
PPuurrppoossee::  To compare two non-muscle relaxant anesthetic tech-
niques in myasthenic patients undergoing trans-sternal thymecto-
my, evaluating the intra- and postoperative conditions including the
early extubation in the operating room.
MMeetthhooddss::  Sixty-eight consecutive myasthenic patients undergoing
trans-sternal thymectomy were prospectively randomized in two
groups: propofol and sevoflurane. In both groups anesthesia was
induced with propofol (1–2 mg·kg–1) and intubation performed
after topical anesthesia of the airway with lidocaine. Anesthesia was
maintained in the propofol group (36 patients) with a continuous
propofol infusion (3–6 mg·kg–1·hr–1) and nitrous oxide and, in the
sevoflurane group (32 patients), with sevoflurane (end-tidal
1–1.5%) in O2:N2O. Intubating conditions, hemodynamic changes,
neuromuscular transmission, postoperative intensive care unit and
hospital length of stay and complications were evaluated. Data
were analyzed with repeated measure two-way analysis of variance
(ANOVA), Chi square test and Student's t test.
RReessuullttss::  Intubating conditions were good in all patients. There
were no hemodynamic changes. All patients were extubated in the
operating room and none had to be re-intubated for postoperative
respiratory depression. Neuromuscular transmission showed mini-
mal changes, more important in the sevoflurane group, and at the
end of the procedure the recovery was complete in all patients. We
did not observe any other significant differences between the two
groups studied.
CCoonncclluussiioonn::  Our data show that these two anesthetic techniques
allow the early extubation of myasthenic patients in the operating
room.

Objectif : Comparer deux techniques anesthésiques sans myore-
laxants chez des patients myasthéniques, devant subir une thymectomie
trans-sternale, en évaluant les conditions peropératoires et postopéra-
toires, y compris l’extubation précoce dans la salle d’opération.

Méthode : Soixante-huit patients myasthéniques consécutifs, admis
pour une thymectomie, ont été répartis de façon aléatoire en deux
groupes : propofol et sévoflurane. L’anesthésie a été induite, chez tous
les patients, avec du propofol (1–2 mg·kg-1) et l’intubation réalisée à
la suite de l’anesthésie topique des voies aériennes avec de la lido-
caïne. Dans le groupe propofol, de 36 patients, l’anesthésie a été
maintenue avec une perfusion continue de propofol (3–6 mg·kg-1·hr-1)
et du protoxyde d’azote et, dans le groupe sévoflurane, de 32
patients, avec du sévoflurane (1–1,5 % télé-expiratoire) dans un
mélange O2:N2O. Les conditions d’intubation, les modifications hémo-
dynamiques, la transmission neuromusculaire, la durée du séjour aux
soins intensifs et à l’hôpital ainsi que les complications ont été éva-
luées. Nous avons utilisé une analyse de variance bilatérale de
mesures répétées (ANOVA), le test du chi carré et le test t de Student.

Résultats : Les conditions d’intubation ont été bonnes pour tous les
patients. Il n’y a pas eu de modifications hémodynamiques. Tous les
patients ont été extubés dans la salle d’opération et aucun n’a dû subir
une nouvelle intubation pour dépression respiratoire postopératoire. La
transmission neuromusculaire a affiché des changements minimaux,
plus importants dans le groupe sévoflurane et, à la fin de l’opération, la
récupération était complète chez tous les patients. Nous n’avons pas
observé d’autres différences intergroupes significatives.

Conclusion : Nos données montrent que les deux techniques
anesthésiques permettent une extubation précoce, dans la salle
d’opération, chez des patients myasthéniques.
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Propofol or sevoflurane anesthesia without muscle
relaxants allow the early extubation of myasthenic
patients
[L’anesthésie au propofol ou au sévoflurane, sans myorelaxants, permet une extu-
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YASTHENIA gravis (MG) is an
acquired autoimmune disorder charac-
terized by a reduction of postsynaptic
nicotinic acetylcholine receptors at the

neuromuscular junction, mainly caused by their
destruction or inactivation by circulating antibodies
(IgG).1 Muscular weakness and easy fatigability are
the hallmarks of this disease and the balance between
active and lost receptors determines clinical symp-
toms. The role of the thymus in MG has been sug-
gested by the evidence that 10–15% of patients
present a thymoma and at least 60% thymus hyperpla-
sia or dysplasia and by the beneficial effects of thymec-
tomy in 40 to 90% of patients.2 The myasthenic
patient represents a significant challenge for the anes-
thesiologist; in fact these patients are known to be
unusually sensitive to non-depolarizing muscle relax-
ants agents, commonly used during anesthesia,3 and
for the risk of postoperative respiratory failure that
may result from stress induced exacerbation of MG
(myasthenic crisis) or other adverse drug interactions
(antibiotics or antiarrhythmics).

