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Midazolam premedica-
tion delays recovery from
propofol-induced o

sevoflurane anesthesia 1IN bivi Annila o mo
. Matti Viitanen MD,*
children 1-3 yr At YU Flankala mip 750,

Purpose: To study the effect of midazolam premedication on the recovery characteristics of sevoflurane anes-
thesia induced with propofol in pediatric outpatients.

Methods: Sixty children, one to three years, presentin% for ambulatory adencidectomy were randomly assigned

in a double-blind fashion, to receive either 0.5 mg-kg™' midazolam (Group M) or placebo (Group P) po 30 min
before anesthesia. Anesthesia was induced with 10 ugkg™' atropine, 10 ug-kg™' alfentanil, and 3-4 mg-kg™' propo-
fol iv. Tracheal intubation was facilitated with 0.2 mgkg™ mivacurium. Anesthesia was maintained with nitrous
oxide/oxygen (FO, 0.3) and sevoflurane with controlled ventilation. Recovery characteristics were compared
using the modified Aldrete scoring system, the Pain/Discomfort scale and measuring specific recovery end-points
(emergence, full Aldrete score, discharge). A postoperative questionnaire was used to evaluate the children’s well-
being at home until 24 hr after discharge.

Results: Emergence from anesthesia (22 + 9 vs 16 = 6 min (mean % SD), P = 0.005) and achieving full Aldrete
scores (30 = 1 vs 24 = 16 min, P = 0.006) were delayed in patients receiving midazolam. Children in the
placebo group were given postoperative analgesia sooner than those in the midazolam group (18 + 11 vs 23 +
8 min, P = 0.009). More children premedicated with midazolam suffered from arousal distress (20% vs 3%, P
= 0.04) and scored higher on the Pain/Discomfort scale (P = 0.004) at 20 min after arrival in the recovery room.
Discharge was not affected by premedication and well-being at home was similar in the groups.

Conclusions: Oral premedication with midazolam delays early recovery but not discharge after ambulatory
sevoflurane anesthesia induced with propofol in children one to three years. Midazolam did not improve the qual-
ity of recovery.

Objectif : Etudier, chez des enfants, I'effet de la prémédication de midazolam sur ta récupération de I'anesthésie
ambulatoire au sévoflurane, induite au propofol.

Méthode : Soixante enfants, de -3 ans, admis pour une adéncidectomie ambulatoire, ont participé a une étude
randomisée & double insu et ont recu soit 0,5 mg-kg™' de midazolam (Groupe M), soit un placebo (Groupe P) po
30 min avant l'anesthésie. Linduction comprenait 10 ugkg™ d'atropine, 10 pgkg™' d'alfentanil, et 3-4 mgkg'de
propofol iv. Lintubation endotrachéale a été facilitée par 0,2 mg-kg™ de mivacurium et I'anesthésie maintenue
sous ventilation contrélée avec un mélange de protoxyde d’azote et d'oxygéne (FIO, 0,3) et du sévoflurane. On
a comparé les caractéristiques de la récupération en utilisant le systéme de cotation modifié d'Aldrete, I'échelle
douleur/finconfort et des mesures de seuils spécifiques de la récupération (réveil, cotation d’Aldrete compléte,
congé). Un guestionnaire postopératoire a servi a évaluer 'état des enfants 24 h aprés le congé.

Résultats : Le réveil (22 = 9 vs |6 = 6 min (moyenne =+ écart type), P = 0,005) et I'obtention de tous les
scores d'Aldrete (30 £ || vs 24 = 16 min, P = 0,006) ont été retardés chez les enfants du groupe midazolam.
La demande d'analgésie postopératoire a été plus précoce chez les enfants du groupe placebo (18 = 11 vs 23
= 8 min, P = 0,009). Un plus grand nombre d'enfants du groupe midazolam a souffert d’anxiété du réveil 20 %
vs 3%, P = 0,04) et a présenté des scores plus élevés a I'échelle douleurfinconfort (P = 0,004), 20 min aprés
l'arrivée en salle de réveil. La prémédication n'a pas influencé le moment du congé et le bien-étre des enfants a
la maison a été similaire dans les deux groupes.

