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Abstract:

A 66-year-old Japanese woman developed pulseless electrical activity following an acute pulmonary embo-
lism and was treated with thrombolytic therapy. She remained hemodynamically unstable and therefore un-
derwent extracorporeal membrane oxygenation (ECMO). While receiving treatment with ECMO, blood clots
induced by endobronchial hemorrhage caused tracheobronchial airway obstruction, leading to ventilatory de-
fect. Furthermore, her cardiac function improved, resulting in cerebral hypoxemia progression. Therefore, the
blood clots were removed with a Fogarty balloon catheter and endobronchial urokinase administration, result-
ing in improvement in her respiratory condition. Finally, ECMO was decannulated, and the patient was dis-
charged from our hospital without difficulties in her activities of daily living.

Key words: acute pulmonary embolism, extracorporeal membrane oxygenation, tracheobronchial obstruction

(Intern Med 60: 2811-2817, 2021)
(DOI: 10.2169/internalmedicine.6856-20)

Introduction

Acute pulmonary embolism (PE) with cardiac arrest, ob-
structive shock, or persistent hypotension remains a signifi-
cant cause of cardiovascular mortality, with in-hospital mor-
tality rates ranging from 15% to 65% (1-4). Furthermore,
definitive interventions, such as systemic thrombolysis, sur-
gical embolectomy, or catheter embolectomy, do not consis-
tently improve patient hemodynamics, leading to cardiac ar-
rest in some cases.

In hemodynamically unstable patients, extracorporeal
membrane oxygenation (ECMO) is one of the most effective
ways of improving the hemodynamic status and allows for
definitive interventions. Previous reports have found that
ECMO yielded positive outcomes in acute PE with cardiac
arrest; however, severe bleeding is a frequently reported
complication following such treatment (5, 6). Furthermore,
acute PE, thrombolytic therapy, and cardiopulmonary resus-
citation have all been identified as risk factors for major
bleeding; therefore, the use of anticoagulation therapy is

controversial (3-9).

We herein report a rare case of acute PE with cardiac ar-
rest treated with ECMO in which tracheobronchial obstruc-
tion occurred due to a blood clot.

Case Report

A 66-year-old Japanese woman with no history of disease
was transported to the emergency department because of a
complaint of sudden dyspnea. Upon a physical examination,
the following information was obtained: Glasgow coma
scale score (3/15), blood pressure (97/62 mmHg), heart rate
(118 beats/min), respiratory rate (30 breaths/min), and oxy-
gen saturation in room air (80%). Upon arrival at the emer-
gency department, her respiratory condition deteriorated;
consequently, she developed cardiac arrest with pulseless
electrical activity (PEA). After one cycle of cardiopulmonary
resuscitation, we temporarily achieved return of spontaneous
circulation. Although coarse crackles were detected in the
left lung, there was no heart murmur or lower leg edema. A
blood examination revealed the following findings: white
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Figure 1.

Echocardiography and contrast-enhanced CT images obtained at admission to the hospi-

tal (A, B). The right ventricle was significantly dilated (asterisk), resulting in flattening of the intra-

ventricular septum (arrows). (C, D, E) Emergency CT showed a thrombus in the bilateral pulmonary
artery (red arrows) as well as parenchymal infarction in the left lower lobe (yellow arrows). CT:

computed tomography

blood cell count, 14,800/uL; hemoglobin level, 13.3 g/dL;
platelet count, 189,000/uL; troponin-I level, 0.23 ng/mL;
creatine kinase level, 48 U/L; brain natriuretic peptide level,
490 pg/mL; and D-dimer level, 10.6 uL./mL. Electrocardiog-
raphy showed sinus tachycardia with right bundle branch
block and T-negative waves in leads III and aVF. Transtho-
racic echocardiography revealed a normal left ventricular
function, significant dilation of the right ventricle, and a
flattened intraventricular septum (Fig. 1).

Acute pulmonary embolism was suspected based on these
clinical findings; therefore, 5,000 units of unfractionated
heparin were administered as initial anticoagulation therapy
before contrast-enhanced chest computed tomography (CT).
Contrast-enhanced chest CT revealed bilateral pulmonary
emboli with parenchymal infarction in the left lower lobe,
albeit without deep vein thrombosis (Fig. 1). Thus, the pa-
tient was diagnosed with acute pulmonary embolism and
concomitant pulmonary infarction.

During contrast-enhanced CT, her blood pressure gradu-
ally decreased. Thereafter, the PEA returned. Although she
was intubated, managed with mechanical ventilation, and ad-
ministered 600,000 IU (15,000 IU/kg) of tissue-type plasmi-
nogen activator (monteplase) as systemic thrombolytic ther-
apy, her hemodynamics did not improve. Thus, VA-ECMO

was administered immediately, and she was transferred to
the intensive-care unit (ICU).

