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We managed general anesthesia for transcatheter aortic valve replacement (TAVR) under elective
extracorporeal membrane oxygenation (ECMO) in a patient with aortic valve stenosis (AS) complicated
with acute decompensated heart failure. The patient was an 87-year-old woman with acute heart failure
due to severe AS who had been hospitalized. However, her low cardiac output did not improve, and
weaned her off catecholamines was difficult, so semi-urgent TAVR was performed. Due to her acute
decompensated heart failure complicated by low-left ventricular function, we decided electively to use
ECMO for transfemoral TAVR to prevent hemodynamic collapse during induction of anesthesia and
surgery, enabling the safe perioperative management of this patient under general anesthesia.

INTRODUCTION

The surgical outcomes of transcatheter aortic valve replacement (TAVR) for aortic valve stenosis (AS) are not
inferior to those of surgical aortic valve replacement (SAVR) in high-risk patients, making it a standard treatment
for elderly high-risk patients [1,2].

The number of cases of TAVR has increased in recent years and there have been some reports of TAVR in
which extracorporeal membrane oxygenation (ECMO) was used electively in severe cases. However, there is no
definite opinion regarding the choice of general anesthesia or local anesthesia and the use of ECMO [3].

We managed general anesthesia during a TAVR with elective ECMO in a patient with AS complicated by
acute decompensated heart failure. Written informed consent was obtained from the patient for publication of this
case report.

CLINICAL CASE

An 87-year-old woman, weighing 45 kg and 150 cm in height, had been treated for AS for the previous 6 years,
although with gradually progressive symptoms. Dyspnea and leg edema were seen upon physical examination,
with New York Heart Association Functional Classification (NYHA) Class 1V, and she was admitted to our
hospital with the diagnosis of acute heart failure due to severe AS. Her vital signs upon admission were: blood
pressure (BP) of 119/59 mmHg, pulse rate (PR) of 85 beatssmin™ regular, respiratory rate (RR) of 25 timesemin™,
SpO2 of 95 % (under 2 Lemin™* oxygen inhalation via nasal cannula), body temperature of 37.3 degrees. Chest x-
rays revealed cardiomegaly, bilateral pleural effusion and intensified pulmonary vascular markings, and blood
brain natriuretic peptide (BNP) was elevated to 4319 pgemL™. Transthoracic echocardiography (TTE) under
intravenous infusion of 5 pgekgtemin*! of dobutamine indicated an aortic valve area of 0.52 cm?, peak velocity of
4.93 mes’t, and mean pressure gradient of 64.8 mmHg (Figure.1)—all signs of severe AS complicated by severe
aortic valve regurgitation (pressure half time of 179 ms). Decreased contractility was also noted, with an ejection
fraction (EF) of 36.6%, and a tricuspid regurgitation peak gradient of 40 mmHg, suggesting mild pulmonary
hypertension. After admission, her respiratory state stabilized when her weight decreased from 47.3 kg to 45.3 kg
following treatment with diuretics and non-invasive positive pressure ventilation (NPPV). Although weaning her
off NPPV was easy, low cardiac output persisted and weaning her off dobutamine was difficult. The patient’s
surgical risk scores indicated a Society of Thoracic Surgeons score of 30.2% and Logistic-Euro score of 25.5%,
making her a high-risk patient for surgical aortic valve replacement, so TAVR was scheduled. A preoperative
contrast CT examination showed her respiratory status had worsened and she needed to be treated with NPPV
again. Acute worsening of her heart failure was diagnosed to be due to the volume load of the contrast agent, and

Phone: +81-78-382-6172 Fax: +81-78-382-6189 E-mail:takuya_okada813@yahoo.co.jp
E90



ANESTHETIC MANAGEMENT OF TAVR UNDER ECMO

Figure 1.
Images of transthoracic echocardiography on admission. (A,B) Transthoracic echocardiography (TTE) indicated an
aortic valve area of 0.52 cm?, peak velocity of 4.93 mes™, and mean pressure gradient of 63.8 mmHg.

she was treated by increasing the dose of dobutamine to 7 pgekg*emin and additional administration of diuretics.
We decided that further medical treatment would be difficult and semi-urgent TAVR via the transfemoral approach
was scheduled. Since she was in a state of acute decompensated heart failure with low cardiac output, we decided
to perform TAVR with elective use of ECMO.