Conclusion : La prémédication orale de midazolam a retardé la récupération, mais non pas le congé a la suite
de I'anesthésie ambulatoire au sévoflurane, induite avec du propofol chez des enfants de un & trois ans. Le mida-
zolam n'a pas amélioré la qualité de la récupération.
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IDAZOLAM is a safe and effective pre-

medicant in children.)? Its elimination

half-life (1.2 hr)® makes it especially suit-

able for short-lasting procedures.
However, the role of premedication in ambulatory
anesthesia is still controversial mainly because of con-
cern over delayed recovery. Midazolam does not appear
to delay recovery after halothane anesthesia.!?
However, when midazolam premedication and intra-
venous (#») anesthetic induction is followed by inhala-
tional anesthesia®® or propofol maintenance,® prolonged
sedation or delayed recovery have ensued. Synergistic
hypnotic interaction reported between midazolam and
propofol’® or thiopental’ could, in part, explain the
delay in recovery in studies where these agents have
been used.

Propofol is a short-acting v anesthetic often used in
the ambulatory setting because of its favourable recov-
ery characteristics. In Finland, propofol was licensed for
use in children < three years in 1998. It prolongs early
recovery after sevoflurane anesthesia in children aged
one to three years.!° Premedication with midazolam
may increase postoperative sedation and delay recovery
further. On the other hand, postoperative sedation
could improve the quality of recovery by decreasing the
incidence of agitation and deliium described upon
awakening from sevoflurane anesthesia.!!2

This double-blind, placebo-controlled study was
designed to test the hypothesis that midazolam pre-
medication delays recovery but lessens adverse postop-
erative behaviour after short ambulatory sevoflurane
anesthesia induced with propofol in children aged one
to three years.

Methods

After obtaining approval from the institutional Ethics
Committee and written informed parental consent, we
studied 60 children (ASA I - II), aged one to three
years, presenting for ambulatory adenoidectomy.
According to a computer-generated random numbers
listing, each child was randomly assigned, in a double-
blind fashion, to receive 0.5 mgkg? midazolam
(Group M) or placebo (Group P) po approximately 30
min before induction of anesthesia. All observers, as
well as the children and their parents, were unaware of
the contents of the oral premedicant. Children were
excluded if they had known allergy to the drugs being
used, or recent or chronic medication that could inter-
act with midazolam.

After arrival in the operating room, routine moni-
toring was applied and pre-induction heart rate, blood
pressure (Cardiocap™, Datex; Finland) and oxygen
saturation (Capnomac Ultima™, Datex, Finland) were

recorded. Atropine, 10 ngkg!, i» was administered
immediately after venous cannulation (facilitated by
EMLA® cream, Astra, Sweden) and 10 pg-kg™! alfen-
tanil 60 sec before induction of anesthesia. Lidocaine,
10 mg, 7v was used to minimize pain on injection with
propofol. Anesthesia was induced with 3 mgkg™?
propofol with increments of 0.5 mg-kg™ to achieve
acceptance of the face mask and gentle manual venti-
lation. Tracheal intubation was facilitated with 0.2
mg-kg™! mivacurium. Anesthesia was maintained with
sevoflurane in nitrous oxide 70% in oxygen. The
inspired sevoflurane concentration was adjusted to
maintain blood pressure within + 20% of initial read-
ings. After intubation a suppository of 20 mg-kg!
acetaminophen!® was given for postoperative analge-
sia. Oxygen saturation and end-tidal carbon dioxide
values were monitored continuously (Capnomac
Ultima™, Datex, Finland).Ventilation was controlled
to maintain P, CO, between 33-42 mmHg. Heart
rate and blood pressure were recorded before intuba-
tion, after intubation and every five minutes during
surgery. At the end of surgery, sevoflurane and nitrous
oxide were discontinued and oxygen 100% delivered.
The oropharynx was suctioned and the trachea extu-
bated, while the child was still asleep, as soon as spon-
taneous breathing was adequate.

