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Abstract

Management of Duchenne muscular dystrophy (DMD) cardiomyopathy is increasingly important for the survival of these
patients. Left ventricular assist device (LVAD) is an alternative treatment for refractory heart failure in DMD. A 20-year-old
man with DMD and dilated cardiomyopathy underwent surgery for LVAD implantation. Respiratory failure may occur due
to muscle weakness after surgery under general anesthesia in patients with DMD, and weaning from mechanical ventilation
may be delayed or difficult. Considering the application of fast-track anesthesia (FTA), preoperative pulmonary rehabilita-
tion which includes thoracic expansion exercise, air stacking exercise with manual resuscitation bag and manually assisted
cough technique, hight-frequency chest wall oscillation, and mechanical insufflation—exsufflation was performed. We report
on a patient with DMD in whom FTA and early extubation within 6 h after LVAD implantation was successfully performed
without complications.
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Introduction

Duchenne muscular dystrophy (DMD) is an X-linked reces-
sive disease, accounts for 80-85% of all muscular dystrophy,
and occurs in 1 in 3500 male newborns [1]. Most patients
with DMD cannot walk at age 10 and are walker depend-
ent. Death occurs before age 20 due to heart and respiratory
muscle involvement [2, 3]. Previously, respiratory insuffi-
ciency was the leading cause of death; however, with the
development of ventilator support, it was replaced by cardiac
complications such as dilated cardiomyopathy (DCM) [4].
Therefore, management of DMD cardiomyopathy is increas-
ingly important for the survival of these patients.
However, DMD cardiomyopathy has higher mortality
than other DCMs [5], and heart transplantation is contrain-
dicated in dystrophinopathies as it may cause respiratory
failure and limited functional capacity due to progressive
skeletal myopathy [6, 7]. Left ventricular assist device
(LVAD) is an alternative treatment for refractory heart fail-
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ure in DMD [8, 9]. Fast-track anesthesia (FTA) for LVAD
implantation with appropriate patient selection reportedly
resulted in fewer postoperative complications [10].

We report on the successful and uncomplicated perfor-
mance of FTA and early extubation within 6 h of LVAD
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implantation in a patient with DMD and INTERMACS
(Interagency Registry for Mechanically Assisted Circulatory
Support) level 3 DCM (Table 1). Written informed consent
for publication was obtained from the parent as the patient
was immobile.

Case

A 20-year-old man (height: 138 cm, weight: 39 kg) diag-
nosed with DMD at age 11 was hospitalized for heart failure
and dyspnea due to DCM and ischemic cardiomyopathy. He
had a history of atrial flutter and underwent left proximal
circumflex artery balloon angioplasty for acute embolic
myocardial infarction 1 year ago. Despite volume reduction
and inotrope use (dobutamine, 3 mcg/kg/min), his blood
pressure was maintained at 85-100/55-60 mmHg, and ejec-
tion fraction was 24%. He had INTERMACS level 3 DCM.
HeartMate 3 LVAD (St Jude Medical Inc., St Paul, MN)
implantation was planned.

Preoperatively, his B-type natriuretic peptide level was
3803 pg/ml, and sinus rhythm was maintained. Chest radi-
ography showed cardiomegaly and lumbar scoliosis (Fig. 1).
Transthoracic echocardiography revealed left ventricular
(LV) apex, basal anterior wall, and mid to basal postero-
lateral wall akinesia with severe LV systolic dysfunction.
Pulmonary function test results showed a severe restric-
tive pattern with forced vital capacity of 0.75 L (26% of
predicted value). The patient was unable to ambulate, and
difficult intubation was anticipated due to postural abnor-
malities (short neck, small chin, and severe scoliosis). The
cardiologist, thoracic surgeon, physiatrist, and anesthesiolo-
gist emphasized the importance of postoperative respiratory
function recovery, and a pulmonary rehabilitation program
was conducted preoperatively to allow early extubation
postoperatively. Thoracic expansion exercise, air stacking
exercise with manual resuscitation bag (Ambu. bag; Hud-
son respiratory care Inc., Temecula, CA, USA) and manu-
ally assisted cough technique were performed for pulmo-
nary rehabilitation program. High-frequency chest wall