We planned to conduct this case using general anesthesia. The monitoring including pulse oximetry, non-
invasive blood pressure, electrocardiography, capnometry, urine volume and temperature were used. Before
induction, the left radial artery was cannulated for intra-arterial pressure monitoring. At anesthesia induction,
her vital signs were: BP of 113/55 mmHg, PR of 108 beatssmin™, RR of 16 timesemin*, SpO2 of 95 % (under 2
Lemin oxygen inhalation via nasal cannula) under intravenous infusion of 7 pugekg™smin™ of dobutamine. We
planned to use ECMO in case of emergency, 6 Fr sheaths were inserted into the femoral vein and artery under
local anesthesia before anesthesia induction to prevent hemodynamic collapse during anesthetic induction. General
anesthesia was induced with fentanyl 5 pgekg™, midazolam 0.02 mgekg?, and rocuronium 0.8 mgekg™. After
endotracheal intubation, a transesophageal echocardiography (TEE) probe was inserted and a pulmonary artery
catheter was inserted via the right internal jugular vein. After induction, her vital signs were: BP of 91/49 mmHg,
PR of 119 beatssmin, RR of 12 timesemin™t, SpO2 of 99 % (under mechanical ventilation with 60 % oxygen with
air). The pulmonary catheter indicated a cardiac output of 5.1 Lemin™, cardiac index of 3.6 LeminZem??, and
pulmonary arterial pressure (PAP) of 62/34 mmHg.

After anesthesia induction, a 15 Fr inflow catheter (Capiox, percutaneous catheter, Terumo Co, Tokyo, Japan)
was inserted into the left femoral artery, a 21 Fr outflow catheter (Capiox, percutaneous catheter, Terumo Co,
Tokyo, Japan) was inserted into the right femoral vein under fluoroscopy and ECMO (Capiox emergency bypass
system, Terumo Co, Tokyo, Japan) was started before the balloon aortic valvuloplasty (BAV) procedure. ECMO
flow was gradually increased to 1.4 Lemin* with stabilization of hemodynamics (her atrial pressure and pulse rate
were 105/55 mmHg and 100 beatsemin™). Since the patient had severe AR, TEE was used to monitor her left
ventricular volume as a guide to adjusting the ECMO flow at 1.0-2.0 Lemin’, as needed. An artificial valve
(SAPIEN XT® 23mm, Edwards Lifesciences Inc., Irvine, CA, USA) was placed after BAV under rapid pacing.
After valve replacement, her vital signs were: arterial BP of 93/57 mmHg, PR of 75 beatsemin™ (under pacing)
under continuous administration of dobutamine 7 pgekglemin? and noradrenaline 0.1 pgekglsmin?. Since
catecholamine support was required by low left ventricular function before surgery, we decided that an assisted
circulation device was necessary even after valve replacement. Therefore, we inserted an intra-aortic balloon pump
(IABP; XEMEX IABP Balloon Plus, ZEON MEDICAL INC, Tokyo, Japan) before weaning her off ECMO, which
was easy as a result. ECMO was used for 75 minutes. After TAVR, paravalvular leakage was almost nothing with
TEE monitoring and PAP was markedly decreased to 32/16 with IABP use by the time the patient left the operating
room. The patient was moved to the Intensive Care Unit (ICU) still intubated. At admission to ICU, her vital signs
were: BP of 115/34 mmHg, PR of 75 beatssmin* (under pacing), RR of 12 times*min, SpO2 of 99 % (under
mechanical ventilation with 50 % oxygen with air) under intravenous infusion of 7 pgskg emin™* of dobutamine
and 0.1 pgekgtemin™ of noradrenaline.

