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Coadministration of Propofol and Remifentanil for

Lumbar Puncture in Children

Dose-Response and an Evaluation of Two Dose Combinations
Jason A. Hayes, M.D.,* Alejandra V. Lopez, M.D.,T Carolyne M. Pehora, M.N.,¥ James M. Robertson, M.D.,*

Oussama Abla, M.D.,§ Mark W. Crawford, M.B.B.S.||

Background: The combination of propofol and remifentanil
may be particularly suitable for short-duration procedures such
as lumbar puncture. The authors undertook a two-part study to
evaluate coadministration of propofol and remifentanil as an
anesthetic technique for lumbar puncture in children.

Methods: The first part was a sequential allocation dose-
finding study to determine the minimum effective dose of
remifentanil when coadministered with 2.0 or 4.0 mg/kg
propofol. The second was a randomized double-blind study to
compare the intraoperative and recovery characteristics of 2.0
or 4.0 mg/kg propofol coadministered with the corresponding
effective dose of remifentanil.

Results: Effective doses of remifentanil in 98% of children
were 1.50 = 1.00 and 0.52 = 1.06 pg/kg when coadministered
with 2.0 and 4.0 mg/kg propofol, respectively. The duration of
apnea was longer (median, 110 vs. 73 s; P < 0.05) and the time
to awakening was shorter (median, 10 vs. 23 min; P < 0.05)
after 2.0 mg/kg propofol plus 1.5 png/kg remifentanil compared
with 4.0 mg/kg propofol plus 0.5 pg/kg remifentanil. No child
experienced hypotension or postprocedure nausea or vomiting
after either dose combination.

Conclusions: Both dose combinations (2.0 mg/kg propofol plus
1.5 pg/kg remifentanil and 4.0 mg/kg propofol plus 0.5 pg/kg
remifentanil) provide effective anesthesia for lumbar puncture in
children. However, the intraoperative and recovery characteris-
tics of the two dose combinations differ in that the duration of
apnea increases whereas recovery time decreases as the dose of
remifentanil is increased and that of propofol is decreased.

THE administration of sedative, anesthetic and analgesic
agents is commonly required for painful hemato-onco-
logic procedures in pediatric patients. The intravenous
anesthetic propofol has a rapid onset and offset of action
making it suitable for ambulatory hemato-oncologic pro-
cedures of short duration, such as lumbar puncture.
Propofol provides amnesia, anxiolysis, and hypnosis but
has no analgesic properties and therefore may not pre-
vent movement in response to lumbar puncture needle
insertion. In addition, propofol may produce myoclonic
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movements in 2- 65% of children,'* which can make the
procedure difficult to perform. To ensure patient immo-
bility, the dose of propofol is often increased, resulting
in a duration of action that is excessive for lumbar
puncture. Coadministration of propofol with adjuvant
agents may decrease the dose of propofol required and
the time for recovery.’

The ultrashort-acting opioid remifentanil can be used
to provide analgesia for brief painful procedures that are
associated with minimal residual pain. As the sole agent,
remifentanil is associated with a high incidence of res-
piratory depression and/or arterial oxygen desatura-
tion.*"® The use of remifentanil in combination with
propofol is particularly suitable for short-duration proce-
dures”®; however, no study has evaluated this drug com-
bination for lumbar puncture in children. We undertook
a two-part study to evaluate the coadministration of
propofol and remifentanil as an anesthetic technique for
lumbar puncture in children. First, we performed a se-
quential allocation dose-finding study to determine the
minimum effective dose of remifentanil when coadmin-
istered with 2.0 or 4.0 mg/kg propofol. Second, we
undertook a randomized double-blind study to compare
the intraoperative and recovery characteristics of coad-
ministration of 2.0 or 4.0 mg/kg propofol and the corre-
sponding ED,g dose (effective dose in 98% of children)
of remifentanil.

