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Abstract

Acute pulmonary embolism (PE) is often associated with rapid hemodynamic deterioration or death. Therefore, early therapeutic
intervention is important. A 45-year-old man was diagnosed with intermediate-high risk PE, and sequential hybrid therapy consisting
of surgical thrombectomy and rivaroxaban intensive therapy was administered. During the course of treatment, echocardiography
revealed improvement in pulmonary artery systolic pressure, and thrombus volume analysis by computed tomography revealed a
drastic reduction in the size of the thrombus. Sequential hybrid therapy for acute PE not only stabilizes hemodynamics, but may also
prevent conversion to chronic thromboembolic pulmonary hypertension by sufficiently reducing the volume of the thrombus.

INTRODUCTION
Recently, with the development of multidetector computed
tomography (CT), the accuracy of diagnosis of pulmonary
embolism (PE) has dramatically improved. As a result, the number
of patients with PE has been increasing every year [1]. Acute
PE is often associated with rapid hemodynamic deterioration or
mortality; therefore, early therapeutic intervention is clinically
pivotal. Surgical thrombectomy has been reported to be effective
for acute PE with hemodynamic instability [2], whereas the
efficacy of a single oral drug treatment with the Xa inhibitor
rivaroxaban for PE with hemodynamic stability has been reported
in several randomized controlled trials [3–5]. However, treatment
strategy for patients with hemodynamic fluctuations remains
unclear. Here, we report a case in which sequential hybrid
therapy of surgical thrombectomy and rivaroxaban intensive
therapy resulted in a good clinical course and sufficient thrombus
reduction in a patient with acute PE with a high thrombus volume,
as demonstrated by imaging. This case report has been reported
in line with the SCARE criteria [6].

CASE REPORT
A 45-year-old man was admitted with dyspnea as his chief
complaint. He had no past medical history. On admission,
his vital signs were as follows: blood pressure, 128/91 mmHg;
heart rate, 112 beats/min; respiratory rate, 20 breaths/min; and

peripheral oxygen saturation, 89% (in room air). Blood sampling
showed elevated D-dimer, N-terminal pro-brain natriuretic
peptide (NT-proBNP) and Cardiac Troponin I (Table 1). Contrast-
enhanced CT showed a thrombus in the bilateral pulmonary
arteries and the right common femoral vein (Fig. 1). Echocardio-
graphy revealed enlargement of the right ventricle (D-shape) and
a high pulmonary artery systolic pressure (PASP) (Fig. 2). He was
considered at intermediate-high risk of 2019 European Society of
Cardiology Clinical Practice Guidelines on Acute PE [7]; therefore,
anticoagulation with unfractionated heparin was initiated. The
following day, the patient remained in a state of hemodynamic
instability with persistent tachycardia (HR > 110 bpm). Based on
our discussion with the cardiology team, the patient underwent a
surgical pulmonary thrombectomy. On Day 3, the patient was
extubated to improve oxygenation and rivaroxaban intensive
therapy (30 mg/day) was initiated after the confirmation of
no renal dysfunction. On Day 5, contrast-enhanced chest CT
showed a decrease in the thrombus volume; however, the
thrombus remained in the pulmonary lobar artery (Fig. 2). On
Day 12, the thrombus in the pulmonary lobar arteries resolved
to approximately half of the postoperative level, and the right
ventricular load disappeared on echocardiography (Fig. 2). The
patient was discharged 14 days after an uncomplicated course.
At the 3-month outpatient follow-up, there was no recurrence
of PE. D-dimer, NT-proBNP and Cardiac Troponin I were within
the normal levels (Table 1), and contrast-enhanced CT showed
further thrombus reduction (Fig. 2).
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Table 1. Laboratory data at baseline and on follow-up (3 months)

