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Abstract

Acute respiratory failure after surgery for aortic dissection is a serious com-
plication that has been associated with increased mortality and morbidity.
Veno-venous (VV) extracorporeal membrane oxygenation (ECMO) is re-
ported as one of the treatments for this life-threatening complication. A 78-
year-old male patient was admitted to our hospital for Stanford type A acute
aortic dissection. He underwent emergency replacement of the ascending
aorta, after which he developed acute lung injury. It was difficult to maintain
oxygenation with a respirator mask. Therefore, VV-ECMO was initiated on
postoperative day 1. The oxygenation gradually improved, and VV-ECMO
was continued until postoperative day 13. On postoperative day 25, mechani-
cal ventilation was withdrawn. The patient was discharged from the hospital
on postoperative day 149. We report a case of successful treatment of acute
lung injury with VV-ECMO initiated after surgery for aortic dissection. VV-
ECMO can be considered as a treatment option for severe acute lung injury
after surgery for aortic dissection.
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1. Introduction

The surgical outcomes for type A acute aortic dissection have improved due to

recent advances in operative methods, extracorporeal circulation assistive devic-
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es, postoperative management strategies, and the quality of vascular prostheses
[1] [2]. However, acute aortic dissection can cause severe respiratory failure due
to systemic inflammatory response syndrome and acute lung injury (ALI). These
complications have been associated with increased morbidity and mortality [2].
In patients who develop ALI after surgery for aortic dissection, mechanical
ventilation may be insufficient to maintain the respiratory function. Extracor-
poreal membrane oxygenation (ECMO) has been reported to provide effective
circulatory and respiratory support to patients with acute cardiac and respiratory
failure that is refractory to mechanical ventilation [3]. However, there have only
been a few reports on the use of veno-venous (VV) ECMO for acute respiratory
failure after cardiac surgery [3] [4] [5]. Here, we report the survival case of a pa-

tient who received VV-ECMO for ALI after surgery for aortic dissection.

2. Case Presentation

A 78-year-old male patient was taken to our hospital by ambulance due to chest
oppression during agricultural practice. The patient took apixaban (5 mg/day)
for paroxysmal atrial fibrillation. His height, body weight, and body surface area
were 173 cm, 74 kg, and 1.88 m’, respectively. Computed tomography showed
aortic dissection starting from the ascending aorta extending into the bilateral

common iliac arteries as well as pericardial effusion accumulation (Figure 1).

Figure 1. Preoperative computed tomography showed aortic dissection (DeBakey I) and
pericardial effusion accumulation.
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A diagnosis of Stanford type A acute aortic dissection was made. Emergency
life-saving surgery was performed. Cardiopulmonary bypass was established via
the right axillary artery and the left common femoral artery (inflows) and right
atrial cannulation (outflow). To protect the brain, selective cerebral perfusion
and hypothermic circulatory arrest with a rectal temperature of 25°C were used.
We removed the initial tear located at the proximal aortic arch and performed
ascending and hemi-aortic arch replacement. Operative time, cardiopulmonary
bypass time, aorta clamp time, and circulatory arrest time were 8 h 40 min, 4 h
38 min, 2 h 27 min, and 1 h 46 min, respectively.

Hemostasis was time-consuming because of the effect of apixaban. The post-
operative hemodynamic status was stable, especially after the bleeding was con-
trolled. However, the oxygenation had been poor (barely enough to maintain 60
- 80 mmHg of partial pressure of arterial oxygen [PaO,]/fraction of inspiratory
oxygen [FiO,]) since the admission into the high care unit. Administration ofa
neutrophil elastase inhibitor had been started intraoperatively to improve oxy-
genation. Continuous hemodiafiltration was established because of oliguria;
however, no improvement of oxygenation was observed. Instead, PaO,/FiO,
dropped to 40 - 50 mmHg. Cardiac index was 2.3 L/min/m’ and the blood pres-
sure was maintained under using inotropic agents without intra-aortic balloon
pumping. Finally, VV-ECMO was established under venous drainage from the
left femoral vein using a 16.5-Fr (15-cm) catheter; the tip of catheter was in-
serted into the left common iliac vein and arterialized blood was returned to the
right atrium via a 21-Fr (50-cm) catheter inserted from the right femoral vein.
Pump flow was 2.0 - 2.4 L/min, and pump speed was around 1600 revolutions/
min (rpm). Intensive treatment including VV-ECMO was continued, and the
oxygenation gradually improved. However, VV-ECMO could not be withdrawn.
On postoperative day 10, we exchanged the circuit of VV-ECMO due to throm-
botic deposits in the membrane oxygenator, and steroid pulse therapy (high-
dose methylprednisolone) was administered for three days at the dosage of 1
g/day. The respiratory condition improved afterwards, and VV-ECMO was
withdrawn on postoperative day 13. A tracheotomy was performed on postoper-
ative day 15 for aspiration of sputum. The dialysis treatment and mechanical
ventilation were withdrawn on postoperative day 21 and 25, respectively. He was
discharged from the hospital on postoperative day 149. He is doing well 15
months after the surgery. Figure 2 shows the acute phase of the postoperative

process.