Fig.1
liosis

Preoperative chest X-ray. The patient has severe lumbar sco-

oscillation (The Vest® Airway Clearance System, Model
105, Hillrom, USA) and mechanical insufflation—exsuffla-
tion device (CoughAssist T70, Philips) were also applied
for pulmonary hygiene. Unfortunately, only tiny objective
improvement of respiratory function (forced vital capacity
of 0.77 L, 27% of predicted value) was confirmed (forced
vital capacity of 0.75 L (26% of predicted value).
Immediately preoperatively, the patient’s blood pressure
was 83/60 mmHg, heart rate was 108 beats per minute, and
oxygen saturation was 100% on room air. Total intravenous
anesthesia with 2% propofol and 0.05% remifentanil was
performed considering the risk of malignant hyperther-
mia. Video laryngoscopy was performed, because diffi-
cult intubation was expected. After continuous infusion of
propofol (4 mcg/ml) and remifentanil (3 ng/ml) for 5 min,
and bolus injection of 40 mg rocuronium, intubation was
successfully performed. Blood pressure was maintained

Table 1 INTERMACS

- . INTERMACS profile
classification

Description

Level 1
Level 2
Level 3
Level 4
Level 5

Level 6
Level 7

Critical cardiogenic shock. “Crash and Burn”

Progressive decline. “Sliding fast on inotropes”

“Stable” continuous inotrope dependent. Can be in hospital or at home
Resting symptoms on oral therapy at home

Exertion intolerant. “Housebound” comfortable at rest, symptoms
with minimum activities of daily living (ADL)

“Walking wounded”—ADL possible but meaningful activity limited
Advanced classification II

INTERMACS Interagency Registry for Mechanically Assisted Circulatory Support

@ Springer



Journal of Anesthesia (2021) 35:455-458

457

at 80-100/40-60 mmHg using dobutamine (10 mcg/kg/
min) and norepinephrine (0.1 mcg/kg/min). A target-con-
trolled infusion pump infused propofol (2-2.5 mcg/ml) and
remifentanil (1-2 ng/ml) (bispectral index value 40-60).
Rocuronium (2 mecg/kg/min) was continuously infused. Ini-
tially, regional cerebral oxygen saturation was 30-35, but
was maintained at 45-70 from cardiopulmonary bypass
(CPB) to surgery completion.

Surgery was performed via median sternotomy on the
beating heart under CPB. The surgeon docked the inflow
cannula on the LV apex, made a tunnel for the driveline,
and anastomosed the outflow graft and aorta (Fig. 2). After
bleeding control with deairing, the patient was weaned from
CPB by carefully increasing the LVAD speed. Mean arte-
rial blood pressure was maintained at 70—-80 mmHg using
dobutamine (3 mcg/kg/min), norepinephrine (0.1 mcg/kg/
min) and milrinone (0.75 mcg/kg/min) during post-CPB
period. Rocuronium infusion was stopped 45 min before
surgery completion. Before transferring, infusion of propofol
and remifentanil was stopped, and intravenous patient con-
trolled analgesia which contains 1000 mcg of fentanyl, and
0.3 mg of ramosetron in 100 ml was started. Immediately
after being transferred to the intensive care unit, the patient
obeyed a simple command. One hour before extubation, oxy-
gen saturation was maintained 94-96% with pressure sup-
port ventilation (fraction of oxygen 50%, pressure 9 cmH,0,
and PEEP 5 cmH,0). Extubation was performed under the
supervision of a cardiologist, physiatrist, and anesthesiolo-
gist 4 h postoperatively. Mechanical insufflation—exsufflation