In the recovery room, vital signs (heart rate, blood
pressure, oxygen saturation) were monitored until the
child was fully awake. Parents were allowed to enter
the recovery room once the child had woken up.
Recovery and behaviour of the children was assessed
by a specially trained nurse, who was blinded to the
premedication protocol. The following recovery times
(from discontinuation of sevoflurane and nitrous
oxide) were recorded: (1) time to making sounds; (2)
time to opening eyes spontaneously (= emergence);
(3) time to scoring full points on the modified Aldrete
score!+16 (Table I); (4) time to interacting with the
nurse or parent (= interaction); (5) time to sponta-
neous drinking; (6) time to ambulating according to
age; and (7) time to achieving discharge criteria. The
discharge criteria included being fully awake, stable
vital signs for at least 30 min, no bleeding, no signs of
pain or vomiting and ambulating according to age.

Any adverse events (vomiting, airway difficulty)
were recorded. Oxycodone, 0.05 mgkg! iy
(Oxanest®, Leiras, Finland), was given for postopera-
tive pain relief at the discretion of the recovery nurse.
An assessment of Pain/Discomfort was made using
the scoring system based on Hannallah £z 2117 (Table
I). Scores were recorded every 10 min after arrival in
the recovery room for the first 30 min, then every 15
min until discharge. For statistical purposes, if the
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TABLE I The modified Aldrete score!™¢ and the Pain/Discomfort scale.!”

Modified Aldvete Scove Pain/Discomfort Scale
Score Score

Activity Crying

Not moving 0 Not crying 0

Non-purposeful movement 1 Responding to comforting 1

Moving limbs purposefully 2 Not responding to comforting 2
Respiration Moving

Apneic/needs maintenance 0 None 0

Shallow or limited 1 Restless 1

Deep breathing or coughing 2 Thrashing 2
Consciousness Agitation

Unresponsive 0 Asleep or calm 0

Responding to sumuli 1 Mild 1

Fully awake 2 Hysterical 2
O, saturation

< 90% 0

90-94% 1

2 95% 2

TABLE II Demographic data.

Midazolam  Placebo

n 30 30

Age (mo) 2811 26 + 11
Weight (kg) 142 14 +2
Duration of surgery (min) 13+4 136
Duration of anesthesia (min) 215 22+7
Premedication to end of surgery (min) 57 + 13 5115

Mean + SD

total score on the Pain/Discomfort scale at any evalu-
ation point exceeded three (the child was crying
inconsolably, thrashing or hysterical), the child was
regarded as suffering from arousal distress.

A postoperative questionnaire was given to the par-
ents who were asked to record the well-being (pain,
vomiting, tiredness, sleep) of the child until 24 hr after
discharge.

Statistical analysis

Analyses were performed with a Statistical Package for
Social Sciences (SPSS; Chicago, IL, USA) version 6.1
for Windows. Results are presented as mean + SD,
95% confidence intervals (CI) or number (%).
Demographic data were analyzed with Student’s t test.
Differences in premedication, recovery times and the

Pain/Discomfort scores were assessed using the
Mann-Whitney U test. The incidences of children
with postoperative sequelae were compared with the
Chi-square test or Fisher’s Exact test, where appropri-
ate. A Pvalue < 0.05 was considered significant. It was
predicted that in order to detect a 25% difference in
discharge times, with a mean value of 80 min and a SD
of 20 min, a minimum of 28 patients would be
required in each group. This gave the study a power
of 80% at o = 0.05.

Results

The two groups were comparable in age, weight,
duration of surgery and anesthesia and premedication
time to end of anesthesia (Table II). The mean dose of
propofol required for induction of anesthesia was
lower in group M (3.1 £ 0.1 mg-kg™!) than in group
P (3.2 £ 0.3 mgkg™!) (P =0.007).