The patient’s subsequent recovery was good, allowing her to be weaned off IABP by the day after TAVR,
extubated by day 2 post-surgery, weaned off catecholamines by day 14 post-surgery and discharged on day 40
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post-surgery (Figure 2). At discharge, her NYHA classification had improved from class IV to class I, and she
was able to walk slowly. Chest X-rays showed marked improvement in her pulmonary congestion. TTE scores at
discharge were an aortic valve area of 0.97 cm?, peak velocity of 2.08 mes™, and mean pressure gradient of 11
mmHg. In addition to improved AS, cardiac function also improved, with an EF of 53%. At 6 months after
discharge, the patient remained free of any cardiovascular events.
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Figure 2. Clinical course of this case.

DISCUSSION

Few reports have discussed the anesthetic management of TAVR in severe cases with complicated acute
decompensated heart failure. We experienced a case of anesthetic management of TAVR with elective ECMO
under general anesthesia in a patient with AS complicated by acute decompensated heart failure.

TAVR is one of the treatments for severe AS and is an appropriate therapeutic option, especially for elderly
high-risk patients [1,2]. Recently, it has been reported that TAVR was performed even in severe cases with
complicated cardiogenic shock or low-left ventricular function with EF less than 30%. However, the 30-day
mortality rate after TAVR performed on patients with complicated cardiogenic shock was still as high as 13-33%
[4,5].

Regarding the method of anesthesia for TAVR, Bufton et al. reported that general anesthesia was common in
North America, whereas local anesthesia or sedation was common in Europe [6]. Since our patient had a high risk
of intraoperative hemodynamic collapse and real-time monitoring by TEE was considered to be essential,
especially for adjustment of the appropriate ECMO flow, we managed our patient under general anesthesia.
Local anesthesia has some advantages, such as shortening of the procedure time and duration of hospitalization,
and reduction in the amount of vasopressor administered during surgery. On the other hand, general anesthesia has
some advantages, such as ease of use of TEE, which enables performance of TEE in real-time and detailed
evaluation of paravalvular leakage [7]. There had been no reports showing significant differences in the success
rates of the procedures, the occurrence of intraoperative events and prognosis between general and local anesthesia
[3,7,8]. However, since the probability of transition from local to general anesthesia during TAVR was reportedly
6.3-17.0 % [3,8], it is essential to be prepared for a transition to general anesthesia even in cases managed under
local anesthesia.

The use of elective or urgent ECMO for TAVR is controversial. A 30-day mortality rate of 30-45% had been
reported in patients who suffered hemodynamic collapse during surgery and needed the urgent use of ECMO
during TAVR [9,10,11]. On the other hand, favorable results have been achieved when elective ECMO was used
during TAVR. Drews et al. reported a 30-day mortality rate of 14% (6 out of 43 cases) and Husser et al. reported
a mortality rate of 0% (0 out of 9 cases) with elective ECMO for TAVR. Husser et al. also reported a 30-day
mortality of 44% (4 out of 9 cases) in patients who require urgent use of ECMO during TAVR. These results
indicate that elective use of ECMO reduces mortality in serious cases. Therefore, those reports have recommended
the elective use of ECMO during TAVR in such cases: (1) severely impaired left ventricle function; (2) severe
pulmonary hypertension; (3) insufficient distance between the coronary artery ostium and the aortic valve annulus
[12,13]. In our case, it was necessary to administer catecholamine before surgery, and complicated with mild
pulmonary hypertension, heart failure was possible solely from the contrast medium load, suggesting the potential
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for intraoperative hemodynamic collapse. Hence, we decided to perform transfemoral TAVR with elective use of
ECMO. The use of TEE during ECMO is reportedly useful for the detection of complications and readiness for
weaning off ECMO [14]. Since flow volume was adjusted with careful TEE monitoring of left ventricular
dimensions, preventing further left ventricular myocardial damage, subsequent weaning off of ECMO was easy in
our patient.

In conclusion, we successfully managed general anesthesia for TAVR under ECMO in a patient with AS
complicated with acute decompensated heart failure. In high-risk patients undergoing TAVR, the anesthesiologist
should remain aware of elective ECMO as a possible procedure to improve outcomes and be familiar with its
anesthetic management.
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