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Abstract

Extended duration extracorporeal membrane oxygenation (ECMO), using dual-lumen cannulas, is being used with increased
frequency to support patients, including those with COVID-19; both as a bridge to transplant and lung recovery. During
such an extended duration of support, there are several factors that might lead to the attrition of the physical structure of the
ECMO cannulas, predisposing them to the risk of fracture. Although rare, fracture of the ECMO cannula can be a poten-
tially lethal event. Here, we present a case where fracture of a dual lumen cannula during veno-venous (VV) ECMO support
resulted in a cerebrovascular accident. We discuss the potential contributing factors and suggest steps to mitigate the risks

for such a complication.
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Case presentation

A 63-year-old woman with medical comorbidities, includ-
ing hypertension and type II diabetes mellitus, was admitted
with COVID-19 pneumonia. Two days later, she was intu-
bated and VV-ECMO was initiated for acute hypoxic res-
piratory failure refractory to maximal medical and ventilator
therapy. A 28Fr Crescent™ dual lumen cannula (Medtronic,
MN) was placed through the left subclavian vein and con-
nected to a centrifugal pump with oxygenator (Cardiohelp,
Getinge, Sweden) with blood flow at 4 L, 2700 RPMs, sweep
gas flow 4 L at 100% FiO,. Two weeks after cannulation,
the patient failed weaning trials but could be separated
from the ventilator. Six weeks after the onset of illness, she
was deemed to have developed pulmonary fibrosis and was
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transferred to our center for consideration of lung transplant
[1, 2]. Upon arrival, the patient was on 6 L high flow nasal
cannula and VV-ECMO. The day after arrival, the patient
developed acute aphasia and altered mental status. Head
computed tomography scan was unrevealing. Video electro-
encephalogram did not demonstrate seizure or epileptiform
activity. Within 24 h of the event, neurologic status returned
to baseline. However, the following day, the patient lost con-
sciousness again and experienced a witnessed seizure of the
left arm. A sucking/hissing sound was heard from the left
subclavian cannulation site and the ECMO bubble detector
alarmed. The cannula insertion site was inspected with no
obvious anomalies detected. On the chest radiograph, there
was no apparent abnormality with the cannula. Repeat imag-
ing of the brain and chest similarly demonstrated no abnor-
malities. The patient was reintubated for encephalopathy and
subsequently underwent tracheostomy. The patient regained
normal neurologic function, was able to wean to intermittent
trach collar, and was interactive with the care team with time
spent sitting up in the chair over the next 7 days.

However, soon thereafter, the bubble sensor alarmed
again; a sucking/hissing sound was heard at her cannula-
tion site again; and, there was visible “foam” within the
oxygenator. Due to concerns of air entrapment and possible
cannula malfunction, the decision was made to change to
a bicaval VV-ECMO configuration using a right internal
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jugular 18Fr fem-flex and a left femoral 25Fr Bio-Medicus
cannula (Medtronic, MN). Once the Crescent™ cannula was
removed, a 2 cm fracture distal to the skin insertion site
was discovered (Fig. 1A). She remained stable following the
revision of VV-ECMO and did not develop new neurological
episodes. Transplant work up was successfully completed,
and the patient was listed for lung transplant two weeks
later. Unfortunately, the patient progressed to bacteremia
with sepsis and multi-organ dysfunction while awaiting a
lung transplant. She was removed from the lung transplant
list and care was withdrawn. At autopsy, a patent foramen
ovale (PFO) was identified suggesting air embolism to the
brain as the likely cause of the cerebrovascular accidents
that she sustained.

Discussion

This report presents an example of a cannula fracture in a
patient being supported by VV-ECMO. The typical dura-
tion of a patient on ECMO for acute respiratory distress
syndrome is 7-10 days and is considered prolonged if con-
tinued for more than 14 days [3]. The correlation between a
patient’s duration on ECMO and survival is controversial,
with some studies showing no correlation while others show
worsening survival [4, 5]. In Posluszny et al., the authors
concluded that survival on prolonged ECMO support has
improved over the years; but, survival rates are still lower
with prolonged support when compared to a duration of less

than 2 weeks [6]. Despite these findings, prolonged support
can be justified in many cases [7].