Fig.2 Postoperative chest X-ray. LAVD is well located on the left
chest. LAVD left ventricular assist device

device with pressure of +40 cmH,0/—40 cmH,0 was used
5 cycles for pulmonary hygiene before extubation. Imme-
diately postextubation, oxygen saturation was maintained
99% with oxygen 2 L/min via nasal cannula, and the result of
arterial blood gas analysis showed PaO, 90 mmHg, PaCO,
52 mmHg, and pH 7.31. Somnolence and carbon dioxide
retention (up to 54 mmHg, pH 7.33) was observed, which
recovered to 43 mmHg, pH 7.36 on the next day. The LVAD
pump speed was maintained at 5000 revolutions per minute
and pump flow at 2.5-3 L/min. The patient was transferred
to a general ward 6 days postoperatively and received dobu-
tamine (1-3 mcg/kg/min) without complications.

Discussion

Patients with DMD die from respiratory or heart failure
before age 29, with more than 50% having DCM by age 15
[11, 12]. In these patients, heart failure is medically treated
using angiotensin converting enzyme inhibitors and steroids,
which reduces mortality [13, 14]. Despite this, most patients
eventually experience progressive cardiac dysfunction and
require heart transplantation, which has little evidence [15],
or LVAD implantation, which is useful as destination ther-
apy [8, 9, 11]. Our patient, a 20-year-old with INTERMACS
level 3 DCM, was unable to exercise spontaneously, but had
good spontaneous breathing. Therefore, LVAD implantation
was planned.

Malignant hyperthermia may occur when inhaled anes-
thetics and succinylcholine are used in patients with DMD,
leading to rhabdomyolysis and hyperkalemic cardiac arrest.
Additionally, they may have a difficult airway and sensitivity
to neuromuscular blockers [16]. Therefore, total intravenous
anesthesia (TIVA) is commonly performed using propofol
and remifentanil, which are known to be safe, with non-
depolarizing neuromuscular blocker administration if nec-
essary [16]. We performed TIVA with video laryngoscopic
intubation due to anticipated difficult intubation. Although
no clinically evident respiratory impairments were observed,
we should have performed neuromuscular monitoring such
as train-of-four or double-burst stimulation during recovery
after rocuronium administration.

Respiratory failure may occur due to muscle weakness
after surgery under general anesthesia in patients with DMD,
causing delayed or difficult weaning from mechanical ven-
tilation (MV). Additionally, although MV has an unloading
effect on respiratory muscles, it causes diaphragmatic atro-
phy and dysfunction, which is known as ventilator-induced
diaphragmatic dysfunction (VIDD) [17]. Since VIDD affects
weaning, early extubation using non-invasive ventilation
and pulmonary rehabilitation is important [17]. Addition-
ally, postoperative complications such as respiratory fail-
ure, prolonged MYV, psychiatric events, and right ventricular
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failure (RVF) can lead to high morbidity and mortality [18].
Feasibility of ultra-fast-track anesthesia with in-theater
extubation (UFTA) has been studied in patients with heart
transplantation and LVAD implantation [10, 19]. Patients
with INTERMACS level 3—4 undergoing LVAD implanta-
tion showed better hemodynamic performance and lower
RVF frequency following UFTA [10]. Our patient underwent
preoperative pulmonary rehabilitation to prepare for UFTA
and was successfully extubated in the intensive care unit
4 h postoperatively under the supervision of a cardiologist,
physiatrist, and anesthesiologist.

In conclusion, LVAD implantation is useful as destination
therapy for heart failure in patients with DMD, who have few
therapeutic options. A multidisciplinary approach including
cardiology, thoracic surgery (surgical access method), reha-
bilitation medicine (pulmonary rehabilitation), and anes-
thesia and pain medicine (selection of anesthetic drugs) is
required while planning surgery. Additionally, rapid weaning
from MV using UFTA can be attempted.
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