Materials and Methods

Approval from the Research Ethics Board of the Hos-
pital for Sick Children (Toronto, Ontario, Canada), pa-
rental consent, and, when necessary, patient assent were
obtained. In total, 94 unpremedicated American Society
of Anesthesiologists physical status II or III pediatric
patients undergoing lumbar puncture for a hemato-on-
cologic disorder were studied. Excluded were children
who were known or suspected to be difficult to ventilate
by facemask, who were deemed medically unfit (signif-
icant cardiac, respiratory, metabolic, hepatic, or renal
disease) to receive either of the two study medications,
who were obese (weight for height > 95th percentile9),
or who did not have an indwelling intravenous line.

Part 1
To determine the minimum effective dose of remifen-
tanil, 64 children aged 3-11 yr were studied. Each child
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was randomly assigned to receive either 2.0 or 4.0 mg/kg
propofol using a blocked randomization schedule de-
rived from a table of random numbers. These doses of
propofol are within the 95% confidence interval for the
EDys (effective dose in 95% of subjects) for loss of
eyelash reflex in unpremedicated children.'®'" Group
assignments were kept in sealed, opaque envelopes until
consent/assent was obtained. Standard monitors (elec-
trocardiogram, noninvasive blood pressure, and pulse
oximeter) were applied before induction of anesthesia,
and baseline measurements were taken. No topical an-
esthetic cream was applied to the skin over the lumbar
region. Two anesthesiologists were present for each
case. An unblinded anesthesiologist administered propo-
fol followed immediately by remifentanil, diluted with
0.9% saline to a volume of 3 ml and administered as a
bolus. The intravenous line was then flushed with 10 ml
saline, 0.9%. The initial dose of remifentanil was 1.0
ng/kg for children receiving 2.0 mg/kg propofol and 0.5
ng/kg for those receiving 4.0 mg/kg propofol. In accor-
dance with the Dixon up-and-down method,'? the dose
of remifentanil was increased or decreased for subse-
quent children depending on the response of the previ-
ous child to lumbar puncture needle insertion, using a
dose interval of 0.25 ug/kg. For the purpose of analysis,
the patient’s response to needle insertion was reported
as “no movement” or “movement.”’®> “No movement”
was defined as the absence of gross purposeful muscular
movement preventing advancement of the lumbar punc-
ture needle. The anesthesiologist making the assess-
ments was unaware of the doses of propofol and
remifentanil administered.

After administration of the propofol and remifentanil,
the child was placed in the left lateral decubitus posi-
tion, and 100% oxygen was administered by facemask.
The skin over the lumbar region was prepared with
chlorhexidine antiseptic solution and draped by the on-
cologist. Oxygen saturation was maintained above 94%
using assisted manual ventilation if required. Ninety sec-
onds after administration of remifentanil, the oncologist
inserted the lumbar puncture needle. If movement oc-
curred, the study was terminated, and an additional bo-
lus of 1.0 mg/kg propofol was administered at the dis-
cretion of the blinded anesthesiologist. If no movement
occurred in response to the lumbar puncture needle, the
patient was judged to be satisfactorily anesthetized. Ox-
ygen saturation, heart rate, and respiratory rate were
monitored continuously during the procedure, and blood
pressure was recorded at 1-min intervals after induction of
anesthesia. The duration of apnea was recorded, as were
episodes of desaturation and/or hypotension.