3. Discussion

In addition to the direct effects of acute aortic dissection on the lung, ische-
mia-reperfusion injury and the release of large amounts of inflammatory me-
diators during cardiopulmonary bypass and circulatory arrest [6] as well as
transfusion [7] contribute to ALI after cardiac surgery. ALI is a severe condition
that can lead to death after cardiopulmonary bypass, with mortality rates rang-

ing from 30% to 80% [8]. Here, we report a case of successful treatment of ALI
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Figure 2. The acute phase of the postoperative process. CHDF: Continuous hemodiafil-
tration; DOA: Dopamine; DOB: Dobutamine; hANP: Human atrial natriuretic peptide;
HD: Hemodialysis; NAD: Noradrenaline; VV-ECMO: Veno-venous extracorporeal mem-
brane oxygenation.

with VV-ECMO initiated after surgery for aortic dissection.

VV-ECMO has been used to treat adults with severe respiratory failure effec-
tively since the 1970s [9]. Two randomized trials have shown that VV-ECMO is
not superior to conventional treatments [9] [10]. However, there have been
many reports on the effectiveness of VV-ECMO for the treatment of adults with
severe respiratory failure [11] [12]. There are also some reports on the usefulness
of ECMO for severe respiratory failure after cardiovascular surgery [3] [4] [5].
Another technique of extracorporeal life support is veno-arterial (VA) ECMO. If
the purpose is to oxygenate or remove carbon dioxide, VV-ECMO must be
adapted. For circulatory collapse, VA-ECMO is mandatory [13]. Although VA-
ECMO can offer hemodynamic support for a cardiogenic cause of hypotension,
the primary disadvantages of VA-ECMO are increased risk of stroke, bleeding,
renal failure, and Harlequin syndrome (selective lower body oxygenation with
upper body hypoxia) [14]. Schmid et al. described the following general indica-
tions for VV-ECMO: PaO,/FiO, < 80 mmHg under FiO, 1.0, positive end-expi-
ratory pressure (PEEP) 18 cmH,0, and refractory to respiratory acidosis (pH <
7.25) despite optimized conservative therapy [15].

Bleeding is the critical problem in ECMO after cardiovascular surgery and is
particularly problematic in VA-ECMO. One of the reasons is that insertion of
the catheter into the artery is necessary during VA-ECMO. Another reason is
the need for stricter anticoagulation management compared to VV-ECMO [16].
Herbert et al reported a successful case of VV-ECMO in a patient off anticoa-
gulants for a period of 20 days while being treated for hypoxemic respiratory
failure caused by alveolar hemorrhage [17]. However, nafamostatmesilate—an

anticoagulant—has been shown to reduce bleeding during ECMO [18] [19]. In
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the present case, there was a considerable amount of bleeding due to the effect of
apixaban, but bleeding was controlled after postoperative day 2. We also used
nafamostatmesilate as an anticoagulant, and controlled activated coagulation
time to around 150 s. There were no complications associated with bleeding or
thrombosis.

The blood drainage cannula size and position are important to maintain suffi-
cient flow volume during VV-ECMO. The use of too small of a blood drainage
cannula might be an important factor contributing to the poor outcomes of
VV-ECMO therapy for influenza A (H,N,), an infectious disease that has been
associated with severe respiratory failure in Japan [20]. The biggest point of ref-
lection in the present case was that we used a 16.5-Fr cannula for venous drai-
nage. We should have chosen a larger cannula for venous drainage. Extracorpo-
real Life Support Organization guidelinesre commend that the ventilator should
be managed at low settings (low rate with long inspiratory time, low plateau in-
spiratory pressure, and low FiO,) to allow lung rest [21]. In our case, there was
no hemolysis, but there was insufficient flow; therefore, it was not possible to use
low settings in the ventilator.

One of the advantages of VV-ECMO is that the extracorporeal oxygenated
blood can easily reach the coronary and cerebral organs, although the risk for
recirculation is always present [22]. The fraction of recirculation is influenced by
cannula configuration and positioning [23]. When clinically significant, recircu-
lation may be improved by adjusting cannula position, manipulating other fac-
tors to allow for decreased flow, adding a second drainage cannula, or using a
well-placed dual-lumen cannula. Typically, when two single lumen cannulas are
introduced, one cannula is placed via the right internal jugular vein with the tip
in the upper part of the right atrium; the other cannula is introduced via the
right femoral vein, and its tip can be positioned from the iliac vein to the upper
inferior vena cava. In this case, central venous catheter and Swan-Ganz catheter
were introduced via the right internal jugular vein. VV-ECMO was established
under venous drainage from the left femoral vein and venous returning to the
patient from the right femoral vein.

The management of ALI after cardiovascular surgery is still controversial.
Even though there are Japanese guidelines for the management of acute respira-
tory distress syndrome [24], management protocols are not always consistent.
Concerning the medical therapies, the effectiveness of neutrophilelastase inhibi-
tors has not been established [25], but there are many reports on their effective-
ness for ALI after cardiothoracic surgery [26] [27]. Many reports have suggested
that steroid pulse therapy is ineffective [28], while others have reported the ef-
fectiveness of low doses of corticosteroids [29]. In the present case, high-dose
methylprednisolone (1 g/day) seemed to be effective. Nonetheless, it might be
necessary for us to consider the appropriate timing and dosage of steroid thera-
py. Many previous reports recommend ventilation with high PEEP and lower
tidal volumes in the management of acute respiratory distress syndrome [30]

[31]. As circulatory disturbances complicate respiratory management after car-
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diovascular surgery, it would be difficult to set up such ventilation settings. It is
necessary to obtain more evidence regarding the management of ALI after sur-

gery for aortic dissection with cardiopulmonary bypass.

4. Conclusion

We report a case of successful treatment of ALI using VV-ECMO after surgery
for aortic dissection. Thus, VV-ECMO could be considered a treatment option

for severe ALI after surgery for aortic dissection.
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