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Abstract

Extracorporeal membrane oxygenation (ECMO) is an adapted form of the heart-lung machine that provides cardio-
pulmonary bypass life support for critically ill patients with acute cardiac and/or respiratory failure who are unrespon-
sive to standard medical and surgical therapies. Although ECMO therapy has advanced significantly, complications
like thrombosis and bleeding continue to be substantial, necessitating rapid transport of patients to the radiology
suite to reveal crucial findings for further treatment plans or care. Even though the low flow rate for veno-arte-

rial ECMO (VA-ECMO) support during contrast-enhanced CT is well known, the flow rate for veno-venous ECMO
support during CT, especially computed tomography pulmonary angiography, is not well understood. Our case
emphasizes that CTPA can be performed safely in trauma patients with ECMO runs and any suspected complica-
tions during ECMO runs may delay or worsen the clinical prognosis therefore immediate radiological verdicts may
reveal significant findings to plan the treatment accordingly. Also, there were no complications associated with our
examinations or transport. Our case highlights that VV-ECMO like VA-ECMO induces flow-dependent alterations

in the patient’s circulation due to contrast injections, which might lead to an incorrect interpretation of CTPA. How-
ever, CTPA is safe, and bringing down the VW-ECMO flow rate of zero with vigilant monitoring of vitals and ventilation
support helps radiologists to predict and interpret the contrast flow based on injection and cannula sites in the diag-
nosing and evaluation of pulmonary embolism patients with acute respiratory failure during ECMO.
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Introduction

Polytrauma is the most common fatality in Saudi Ara-
bia, accounting for 80 to 85% of all traumas [1] and sta-
tistically the leading cause of adult trauma mortality in
the USA and globally [2]. Polytrauma injuries can often
be more severe, with a higher mortality of 18.7%, fre-
quent ICU admissions, and extended hospital and ICU
stay. Early mortality after trauma is caused mainly by
traumatic brain damage and hemorrhage. On the other
hand, late fatalities are primarily the result of multisys-
tem failure, respiratory failure, and acute respiratory dis-
tress syndrome (ARDS) [3, 4]. ARDS affects 10 to 15%
of patients hospitalized in intensive care units and up to
23% of mechanically ventilated patients. Several previous
works of the literature concluded ARDS mortality rate
was 43%. However, the mortality rate of ARDS increases
based on disease severity such as mild (27%), moderate
(32%), and severe (45%) illness, respectively [5]. Through-
out the previous two decades, medical advances have
increased the survival rate of ARDS patients. The ARDS
net trial study in the year 2000 with lower tidal volumes
and PEEP titration scales found that lower tidal volumes
and PEEP titration scales reduced mortality relative to
traditional mechanically ventilated high-tidal volume [6].
Current research indicates that neuromuscular inhibition
and prone improve mortality in ARDS patients. Inhaled
prostacyclin and other hybrid kinds of ventilation, such
as bilevel ventilation, are also available as supplements.
Despite these breakthroughs in rescue medicines, some
patients continue to decline and require venovenous
extracorporeal membrane oxygenation (VV ECMO) as
salvage therapy [7]. In this clinical context, individuals
who survive the first 24 h following trauma are at sig-
nificant risk of developing pulmonary embolisms (PE.),
the third leading cause of mortality. Furthermore, post-
traumatic pulmonary embolism typically occurs at least
5 days after trauma, particularly in patients with lower
limb or pelvic fractures with a higher embolic risk,
similar to severe head or spine traumas [8, 9]. Trauma
patients are also exposed to additional risk factors such
as sepsis, vasopressor use, pharmacologic sedation,
mechanical ventilation, central venous catheters, renal
failure, and ECMO [10]. Imaging in polytrauma patients
is crucially important for providing critical clinical care.
Unfortunately, CT scanning is designated for clinical
settings that are relatively sophisticated and difficult.
However, computer tomography pulmonary angiogra-
phy (CTPA) has replaced the ventilation-perfusion scan
and traditional invasive pulmonary angiography as the
gold standard for diagnosing P.E. in ICU patients [11].
Despite the challenge of interpreting PE., its literature
on the use of CT in patients on ECMO is limited. To
our knowledge, there is a paucity of complete published
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information addressing the indications, procedure, safety,
and efficacy of IHT on patients supported with ECMO.
This case report discusses the challenges, potential ben-
efits, safety measures, and techniques for obtaining the
best CT images to diagnose P.E. and eliminate the fear
of intra-hospital transfer in post-traumatic patients
who may require a diagnostic procedure to confirm PE.
in the CT room. Any such delay may hinder optimal
patient management and result in a disastrous outcome.
In addition, this report details the severe dangers associ-
ated with transporting critically sick patients who are on
mechanical ventilators and ECMO support with multiple
cannulas implanted in major blood veins, as well as sev-
eral infusion pumps requiring multiple extended tubings.

