rod insertion,
the patient’s heart rate increased to 115 bpm, oxygen satura-
tion dropped from 100% to 70%, end-tidal carbon dioxide
(CO,) dropped from 42mmHg to 24mmHg, and arterial
blood gas demonstrated severe metabolic respiratory
acidosis and life-threatening hypoxia (pH 6.97, PCO,
97 mmHg, PO, 48 mmHg on an FiO, of 100%, base deficit
—6.3mmol/L) (Figure 1). Vasopressors were administered
to mitigate the acute hypotension that ensued. Massive PE
was suspected.

Because of the patient’s cardiovascular deterioration, the
orthopedic surgeon locked the rod proximally, quickly
closed the wound with staples, and removed the tourniquet.
Central venous access was obtained and an arterial line was
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Anesthesia Vitals and Medication Log
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Figure 1. Log of the patient’s vitals and drugs administered during the orthopedic procedure. A drop in systolic blood pres-
sure and tachycardia occurred at 09:45 am. Severe hypotension occurred at 09:55 am, and phenylephrine and esmolol were admin-
istered. Transesophageal echocardiogram revealed right ventricular dysfunction and thrombus in the pulmonary artery and possible
thrombus in the right atrium. Heparin was administered at 10:50 am. Ventricular fibrillation and the subsequent initiation of ad-

vanced cardiac life support occurred at 11:00 am.

placed. Intraoperative transesophageal echocardiography
(TEE) demonstrated a large saddle PE (Figure 2) with fulmi-
nant right ventricular failure and possible right atrial throm-
bus. The patient was given 20,000 units of heparin but
went into ventricular fibrillation 10 minutes later. Spontane-
ous circulation returned after 1 minute of cardiopulmonary
resuscitation with advanced cardiac life support protocols.

A cardiothoracic surgeon and perfusion team were mobi-
lized to the operating room where the patient was placed on
cardiopulmonary bypass after sternotomy and central arteri-
al and venous cannulation of the distal ascending aorta and
superior and inferior vena cava. He was cooled to 32°C. The
cardiothoracic surgeon induced cardioplegia to prevent fur-
ther ischemic damage to myocytes. After the aorta was
cross-clamped, a longitudinal incision was made in the
main pulmonary artery and a large embolus was removed
(Figure 3). The distal pulmonary arteries were examined
with a Fogarty balloon and found to be free of additional em-
boli. Thrombus was also removed from the right atrium and
ventricle (Figure 3). After pulmonary arteriorrhaphy was
completed, the aortic cross-clamp was released and an or-
ganized rhythm of the heart was restored after placement
of a cardiac pacing wire. The patient came off cardiopulmo-
nary bypass with improvement of right ventricular function.
He was transported to the cardiac intensive care unit intu-
bated, sedated, and in stable condition.

A heparin infusion for anticoagulation was maintained at a
rate that achieved a partial thromboplastin time of 66-92 sec-
onds, and hemodynamic support was achieved with norepi-
nephrine at an infusion rate that maintained a mean arterial
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pressure goal of 59-70mmHg. Aerosolized epoprostenol
was started at 2 ng/kg/min for pulmonary hypertension (pul-
monary artery range of 30-40 mmHg) and was weaned dur-
ing the course of 2 days postoperatively.

The patient’s postoperative course was complicated by
Haemophilus influenzae treated with ceftriaxone, ileus man-
aged by gastric decompression, and acute renal failure
that resolved after 15 days of continuous veno-venous he-
modialysis. The patient was extubated on postoperative
day (POD) 10. On POD 15, hemodialysis was discontinued,
warfarin was initiated, and the patient was transferred to the
floor. On POD 27, the patient was discharged home. When
he was seen in the clinic 6 weeks postoperatively, he was at
his baseline exercise tolerance. Formal locking of the distal
rod by an orthopedic surgeon was to be scheduled.

DISCUSSION

PEs are categorized either as submassive or massive. Pa-
tients with a submassive PE have evidence of right ventricu-
lar dysfunction but are hemodynamically stable. Patients
with a massive PE have severe right ventricular dysfunction,
are not hemodynamically stable, and may have cardiogenic
shock.?

A massive PE resulting from a large thrombus can impede
blood flow from the systemic to pulmonary vasculature,
causing an acute increase in pulmonary vascular resistance
that leads to pulmonary hypertension. The right ventricular
myocytes, which are designed to work in a low-pressure
system, are not able to sustain the mechanical strain and
acute rise in metabolic demand. Cardiac output eventually
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Figure 2. Transesophageal echocardiogram reveals a thrombus in the pulmonary artery.