After being transferred to the ICU, she was treated with
VA-ECMO and continuously administered unfractionated
heparin (10,000-15,000 units/day) to achieve an activated
coagulation time of 180-200 seconds and an activated partial
thromboplastin time of 40-50 seconds as anticoagulation
therapy. However, endobronchial hemorrhage occurred, in-
ducing concomitant thrombogenesis in the tracheobronchial
airway on the second hospitalization day. We removed mul-
tiple blood clots using flexible bronchoscopy, endobronchial
lavage, and suctioning; however, bleeding and respiratory se-
cretions had to be removed from the intubation tube inter-
mittently. Despite the presence of endobronchial hemor-
rhage, we were unable to interrupt the administration of un-
fractionated heparin, as the flow rate of the VA-ECMO treat-
ment had to be maintained.

On the third hospitalization day, the tracheobronchial air-
way became obstructed by blood clots (Fig. 2). A subse-
quent decrease in tidal volume led to impaired ventilation.
Although we suspected ECMO complications, the partial
pressure of retransfusion blood oxygen did not decrease
(200-300 mmHg). The mean arterial pressure gradually in-
creased from approximately 65 mmHg to 85 mmHg. There-

2812



Intern Med 60: 2811-2817, 2021

DOI: 10.2169/internalmedicine.6856-20

Figure 2. Bronchoscopy findings on the third hospitalization day. (A) The intubation tube was ob-
structed by a blood clot. (C) Unsuccessful removal of the tracheobronchial blood clot using flexible
bronchoscopy, suctioning, and endobronchial forceps.

fore, we considered that improvements in the cardiac func-
tion had induced a shift of the “mixing point”, resulting in
the progression of cerebral hypoxemia. While the flow rate
of ECMO was low (1.5-2.0 L/min), arterial systolic blood
pressure did not decrease (>90 mmHg), whereas percutane-
ous oxygen saturation did decrease. In addition, dilation of
the right ventricle was improved, as was the left ventricular
function, on transthoracic echocardiography.

Based on these findings, we considered that the cardiac
function had sufficiently improved to maintain systemic cir-
culation; however, the pulmonary function was not im-
proved, requiring ECMO support. Therefore, we decided to
switch  VA-ECMO to VV-ECMO and repeated contrast-
enhanced chest CT on the fifth hospitalization day. Chest
CT revealed an endobronchial blood clot extending from the
trachea to the bilateral main bronchi; however, active en-
dobronchial hemorrhage was not detected (Fig. 3). There-
fore, we attempted to remove the blood clots using flexible
bronchoscopy, a Fogarty balloon catheter, and endobronchial
urokinase administration (Fig. 4).

We successfully opened the tracheobronchial airway
(Fig. 5). Upon a pathological examination, neutrophil infil-
tration was observed in the thrombus, but there were no ma-
lignant findings. Her condition was maintained with me-
chanical ventilation using a high positive end-respiratory
pressure (10 cmH,O) to clear the airway. Frequent aspiration
was performed using flexible bronchoscopy without inter-
ruption of the intravenous infusion of unfractionated hepa-
rin. Although erythrocyte and platelet transfusions were re-
quired to prevent the exacerbation of anemia and thrombo-
cytopenia, there was no recurrence of tracheobronchial air-
way obstruction. VV-ECMO was decannulated on the sixth
hospitalization day.

After the VV-ECMO was withdrawn, a new consolidation,
an abscess, and porosis were all found in the right lower
lobe using chest CT imaging on the eighth hospitalization
day (Fig. 6). Klebsiella pneumoniae was cultured from her
sputum, and she was administered 3 g/day of meropenem in
week 1 and 2 g/day of ceftriaxone in weeks 2 and 3. During

treatment with the antibacterial agent, tracheotomy was per-
formed to maintain ventilation. On the 21st hospitalization
day, her respiratory condition stabilized, so she was extu-
bated and discharged from the ICU on the 23rd hospitaliza-
tion day.

Although her higher-order cognitive functions were im-
paired, she was able to perform activities of daily living,
such as oral ingestion, following long-term rehabilitation in-
tervention. Rivaroxaban was administered orally as a re-
placement for unfractionated heparin. On the 76th hospitali-
zation day, she was transferred to a recovery hospital for re-
habilitation treatment. Social reintroduction took place two
months after discharge from our hospital.

