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Abstract Catheter directed thrombolysis (CDT) is a growing field of intervention to treat pulmonary embolism
(PE) and restore physiologic circulation. Reperfusion injury (RI) is a well-documented phenomenon seen
post-thrombolysis. To date there are no reported cases of this phenomena following CDT. We present a patient with
bilateral PE treated with CDT who subsequently developed RI.
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1. Introduction
Catheter directed thrombolysis (CDT) is a growing
field of intervention to treat pulmonary embolism (PE) [1]
and restore physiologic circulation. Reperfusion injury (RI)
is a well-documented phenomenon seen post-thrombolysis,
most commonly with reperfusion of the heart and brain
[2,3]. To the best of our knowledge, reperfusion injury in
the setting of thrombolytic therapy for pulmonary
embolism has been described only twice in the literature
[4,5], and never with the use of CDT. We present a case of
RI following treatment with CDT for bilateral PE.

2. Case Series
A 42-year-old female with metastatic breast cancer
undergoing active treatment with chemotherapy presented
to the emergency department with tachycardia and
tachypnea and acute onset shortness of breath.
The patient had a past medical history significant for
Stage IV triple positive breast cancer, locally advanced
metastatic disease to bone, lung, and hilar lymph nodes,
being treated with Paclitaxel, Trastuzumab, and
Pertuzumab. The patient began experiencing dyspnea
during chemotherapy (cycle 3), where while seated had an
oxygen saturation of 88% but resolved without further
treatment. After completion of the chemotherapy infusion
the patient returned home where she felt progressively
worsening dyspnea, and then an acute worsening in
shortness of breath while climbing a flight stairs,
prompting her to go to seek medical attention. Review of
system was negative for any other infectious signs. She

had a negative personal history of any previous blood
clots, miscarriages, or skin manifestations of a clotting
disorder.
Due to the history of active malignancy and acute onset
shortness of breath, an ultrasound of the lower extremities
was performed and found an acute deep venous
thrombosis in the left popliteal vein. Subsequent
computerized tomography (CT) scan with angiogram was
done and showed extensive bilateral acute pulmonary
emboli (Figure 1-A) with no additional consolidation,
pleural effusion or pneumothorax, and no congestion on
CT or Chest X-ray (CXR) (Figure 1, B,D). Transthoracic
echocardiography (TTE) was significant for moderately
dilated right ventricle (RV) with normal systolic function,
peak systolic pressure of 51mmHg, and interventricular
septum flattening consistent with right ventricular volume
and pressure overload. The patient was transferred to the
cardiac care unit and started on anti-coagulation therapy
with enoxaparin 150 mg twice daily. The patient remained
persistently tachycardic to 125 BPM at rest, as well as
dyspneic with speaking and minor exertion. Troponin was
elevated to 0.056 ug/L and Pro-BNP to 560pg/mL, and a
Pulmonary Embolism Severity Index (PESI) score of 92.
Given the elevated biomarkers, PESI score, and patient’s
submassive PE with signs of right heart strain, the patient
underwent bilateral catheter directed thrombolysis on day
six of hospitalization with Ekos catheter (Boston
Scientific, Marlborough, MA). An initial 4mg of tissue
plasminogen activator (tPA) bolus was delivered to right
lung and 3mg to the left lung, with subsequent bilateral
infusion of 1mg/hr for 12 hours.
Approximately 1 hour after completion of tPA infusion,
the patient developed worsening tachypnea, hypoxia with
an oxygen saturation of 87-88% on room air, associated
pleuritic chest pain, and a fever to 101.9 Fahrenheit. There
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was no hemoptysis or productive cough, no leukocytosis,
procalcitonin was low (0.16 mg/mL), and hemoglobin
unchanged from the patient’s baseline.
Bedside ultrasound showed minimal basilar atelectasis
and a left posterior subpleural consolidation. CXR was
significant for mildly increased vascular congestion
(Figure 1,C). A subsequent CT scan showed wedgeshaped peripheral regions of consolidation in the bilateral
lower lobes consistent with pulmonary infarcts
corresponding geographically to the previously seen
bilateral pulmonary emboli, as well as a trace left pleural
effusion and no other signs of congestion (Figure 1, E-G).

Blood cultures drawn during the post-thrombectomy
period showed no microbial growth. Repeat TTE showed
preserved LV function and mild signs of RV strain
which were improved from pre-intervention TTE, and
RV systolic pressure improved to 25-33mmHg. The
patient was treated with intravenous furosemide with
improvement of dyspnea and oxygen saturation.
The patient did not require any further thrombolysis
post initial intervention and was able to be discharged
within a few days. The patient has been on long term
anticoagulation and done remarkably well through the 30
days and 6-month follow-ups, with improvement in symptoms.