decreases, and hemodynamic instability follows.* A massive
PE is associated with high mortality—up to 50%—within the
first 6 hours, making the initial therapeutic management an
important determinant in the patient's outcome.®
Treatment selection depends on several factors, including
the risk of bleeding, stability of the patient, resource avail-
ability, and thrombus burden.® Thrombolysis is considered
the first-line intervention for PE. A 2016 case report reported
favorable outcomes with the use of intravenous thrombolytic
therapy administered intraoperatively in a patient undergo-
ing repair of an open left tibial fracture.” Thrombolysis is a
relative contraindication, however, in intraoperative patients
and has been associated with an increased rate of major
bleeding and intracranial hemorrhage compared to antico-
agulation therapy alone.”® Catheter-directed embolectomy is
an alternative to thrombolysis, especially for patients who have
contraindications or who have failed thrombolysis therapy;

however, complications include distal thrombus embolization,
right ventricular injury, arrhythmia, pulmonary hemorrhage,
pericardial tamponade, and femoral venous injury.®

Surgical embolectomy is indicated for patients who have
a PE that causes hemodynamic instability, particularly for
patients who have failed or have contraindications for throm-
bolytic therapy or for those with a patent foramen ovale or
right heart thrombus.® Thrombus from the pulmonary ar-
teries and the right side of the heart can be rapidly removed
using open surgical embolectomy.'® Preoperative imaging
is integral to planning the appropriate surgical approach.
Usually, computed tomography angiography is obtained
as part of the preoperative workup to determine the throm-
bus location and extent. A TEE is obtained to evaluate for
right ventricular strain and dysfunction and can also deter-
mine if a patent foramen ovale is present.'’ Surgery is typi-
cally successful when the PE is centrally located—namely in

Figure 3. The thrombi extracted from the right atrium (above) and the pulmonary artery
(below).
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the main, left, or right pulmonary arteries—and without ex-
tensive distal thrombus load.®

The overall mortality rate for massive PE has been reported
to be 52.4%. If a massive PE causes cardiac arrest, the mortal-
ity rate approaches 74%,'>'® but the rate significantly de-
creases with surgical intervention. In a 2016 multiinstitutional
study, the mortality rate for massive PE was 23.7% after surgi-
cal embolectomy.’® In our patient, TEE revealed saddle em-
bolus in the pulmonary artery and a possible embolus in the
right atrium. Consequently, both the pulmonary artery and
the right atrium were opened to remove the thrombi.

Our patient sustained intraoperative cardiac arrest follow-
ing an acute massive PE. He survived with surgical interven-
tion and a 27-day postoperative hospital course. Rapid
diagnosis and intervention, along with the patient’s relatively
preserved functional status prior to his hospitalization, in-
creased his likelihood of survival. In healthy patients, hemo-
dynamic instability and acute pulmonary hypertension
secondary to right heart failure are reversible.” Early and
late death may also be reduced in patients without major co-
morbidities.* However, once multiorgan dysfunction and
cardiac arrest occur, the prognosis is poor.1'16

Patients may benefit from therapy selective for the pulmo-
nary vasculature such as inhaled nitric oxide that improves
ventilation-perfusion matching by increasing perfusion to
areas of the lung that are well ventilated. Also, as a selective
pulmonary vasodilator, inhaled nitric oxide has been sug-
gested as a safe and effective agent to decrease the pulmo-
nary vascular bed in patients with pulmonary hypertension
and has been shown to have an effect similar to intravenous
nitric oxide in pulmonary hypertension, although no mortality
difference has been shown in long-term outcomes.'”'® In
patients refractory to the above therapies, right ventricular
assist device implantation should be considered. Our institu-
tion did not stock nitric oxide, but we used epoprostenol, a
synthetic prostacyclin, as monotherapy to reduce the pa-
tient’s pulmonary hypertension with the aim of reducing
right ventricle strain caused by the massive PE. A 2017 ran-
domized study found that prostacyclin significantly reduced
pulmonary artery pressure and pulmonary vascular resis-
tance and can be used as an alternative to nitric oxide for
pulmonary hypertension therapy.'®

From the time of fracture to his presentation at our hospi-
tal, the patient did not receive deep vein thrombosis (DVT)
prophylaxis. He left the initial facility against medical advice
because he wanted to receive care at our facility. In a case
series of 115 patients undergoing surgical embolectomy,
DVT was a risk factor for PE in 37% of patients."" Although
an ultrasound may have revealed DVT of the deep veins of
the lower extremity prior to our patient’s orthopedic surgery,
this test was not performed. As a result, we have imple-
mented a DVT ultrasound screening protocol to help prevent
this kind of situation from recurring.

CONCLUSION

This case highlights the importance of clinicians being
cognizant of acute decompensation secondary to massive
PE; using proper tools such as TEE to confirm the diagno-
sis; proceeding immediately with surgical embolectomy to
treat massive PE, even in cases of ongoing cardiac arrest;
and considering aerosolized epoprostenol as a potential ad-
juvant treatment for right ventricular strain secondary to
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acute pulmonary hypertension in the intensive care unit.
Contingent upon timely diagnosis and immediate interven-
tion, surgical embolectomy for massive PE performed after
cardiopulmonary collapse is feasible and can result in a fa-
vorable outcome.
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