An increasing number of patients are undergoing pro-
longed VV-ECMO runs for severe acute respiratory distress
syndrome secondary to COVID-19 pneumonia. Lung trans-
plantation has now been shown to be a life-saving treatment
for select patients with COVID-19-associated lung failure,
further increasing the duration of ECMO support as patients
without evidence of lung recovery are being bridged to lung
transplantation [1, 2]. With the duration of ECMO support
stretching up to hundreds of days, it is important to under-
stand the risks of prolonged ECMO cannulation, particu-
larly in patients being transferred across institutions and
during ambulation. Such efforts promoting mobilization of
the patients can result in duress on the physical structure of
the dual lumen cannula and result in pressure point-related
cannula fracture, as evident in this case. Additionally, given
the longer length of the dual lumen cannulas and the greater
surface of the wire reinforcement, kinks or turns in the can-
nula can result in the wire reinforcement eroding through the
outer plastic leading to the fracture of the cannula.

Disruption in the cannula, or any component of the
ECMO circuit, can have devastating consequences for
patients and has been associated with increased odds of
death [8]. In our case, the fracture likely occurred from the
pressure point under the left clavicle where the cannula was
compressed in the thoracic inlet, augmented by the bend at
the exit site. While there was the formation of a clot prevent-
ing hemorrhage, there was air embolism. A small amount of
air might be inconsequential as it is typically caught in the

Fig.1 Cannula site fracture. A Fracture of Crescent™ VV-ECMO B PROTEK Duo™ cannula withc a site of fracture marked with blue arrow

(C and D) Close up of fracture site with slight flex on the distal cannula
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oxygenator before entering the patient. However, pumping
large amounts of air into the patient can cause cardiovascular
collapse [9]. In the presence of a right to left shunt, as in this
case where a PFO was present, even small amounts of air
can cause neurologic deficits from systemic air embolism
[10].

In our experience, cannula fracture is likely in certain
scenarios. The cannula was secured using multiple silk
sutures to her skin, and dermabond dressing was applied
at the insertion site to prevent air embolism. In our insti-
tution, we inspect ECMO cannula carefully 2-3 times
a day. However, as seen in this patient, bending of the
Crescent™ cannula at the wire reinforcement (Fig. 1) can
increase the risk of fracture. And in this case, the fracture
site was behind and difficult to detect. Additionally, can-
nulas inserted into the internal jugular vein in the neck
can bend at the insertion site or under the clavicle. The
latter is also seen with subclavian insertion sites and can
cause fracture as the cannula travels under the clavicle

Fig.2 Sites of circuit fracture. A PROTEK Duo™. Flexion at the
bifurcation (I) or bending of the cannula in the right ventricle (II) can
lead to circuit fracture. B Crescent™. When placed in a subclavian
approach, the cannula can bend under the clavicle at the skin entry

(Fig. 2B), especially when the external portion is secured
on the neck. Our group has also observed fractures with
the PROTEKDuo™ cannula at the bifurcation, a point of
flexion (Fig. 1B-D), and where it turns within the right
ventricle into the right ventricular outflow tract (Fig. 2A).
To reduce the chances of the cannula fracture in the right
ventricle, we suggest pulling back the cannula after ini-
tially advancing it to “burp” the cannula [11].

In conclusion, patients on prolonged ECMO runs who
have air detection warnings from bubble sensors should
raise a high clinical suspicion for cannula fracture and
impending air embolism, even if the defect is not found
on inspection and is not evident on imaging studies.
Changing the cannulation strategy should be considered
in these cases. Factors such as prolonged ECMO support
and increased transportation events, amidst the ongoing
COVID-19 pandemic, may predispose a cannula fracture.
As more patients undergo prolonged ECMO support, while
awaiting post-COVID-19 lung transplantation, future
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point (III) increasing the risk of fracture. Bending of the cannula at
the wire reinforcement (refer to Fig. 1) of Crescent™ cannula can
also lead to fracture
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studies will further enumerate the risks associated with
prolonged ECMO runs.
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