In this study we compared two non-muscle relaxant
anesthetic techniques, the first with propofol and the
second with sevoflurane, in myasthenic patients
undergoing trans-sternal thymectomy. The first objec-
tive was to evaluate the feasibility to extubate patients
in the operating room and the second was to docu-
ment perioperative complications. 

MMeetthhooddss
Sixty-eight consecutive myasthenic patients undergo-
ing trans-sternal thymectomy were a priori randomly
assigned to one of the treatment groups (GraphPad
StateMate 1.0, 1995. San Diego, CA, USA).

Monitoring
Intraoperative monitoring included electrocardiogram,
arterial blood pressure monitoring (PCM SpaceLabs
Inc.Redmond, WA, USA), pulse oximetry, end-tidal
CO2 (EtCO2) and expiratory gas analysis (Cato Drager
Werk HG Lubeck, Germany). Neuromuscular transmis-
sion was monitored with TOF-Guard (Organon Teknika
Turnhout, Belgium). The forearm was immobilized in
order to prevent interfering movements. The ulnar nerve
was stimulated supramaximally at the wrist with train-of-
four stimuli (60 mA for 200 µsec) at 15-sec intervals and
the acceleration of the thumb was measured. Baseline
twitch amplitude was established after induction of anes-
thesia. T1 was recorded as percentage of baseline mea-
sure and TR was recorded as ratio between the fourth
and the first twitch (T4/T1). Skin temperature was
monitored and maintained above 32°C.

Anesthetic technique
No patient was premedicated. Before induction of
anesthesia lidocaine 2% and 10% spray were used for
topical anesthesia of the pharynx and larynx. After
three to five minutes of preoxygenation with 100%
oxygen by facemask, anesthesia was induced with fen-
tanyl (2–5 µg·kg–1), droperidol (0.07–0.1 mg·kg–1)
and propofol (1–2 mg·kg–1). During laryngoscopy
topical anesthesia of the vocal cords and trachea was
obtained with the application of lidocaine 2% (LTA
Kit, Abbott, Sligo, Ireland). After two minutes the tra-
chea was intubated with a single-lumen tube. All
patients received lactated Ringer's solution (7–8
mL·kg–1·hr–1) during the procedure.

Mechanical ventilation was adjusted to maintain
the EtCO2 between 30–35 mmHg with a respiratory
rate of 14 breath·min–1, a tidal volume of 8 mL·kg–1

and an inspiration-expiration ratio of 1:2.
In the propofol group anesthesia was maintained with

nitrous oxide and oxygen (70:30) and a continuous infu-
sion of propofol (3–6 mg·kg–1·hr–1) and supplemented by
fentanyl boluses (0.7 µg·kg–1) as required.

In the sevoflurane group anesthesia was maintained
with sevoflurane (end-tidal 1–1.5%), nitrous oxide and
oxygen (70:30) and fentanyl (0.7 µg·kg–1) as required.

A continuous sufentanil iv infusion (0.002
µg·kg–1·min–1) was given for postoperative pain relief in
both groups trough an elastomeric device (2C1075
Baxter Healthcare Corporation; Deerfield, IL, USA).
The continuous infusion was started before skin incision. 

The evaluation of intraoperative conditions includ-
ed intubating condition (jaw relaxation, laryngoscopy
and vocal cord abduction) as reported by Viby-
Mogensen.4 Hemodynamic changes [mean arterial
pressure (mAP)and heart rate (HR)] and intraopera-
tive neuromuscular transmission (T1 and TR) were
recorded at times 0 = baseline, 30, 60, 120 min and
final = at the end of anesthesia. At the end of surgery
time from the end of anesthesia to extubation ()t
extubation), time from the end of anesthesia to eye
opening and recovery of consciousness ()t awake)
were recorded. All major complications (respiratory
depression, respiratory failure and cardiovascular
events) or other minor postoperative complications
were recorded in both groups.

At the end of surgery all patients were extubated in
the operating room and transferred to the intensive
care unit (ICU).