Discussion

In the present case, tracheobronchial obstruction, a rela-
tively rare complication of acute PE, occurred during treat-
ment with VA-ECMO. Previous reports have noted that the
resolution of blood clots was observed within three days by
expectoration or regression. Furthermore, any operation to
remove the blood clots might induce rebleeding. Hence, ob-
servation might be warranted during the management of tra-
cheobronchial obstruction due to blood clots in hemody-
namically stable patients (10-12). However, in the present
case, cerebral hypoxemia progressed due to tracheobronchial
obstruction as the cardiac function improved. Furthermore,
ECMO decannulation was deemed too difficult without a
patent tracheobronchial airway. Therefore, we attempted to
remove the tracheobronchial blood clot with saline lavage
and suctioning; however, this was not possible due to firm
adhesion between the clot and bronchial wall. Regarding the
removal of blood clots in the central airway, Arney et al. re-
ported the effectiveness of using a Fogarty catheter in addi-
tion to endobronchial forceps (12). Botnick et al. also dem-
onstrated that endobronchial administration of urokinase was
effective in dissolving blood clots secondary to massive
bleeding (13). Therefore, we attempted to remove the blood
clots again by combining a Fogarty catheter and endobron-
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Figure 3. Contrast-enhanced CT images. Coronal (A, B) and axial (C, D, E, F) images of the chest
before removal of a blood clot on the fourth hospitalization day. CT imaging revealed a blood clot

obstructing the space from the trachea to the bilateral mainstem bronchi (red arrows). Atelectasis

was seen in the bilateral upper lobe, but active bleeding was not found (asterisks). CT: computed to-

mography

chial urokinase administration. Thereafter, the tracheobron-
chial airway was patent.

To our knowledge, tracheobronchial obstruction compli-
cated by acute PE is exceedingly rare. Previous reports have
found that airway obstruction due to the presence of blood
clots arises not only from organic pathologies, such as tu-
berculosis, sarcoidosis, carcinoma, pulmonary infarction, and
pulmonary arteriovenous malformation, but also from iatro-
genic mucosal damage (10). In this case, pulmonary infarc-
tion was detected in the left lower lobe on contrast-enhanced
CT. Furthermore, flexible bronchoscopy revealed that more
blood clots were discharged from the left bronchus than
from the right bronchus. These findings suggested that pul-
monary infarction in the left lower lobe induced alveolar
hemorrhage, resulting in thrombogenesis. In addition, the
pneumonia was thought to be associated with the formation
of blood clots in our patient. Keshishyan et al. showed that
bacterial infection could result in central airway obstruction,
and the immune status of the host is considered to play an
important role (14). In our case, Klebsiella pneumonia de-
veloped in the right lower lobe, and severe neutrophil infil-
tration into the blood clot was observed during a pathologi-
cal examination. These findings support the existence of a
relationship between the bacterial infection and tracheobron-

chial obstruction.

Whether or not systemic thrombolysis therapy should be
performed once VA-ECMO is initiated remains unclear. Cur-
rent guidelines advocate the use of systemic thrombolysis as
a primary intervention for high-risk cases of acute PE (15).
However, systemic thrombolysis with anticoagulation has
been associated with severe bleeding complications in previ-
ous studies as well as in the present report (9). O’Malley et
al. reported that 23.4% of acute PE patients on ECMO ex-
perienced bleeding and that 12.1% of patients treated with
ECMO died from hemorrhagic shock (16). Systemic throm-
bolysis therapy has significantly reduced the incidence of
early mortality in cases of acute PE; however, acute PE re-
quiring ECMO was also found to significantly increase the
risk of bleeding. This case of acute PE was difficult to treat
due to severe bleeding complications. Systemic thrombolysis
therapy may have been eschewed to avoid severe bleeding
complications for the following reasons: contrast-enhanced
chest CT findings, which suggested alveolar hemorrhage in
the infarcted site of the left lower lobe; and a hemodynami-
cally unstable status requiring ECMO on the admission day.
These findings were indicative of high bleeding risks in this
case, suggesting that systemic thrombolysis therapy may in-
duce severe bleeding complication. It is conceivable that
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Figure 4. Bronchoscopy findings on the fifth hospitalization day. (A, B) Successful removal of the
tracheobronchial blood clot using flexible bronchoscopy, endobronchial forceps, a Fogarty catheter,
and urokinase. (C, D) The blood clot was extracted from the tracheobronchial airway.

Figure 5. Contrast-enhanced CT images. Axial (A, B) and coronal (C, D) images of the chest after
removal of a blood clot. After successful attempts to remove the blood clot, patency was achieved in

the trachea and the bilateral mainstem bronchi (red arrows). CT: computed tomography
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Figure 6. CT images before and after the treatment of Klebsiella pneumonia. (A, B) CT images
taken on the eighth hospitalization day. A new consolidation, an abscess (red arrows), and porosis
(asterisks) were all found in the right lower lobe, suggesting the development of Klebsiella pneumonia.
(C, D) CT images taken after treatment with meropenem and ceftriaxone on the 39th hospitalization
day. CT: computed tomography

acute PE requiring ECMO could be maintained without sys-
temic thrombolysis therapy, a finding confirmed by the pre-
sent report.

Conclusion

We herein report a patient with an unremarkable medical
history who had an acute PE with severe bleeding complica-
tions. Tracheobronchial obstruction can be a lethal complica-
tion of acute PE; therefore, vigilance is warranted in patients
with a high risk of bleeding. This is especially true for pa-
tients undergoing ECMO treatment.
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