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Purpose: A prospective observational study to examine our current practice of either conscious sedation (C.S.)
or general anesthetic (G.A.) for children undergoing radiation therapy (we use the term sedation to include both
C.S. and G.A.). Specifically, the study examines the reasons for selection of patients, choice of drugs, safety and
effectiveness of the procedure, side effects of repeated daily sedation, and compliance of the family with the
regimen.

Methods and Materials: Recorded data included patient demographics, sedation technique, time for various
stages of the procedure, breathing support required, sedation outcome, and complications.

Results: One hundred ninety-eight consecutive children underwent 4232 procedures involving either simulation
or radiation treatment, an average of 21 procedures each. Seventy-four (37%) required sedation for a total of
1033 procedures, an average of 14 sedations each. For those patients who received sedation, the age ranged from
9 months to 14 years (median, 3.8) and 96% had a mold, (85% of the head and neck). The doctor’s assessment
of the need for sedation was correct 89% of the time. Thirty-seven percent required sedation at the start of
treatment, but, even after 30 fractions, 15% still required sedation. Presedation status correlated with successful
sedation and treatment (p = 0.0001). Ninety-six percent had some form of i.v. access, usually a portacath (76 %);
883 sedations were performed with G.A. and 148 with C.S.; 93% of sedations were completed satisfactorily, 5%
with some difficulty, and the patient was unable to be treated in 2%. With G.A., satisfactory sedation was
achieved 97% of the time, whereas, with C.S., satisfactory sedation was achieved only 68% of the time. There
were no complications for 97 % of observations. Not one serious complication occurred. An endotracheal tube was
used only twice during G.A. For C.S., the results for chloral hydrate, meperidine, and midazolam were,
respectively, at least one complication, 23%, 0%, 5% ; satisfactory sedation for treatment, 60%, 60%, 82%; and
unable to treat 20%, 13%, 5%. For G.A., only 1 patient was unable to be treated. The median time from start
of medication to the end of radiation treatment was a median of 10 min (75% complete within 15 min) for G.A.,
vs. 30 min (75% complete in 50 min) for C.S. On multivariate analysis, the only significant factor predicting a
successful outcome was a G.A. using propofol (odds ratio, 20.6), vs. C.S. using either chloral hydrate, meperidine,
or midazolam. (p = 0.0001).

Conclusion: In this study, there were no serious complications of sedation in 1033 procedures. As a result of the
study, we developed improved methods for better preparation of the patient and family to try to reduce the need
for sedation, and reduce the indications for C.S., while confirming the safety and efficacy of a G.A. with propofol
for children needing sedation for daily radiation therapy. © 2001 Elsevier Science Inc.

Childhood cancer, Radiation therapy, Conscious sedation, Anesthesia, Propofol.

INTRODUCTION tumor, results in treatment failure. Conversely, increased

radiation dose or treating too large a volume may result

Radiation therapy is one of the most accurate treatments
in medicine, but its therapeutic margin of safety in cancer
treatment is low. Underdosage of a tumor by either
feduced radiation dose, or geographic miss of part of the

in unacceptable complications. These risks are com-
pounded in children, who are particularly susceptible to
effects, such as delayed growth, neurologic dysfunction,
or endocrine disturbance in future years. In Western

Reprint requests to: Dr. Alan Gray, Department of Oncology,

BC64, King Faisal Specialist Hospital and Research Center,
P0O. Box 3354, Riyadh 11211, Saudi Arabia. E-mail:
agray @kfshre.edu.sa

771

All resources for this study were provided by King Faisal
Specialist Hospital and Research Center. No other funding or
support was either requested or received.

Accepted for publication 14 March 2000.




772 1. J. Radiation Oncology ® Biology ® Physics

studies, 60% or more of children with cancer now survive
long term, and the late effects of treatment are a real area
of concern (1).

To minimize complications and improve results, many
children require immobilization, usually with the aid of
individually molded plastic shells. The most common area
to be immobilized is the head and neck, for either brain or
head and neck tumors, and patients may have to,lie either
supine or prone. For young or anxious children, this can be
an intolerable experience, to lie for 1020 min with their
head or body in a cast. Sedation is, therefore, an essential
part of pediatric radiation therapy practice.

Reports in the literature record the potential conse-
quences of inadequate immobilization. Jereb et al. (2) re-
corded an unacceptably high rate of failure in children
treated for medulloblastoma in the region of the cribriform
plate, an area very sensitive to changes in position because
it limits the required shielding of the eyes from radiation.
This was confirmed by a study from the French Society of
Pediatric Oncology, who found 5 relapses in the frontal
region of the brain in patients with major deviation in this
area (3). McCormick et al. (4) reported a high rate of normal
tissue damage with cataract formation and a high tumor
failure rate, when unanesthetized children were treated for
retinoblastoma of the eye, which is also technically a precise
and demanding treatment.

Fifteen percent of all cancer patients referred to King
Faisal Specialist Hospital and Research Center (KFSH &
RC) are children (defined as age 14 years or younger), and
the Section of Radiation Oncology averages 14 children per
day undergoing radiation therapy treatment.