Case report

A 3l-year-old male patient, a medically free pol-
ytrauma victim, arrived at our institute. Our emergency
physicians’ primary trauma survey revealed left-side
hemopneumothorax clinically, and to relieve severe res-
piratory distress, a left intercostal drainage tube (Fig. 1)
was inserted as a life-saving measure. Following sec-
ondary trauma surveys, computer tomography (CT)
showed free abdomen and brain injuries associated
with life-threatening chest trauma with bilateral pulmo-
nary contusions, multiple left-side rib fractures, left-side
hemopneumothorax, and bilateral humerus fractures. A
few hours after arrival, the patient was intubated elec-
tively due to severe hypoxemia, and arterial blood gas
analysis shows Ph: 7.34, pco2: 34, pao2: 63, and Hco3:17.
Despite the protective lung ventilation strategy, his oxy-
gen and PEEP requirements rose. On his third day after
admission to the ICU, the CXR revealed significant
bilateral infiltration attributable to lung contusions. His
FiO, requirement was 1.0, with a PEEP of 12 and a tidal
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Fig. 1 Depicts the right internal jugular ECMO line and left
hemopneumothorax with left intercostal drainage tube placement
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volume of 450 ml. The Bedside echocardiography evalu-
ation showed normal left and right ventricular size and
function, with no indications of any cardiac dysfunc-
tion. However, there were no signs of improvement from
severe hypoxia, and ABG shows PH:7.20 pco2:56, pao2:
45, and Hco3: 21. Therefore, the intensive care team
decided to initiate ECMO service to the patient, unevent-
ful venovenous cannulation of the right femoral vein and
right internal jugular vein with drainage cannula of 25
Fr, 55 ¢cm, and return cannula of 21 Fr, 18 cm inserted.
Once after cannulation, the ultraprotective lung ventila-
tion with the following parameters: FiO,=0.4, PEEP =38,
T.V.=250 mL, and respiratory rate=10/min started. The
VV-ECMO flow rate was 4—4.5 L/min. Hence, ortho-
pedics team determined that he was not suitable for
definitive fixation of bilateral humerus fractures (Fig. 2).
In addition, the patient experienced continuous par-
oxysmal atrial fibrillation, for which precise tests were
done, which included bedside echocardiography, but no
evident cause was ruled out. Although our institute is a
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central hospital that has been providing ECMO service
for the last 5 years, we do not have experience perform-
ing CT pulmonary angiography on VV-ECMO patients.
However, our team chose CT pulmonary angiography
as the best procedure to rule out pulmonary embolism.
We shifted the patient to the radiology suite with all pre-
cautionary measures with experienced team members.
Nevertheless, we faced challenges in such a radiologic
investigation since there are no established protocols for
doing an angiographic test in ECMO-supported patients.
Although the contrast was injected via the left forearm
18 G peripheral cannula, no contrast was noticed in the
pulmonary angiography. Therefore, we decided to try
again by maximizing the ventilator settings to FiO, 1.0
Peep 15, RR. 25, VT 450 after lowering the ECMO flow
to 1 L/min. Once the patient’s vitals and oxygenation
were satisfactory, the contrast was injected again via the
left forearm 18 G peripheral cannula resulting in a faint
opacification of the pulmonary artery. Then, we decided
to keep the ECMO flow at zero with the same maximal
ventilator settings. Not to forget that during the ECMO,
the patient was on continuous heparin infusion utiliz-
ing the recommended ELSO guidelines, keeping the
APTT ratio between 1.5 and 2 times the reference level.
Once the radiology technician was ready, we stopped the
ECMO flow, and the contrast study was completed satis-
factorily, with good opacification of the pulmonary arter-
ies, confirming the pulmonary embolism (Fig. 3a, b). The
patient was stable, and no complications developed and
was shifted to the ICU. Pulmonary embolism was man-
aged and treated successfully by continuous heparin infu-
sion following the same protocol suggested by ELSO, but
we increased the APTT target to be 2-2.5 times the ref-
erence range, followed by rivaroxaban (anticoagulants).
On the 7th day, the patient was mobilized to the OR for
bilateral fixation of the humerus, and on the 10th day,

(b)

Fig. 3 a, b Depicts contrast-enhanced CT pulmonary angiography showing filling defects in both right and left main pulmonary arteries
confirming pulmonary embolism
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gradual weaning and discontinued ECMO safely with
uneventful complications. The patient was discharged
home by walking on the 25th day following intensive
rehabilitation.