Part 2

To compare the intraoperative (duration of apnea,
hemodynamic variables, oxygen saturation) and recov-
ery characteristics of 2.0 mg/kg propofol (group P2) or
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4.0 mg/kg propofol (group P4) coadministered with the
corresponding EDyg of remifentanil derived from the dose-
response data acquired in part 1, 34 children aged 4-11 yr
were studied. Randomization was performed as in part 1.
Standard monitors were applied before induction of
anesthesia, and baseline measurements were taken. No
topical anesthetic cream was applied to the skin over the
lumbar region. Propofol was followed immediately by
remifentanil, diluted with 0.9% saline to a volume of 3 ml
and administered as a bolus, and flushed with 10 ml
saline, 0.9%. After administration of propofol and
remifentanil, the patient was placed in the left lateral
decubitus position, and 100% oxygen was administered
by facemask. The skin over the lumbar region was
cleaned and draped by the oncologist. Ninety seconds
after administration of remifentanil, the oncologist in-
serted the lumbar puncture needle. If movement oc-
curred, an additional bolus of 1.0 mg/kg propofol was
administered and repeated as necessary. If no move-
ment occurred in response to the lumbar puncture
needle, the patient was judged to be satisfactorily anes-
thetized. The study was blinded in that the investigator
recording the data was unaware of the doses of propofol
and remifentanil administered. The duration of apnea,
defined as the time from remifentanil administration to
detection of spontaneous respiratory efforts by direct
visualization of the chest and abdomen, was recorded. If
necessary, intermittent assisted manual ventilation was
performed to maintain the oxygen saturation above 94%.
Heart rate, oxygen saturation, and respiratory rate were
recorded at baseline, at 1-min intervals during the pro-
cedure, on arrival to the recovery room, and at 15-min
intervals thereafter for 1 h. Bradycardia was defined as a
heart rate less than 60 beats/min, and hypotension was
defined as a systolic blood pressure less than 60 mmHg.
Postprocedure sedation was rated on a numeric scale of
1-5, defined as follows: 1 = completely awake; 2 =
awake but drowsy; 3 = asleep but responsive to verbal
commands; 4 = asleep but responsive to tactile stimuli;
and 5 = asleep but not responsive to any stimuli.'* The
sedation score was recorded upon admission to the recov-
ery room and every 5 min thereafter for 1 h. The time to
awakening, defined as the time from remifentanil adminis-
tration to sedation score of 2 or less, was recorded.

Statistical Analyses

Statistical analysis was performed using GraphPad
Prism 5 for Windows (Graphpad Software Inc., San Di-
ego, CA) and SAS 9.1 (SAS Institute Inc., Cary, NC).
Patient age, patient weight, and duration of procedure
were compared between groups using an independent
sample two-tailed Student # test. Categorical data were
analyzed using a two-tailed Fisher exact test. In part 1,
the minimum effective dose of remifentanil for each
group was calculated by the method described by Dixon
for quantal responses.'? Values were obtained by calcu-
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Fig. 1. Dixon up-and-down determinations
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lating the midpoint remifentanil concentration for inde-
pendent pairs of patients in which one patient moved
and the next did not (“movement”’-“no movement”
crossover) (fig. 1). At least six independent crossovers
were necessary in each group to provide a reliable estimate
of the minimum effective dose using the Dixon up-and-
down method.'? In addition, data were analyzed using a
logit regression model to determine the effective dose of
remifentanil for lumbar puncture needle insertion in 50%
and 98% of children (EDs, and ED,g, respectively).

For part 2, the primary outcome measure was the
duration of apnea. To estimate the sample size required
for part 2, we used data from part 1 showing that the
mean duration of apnea after successful lumbar puncture
with 2.0 mg/kg propofol and remifentanil was 93 *+ 45s.
For the study to have the ability to detect a difference of
1 SD in duration of apnea (effect size = 1), with a
two-tailed a of 0.05 and B of 0.2, we estimated that 17
patients would be needed in each group. Secondary
outcome measures included time to awakening and he-
modynamic variables. Data were tested for normality

Table 1. Demographics and Duration of Lumbar Puncture

0
""""
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6 8 10 12 14 18 20

Patient number

22 24 26

28 30 32

using the Kolmogorov-Smirnov test. Because data for
duration of apnea and time to awakening deviated signifi-
cantly from normality, the Mann-Whitney test was used for
between-group comparisons. Repeated-measures analysis
of variance with Tukey-Kramer posttest analysis was used
to compare parametric variables. Data are reported as me-
dian and range, or mean *= SD, as appropriate. P < 0.05
was considered statistically significant.

Results

No significant differences in patient age, weight, sex, and
duration of procedure were found between groups (table 1).

Part 1

The minimum effective doses of remifentanil required
to prevent movement are shown in figure 1 and table 2.
The percentages of patients who exhibited movement
were 50% and 34% after 2.0 and 4.0 mg/kg propofol,
respectively. EDs, values determined by logit regression

Study 1 Study 2
2.0 mg/kg 4.0 mg/kg 2.0 mg/kg Propofol + 1.5 ug/kg 4.0 mg/kg Propofol + 0.5 ug/kg
Propofol Propofol Remifentanil Remifentanil
Age, yr 52 +21 56 £2.6 6.2 +1.6 72x24
Weight, kg 20.6 = 6.4 22776 26.4+11.3 29.9 + 9.7
M/F 19/13 22/10 13/4 15/2
Duration of procedure, s 229 = 68 211 = 38 227 = 48 219 = 52

Patient demographics and duration of procedure were comparable between groups within each study. Values are mean = SD or ratios.

