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Abstract

Background Extracorporeal membrane oxygenation (ECMO) can be used as salvage therapy for multitrauma
patients with acute respiratory distress syndrome (ARDS) when conventional treatment fails to maintain oxygenation.
However, controversy exists between ECMO application and the risk of bleeding due to systemic anticoagulation
during the treatment. Non-heparin introduction seems to be a possible solution for this dilemma, owing to technical
improvements in the device and management methods of ECMO.

Case presentation A 58-year-old woman suffered from blunt thoracic, pelvic, and right lower limb fractures due to a
falling accident, which resulted in acute respiratory distress syndrome (ARDS). Although the patient received intuba-
tion and mechanical ventilation (MV), respiratory failure was not alleviated. Venous-venous (V-V) ECMO was used as a
salvage therapy. With the support of V-V ECMO, we safely cleared blood clots in the bronchus and avoided secondary
lung injury caused by pressure trauma and oxygen poisoning of the MV. We introduced heparin-free ECMO manage-
ment as a solution to reduce the risk of bleeding associated with pulmonary contusion and other organ injuries. To
prevent thrombosis, we set the blood rate of ECMO to 4.0 L/min, which is much higher than the usual parameter. Dur-
ing ECMO, coagulation factors, such as prothrombin time, activated partial thromboplastin time, and D-dimer, were
examined. ECMO was maintained for 5 days without any complications; MV was stopped on the 13th day, extubated
on the 24th day, and discharged from ICU on the 28th day.

Conclusion ECMO with non-heparin could be an optimal treatment for multitrauma patients with ARDS when tradi-
tional treatment cannot sustain oxygenation. High blood flow rate could prevent thrombosis through ongoing ECMO
therapy without systemic anticoagulation. In addition, monitoring D-dimer value change (A D-dimer) may be better
than D-dimer value in predicting clot formation in the membrane oxygenator.
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Background
Multitrauma is usually a life-threatening emergency and
often caused by vehicular accidents or fall. Blunt thoracic
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[3]. Intubation and mechanical ventilation are traditional
treatments for ARDS, but worsening lung compliance
and high inspiratory pressure lead to further lung injury.
When conventional mechanical ventilation therapy
failed, extracorporeal membrane oxygenation (ECMO)
may be the final rescue therapy, which can provide ade-
quate oxygenation with low positive pressure and oxy-
genation supply of ventilator [4].

Although ECMO has successfully rescued ARDS
patient of trauma in 1971 at the Cottage Hospital in Santa
Barbara, the auxiliary role of ECMO in trauma patients is
still controversial because of further bleeding in multiple
trauma patients secondary to systemic anticoagulation in
ECMO treatment. Recently, ECMO technology has made
great progress, including heparin-coated circuit and
polymethylpentene oxygenator, which may reduce the
anticoagulation requirements in some clinical scenarios
[5]. Therefore, heparin-free ECMO seems to be a feasi-
ble method to solve the problem of high risk of bleeding
in multiple trauma patients who need ECMO support.
Without system anticoagulation, high blood flow rate
of ECMO is set to prevent clot formation in membrane
oxygenator (MO) [6, 7]. Although the progress of ECMO
device and the management strategy of high blood flow
have reduced thrombosis, the clot formation in ECMO
device cannot be completely avoided. As a predictor of
thrombosis, D-dimer could predict thrombosis for bed-
side surveillance of MO and to avoid system-induced
coagulation disorders [8].

At present, studies on how to set the blood flow veloc-
ity of ECMO to prevent thrombosis and forecast the
D-dimer value in ECMO device in detail to predict
thrombosis during treatment are few. Here, we reported
our experience of non-heparinized ECMO management
strategies in a multitrauma patient with respiratory fail-
ure due to hemothorax, pulmonary contusion, and air-
way obstruction by blood clots.

Case presentation

A 58-year-old woman suffered from blunt thoracic, pel-
vic fracture, and right lower limb fracture because of
falling from approximately 6 m high by accident. She
was transferred to the nearest hospital and admitted
into the intensive care unit (ICU) immediately. Emer-
gency CT examination showed bilateral pulmonary
contusion, right pleural effusion, bilateral multiple rib
fractures, right clavicle fractures, lumbar two—four ver-
tebral spinous process fractures, right iliac bone frac-
tures, and right femoral shaft fractures. The patient
received single-lumen intubation and mechanical ven-
tilation (MV) because of refractory tachypnea and
hypoxemia. In addition, chest X-ray showed a right
large hemothorax with atelectasis (Fig. 1). The patient
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Fig. 1 Chest X-ray showed consolidation of lower and middle lob of
right lung

presented hemorrhagic shock due to hemothorax and
multiple fractures. The patient was treated with closed
drainage of the right thoracic cavity, enhanced MV sup-
port, fixation and traction of the right lower limb, and
fluid and blood transfusion resuscitation. After these
treatments, blood pressure could be maintained with
low-dose vasopressors, but no alleviation of hypoxemia
was observed. Therefore, the patient was transferred to
our ICU department on day 2.

