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Abstract

Children with hematological malignancies frequently undergo invasive procedures such as bone marrow
aspiration and lumbar punctures. Although various methods of sedation are currently used for these procedures, no
standard has been established to date. midazolam and ketamine (midazolam/ketamine) have been used for
procedural sedation in our department. Since both of these drugs have a long half-life, sedation may persist for an
excessively long time after the procedure has been completed. Propofol is an intravenously administered anesthetic
that is characterized by the easy control of the depth of anesthesia and rapid recovery. Although side effects such as
hypoxia and hypotension have been associated with sedation by propofol, their severities may be reduced using
slow infusions. Therefore, we herein used slowly infused propofol (0.5 mg/kg over 20 seconds) for these procedures
and retrospectively compared its effects with those of midazolam/ketamine. Recovery time was significantly shorter
in the propofol group. Although the frequency of side effects such as hypotension was significantly higher in the
propofol group, severe side effects were not observed. This may have been because propofol was slowly infused.

Although the sample size is too small, the results of the present study suggest that slowly infused propofol might
be effective and safe for invasive procedures on pediatric patients. A prospective study is required to further
investigate appropriate methods of sedation.
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Introduction
Invasive procedures such as bone marrow aspiration and lumbar

puncture are essential components for pediatric hematology and
oncology patients. Pediatric patients who undergo invasive procedures
often require sedation to prevent excessive motion, pain, and anxiety.
Although several pharmacological agents have been used for these
procedures, a standard has not yet been established. Ideal
pharmacological agents have a rapid-onset of action, easily adjustable
level of sedation, maintain cardiorespiratory function, and a short
duration of activity once their administration is discontinued.
Midazolam and ketamine (midazolam/ketamine) have traditionally
been used for childhood invasive procedures in our hospital. Although
midazolam and ketamine effectively achieve the desired sedation levels
for childhood invasive procedures, both of those drugs have a long
half-life such that sedation may persist for an excessively long time
after the procedure has been completed [1].

Propofol is an intravenously administered anesthetic, and its rapid
onset, titratable level of effect, and rapid recovery account for its
migration outside the operating room to various sedation venues,
including radiology, intensive care, and specific sedation units [2-6].
Although propofol appears to be an ideal pharmacological agent for
these procedures, side effects such as hypoxia and hypotension have
been associated with propofol sedation [1,2,7]. Previous studies also
attributed the occurrence of severe side effects to the rapid infusion of
propofol [1,2].

Therefore, we herein used slowly infused propofol for childhood
invasive procedures and retrospectively assessed the efficacy and safety
profile of slowly infused propofol in those procedures.

Material and Methods
The aim of this study was to determine the efficacy and safety of

slowly infused propofol in childhood invasive procedures.

Forty invasive procedures were performed using midazolam/
ketamine between January and June 2009 while another 40 invasive
procedures were performed using propofol between July and
December 2009. Thirty-two patients were enrolled into this
retrospective study. Approval for this single-center, retrospective
cohort study was obtained from the Investigational Review Board of
Showa University Fujigaoka Hospital. Written informed consent was
obtained from the parents of patients before the procedure. Sedation
procedures were performed by pediatric oncologists well trained in
advanced life support. Every pediatric oncologist had performed at
least 100 pediatric sedations. The second oncologist performed
procedures. Patients underwent a medical evaluation before the
initiation of sedation. All patients were continuously monitored and
had an intravenous line (central venous line) in place with a saline
infusion for the duration of sedation and recovery. Systolic and
diastolic blood pressure (BP) and oxygen saturation were recorded in
all patients 5 minutes before the initiation of sedation and every 5
minutes after the administration of midazolam/ketamine or propofol
until the completion of the procedure. These parameters were then
recorded every 15 minutes until patients regained consciousness.
Children were excluded from this study when no attempt at sedation
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was made because of acute illness or a condition that required the
special skills of an anesthesiologist.

The induction time was defined as the time from the administration
of the first dose of midazolam/ketamine or propofol to when the
patient was unresponsive to verbal or tactile stimuli. The recovery time
was defined as the time from the administration of the last dose of
midazolam/ketamine or propofol to when the patient had spontaneous
eye opening or an appropriate verbal response or crying. The
procedure time was defined as the time from the administration of the
first dose of Midazolam/ketamine or propofol to when the procedure
had finished.