Discussion

Post-traumatic PE is a life-threatening complication fol-
lowing trauma with an overall prevalence of 18% and this
post-traumatic PE can significantly enhance the possi-
bility of venous thromboembolism (VTE) incidents [8].
Our case supports the notion that early CTPA diagnosis
and management of posttraumatic PE in ECMO patients
result in favorable outcomes. Generally, PEs have been
presumed to occur most frequently between days 5 and
7 following a traumatic injury that supports the theory
that post-traumatic PE is caused by deep venous throm-
bosis of the lower limbs and pelvis [12]. In our case, PE
happened on the fifth day. ECMO is most well-known for
its use in neonatal respiratory failure; To date, the use of
ECMO has been also well-recognized in adult respira-
tory failure patients. The CESAR (conventional ventila-
tory support versus ECMO for severe adult respiratory
failure) 2009 trial is the only multi-center, randomized,
controlled trial to investigate the use of modern VV
ECMO techniques in adult patients with respiratory fail-
ure. It shows a better survival and quality-adjusted life
outcome in adult patients with severe respiratory fail-
ure referred for ECMO compared to conventional treat-
ment [13]. However, since the first description of ARDS
by Asbaugh et al. in 1967 and following 5 decades of
extensive research on ARDS pathogenesis has expanded
a little bit of its clinical knowledge and management. In a
recent international study involving 29,144 patients, 10%
of all patients admitted to the intensive care unit (ICU)
and 23% of mechanically ventilated patients had ARDS.
Mortality in the subgroup of patients with severe ARDS
was 46% without ECMO [14]. Friedrichson reports a sig-
nificant decline in in-hospital mortality rates for patients
with acute respiratory distress syndrome (ARDS) who
underwent venovenous extracorporeal membrane oxy-
genation (VV ECMO) treatment. The mortality rate
decreased from 70.4% in 2007 to 53.9% in 2018 [15].
Acute respiratory distress syndrome (ARDS) is a recog-
nized complication of major trauma, with a prevalence
ranging from 8 to 82% of selected patients. These selected
populations include patients with pulmonary contusions,
severe trauma (Injury Severity Score,>25), head injury,
notable base deficit, notable blood transfusion require-
ment, and notable orthopedic injuries such as long bone
and pelvic fractures. The presence of ARDS is associ-
ated with a significant increase in morbidity, increased
use of hospital resources, and a 4.3-fold increase in
mortality [16, 17]. Most centers associate ECMO with
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conventional treatment as a last-rescue therapy in ARDS.
In this context, studying the disease progress or identi-
fying any complications during ECMO running requires
frequent imaging studies. Imaging ECMO patients most
commonly involves portable chest radiography, bedside
ultrasound, and CT. Generally, on a chest radiograph,
a diffuse opacification of the lung fields develops soon
after the initiation of ECMO. This diffuse opacification
phenomenon can cause unclear soft-tissue landmarks,
making it difficult to assess disease progression, ECMO
cannula, ET tube, and other line positions [18]. Lit-
erature on the use of CT in patients with ECMO is lim-
ited, in particular CT PA. Therefore contrast-enhanced
CT imaging of ECMO patients poses unique technical
and diagnostic challenges. Several factors must be con-
sidered to ensure that contrast-enhanced CT scans on
ECMO patients are effective and safe. The type of ECMO
employed, the examination required, and the patient’s
stability all contribute to the investigation’s challenges.
Transfer times from the ward to CT and return can take
up to 80 min due to the complexities of the logistics and
examinations. Lee et al. proposed ways to improve CT
pulmonary angiography for VA ECMO patients. Prior
to administering intravenous contrast, the ECMO flow
rate is 500 ml/min for 15 to 25 s, and the bolus-tracking
ROI is positioned above the main pulmonary artery [19,
20]. Despite the fact that these concepts have not been
studied as effective techniques in VV-ECMO CT pulmo-
nary angiography, Lidegran et al. developed three novel
procedures for reducing flow-related CT artifacts in VA
ECMO. (1) Injecting contrast into the arterial cannula
following the membrane oxygenator. However, there is a
high risk of air embolism, which can result in ischemic
stroke: (2) reducing pump flow after the contrast injec-
tion also helps decrease artifacts and (3) delaying the CT
scan time after the contrast induction to accommodate
for the varying densities [21]. To our knowledge, there is
no definitive protocol for contrast-enhanced CTPA for
VV-ECMO patients. Although Liu KL et al. stated that
patients on VV-ECMO typically have respiratory failure
with normal cardiac function, contrast-enhanced CT
imaging is similar to non-ECMO patients, and any fill-
ing defects or dissection flaps in the thoracic aorta will be
associated with the true aortic syndrome [22]. However,
studies on CTPA in VV-ECMO patients are scarce. Our
report emphasizes that once the patient’s vitals and oxy-
genation were satisfactory in the CT room suite, decrease
the ECMO flow to 0 L/min and maximize the mechani-
cal ventilator settings. A short drop in ECMO flow for
seconds will not increase the risk of circuit clotting espe-
cially if the patient was on target therapeutic heparin
infusion. Once the radiology technician was ready, inject
the contrast via a large-bore peripheral cannula, and the
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study was completed satisfactorily, with good opacifica-
tion of the pulmonary arteries within 80 s, confirming the
pulmonary embolism.

Conclusion

CT pulmonary angiography can be done while patients
are on VV-ECMO, but physicians need to be aware of
the appropriate process and be prepared in case of unex-
pected complications.
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