Anesthesiology, V 109, No 4, Oct 2008

20z Idy 60 uo 3senb Aq Jpd-80000-000018002-2¥S0000/7L LS/ L9/F/60 L /3pd-8joie/ABojoIsayisaue/ WO IIeyoIaA|is Zesk//:d)y woly papeojumoq



616 HAYES ET AL.
Table 2. Effective Doses of Remifentanil When Coadministered = 80- *
with Propofol g ° °
2.0 mg/kg Propofol 4.0 mg/kg Propofol E’ 60

c °
Dixon minimum effective 0.96 = 0.23 0.28 = 0.22 % 40+ ° .o
dose, ug/kg % oo ®
EDso, ng/kg 0.86 = 1.00 0.12 = 1.02 o 204 v
EDqg, no/kg 1.50 = 1.00 0.52 + 1.06 © P b4

E ®eg0°® ®e®
The Dixon minimum effective doses of remifentanil were determined by A Group P2 Group P4

calculating the midpoint remifentanil concentration for independent pairs of
patients in which one patient moved and the next did not (“movement”-“no
movement” crossover). The ED5y and EDgg of remifentanil were calculated
using a logit regression model. Values are mean *= SD.

were comparable to the minimum effective dose as de-
termined by the Dixon up-and-down method (table 2).
The EDyg values of remifentanil were 1.50 * 1.00 and
0.52 = 1.06 pg/kg after 2.0 and 4.0 mg/kg propofol,
respectively (table 2). The duration of apnea for patients
who did not move during the procedure was 93 = 45 s.
There were no episodes of bradycardia or hypotension
in either group.

Part 2

The duration of apnea was significantly longer with 2.0
mg/kg propofol plus 1.5 ug/kg remifentanil (group P2)
(110 s, 0-228 s) than with 4.0 mg/kg propofol plus 0.5
ng/kg remifentanil (group P4) (73 s, 0-110 s; P < 0.05;
fig. 2). In each group, 88% of children developed apnea
after study drug administration, and the majority of these
required intermittent assisted manual ventilation. Time
to awakening in group P4 (23 min, 5- 69 min) was more
than double that in group P2 (10 min, 4-70 min; P <
0.05; fig. 3). Intraoperative heart rate, respiratory rate,
and mean arterial pressure decreased significantly com-
pared with baseline in group P2 (table 3). In contrast,
intraoperative heart rate and respiratory rate did not
change significantly but mean arterial pressure de-
creased significantly compared with baseline in group
P4 (table 3). There was a significant group-time interac-
tion effect for intraoperative respiratory rate (P <
0.0001). Intraoperative bradycardia (heart rate 56 beats/

2501
E °
@ 2004 b
] .
150  ee.e *
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—foeo— P}
5 100+ o, 0 0
= .
S 50- o oo
= ° ...
(=]
0- (X ) [ X
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Fig. 2. Scatter plot showing duration of apnea after remifentanil
administration. The time to resumption of spontaneous venti-
lation was significantly shorter in group P4 (4.0 mg/kg propofol
plus 0.5 pg/kg remifentanil) compared with group P2 (2.0
mg/kg propofol plus 1.5 pg/kg remifentanil) * P < 0.05). Circles
represent values for individual patients. Horizontal bars indicate
group median values.
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Fig. 3. Scatter plot showing time to awakening after remifen-
tanil administration. The recovery time was significantly longer
in group P4 (4.0 mg/kg propofol plus 0.5 ug/kg remifentanil)
compared with group P2 (2.0 mg/kg propofol plus 1.5 ug/kg
remifentanil) (* P < 0.05). Circles represent values for individ-
ual patients. Horizontal bars indicate group median values.

min) occurred in one patient in group P2 and resolved
spontaneously. There were no episodes of bradycardia
in group P4 and no episodes of hypotension in either
group. One patient in group P2 required a bolus dose of
1.0 mg/kg propofol for movement during the procedure.
During the recovery phase, heart rate, respiratory rate,
mean arterial pressure (table 4), and oxygen saturation
were comparable between groups. No patient experi-
enced nausea or vomiting during the recovery phase.

