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ABSTRACT : Duchenne smuscular dystrophy (DMD)
is the most common and severe form of myopathy
occurring in pediatric patients. Sensitivity of patients
with DM D to sedative, anesthetic and neuromuscular
blocking agents may result in intraoperative and
early postoperative cardiovascular and respiratory
complications, as well as prolonged recovery from
anesthesia. Anesthetic management of these patients
is challenging and may cause serious problemsto the
anesthesiologist. We report the use of a total intra-
venous anesthesia technique (T1VA) with remifenta-
nil and propofol without musclerelaxants, associated
with intrathecal mor phinein three children with DMD
under going posterior spinal surgery (PSS). Tracheal
intubation was successfully done with good conditions.
Theintraoperative course of these patientswas un-
eventful. Controlled hypotension, rapid recovery and
uneventful postoperative period were achieved with
thistechnique.

In conclusion, good conditionsfor tracheal intuba
tion, controlled hypotension, rapid recovery and un-
eventful postoperative period can be achieved with
this anesthesia technique in patients with DMD.

INTRODUCTION

Duchenne’s muscular dystrophy (DMD) is the most
common and severe form of myopathy occurring in pedi-
atric patient [1]. DMD is an inherited disorder character-
ized by severe proximal muscle weakness, progressive
degeneration, fatty infiltration of the muscles, and gradual
motor function deterioration [2]. Children who have
DMD were considered to be at high risk of perioperative
cardiac and pulmonary complications. Specific anesthetic
complicationsin persons with DMD are related to admin-
istration of succinylcholine and volatile anesthetics and
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RESUME : Lasensibilité des patients atteints de dys-
trophie musculair e de Duchenne (DM D) aux sédatifs,
anesthésiques et curares non dépolarisants (CND)
peut entrainer des complications per opératoir es et/
ou cardiovasculaires et respiratoir es postopér atoir es,
auss bien qu'un retard derévell anesthésique. L' anes-
thésie de ces patients peut causer de sérieux problémes
aux anesthésistes. Nous rapportons|’usage del’anes-
thésie intraveineuse totale (T1VA) avec rémifentanil
et propofol sans myor elaxants, associée a la morphine
intrathécale chez trois enfants atteints de DM D, pro-
grammeés pour une chirurgie réparatrice de scoliose
par abord postérieur. L’ intubation trachéale est réus-
siedans de bonnes conditions. Les périodes per et post-
opératoires sont sansincident notable. Une hypoten-
sion contr6lée et un réveil anesthésique rapide sont
achevés avec cette technique.

En conclusion, la TIVA au rémifentanil et propofol
associée a la mor phineintrathécale assur e de bonnes
conditions pour I'intubation trachéale, une hypoten-
sion contrdlée et un réveil anesthésique rapide chez
les enfants avec DM D sans incident postopératoire
notable.

included cardiac arrhythmias, cardiac arrest and amalig-
nant hyperpyrexia-like syndrome [3-5]. There are aso
reports about the increased sensitivity of patients with
DMD to non-depolarizing neuromuscular blocking agents
(NMBA) [1-2]. Anesthetic management of these patients
is chalenging and may cause serious problems to the
anesthesiologist. Therefore, the anesthetic drugs must be
carefully selected.

Wereport in this paper the use of an anesthetic regimen
based on atotal intravenous anesthesia technique (TIVA)
with remifentanil and propofol without NMBA associated
with intrathecal morphine in three children with DMD
undergoing posterior spinal surgery (PSS).

CASE REPORTS
Three male patients with DM D, wheel chair-dependent,
aged 10, 11 and 13 years respectively, were admitted to

our department for posterior spinal surgery correction.
The patients showed a decreased in pulmonary function
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TABLE |
PATIENTS DEMOGRAPHIC
AND RELEVANT SURGICAL DATA

Patient1  Patient2  Patient3
AGE (yr) 10 11 13
WEIGHT (kg) 31 35 38
FVC (% predicted value) 57 54 50
FEV1 (% predicted value) 65 63 59
Pre-oPERATIVE CK (U/L) 3340 4270 3280
CARDIOMYOPATHY - + -
SURGICAL TIME (min) 380 335 320
RECOVERY TIME (min) 12 9 10
LowEST POSTOPERATIVE SPO, (%) 96 98 94

FVC : forced vital capacity FEV 1 : forced expiratory volume in 1 s
CK : creatine kinase

tests and elevated creatine kinase (CK). One patient (Pt 2)
showed cardiomyopathy with 45% of left ventricular gec-
tion fraction on echocardiography. Patients' characteris-
ticsare presented in table .