Statistical analysis
Patient age and body surface area (BSA), preoperative
pyridostigmine dosage (mg·day–1), intraoperative
sevoflurane and propofol administration, mAP and
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HR, intraoperative neuromuscular transmission and
postoperative blood gas data are recorded as mean
(SD). Preoperative Fev1, duration of surgery and
anesthesia, )t extubation, )t awake, ICU and hospital
postoperative length of stay are expressed as mean and
range. Differences between groups in preoperative
Osserman classes and preoperative treatment are ana-
lyzed with Chi square test. Differences in demograph-
ic patient characteristics (age and BSA), preoperative
treatment with pyridostigmine, preoperative Fev1,
duration of surgery and anesthesia, )t extubation and
)t awake were analyzed with Student's t test.
Neuromuscular transmission variables and intraopera-
tive mAP and HR, at different times within groups
and between groups were analyzed with repeated
measure two-way analysis of variance (ANOVA). All
statistical analyses were computed by SPSS for
Windows (version 8.0, 1997, SPSS Inc, Chicago, IL,
USA). Statistical differences were considered signifi-
cant when P < 0.05.

RReessuullttss
Demographic and preoperative patient characteristics
are presented in Table I. Intubating conditions were
excellent in 35 of the 36 propofol group patients and
in 30 of the 32 sevoflurane group patients. 
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TABLE I Demographic and preoperative characteristics of
patients in the sevoflurane and propofol groups

Propofol Sevoflurane
(n = 36) (n = 32)

Gender: M/F 14/22 12/20
Age (SD) 40 (14) 44 (18)
(yr)
Body surface area (SD) 1.83 (0.35) 1.78 (0.25)
(m2)
Osserman's staging
I 6 4
IIa/IIb 10/15 12/14
III 5 2
Preoperative treatment
-Pyridostigmine (#pts) 36 32
- mg·day–1 (SD) 240 (60) 240 (60)
-Prednisone (#pts) 21 16
-Plasmapheresis (#pts) 7 4
Fev 1 (% of predicted value) 80 82
[range] [68-90] [71-93]

Data are expressed as mean (SD) or as mean (range). Fev1 =
forced expiratory volume in the first second; #pts = number of
patients.

TABLE II Duration of surgery and anesthesia, time to extubation and to awakening, postoperative blood gas values, postoperative com-
plications

Propofol Sevoflurane
(Grade of MG) (Grade of MG)

Duration of surgery [range] 120 [70-205] 125 [70-200]
(min)
Duration of anesthesia [range] 148 [85-250] 165 [120-210]
(min)
) extubation [range] 15 [10-18] 12 [7-14]
(min)
) awake [range] 20 [11-29] 16 [8-27]
(min)
Blood gas values two hours after surgery
PaO2 (SD) 83 (16) 105 (38)
(mmHg)
PaCO2 (SD) 39 (6) 41 (5)
(mmHg)
FIO2 0.4 0.4
Postoperative complications
Bleeding 2 (IIb) 0
Respiratory insufficiency 0 2§ (IIb)
Infections 1 1
Postoperative ICU LOS 24 24
hr
Postoperative H LOS [range] 8 [5-22] 7 [4-14]
Days

Data are expressed as mean [range] or as mean (SD); grade of myasthenia gravis (MG) = Osserman's staging; ICU = intensive care unit;
LOS = length of stay; H = hospital; § = one obese and one 70-yr-old.



Duration of anesthesia and surgery, time to extuba-
tion and to awakening, and postoperative complications
are presented in Table II and were similar in both
groups. No hemodynamic response to skin incision or
sternotomy occurred and no patient movement in
response to surgery was observed in both groups.

In the propofol group the mean continuous infu-
sion of propofol was 4.81 mg·kg–1·hr–1, equal to 758
(60) mg of propofol per patient, with a mean number
of fentanyl boluses of 2.1 During anesthesia HR did
not change, while mAP decreased 25% compared to
the baseline during surgery and returned to preopera-
tive values at the end of anesthesia (Figure 1).
Neuromuscular transmission remained stable during
the procedure (Figure 2). 

In the sevoflurane group the mean end-tidal
sevoflurane was 1.4 (0.3)% and the mean number of
fentanyl boluses given during the surgical procedure
was 2.1 During anesthesia we did not observe changes
in HR and mAP. (Figure 1). Single twitch and train-

of-four decreased 10 to 15% compared to baseline at
30, 60 and 120 min (P < 0.05) and recovered com-
pletely after anesthesia (Figure 2). T1 and TR
decreased 5 to 8% at 30, 60 and 120 min (P < 0.05)
compared to the propofol group and recovered com-
pletely at the end of anesthesia.

Arterial blood gases two hours after surgery were
normal in both groups (Table II). Two patients of the
propofol group were reoperated for bleeding after
surgery and were ventilated mechanically for 12 and
24 hr. Two patients of the sevoflurane group
(Osserman Class IIb; one 70-yr-old and the other
obese) were transferred back to the ICU for hypox-
emia. They did not require tracheal intubation and
were discharged 48 and 96 hr later respectively.