Discussion

The results indicate that the combination of propofol
and remifentanil provides effective general anesthesia
for lumbar puncture in pediatric patients. Although both
dose combinations (2.0 mg/kg propofol plus 1.50 ug/kg
remifentanil and 4.0 mg/kg propofol plus 0.52 ug/kg
remifentanil) provided effective anesthesia for lumbar
puncture, their intraoperative and recovery characteris-
tics differed significantly. The duration of apnea after 2.0
mg/kg propofol plus 1.5 ug/kg remifentanil was signifi-
cantly longer than that after 4.0 mg/kg propofol plus 0.5
ng/kg remifentanil. In addition, the time to awakening
after 4.0 mg/kg propofol plus 0.5 ug/kg remifentanil was
approximately double that after 2.0 mg/kg propofol plus
1.5 pg/kg remifentanil. In contrast to 4.0 mg/kg propo-
fol plus 0.5 pg/kg remifentanil, administration of 2.0
mg/kg propofol plus 1.5 ug/kg remifentanil was associ-
ated with reductions in intraoperative heart rate and
respiratory rate that did not require intervention and
were of no clinical significance. The results indicate that
increasing the dose of remifentanil and decreasing that
of propofol increases the duration of apnea and de-
creases the recovery time.

To our knowledge, this study is the first to determine
the effective dose of remifentanil when coadministered
as a bolus with propofol in children. Previous studies
have evaluated the dose-sparing effect of remifentanil on
propofol requirements for ambulatory anesthesia in chil-
dren.”® The Dixon up-and-down method was used in
one study to evaluate the pharmacodynamic interaction
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Table 3. Intraoperative Hemodynamic and Respiratory Parameters

Baseline 1 min 2 min 3 min 4 min

Heart rate, beats/min

2.0 mg/kg propofol + 1.5 ug/kg remifentanil 100 = 15 84 + 13* 82 + 13* 81 = 10* 83 + 11*

4.0 mg/kg propofol + 0.5 ug/kg remifentanil 99 =10 88 = 16* 92 +13 91 = 11 9B +7
Respiratory rate, breaths/min

2.0 mg/kg propofol + 1.5 ug/kg remifentanil 21+ 2 47" 6 + 8" 11 £ 6* 16 £ 4

4.0 mg/kg propofol + 0.5 ug/kg remifentanil 14 =10 8+6 14 +£3 16 £5 16 £ 2
Mean arterial pressure, mmHg

2.0 mg/kg propofol + 1.5 ug/kg remifentanil 757 7 12 61 = 10" 56 = 7* 53 = 5*

4.0 mg/kg propofol + 0.5 ug/kg remifentanil 76 =10 71 +12 62 = 12* 60 = 8~ 62 =5

Heart rate, respiratory rate, and mean arterial pressure were decreased compared with baseline at multiple time points after administration of 2.0 mg/kg propofol
plus 1.5 ng/kg remifentanil (group P2). Mean arterial pressure was decreased compared with baseline at 2 and 3 min after administration of 4.0 mg/kg propofol
plus 0.5 ug/kg remifentanil (group P4). Respiratory rate was decreased in group P2 compared with group P4 at 2 minutes. Values are mean * SD.

* P < 0.05 compared with baseline.

of propofol and remifentanil in children undergoing up-
per gastrointestinal tract endoscopy.’” Propofol was ad-
ministered via a target-controlled infusion system alone
or in combination with remifentanil. The addition of
remifentanil decreased the plasma concentration of
propofol associated with 50% effectiveness; however,
increasing the remifentanil infusion rate greater than
0.25 ug - kg~ ' - min~' increased the incidence of respi-
ratory side effects without further reduction in propofol
requirement. Another study showed that infusion of
remifentanil reduced the total dose of propofol required
but increased the incidence of bradypnea and desatura-
tion in children undergoing bone marrow aspiration.® A
study of propofol-remifentanil pharmacodynamic inter-
action in volunteers also demonstrated a significant
propofol-sparing effect with relatively low doses of
remifentanil."”