Information gathered included the induction and recovery times,
procedure time, adverse effects (decreased BP and oxygen saturation),
repeated administration of Midazolam/ketamine or propofol, and the
need for therapeutic interventions. The lowest saturation observed
during the sedation intervention was recorded, and desaturation was
defined as <90%. The lowest systolic BP during the sedation
intervention was recorded. Hypotension was defined as a decrease in
systolic BP of >25 mm Hg from baseline. If baseline systolic BP
appeared to be elevated as a result of anxiety or stress, hypotension was
defined as systolic BP less than the fifth percentile of normal for that
age [8]. Patients whose oxygen saturation was under 90% received
supplemental oxygen.

Midazolam/ketamine sedation was initiated by the administration
of midazolam (0.1-0.2 mg/kg intravenously) 1 minute prior to that of
ketamine in order to reduce the incidence of nausea and vomiting
caused by ketamine [9]. Sedation was continued with ketamine (1.0
mg/kg intravenously).

Propofol sedation was initiated by the administration of propofol (2
mg/kg) slowly intravenously (0.5 mg/kg over 20 seconds) using
mechanical syringe pump until a necessary depth of sedation was
achieved. Standard administration of propofol is 0.5 mg/kg over 10
seconds. In patients with peripheral intravenous catheters in place, 20
mg of lidocaine was mixed with the initial 180 mg of propofol in an
attempt to decrease local pain that may occur when propofol is
injected into a small vein. In both regimens, patients also received 1%
lidocaine as a local anesthetic. Supplemental midazolam (0.1 mg/kg)
and propofol (2 mg/kg) are commonly used to maintain the patient’s
lack of movement through the procedure.

Statistical analyses were performed using Prism software (Graph
Pad). Data are presented as the mean ± standard deviation (SD).
Significant differences between midazolam/ketamine and propofol
were detected using the Student’s t-test and Fisher’s exact test. A P
value <0.05 was considered significant.

Results
Forty midazolam/ketamine and propofol sedations to facilitate

childhood oncologic procedures in 32 patients between January and
December 2009 were retrospectively evaluated (Table 1).

Age (median, range) 6 y, 5 m-16 y

Male : Female ratio 22:10

ALL 16

AML 4

CML 1

MDS 2

AA 1

RMS 1

others 7

ALL: acute lymphoblastic leukemia,

AML: acute myeloid leukemia,

CML: chronic myeloid leukemia,

MDS: myelodisplastic syndrome,

AA: aplastic anemia,

RMS: rhabdomyosarcoma

Table 1: Patient characteristics.

The most common procedures performed were bone marrow
aspiration and intrathecal chemotherapy (Table 2).

Total Propofol
group

Midazolam/Ketamine
group P value

BMA 36 21 15 0.41

IT 28 10 18 0.19

BMA+IT 7 2 5 0.28

LP 3 2 1 0.57

BMA+LP 3 3 0 0.27

CVC
removal 3 2 1 0.57

BMA: bone marrow aspiration, IT: intrathecal chemotherapy, LP: lumbar
puncture, CVC: central venous catheter

Table 2: Procedures perform.

The total dosages of midazolam, ketamine and propofol were 0.17
mg/kg, 1.1 mg/kg, and 5.1 mg/kg, respectively (Table 3).

Drug Propofol Midazolam Ketamine

Induction dose (mg/kg) 2.2 ± 0.6 0.16 ± 0.07 1.1 ± 0.24

Additional dose (mg/kg) 3.0 ± 1.4 0.09 ± 0.07 -

Total dose (mg/kg) 5.1 ± 1.4 0.17 ± 0.07 1.1 ± 0.24

Values are mean ± SD

Table 3: Doses of each drug.

Supplemental same drugs were required by 18% (7 out of 40) of the
midazolam/ketamine group and 98% (39 out of 40) of the propofol
group to maintain the patient’s lack of movement through the
procedure. Although induction times in the propofol group were
significantly longer than those in the midazolam/ketamine group, no
significant differences were observed in procedure times. Recovery
times in the propofol group were significantly shorter than those in the
midazolam/ketamine group (Table 4).
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Propofol group Midazolam/
Ketamine group P value

Induction time (min) 3.8 ± 2.4 2.5 ± 1.6 <0.01

Procedure time (min) 24 ± 7.8 22 ± 8.2 0.465

Recovery time (min) 60 ± 34 122 ± 69 <0.01

Values are mean ± SD

Table 4: Time intervals in Propofol versus Midazolam/Ketamine group.