On arrival, the patient had severe dyspnea with par-
adoxical breathing, respiratory rate at 35 breaths per
minute, tachycardia at 130 beats per minute, and arte-
rial pressure of 122/68 mmHg with norepinephrine
infusion at 0.1 pg/kg/min. Breathing sounds decreased,
oxygenation saturation was 90% with ventilator set as
fraction of inspiration oxygenation (FiO,) 1.0, pressure
control (PC) 25 cmH,0, positive end-expiratory pres-
sure (PEEP) 15 cmH,O, and tidal volume (V) 300 ml;
arterial blood gas analysis showed that pH was 7.32,
PaO, was 53 mmHg, and PCO, was 72 mmHg. Mean-
while, the bedside bronchoscopy showed that the main
bronchus was almost obstructed by foreign bodies,
which may be blood clots caused by bronchial hem-
orrhage (Fig. 2). When the PaO,/FiO, ratio (PFR) was
53 mmHg, removing the blood clots was dangerous, and
threatened bleeding would recur after blood clots were
removed. Moreover, mechanical ventilation and respira-
tory distress can aggravate lung injury and lead to per-
sistent pulmonary hemorrhage. Therefore, we decided
to establish veno-venous (V-V)-ECMO, and insert cath-
eter via the right jugular vein (19-F cannula for inflow)
located at the right atrium and the right femoral vein
(21-F cannula for outflow) located at the inferior vena
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Fig.2 A The CT showed neoplasm obstructing the main bronchus (black arrow). B Neoplasm obstructing the main bronchus with endotracheal

bronchoscopy

cava. Blood was drawn out from the inferior vena cava
to the ECMO device (Maquet, ROTAFLOW Console),
and it was infused into the right atrium after oxygena-
tion. We did not use any anticoagulation drugs because
of bronchial bleeding, right hemothorax, and other
unstable organ injuries. The pump was set at 3800-
4000 rpm to maintain a blood flow rate of approximately
4.0 L/min, which may prevent thrombus formation,
and the gas flow rate at 3—5 L/min and FiO, 1.0. After
ECMO was established, mechanical ventilation param-
eter was declined to prevent barotrauma with remedia-
tion of respiratory distress. Arterial blood gas analysis
showed that pH was 7.45, PaO, was 163 mmHg, and
PCO, was 30 mmHg with ventilator set as PC 14
¢mH,0, PEEP 10 cmH,O, V. 200 ml, and FiO, 0.4. The
patient was stable with respiratory rate of 12 breaths
per minute, heart rate of 80 beats per minute, and arte-
rial blood pressure of 110/60 mmHg without any vaso-
pressor. Further CT scan showed that the bilateral lung
consolidation and trachea were almost obstructed com-
pletely (Fig. 3). With ECMO support, we performed
bronchoscopy(electronic bronchoscope type: Olympus
BF-1TQ290) with carbon dioxide cryotherapy (equip-
ment: Erbe Elektromedizin GmbH) to clear the foreign
bodies in the main segments of bronchopulmonary, and
the pathology results showed that the foreign bodies
were blood clots (Fig. 4).

When the clots were removed, the ventilator param-
eters were the same as the previously set condition,
and V} was augmented from 200 ml to nearly 400 ml
Chest CT scan was obtained prior to the withdrawal
of ECMO, showing that the clots in the trachea disap-
peared and pulmonary atelectasis improved (Fig. 5). We
weaned ECMO support by decreasing oxygen supply
on day 3 and removing ECMO when the oxygen supply

stopped for 24 h on day 6 with ventilator set to PC 13
c¢cmH,O, PEEP 8 cmH,0, and PFR>300 mmHg because
of non-heparinization. No ECMO-related infection and
bleeding were observed during the course. Prothrom-
bin time (PT), activated partial thromboplastin time
(APTT), and D-dimer were monitored four times each
day during ECMO ongoing to evaluate ECMO throm-
bogenicity. We removed the right thoracic drainage
tube on day 5 and the left thoracic drainage tube on
day 6. The patient underwent tracheostomy on day 10,
MYV stopped on day 13, and bronchial bleeding totally
stopped on day 15. The right femoral shaft and pelvic
fracture underwent repositioning and osteosynthesis
under general anesthesia on day 18. The patient was
extubated on day 24, transferred to the traumatology
ward on day 28, and discharged on day 35. Besides, the
tracheostoma of the patient healed by itself in 3 days
which did not need to be stitched.