DDiissccuussssiioonn
The main findings of the present study are that anes-
thesia with either sevoflurane or propofol and nitrous
oxide plus opioids, but without muscle relaxants,
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FIGURE 1 Mean arterial pressure (MAP) and heart rate (HR)
in the propofol and sevoflurane groups at zero (baseline), 30, 60,
and 120 min (during surgery) and at the end of surgery (final). *P
< 0.05 compared to baseline; °P < 0.05 compared to final; §P <
0.05 compared to the same moment in the propofol group.

FIGURE 2 Neuromuscular transmission in the propofol and
sevoflurane groups at zero (baseline), 30, 60, and 120 min (dur-
ing surgery) and at the end of surgery (final). T1 = first twitch
(%); TR = T4/T1 ratio. *P < 0.05 compared to baseline; °P <
0.05 compared to final; §P < 0.05 compared to the same moment
in the propofol group.



allow early extubation in the operating room in myas-
thenic patients undergoing trans-sternal thymectomy. 

The intubating conditions were good in all
patients. There were only minimal hemodynamic
changes in the propofol group. All patients were extu-
bated in the operating room and in no case they had
to be intubated for postoperative respiratory depres-
sion. Neuromuscular transmission showed minimal
changes, more important in the sevoflurane group,
and at the end of the procedure the recovery was com-
plete in all patients. We did not observe any other sig-
nificant differences between the two groups studied.

Our data show that these two anesthetic techniques
allow the early extubation of myasthenic patients in
the operating room. No postoperative anesthesia-
related complications were recorded. 

Several anesthetic techniques have been described
for the management of myasthenic patients. The use
of muscle-relaxants in patients with MG has been
associated with a higher rate of unsuccessful extuba-
tion at the end of surgery and with longer postopera-
tive mechanical ventilation and hospital stay.2,5 We
avoided muscle relaxants in myasthenic patients
because the neuromuscular effects of non-depolariz-
ing muscle relaxants are known to be prolonged in
patients with MG.1 The speed of onset of neuromus-
cular block is accelerated, the degree of block is poten-
tiated and the rate of recovery is decreased.6 Chevalley
et al. described the evolution of the perioperative
management of myasthenic patients undergoing
thymectomy and the possibility to predict the need for
systematic postoperative ventilation.2 They observed
that postoperative ventilatory support was more fre-
quently required when a balanced technique was used,
particularly in patients who received muscle relaxants.
Our findings support the results of that article as we
did not use any muscle relaxants and we extubated all
patients early in the operating room.

We compared two anesthetic techniques in a large
number of myasthenic patients. The use of propofol in
MG has been described in the literature in small study
groups or case reports.7,8 When propofol was used for
induction and maintenance of anesthesia, patients
were extubated in the operating room and did not
require postoperative respiratory support.9 This drug
has been shown to obtund airway reflexes and allow a
relatively easy intubation in the majority of patients.10

Similar results with the same induction technique as
used in this study have been reported previously in
non-myasthenic patients.10,11

MG patients are also more sensitive than normal to
neuromuscular depression by volatile anesthetic
agents such as halothane and isoflurane.12–14 In our

series, neuromuscular trasmission during surgery was
more depressed with the use of sevoflurane compared
with propofol, but it recovered completely at the end
of anesthesia so that the mean ) extubation and mean
) awake were similar in both groups.

The rapid elimination of propofol15 and the rapid
kinetic (low blood gas solubility coefficient) of
sevoflurane allowed fast recovery of consciousness, air-
way reflexes and respiratory function at the end of
surgery, precluding a prolonged period of intubation
and mechanical ventilation.16,17 Only two patients (a
70-yr-old and an obese patient) in the sevoflurane
group were transferred back in the ICU for postoper-
ative hypoxemia but mechanical respiratory support
was not necessary. 

Thymectomy is performed in patients with initial
symptoms of the disease so the majority of patients in
this study were in Osserman’s class I or II, with no
preoperative respiratory depression. It is a subject of
debate if the determinants of postoperative mechani-
cal ventilation are the preoperative clinical condition
(such as Osserman's class),18 or the intraoperative use
of muscle relaxants.2 In our series, none of the seven
Osserman class III patients suffered from respiratory
complications. 

In conclusion, the use of a propofol infusion or
sevoflurane for maintenance of anesthesia without mus-
cle-relaxants plus an iv sufentanil infusion for intra and
postoperative analgesia offered good intra- and postop-
erative conditions and no or minimal changes in neuro-
muscular function. Moreover, spontaneous ventilation
at the end of the surgical procedure was effectively
restored with no residual muscle weakness in both
groups and no patient suffered from postoperative res-
piratory depression that required tracheal intubation. A
very early extubation technique is feasible in myasthenic
patients either with propofol or sevoflurane general
anesthesia without muscle relaxants. 
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