Early recovery (emergence, full Aldrete scores) was
delayed with midazolam but discharge was not affect-
ed by premedication (Table III). Adverse events in the
recovery room werce few and did not differ between
groups (Table IV). The Pain/Discomfort scores were
higher at 20 min after arrival in the recovery room in
group M compared with group P (P = 0.004) (Figure
1). Also, more children premedicated with midazolam
suffered from arousal distress at 20 min in the recov-
ery room (6 (20%) »s 1 (3%) ( P=0.04) (Figure 2) but
the total number of children with arousal distress did
not differ between groups (9 (30%) vs 5 (17%) in
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TABLE IIT Recovery times in the two study groups.

Recovery variable (min) Midazolam  Placebo P#

Making sounds 197 1527 0.008
CI 17 - 22 12-17

Emergence 229 16+ 6 0.005
CI 19 - 26 14 - 19

Full Aldrete score 3011 24+ 16 0.006
CI 26 - 34 18 - 30

Interaction 3719 2512 0.004
CI 29 - 45 19 - 30

Spontaneous drinking 56 + 15* 62 + 281 0.7
Cl 47 - 65 47 - 77

Walking, 65 £ 22 61 + 30 04
CI 55-73 49 -73

Discharge 83 £23 78 +29 0.1
CI 75-92 67 - 88

Mean + SD and 95% confidence intervals (CI).
* n=15;1 n=13. § Mann-Whitney U test.

TABLE IV Adverse cvents and need for additional pain relief
after anesthesia in the recovery room and at home during the first
24 hr after discharge.

Midazolam Placebo
Recovery room n=230 n =30
Vomiting 1(3) 2(7)
Laryngospasm 2(7) 3(10)
Oxycodone required 30 (100) 27 (90)
Arousal distress 9 (30) 5(17)
Home n=29 n=28
Vomiting 3 (10) 1(4)
Pain 14 (48) 16 (57)
Analgesic treatment 13 (45) 18 (64)
Bad tempered 6 (21) 6 (21)
Drinking less 6(21) 4 (14)
Tiredness* 14 (48) 7 (25)
Disturbed sleept 4 (14) 7 (25)

Number (%). No differences between groups.

* Playing less than normal or lying down. + Waking up often or
nightmares.

group M and P, respectively) (P = 0.2) (Table IV).
Five (17%) children in group M compared with one
(3%) child in group P had arousal distress lasting over
10 min (P = 0.08).

Oxycodone was given for postoperative pain relief to
all except three children in group P (Table IV). The first
dose of oxycodone was given earlier to children in group
P (18 + 11 min) than in group M (23 + 8 min) (P =
0.009). Fifteen (50%) children in group M received oxy-
codone twice compared with nine (30%) in group P (P =
0.08). The mean dose of oxycodone did not differ
between groups (0.07 + 0.2 mg-kg™? »s 0.06 = 0.02
mg-kg™ in group M and P, respectively) (P = 0.2).

All the questionnaires except for one from the
midazolam group and two from the placebo group
were returned. The well-being of children at home
was similar in both groups (Table IV).

Discussion

Our hypothesis was partly confirmed. Oral premedica-
tion with midazolam delayed early recovery from
sevoflurane anesthesia induced with propofol, though
discharge time was not prolonged. However, midazo-
lam premedication did not improve the quality of
recovery from anesthesia.

The delay in early recovery may be a result of resid-
ual sedation from midazolam after brief anesthesia. The
maximal sedative effect of oral midazolam occurs at 30
min after ingestion? but serum concentration peaks at
50- 60 min,? which coincided with the end of anesthe-
sia in our study. Interaction between midazolam and
propofol could also have contributed to the delay in
recovery. Propofol has been shown to prolong emer-
gence after sevoflurane anesthesia of short duration (<
30 min).!? In addition, midazolam has been reported to
enhance the hypnotic effect of propofol”# in humans.
This synergistic effect has been suggested to derive
from GABA, receptor interactions in the central ner-
vous system?® and has been confirmed experimentally. 1
In the present study, the use of alfentanil preoperative-
ly may have further contributed to the delay in emer-
gence in the group receiving midazolam as a similar
synergistic hypnotic interaction has been reported
between midazolam, propofol and alfentanil 7