The occurrence of side effects is presented in Table 5.

Propofol group Midazolam/
Ketamine group P value

Oxygen saturation
<90% 11/40 (28%) 5/40 (12.5%) 0.09

Drop systolic BP >25 mmHg

and/or systolic BP< 5th
percentile 14/40 (35%) 4/40 (10%) <0.01

Pain at injection site

Table 5: Side effects in Propofol versus Midazolam/Ketamine Groups.

A decrease in oxygen saturation to <90% was observed in 27.5% (11
out of 40) in the propofol group and 12.5% (5 out of 40) in the
midazolam/ketamine group. No significant differences were noted
between these 2 groups (P=0.09). In both groups, patients with a
decrease in oxygen saturation recovered spontaneously with the
administration of oxygen via a mask. No mechanical ventilation was
necessary. The frequency of hypotension was significantly higher in the
propofol group than in midazolam/ketamine group (35% (14 out of
40) versus 10% (4 out of 40), respectively). Periods of hypotension were
commonly transient and resolved without therapy. Minor side effects
such as pain at the injection site were not noted in the propofol group.

Discussion
Invasive procedures such as bone marrow aspiration and lumbar

puncture are a necessary part of the management of childhood cancer.
These procedures require sedation to prevent excessive motion, pain,
and anxiety. Propofol has several characteristics such as a rapid-onset
of action, easily adjustable sedation level, and short duration of activity
[2,3]. However, side effects such as hypoxia and hypotension have been
associated with propofol sedation [1,2,7].

In the present study, hypoxia and hypotension occurred in 27.5%
and 35% of patients in the propofol group, respectively. Although the
occurrence of hypoxia was consistent with previous findings by
Gottschling [1] and Hertzog [2], that of hypotension was less frequent.
No patients had pain at the site of injection with propofol sedation,
and may have been due to the slow infusion of propofol. Gottschling et
al reported that hypoxia occurred in 36% of procedures with propofol
and found a clear correlation between a fast bolus application and the
occurrence of desaturation [1]. Therefore, we administered propofol
slowly (0.5 mg/kg over 20 seconds) to avoid these side effects. No
treatment other than the administration of oxygen via a mask was
necessary for hypoxia and no intravenous fluid administration was

needed for hypotension. These results suggest that the severe side
effects of propofol sedation might be prevented by its slow infusion.

Induction times were significantly longer in the propofol group than
in the midazolam/ketamine group, and were inconsistent with
previous findings [1]. This may have been because propofol was
infused slowly. Additional propofol was needed in all cases, except for
one (98%), to maintain the patient’s lack of movement through the
procedures because propofol has no analgesic effects. However, the
procedure times were similar in both groups. Since we also infused
additional propofol slowly and used 1% lodocaine as a local anesthetic
in all procedures, the total dosage of propofol was less than that
administered in previous studies [1,2]. Hypotension has been
identified as a dosage-dependent adverse event of propofol [10,11].
These findings are consistent with our results in which the occurrence
of hypotension was less frequent than that in previous studies.

The recovery time was significantly shorter in the propofol group
than in the midazolam/ketamine group. Our results showed that
propofol caused hypoxia and hypotension in accordance with previous
findings [1-4,12,13]. Therefore, it is essential that propofol be
administered by pediatric oncologists who are well trained in advanced
life support or anesthetists. Propofol should only be administered in an
environment in which appropriate monitoring and resuscitation
equipment are available. These side effects must also be considered in
patients with cardiovascular instabilities, such as patients with pre-
existing hypotension or hypovolemia.

Conclusion
Propofol effectively achieved the desired sedation levels for invasive

procedures without severe side effects. Although the sample size is too
small, propofol anesthesia might be safe for use in these procedures in
an environment in which appropriate monitoring and resuscitation
equipment are available. Slowly infused propofol may be useful for
preventing severe side effects and the administration of a high dosage.
A significant difference was observed in the recovery time. Under the
proper conditions, propofol anesthesia delivered by experienced
pediatric intensivists or anesthetists represents a reasonable option to
facilitate invasive procedures in paediatric oncology patients.
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