Other medications, such as fentanyl and midazolam,
have been shown to reduce propofol requirement and
shorten recovery time.®> Remifentanil offers advantages
when compared with other adjuvant agents, including
its relatively rapid onset and short duration of action.
When compared with propofol plus sevoflurane and
nitrous oxide, bolus administration of propofol and
remifentanil shortened recovery and discharge time after
lumbar puncture in children.’® In adults, propofol-
remifentanil anesthesia was associated with a shorter
recovery time compared with propofol-sufentanil or

propofol-alfentanil anesthesia.'”"'® In addition, postop-
erative opioid-related side effects may be reduced after
anesthesia with remifentanil compared with fentanyl.*®
In this study, no significant drug-related side effects oc-
curred during the intraoperative or recovery periods;
however, the study was not powered to evaluate the
incidence of side effects.

The Dixon up-and-down method is a simple technique
to determine the effective dose at the 50th percentile.?'
An advantage compared with nonsequential design
methods is that an equally accurate result is produced
with a smaller sample size (20-40 patients are usually
adequate).?" Because this type of sequential design does
not produce a dose-response curve, the estimated min-
imum effective dose may differ considerably from the
true ED4, if the dose-response curve is steep at the 50th
percentile. In addition, because the data are clustered
around the EDs, extrapolation to the EDyg has inherent
limitations,*' and calculated doses should be taken as an
approximation only. Previous studies have shown good
agreement between ED,, doses determined by the
Dixon up-and-down method and logit regression, in
agreement with our findings.?*** In our study, 33 of 34
children (97%) were adequately anesthetized, suggesting
that our estimation of the EDy,g doses of remifentanil
were accurate and clinically useful.

The use of a bolus dose of remifentanil without an
infusion is appropriate for short-duration procedures

Table 4. Hemodynamic and Respiratory Parameters during Recovery

Admission 15 min 30 min 45 min 60 min

Heart rate, beats/min

2.0 mg/kg propofol + 1.5 ug/kg remifentanil 87 =12 86 = 15 90 = 14 87 = 11 89 + 12

4.0 mg/kg propofol + 0.5 ug/kg remifentanil 89 = 11 85 + 10 86 + 10 89 = 12 919
Respiratory rate, breaths/min

2.0 mg/kg propofol + 1.5 ug/kg remifentanil 24 +3 23 = 22 +2 22 + 22 +2

4.0 mg/kg propofol + 0.5 ug/kg remifentanil 234 233 22 2 22 +2 22 +2
Mean arterial pressure, mmHg

2.0 mg/kg propofol + 1.5 ug/kg remifentanil 63 =8 66 =9 66 + 10 66 =8 66 =+ 8

4.0 mg/kg propofol + 0.5 ug/kg remifentanil 59 =18 62 £ 18 64 £ 18 64 =18 65 £ 18

Hemodynamic and respiratory parameters during recovery were comparable for the two groups. Values are mean *+ SD.
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such as lumbar puncture. Because propofol equilibrates
more slowly with the effect compartment compared
with remifentanil,>® we administered propofol first, fol-
lowed immediately by remifentanil. To minimize move-
ment during lumbar puncture, the timing of needle in-
sertion should coincide with the peak drug effect.
Considering the time to peak effect of remifentanil after
intravenous administration,26 we inserted the lumbar
puncture needle at 90 s. A study of the pharmacokinetic
interaction between propofol and remifentanil demon-
strated that propofol decreases the central volume of
distribution and clearance of remifentanil, resulting in an
increase in the plasma concentration of remifentanil
after bolus administration.”” These results are mainly
applicable to clinical situations in which remifentanil is
administered via target-controlled infusion to achieve a
desired plasma-effect compartment concentration and
not a clinical endpoint such as immobility.