Figure 1. A: Computed tomography (CT) of the showing origin of a large filling defect of the right pulmonary artery (white arrow) extending into the
superior lobar, posterior segmental, interlobar, lateral basal segmental, and posterior basal segmental arteries. Additionally seen is the origin of a smaller
filling defect of the left pulmonary artery (white arrow) with extension into the apical segmental, superior lingular, inferior lingular, medial basal
segmental, lateral basal segmental, and posterior basal segmental arteries. B. Chest X-ray (CXR, Posterior-Anterior view) on admission with no
evidence of airspace disease or edema. C. Portable CXR post catheter directed thrombolysis with new mild bilateral airspace disease and mild
pulmonary vascular congestion. D. CT Chest at baseline (pre-catheter directed thrombolysis). E. CT of the base of lungs post thrombolysis revealing
bibasilar atelectasis, areas of consolidation in both posterior bases and a small left pleural effusion. F. Sagittal view of the left lower lobe with a wedge
shaped consolidation. G. Sagittal view of the right lower lobe with a wedge shaped consolidation
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3. Discussion
Other differentials for the onset of fever and respiratory
distress included infectious causes and diffuse alveolar
hemorrhage (DAH). The patient’s negative blood cultures,
improvement with diuretics, and resolution of fevers
without antibiotics, made an infectious etiology unlikely.
Similarly, given the patient’s lack of hemoptysis, no
observed drop in hemoglobin, and CT scan without
evidence of diffuse alveolar infiltrates, the diagnosis of
DAH was deemed unlikely as the cause of the symptoms.
While RI has been described as early as the 1960s [6],
the underlying mechanism is not fully elucidated,
although several key cellular pathways that mediate the
damage have been identified [7]. These injuries are more
commonly seen in the brain and heart, and while
reperfusion therapy is cornerstone in the treatment of
ischemic insult for both tissues, reperfusion associated
injury remains a clinically significant complication. With
cardiac reperfusion, reversible forms of myocardial injury
such as stunning and reperfusion arrhythmias are observed,
as well as irreversible reperfusion induced necrosis that
can contribute to the size of the myocardial infarct [8]. For
the brain as well, RI can cause significant complications
including fatal edema and intracranial hemorrhage [2].
Previously, RI secondary to a PE has been described
only twice in the literature, one English publication
following the treatment of a PE with systemic
thrombolysis [5], and another Korean publication in the
treatment of chronic PE with pulmonary endarterectomy
[9]. Following reperfusion therapy with systemic
thrombolysis, the patient developed dyspnea, fever,
impaired oxygenation on arterial blood gas, CXR with
new fluffy alveolar infiltrates in same area of the diffusion
impairment, and subsequent ventilation perfusion (V/Q)
scan revealed reperfusion and decreased ventilation in the
same area. Infectious workup was negative, and a right
heart catheterization revealed preserved RV function. The
patient required a second course of thrombolysis at which
point the edema spontaneously resolved and the patient
improved clinically with a repeat V/Q scan showing
resolution of the ventilatory defect [5].
Our case follows a similar presentation with acute onset
of dyspnea, impaired oxygenation, and non-infectious
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fevers, and new radiologic evidence of pulmonary injury
in the same area of reperfusion without any evidence of
residual venous thrombosis.

4. Conclusion
RI following CDT is a rare clinical entity that can
present as acute dyspnea, hypoxia, pyrexia, and pulmonary
edema. This case report highlights the importance of
recognizing RI among the differentials of respiratory
distress post-CDT therapy. Early recognition and
treatment prevented further respiratory sequalae in our
patient. RI post thrombolysis, although a rare
complication, requires further epidemiological study to
document the true prevalence of this entity.

References
[1]
[2]

[3]
[4]
[5]
[6]
[7]
[8]

[9]

Xue X, Sista AK. Catheter-Directed Thrombolysis for Pulmonary
Embolism: The State of Practice. Tech Vasc Interv Radiol. 2018;
21(2): 78-84.
Pan J, Konstas A-A, Bateman B, Ortolano GA, Pile-Spellman J.
Reperfusion injury following cerebral ischemia: pathophysiology,
MR imaging, and potential therapies. Neuroradiology. 2006; 49(2):
93-102.
Lowenstein CJ. Myocardial Reperfusion Injury. N Engl J Med.
2007; 357(23): 2408-10.
Levinson RM, Shure D, Moser KM. Reperfusion pulmonary
edema after pulmonary artery thromboendarterectomy. Am Rev
Respir Dis. 1986Dec; 134(6): 1241-5.
Ward BJ, Pearse DB. Reperfusion Pulmonary Edema after
Thrombolytic Therapy of Massive Pulmonary Embolism. Am Rev
Respir Dis. 1988; 138(5): 1308-11.
Jennings RB, Sommers HM, Smyth GA, Flack HA, Linn H.
Myocardial necrosis induced by temporary occlusion of a
coronary artery in the dog. Arch Pathol. 1960Jul; 70: 68-78.
Wu M-Y, Yiang G-T, Liao W-T, Tsai AP-Y, Cheng Y-L, Cheng
P-W, et al. Current Mechanistic Concepts in Ischemia and
Reperfusion Injury. Cell Physiol Biochem. 2018; 46(4): 1650-67.
Hausenloy DJ, Bøtker HE, Condorelli G, Ferdinandy P, GarciaDorado D, Heusch G, et al. Translating cardioprotection for
patient benefit: position paper from the Working Group of
Cellular Biology of the Heart of the European Society of
Cardiology. Cardiovascular Research. 2013; 98(1): 7-27.
Lee KC, Cho YL, Lee SY. Reperfusion pulmonary edema after
pulmonary endarterectomy. Acta Anaesthesiol Sin. 2001 Jun;
39(2): 97-101.

© The Author(s) 2021. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