Investigation Baseline Follow-up Reference range

Hemoglobin (g/L) 17.0 16.3 13.7–16.8
Platelet counts (×103/μL) 243 240 158–348
Total bilirubin (mg/dL) 0.27 0.41 0.40–1.50
Aspartate aminotransferase (IU/L) 20 17 13–30
Alanine aminotransferase (IU/L) 20 14 10–42
Lactate dehydrogenase (IU/L) 229 159 124–222
Serum creatinine (mg/dL) 1.35 1.21 0.65–1.07
Blood urea nitrogen (mg/dL) 22.9 16.5 8.0–20.0
Creatinine clearance (mL/min) 79.2 88.3 82.0–183.0
Serum sodium (mmol/L) 147 144 138–145
Serum potassium (mmol/L) 3.9 4.3 3.6–4.8
Creatinine kinase (IU/L) 158 78 59–248
Creatinine kinase-MB (IU/L) 7 4 <5
Cardiac Troponin I (ng/mL) 0.21 0.04 <0.10
NT-proBNP (pg/mL) 3780 16 <125
D-dimer (μg/mL) 8.9 ≤1.0 ≤1.0

Creatinine clearance, (140 − age) × body weight/(72 × serum creatinine).

Figure 1. Contrast-enhanced CT scan at the time of hospitalization showed thrombus in bilateral pulmonary arteries (a) and the right common
femoral vein (b). Thrombus in pulmonary arteries were removed by surgical thrombectomy (c).

Figure 2. Contrast-enhanced chest CT scan on Day 1 (a), Day 5 (b), Day 12 (c) and 3 months (d) trace and measure thrombus volume by using the
SYNAPSE VINCENT software (Fujifilm Medical Corporation, Tokyo, Japan). The short-axis image of the echocardiogram is shown on Day 1 (e), Day 5
(f), Day 12 (g) and 3 months (h). The PASP was calculated as 4 × (peak TR velocity)2 + estimated right atrial pressure (RAP). The RAP was estimated from
the diameter of the inferior vena cava and its respiratory changes.
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DISCUSSION
The patient was diagnosed as PE/DVT because of the following
clinical features: dyspnea with tachycardia and decreased oxygen
level, an elevated D-dimer, and thrombus in both pulmonary
arteries and DVT in the right common femoral vein on contrast-
enhanced CT. There was no obvious hemodynamic shock, but
the patient was considered at intermediate-high risk based
on right heart dysfunction on echocardiography and elevated
Cardiac Troponin I. However, the patient did not respond to
anticoagulation therapy, and his hemodynamic status was judged
to be unstable because of persistent symptoms of respiratory
distress and tachycardia. In addition, the patient was young
and at low perioperative risk and there was a large amount of
thrombus in bilateral pulmonary arteries. Therefore, our team
finally decided to perform early thrombectomy rather than
catheterization and pharmacological thrombolytic therapy. Indi-
cations for surgical thrombectomy should always be considered
in cases of high bleeding risk or unresponsiveness to medical
therapy [8, 9]. Surgical thrombectomy can rapidly stabilize
hemodynamics and improve pulmonary hypertension and right
ventricular dysfunction load by removing the thrombus in the
central pulmonary artery [10]. Surgical thrombectomy removed
the main thrombi in bilateral pulmonary arteries; however, the
thrombus remained in the lobar branches. Moreover, pulmonary
hypertension persisted, and rivaroxaban intensive therapy was
administered to prevent future progression to chronic pulmonary
thromboembolism. Experimental studies have reported that
rivaroxaban can prevent right heart dysfunction [11]. Rivaroxaban
has been reported to be potentially effective as anticoagulation
therapy after pulmonary endarterectomy for chronic throm-
boembolic pulmonary hypertension [12]. Nonetheless, there is no
literature describing anticoagulation after surgical thrombectomy
or quantitative evaluation of thrombus by CT analysis. This
case provides clinical insights into not only the potential of
rivaroxaban intensive therapy as postsurgical therapy for acute
PE, but also clinical importance of serial monitoring of PASP and
thrombus reduction by transthoracic echocardiography and CT
thrombus volume analysis.

In summary, sequential hybrid therapy of surgical thrombec-
tomy and rivaroxaban intensive therapy for acute PE could suf-
ficiently and safely reduce the volume of the thrombus and
contribute to hemodynamic stabilization.
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