Institutional approval and parental informed consent
were obtained for the three children. The patients were
premedicated with 1 mg/kg of hydroxyzine (Atarax®)
administered orally one hour before the induction of anes-
thesia. In the operating room, routine monitoring includ-
ing 5 leads ECG, pulse oxymeter, non-invasive blood
pressure measurement and an 1V line were started. End-
tidal CO, concentration was also recorded from the time
of anesthesiainduction to the time of extubation. The
anesthesia machine was prepared by using a disposable
circuit, afresh CO,-absorbent, disconnecting the vaporiz-
ers and flushing with O, at arate of 10 I/min for 20 min-
utes before use. Continuous assessment of the depth of
anesthesa and level of consciousness was achieved
according to the Bispectral Index Scale (BIS) using the
el ectro-encephalographic electrodes (with BIS 0 = cortical
silence, BIS 100 = awake ; whereas BIS values of 45-65
are recommended for deep general anesthesia).

Generd anesthesia was induced with remifentanil infu-
sion 1 pg/kg/min for 1 min during which the patient was
pre-oxygenated followed by propofol 3-5 mg/kg without
neuromuscular blocking agents. Laryngoscopy and intuba-
tion were performed easily. Mechanical ventilation with
40% oxygen and 60% nitrous oxide was begun. The
patients were placed in the lateral decubitus position, lum-
bar puncture was performed, under sterile conditions, with
a 90 mm 25 gauge pencil point needle between L4-L5
interspace. A single-dose of morphine 4 pg/kg was admin-
istered intrathecdly to provide postoperative analgesia.
The patients' conditions were monitored continuously by
routine monitoring and aradial arterial catheter, an end-
tidal CO, (ETCO, maintained between 35-40 mmHg), a
rectal temperature (T°) probe (T° maintained between 36°C
and 37°C) and BIS. The surgery was performed in the
prone position. The posterior instrumentation of the spine
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was done with pedicle screws in the thoracic and lumbar
spine. The procedures were performed over a minimum of
seven or maximum of eleven vertebral levels. Anesthesia
was maintained with continuous infusion of remifentanil
0.1to 0.4 pg/kg/min to provide a systolic arterial pressure
(SAP) close to 80 mmHg and propofol 3 to 9 mg/kg/h to
provide atarget BIS index between 40 and 50. Volatile
anesthetics were not used.

Monitoring of posterior spinal cord function was
assessed by the wake-up test performed at the surgeon’s
reguest. Then the infusion of propofol and remifentanil
was stopped. The BIS was helpful in the continuous
assessment of the wakening process. BIS increased from
the 40'sto the 80'sin 9 to 12 min after discontinuation of
drugs and nitrous oxide during the test. Patients were
asked repeatedly during the wake-up test, at least every
30 s, to open their eyes and to move their hands and feet.
After finishing the wake-up test, maintenance of anesthe-
siawas continued, as previously described.

Blood loss was adequately corrected by transfusion of
packed red blood cells. Hemoglobin was maintained
between 9 and 11 g/dl. On completion of surgery, the
patients were extubated in the operating room after regain-
ing consciousness and fulfilling the extubation criteria.
The patients were then transferred to the pediatric intensive
care unit for 24 hours. The intraoperative course of these
patients was uneventful. HR and SAP measured at key
points intraoperatively are presented in figure1l. Mean
highest and lowest HR were 75 + 5 and 60 + 3 beatsmin.
Mean highest and lowest SAP were 92 + 10 and 78 £ 6
mmHg. Lowest postoperative SpO, was 96 + 2 %. The sur-
gical times were respectively 380, 335 and 320 minutes
(mean duration was 345 + 31 min). The recovery times
(from the end of surgery to extubation) were respectively
12, 9 and 10 minutes (mean recovery time was 10.33 £
1.53 min).

Postoperative pain was assessed at 2-h intervals by
means of aVAS from 0-100 (where 0 = no pain ; 100 = the
worst pain imaginable). All patients received intravenous
paracetamol 15 mg/kg every 6 h. As arescue analgesic,
intravenous morphine 0.02 mg/kg was administered if
VASwas greater than 30 and titrated to keep arespiratory
rate greater than 10 breaths/min. No patient needed rescue
analgesic the first 18 hours postoperatively. There was no
nausea and vomiting, nor cardiac or respiratory complica
tions postoperatively.