Discussion

This report described a case about heparin-free ECMO
established to rescue the patient with acute respiratory
failure caused by lung injury and airway obstruction.
Removing blood clots by bronchoscopy under severe
respiratory failure was dangerous. Otherwise, bleeding
would recur when blood clot was removed, inducing
asphyxia to death. V-V ECMO modality was selected
to alleviate respiratory failure, tissue hypoxia, and CO,
removal given that the patient had no potential heart
disease and the ultrasonic cardiogram was normal. With
the support of ECMO and mechanical ventilation, the
blood clots were removed by bronchoscopy with cryo-
therapy in safe, and the patient survived from acute res-
piratory failure. We introduce this case in detail, to guide
the treatment of similar cases in the future, especially



Meng et al. The Egyptian Journal of Bronchology (2023) 17:9

Page 4 of 7

Fig. 3 Chest CT scan images (lung window) on the day before ECMO showed bilateral consolidation

Fig. 4 Microscopically, a reddish fibrin network is seen, and the
stroma is full of red blood cells and neutrophils

the patients who need V-V ECMO support with active
bleeding.

Multitrauma with blunt thoracic injuries usually
experiences ARDS [9]. Notwithstanding the therapeu-
tic advances that improved outcomes in ARDS [10],
lung injury remains significant with a high risk of mor-
tality, especially concurrent severe chest trauma and
hemorrhage. In this situation, ECMO could be the sal-
vage therapy to trauma patient with severe respiratory
failure [4]. It may provide adequate tissue perfusion,
oxygenation, and ventilation support reduction to pre-
vent further ventilator-associated lung injury and pro-
vide time for lung recovery. However, ECMO remains
controversial in patients with multiple injuries associ-
ated with lung failure and high risk of bleeding.

The improvement of ECMO technique in circuit
(coated with heparin) and pump material polymethyl-
pentene decreased thrombogenicity and reduced hem-
orrhagic complication by mitigating anticoagulation
requirements [11, 12]. A 10-year study reported that
94% of ECMO cases were anticoagulated with heparin
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Fig.5 Chest CT scan images (lung window) showed attenuated pulmonary consolidation and atelectasis before the withdrawal of ECMO

successfully [13]. However, some patients had to stop
heparin injection due to severe bleeding, even though
the anticoagulation effect was good [7].

With regard to the patient who had hemothorax, pel-
vic fracture, and femoral shaft fracture, we still selected
the heparin-free management to reduce the risk of bleed-
ing. However, no systemic heparin administration had
a potentially higher risk for thrombosis of the MO. Dur-
ing this period, monitoring coagulation function factors,
such as APTT, PT, and D-dimer is important. Especially,
D-dimer is a sensitive marker for thrombus formation;
it was used effectively to evaluate clot formation in MO.
Christian reported that [8] D-dimer levels were positively
correlated with clot volume of MO, which was calculated
using multidetector computed tomography. In this case,
PT and APTT were normal and stable, and D-dimer was
at a high level prior to ECMO application and gradu-
ally increased in the first 2 days after ECMO (Fig. 6). We
also observed three small clots that formed in the MO.

They indicated that clot was formed in the MO because of
non-system anticoagulation. In this case, we increased the
blood flow from 3.0 L/min to no less than 4.0 L/min, which
is higher than in other studies [6, 14], and no thrombosis
was founded in MO. Compared with other studies, higher
blood flow rate is required to prevent clot formation
because of an ideal flow rate for each MO [6]. D-dimer
value deescalated to the baseline (value of D-dimer prior
to ECMO application), but it was still over the cut-off value
for thrombus formation compared with other studies [8].
However, thrombus formation was not observed during
ECMO period because the D-dimer value was high prior
to ECMO implantation and did not return to normal level
after ECMO therapy until we repaired the broken right
leg and pelvis. We inferred that ECMO and multitrauma
affected the D-dimer value. In this situation, we speculate
that the D-dimer value changed (A D-dimer) to a better
parameter to evaluate ECMO thrombogenicity, and a large
sample is required to further characterize this relationship.
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Fig. 6 Coagulation function test during ECMO

Conclusion

Heparin-free ECMO could be an available option for
multitrauma patient with active bleeding when conven-
tional ventilation support does not work. High blood
flow rate could prevent thrombosis for ECMO with
non-heparin anticoagulation, and D-dimer could be a
more useful marker to evaluate thrombus formation in
some conditions.

Abbreviations

ARDS Acute respiratory distress syndrome
ECMO Extracorporeal membrane oxygenation
ICU Intensive care unit

cT Computerized tomography

0% Mechanical ventilation

PT Prothrombin time

APTT Activated partial thromboplastin time
FiO2 Fraction of inspiration oxygenation
PC Pressure control

PEEP Positive end-expiratory pressure

VT Tidal volume

PFR PaO2/FiO2 ratio

MO Membrane oxygenator
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