In earlier studies, midazolam was found not to
delay recovery after halothane anesthesia,'? while a
delay in both recovery and discharge was seen when
propofol or thiopental were used for induction of
halothane or isoflurane anesthesia.®!® These contro-
versial findings may be due to differences in the pre-
medication dose and anesthetic times but interaction
between the premedicant and sv anesthetics could
possibly also account for the differing results. Indeed,
Morley-Forster and colleagues found that midazolam
prolonged sedation after halothane anesthesia induced
with thiopental, when compared with an inhalational
induction with halothane.5

Adverse events were few in both groups and no seri-
ous complications occurred. The incidence of vomiting
was low and is in accordance with previous studies with
sevoflurane anesthesia for adenoidectomy.!%20 However,
our hypothesis that midazolam premedication might
provide more calm awakening from anesthesia was not
confirmed. Children receiving midazolam were more in
distress at 20 min after arrival in the recovery room and
continued to be so during the whole recovery period.
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FIGURE 1 Total group score for Pain/Discomfort in the two
study groups at different time points (min) in the recovery room.
* P=0.004 (Mann-Whitney U test).
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FIGURE 2 Percent of children with arousal distress in the two
study groups at different time points (min) in the recovery room.
* P = 0.04 (Fisher’s Exact test).

We used a modified Pain/Discomfort scale based on
the Objective Pain Scale (OPS) created by Hannallah ez
al. for children.!” This scale has been used in several
studies to guide analgesic treatment?! or to assess post-
operative behaviour.!52% A limitation of this scale is that
it does not discriminate between pain and agitation due
to other causes. Therefore, we did not use it as a guide
for analgesic treatment but rather as a descriptive evalu-
ation of the behaviour of the child. In the present study;,
the same nurse evaluated each child and administered

CANADIAN JOURNAL OF ANESTHESIA

the rescue analgesic postoperatively. Therefore, we
believe that the evaluation of the Pain/Discomfort
scores and decision to give the child oxycodone was not
confounded by variation in observation.

The peak Pain/Discomfort scores coincided fairly
well with the time to emergence in both groups (16 vs
22 min after end of anesthesia in group P and M, respec-
tively). Pain may have been an important contributing
factor for increased distress upon awakening in both
groups as it is now a currently held opinion that tradi-
tional rectal doses of acetaminophen (10-20 mg-kg™)
are too low to provide adequate postoperative pain con-
trol in the immediate recovery period.?? Children in the
placebo group were given oxycodone earlier (18 vs 23
min) and this may be one reason for the subsequent sig-
nificant difference in the Pain/Discomfort scores at the
20-min tme point in the recovery room. Children in
group P may have been oriented and analgesed at this
time while the premedicated children were in early
emergence accounting for the higher distress scores.

However, it is recognized that other factors, apart
from pain, may contribute to agitation and excitement
upon awakening in children, e.g. psychological immatu-
rity,!! young age,!? temperament and use of analgesics.??
Also, considerable postoperative confusion? and agita-
tion® have been described after premedication with
midazolam. Furthermore, while it is recognized that pre-
medication reduces the incidence of preoperative anxiety
and distress on induction of anesthesia,’? the effect of
premedication on immediate?*2® or long-term?%%” post-
operative behavioural patterns is controversial. In our
study, although the higher Pain/Discomfort scores and
incidence of arousal distress after 20 min in the recovery
room may only reflect different stages of emergence in
the study groups, our findings show that the premed-
icated children remained more in distress during the
whole recovery period onwards. On the basis of these
findings we postulate that midazolam does not improve
the well-being of the child at the time of emergence and
may even have a negative effect on the early recovery
period in some children.

In conclusion, premedication with oral midazolam
delayed early recovery without affecting discharge
time after sevoflurane anesthesia induced with propo-
fol in children one to three years. Midazolam did not
improve the quality of immediate recovery in this
patient group.
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