A limitation of our study is that the applicability of the
results to patients of different ages undergoing other
hemato-oncologic procedures, such as bone marrow as-
piration or biopsy, may be limited. Compared with lum-
bar puncture, bone marrow aspiration and biopsy typi-
cally take longer to perform and intraoperative and
postoperative pain is often more severe. Therefore, a
single bolus dose of propofol and remifentanil may be
insufficient to maintain an adequate depth of anesthesia
for the duration of the procedure. Because remifentanil
has an ultrashort duration of action, longer-acting opi-
oids, such as fentanyl or morphine, may be required. An
additional limitation of this study is the lack of a stan-
dardized rating scale for movement. Therefore, the doses
administered must be adjusted according to each pa-
tient’s requirements.

In summary, the administration of a bolus dose of
propofol and remifentanil is an acceptable general anes-
thetic technique for patients undergoing lumbar punc-
ture. Increasing the remifentanil dose produces a propo-
fol-sparing effect, which results in a shorter recovery
time and, possibly, earlier discharge from the recovery
room. This is an important consideration if resources
such as physical space and time are limited. For these
reasons, our clinical practice is to use a higher dose of
remifentanil and lower dose of propofol. However, prac-
titioners may not be comfortable with the longer dura-
tion of apnea, especially if the procedures are performed
in a “satellite” or off-site location.

The authors thank Connie Airhart, R.N. (Clinical Nurse, Department of Hema-
tology/Oncology, The Hospital for Sick Children, Toronto, Ontario, Canada), for
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References

1. Borgeat A, Dessibourg C, Popovic V, Meier D, Blanchard M, Schwander D:
Propofol and spontaneous movements: An EEG study. ANEsTHESIOLOGY 1991;
74:24-7

Anesthesiology, V 109, No 4, Oct 2008

2. Hertzog JH, Dalton HJ, Anderson BD, Shad AT, Gootenberg JE, Hauser GJ:
Prospective evaluation of propofol anesthesia in the pediatric intensive care unit
for elective oncology procedures in ambulatory and hospitalized children. Pedi-
atrics 2000; 106:742-7

3. Jayabose S, Levendoglu-Tugal O, Giamelli J, Grodin W, Cohn M, Sandoval C,
Ozkaynak F, Kubal K, Nosetti M, Uman J, Visintainer P: Intravenous anesthesia
with propofol for painful procedures in children with cancer. J Pediatr Hematol
Oncol 2001; 23:290-3

4. Litman RS: Conscious sedation with remifentanil during painful medical
procedures. J Pain Symptom Manage 2000; 19:468-71

5. Servin FS, Raeder JC, Merle JC, Wattwil M, Hanson AL, Lauwers MH,
Aitkenhead A, Marty J, Reite K, Martisson S, Wostyn L: Remifentanil sedation
compared with propofol during regional anaesthesia. Acta Anaesthesiol Scand
2002; 46:309-15

6. Smith I, Avramov MN, White PF: A comparison of propofol and remifentanil
during monitored anesthesia care. J Clin Anesth 1997; 9:148-54

7. Drover DR, Litalien C, Wellis V, Shafer SL, Hammer GB: Determination of
the pharmacodynamic interaction of propofol and remifentanil during esopha-
gogastroduodenoscopy in children. AnestHEsIOLOGY 2004; 100:1382-6

8. Keidan I, Berkenstadt H, Sidi A, Perel A: Propofol/remifentanil versus
propofol alone for bone marrow aspiration in paediatric haemato-oncological
patients. Paediatr Anaesth 2001; 11:297-301

9. Hamill PV, Drizd TA, Johnson CL, Reed RB, Roche AF, Moore WM: Physical
growth: National Center for Health Statistics percentiles. Am J Clin Nutr 1979;
32:607-29

10. Aun CS, Short SM, Leung DH, Oh TE: Induction dose-response of propofol
in unpremedicated children. Br ] Anaesth 1992; 68:64-7

11. Hannallah RS, Baker SB, Casey W, McGill WA, Broadman LM, Norden JM:
Propofol: Effective dose and induction characteristics in unpremedicated chil-
dren. ANesTHESIOLOGY 1991; 74:217-9