DISCUSSION

Anesthetic management of patients with DMD is chal-
lenging and may cause serious problems to the anesthesi-
ologist. Because of the marked sensitivity of these patients
to sedatives and anesthetic agents and the increased risk of
precipitating rhabdomyolysis or malignant hyperthermia
by anesthetic drugs[1, 2, 6], the safest anesthetic tech-
nique has still to be established. As apossible association
between malignant hyperthermiaand DMD has been doc-
umented, our anesthetic technique was administered with-
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out triggering agents. Due to the two particularities of the
spina surgery (controlled hypotension avoiding excessive
intraoperative bleeding and intraoperative wake-up test)
we used an anesthetic protocol based on propofol and
remifentanil without myorelaxant or volatile anesthetics,
in three children undergoing posterior spinal surgery. We
recommend remifentanil for children with DMD. Its
potency and its rapid onset of action have potentiated the
anesthesia, decreased the risk of intraoperative awareness
and blunted the hemodynamic changes associated with
laryngoscopy and surgery (Fig. 1). Because remifentanil’s
metabolism is independent of liver and renal function, our
patients benefited from its analgesic properties without
therisk of drug accumulation. In addition, remifentanil’s
short duration of action prevented prolonged postopera-
tive respiratory depresssion and sedation. We found the
combination of propofol and remifentanil infusions with
nitrous oxide in oxygen to be successful for patients with
DMD undergoing spinal surgery. Exaggerated reactions
to drugs were not observed. Intraoperative BP and HR
were stable and the wake-up test was successful. The
recovery period was smooth and relatively short, lessthan
12 min. There were no serious postoperative respiratory
or cardiac complications. The stable intraoperative period,
uneventful recovery and lack of postoperative complica-
tionsin our report may be explained by the following fac-
tors: First, the use of ultra-short agents (propofol and
remifentanil) for anesthesia ; secondly, the use of aBIS
monitoring during the operation which was maintained
between 40 and 50 helping to titrate the anesthetic drugs
and avoiding intraoperative awareness or over-dosage of

propofol ; third, the avoidance of the use of NMBA ;
fourth, the avoidance of succinylcholine and volatile anes-
thetics.

Severa complicationsin association with general anes-
thesia have been reported in patients with DMD. They
were almost exclusively related to the use of succinyl-
choline and to inhalational agents[7-8]. Thereisno vari-
able which preoperatively identifies patients who will
develop complications during anesthesia [9]. Succinyl-
cholineis contraindicated because of the risks of rigidity,
rhabdomyolysis, myoglobinuria, malignant hyperthermia,
hyperkalemia, and cardiac arrest [3-4, 6-8]. In contrast,
non-depol arizing neuromuscular blocking drugs usually
evoked a normal response. However, if muscle wasting
exists, a prolonged response may occur necessitating the
reversal of the muscle relaxant [10-11]. The anticholin-
esterase drugs used to reverse neuromuscular blockade
may precipitate rhabdomyolysis in these patients [12].
Inhalational agents may be deleterious in patients suffer-
ing from muscular dystrophy and should be used with
caution. Volatile anesthetics can act to disrupt cellular
membranes leading to rhabdomyolysis and hyperkalemia
inrare cases of DMD [13-16].

Capozzali et al. [17] have reported the case of a 3-year-
old child, affected by DMD and undergoing adenoidecto-
my and bilateral myringotomy, who received total intra-
venous anesthesia (propofol infusion 160 meg/kg/min and
remifentanil 0.55 meg/kg/min) without any muscle relax-
ant. The postoperative period was uneventful. Cossu et al.
[18] reported the case of a 11-year-old patient with DMD
who received general anesthesia with propofol in con-

—

s

=
j

=1 S
= =
i i

HR (beats/min) / SAP (mmHg)
= o]
— =1
1 L
|

—=— HE Patent |
—&—HE Patent2
—a— HE Patezint 3
W= SAF Paleni]
—8—5AF Palenid

—o— 5N F Palentd

™ T1 T2 T3

TO : Remifentanil started
T4 : 3 hours after induction

Time

T1 : Tracheal intubation
T5 : 4 hours after induction

s Té& T7

T3 : 2 hours after induction
T7 : After tracheal extubation

T2 : 1 hour after induction
T6 : 5 hours after induction

FIGURE 1
Intraoperative heart rate and arterial blood pressure variations during general anesthesia with remifentanil and propofol
in three children with DMD undergoing posterior spinal surgery
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tinuous infusion, fentanyl and nitrous oxide in oxygen
without any myorelaxant. This anesthesia technique
proved to be safe and easy, allowing arapid postoperative
recovery without any cardiovascular complication.
Intrathecal morphine was successfully used in these
patients for postoperative analgesia without any need for
rescue analgesics during the first 18 hours postoperative-
ly. Sethnaet al. [19] have published about postoperative
pain management, after upper abdominal procedures, in
an adolescent with DMD, progressive spinal scoliosis and
poor pulmonary function. A combined technique of sub-
arachnoid and general anesthesia was used during
surgery. Postoperative administration of small intermit-
tent doses of subarachnoid morphine produced profound
analgesia, which diminated the need for systemic opioids,
restored preoperative arterial oxygenation within 48 hours
after the operation, and expedited postoperative recovery.

In conclusion, the combination of propofol and remi-
fentanil infusions appears to be a suitable anesthetic tech-
nique for patients with DM D undergoing posterior spinal
surgery. Thistotal intravenous anesthesia technique with-
out NMBA provides good conditions for tracheal intuba
tion, controlled hypotension, wake-up test and rapid
recovery from anesthesia. Further studies are required to
evaluate this anesthetic technique in patients suffering
from DMD undergoing different types of surgery includ-
ing major abdominal or thoracic surgery.
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