12. Dixon WJ: Quantal-response variable experimentation: The up-and-down
method, Statistics in Endocrinology. Edited by McArthur JW, Colton T. Cam-
bridge, MIT Press, 1970, pp 251-68

13. Stevens WD, Dolan WM, Gibbons RT, White A, Eger EI, Miller RD, DeJong
RH, Elashoff RM: Minimum alveolar concentrations (MAC) of isoflurane with
and without nitrous oxide in patients of various ages. ANESTHESIOLOGY 1975; 42:
197-200

14. Crawford MW, Hickey C, Zaarour C, Howard A, Naser B: Development of
acute opioid tolerance during infusion of remifentanil for pediatric scoliosis
surgery. Anesth Analg 2006; 102:1662-7

15. Kern SE, Xie G, White JL, Egan TD: A response surface analysis of propo-
fol-remifentanil pharmacodynamic interaction in volunteers. ANESTHESIOLOGY
2004; 100:1373-81

16. Glaisyer HR, Sury MR: Recovery after anesthesia for short pediatric oncol-
ogy procedures: Propofol and remifentanil compared with propofol, nitrous
oxide, and sevoflurane. Anesth Analg 2005; 100:959-63

17. Ahonen J, Olkkola KT, Verkkala K, Heikkinen L, Jarvinen A, Salmenpera M:
A comparison of remifentanil and alfentanil for use with propofol in patients
undergoing minimally invasive coronary artery bypass surgery. Anesth Analg
2000; 90:1269-74

18. Cicek M, Koroglu A, Demirbilek S, Teksan H, Ersoy MO: Comparison of
propofol-alfentanil and propofol-remifentanil anaesthesia in percutaneous neph-
rolithotripsy. Eur J Anaesthesiol 2005; 22:683-8

19. Gerlach K, Uhlig T, Huppe M, Nowak G, Schmitz A, Saager L, Grasteit A,
Schmucker P: Remifentanil-propofol versus sufentanil-propofol anaesthesia for supra-
tentorial craniotomy: A randomized trial. Eur J Anaesthesiol 2003; 20:813-20

20. Rama-Maceiras P, Ferreira TA, Molins N, Sanduende Y, Bautista AP, Rey T:
Less postoperative nausea and vomiting after propofol + remifentanil versus
propofol + fentanyl anaesthesia during plastic surgery. Acta Anaesthesiol Scand
2005; 49:305-11

21. Pace NL, Stylianou MP: Advances in and limitations of up-and-down meth-
odology: A precis of clinical use, study design, and dose estimation in anesthesia
research. ANESTHESIOLOGY 2007; 107:144-52

22. Lacassie HJ, Columb MO: The relative motor blocking potencies of bupiv-
acaine and levobupivacaine in labor. Anesth Analg 2003; 97:1509-13

23. McLeod GA, Munishankar B, Columb MO: Is the clinical efficacy of epi-
dural diamorphine concentration-dependent when used as analgesia for labour?
Br J Anaesth 2005; 94:229-33

24. Taguchi M, Watanabe S, Asakura N, Inomata S: End-tidal sevoflurane
concentrations for laryngeal mask airway insertion and for tracheal intubation in
children. ANesTHESIOLOGY 1994; 81:628-31

25. Schnider TW, Minto CF, Shafer SL, Gambus PL, Andresen C, Goodale DB,
Youngs EJ: The influence of age on propofol pharmacodynamics. ANESTHESIOLOGY
1999; 90:1502-16

26. Glass PS, Gan TJ, Howell S: A review of the pharmacokinetics and phar-
macodynamics of remifentanil. Anesth Analg 1999; 89:57-14

27. Bouillon T, Bruhn J, Radu-Radulescu L, Bertaccini E, Park S, Shafer S:
Non-steady state analysis of the pharmacokinetic interaction between propofol
and remifentanil. ANEsTHESIOLOGY 2002; 97:1350-62

20z Idy 60 uo 3senb Aq Jpd-80000-000018002-2¥S0000/7L LS/ L9/F/60 L /3pd-8joie/ABojoIsayisaue/ WO IIeyoIaA|is Zesk//:d)y woly papeojumoq