Although local attempts have been made to develop a
hospital-wide protocol for sedation of children for proce-
dures, such guidelines mainly apply to single procedures;
and sedation for radiotherapy as a repetitive procedure, 5
days a week for several weeks, usually on an outpatient
basis, has its own hazards. The effect of repeated sedation
on nutritional intake and performance status can be exacer-
bated by the malaise and anorexia induced by radiotherapy.
This can be further compounded by the effect of concomi-
tant cytotoxic chemotherapy, which these patients also fre-
quently receive. Although there are explicit guidelines pro-
duced by the American Academy of Pediatrics for safe
sedation (5), they also refer particularly to single proce-
dures. When this study commenced, there was no large
series on the safety and effectiveness of repeated sedations
or anesthesia during radiation therapy, and not a lot of
general literature on the subject (6-15).

Since 1992, our department has been refining its protocol
for the safe and effective sedation of children. This prospec-
tive observational study examined current practice in detail:
the reasons for selection of patients, choice of drugs, safety
and effectiveness of the procedure, side effects of repeated
daily sedation or anesthesia, and compliance of the family
with the regimen.
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METHODS AND MATERIALS

From September 1996 until January 1998, a total of 198
pediatric patients presented for radiation therapy and were
registered for this study.

Definition of terms

Pediatric patient: Patient 14 years of age or less.

Conscious sedation (C.S.): A medically controlled state
of depressed consciousness that (/) allows protective re-
flexes to be maintained; (2) retains the patient’s ability to
maintain a patent airway independently and continuously;
and (3) permits appropriate response by the patient to phys-
ical stimulation or verbal command, e.g., “open your eyes”
(5).

General anesthesia (G.A.): A medically controlled state
of unconsciousness, usually accompanied by a loss of pro-
tective reflexes, including the inability to maintain a patent
airway independently, and respond purposefully to physical
stimulation or verbal command (5).

Sedation: For the purposes of this paper, the generic term
sedation can refer to either conscious sedation or a general
anesthetic.

Objectives

1. To ensure the safety and welfare of the patient.

2. To evaluate our predetermined criteria for selection of
patients for sedation.

3. To evaluate the effectiveness of various forms of
sedation in allowing radiotherapy to be performed on the
patient.

4. The ability to return the patient to a state in which safe
discharge is possible.

5. The effect of sedation on the patient’s nutrition during
the course of radiation therapy.

6. The ability of the family to comply with a sedation
regimen.

Eligibility

Selection. All pediatric patients who were to receive a
course of radiation therapy at KFSH & RC during the study
period were registered, so that the study gives an account of
the total population as well as the subpopulation receiving
sedation.

Informed consent. All patients had a signed informed
consent form for treatment from a responsible family mem-
ber, which included consent for either C.S. or G.A, if
required. The type of sedation given was not randomized.
The study was approved by the Research Advisory Council
of KFSH & RC and its Ethics Committee.

Adverse reactions. There had to be no history of adverse
reaction to any of the drugs used in this protocol that wete
likely to be applied to the patient.

Health evaluation. There had to be no absolute medical
contraindication to sedation.
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procedure

Information recorded at registration included patient’s
age, gender, weight, height, diagnosis, allergies, other sig-
pificant illnesses, the length of the proposed course of
radiotherapy, number of treatment fields, the treatment po-
sition, and the need for a mold.

An assessment of the need for sedation was made at the
time of the initial visit with the radiation oncologist, which
was also the time of registration for the study* Factors
considered in this assessment were patient’s age, emotional
maturity, anxiety, ability to cope with previous treatments
or investigations which required compliance, e.g., CT scans;
and the complexity of the proposed radiation treatment
itself, e.g., treatment in the prone position, which is more
difficult for the child. Family and staff who knew the child
were consulted.

In addition, diagnosis was a further consideration: pa-
tients with a diagnosis of intraocular retinoblastoma to be
treated with curative intent all received a G.A. with propofol
to ensure that the patient’s eye remained stable and neutral
with the lens anteriorly throughout the procedure so that a
lens-sparing technique could be used (16).

Once accepted for treatment, the patient and caregivers
were instructed further on their radiation therapy by an
Arabic-speaking nurse. For patients receiving sedation,
families were provided printed instructions in Arabic for
“nil by mouth” (n.p.o.) status, and were counseled on the
importance of complying with these guidelines. These were
(1) no solid food for 4 h before treatment; and (2) no liquids
or anything by mouth for 2 h before treatment, including
breast milk (17).

Patients undergoing sedation were scheduled to arrive 1 h
before the actual treatment time. Their pulse, temperature,
respiratory rate, blood pressure, and oxygen (O,) saturation
were recorded. Their general condition and i.v. line (if
present) were checked. n.p.o. status was confirmed and
documented by the nurse.

The sedation room was equipped with the following:
oxygen, suction, blood pressure apparatus, pulse oximeter,
and the emergency medical supplies cart (“crash cart”). The
environment was made suitable for patients receiving seda-
tion: a darkened room with quiet surroundings were pro-
vided, and the patient and family were reassured. Mothers
were encouraged to remain with their child throughout the
sedation procedure until the child was actually treated.

Before medicating the patient (or immediately following
if the child was distressed), the pulse oximeter was attached
to the patient for continuous monitoring until eventual dis-
charge. Patients were made comfortable (positioned on their
side, or small children remained on mother’s lap). Bed rails
were raised for safety.

A registered nurse remained with sedated patients con-
tinuously to ensure their safety, for continuous monitoring,
and to note retention of oral (p.0.) or rectal (p.r.) medica-
tions. Pulse, respiration, and oxygen saturation readings
were recorded at 15-min intervals or more often as neces-
sary.

The final decision on whether the child was to receive
either C.S. and with which drugs, or a G.A. was decided by
the radiation oncologist. There were no clear guidelines in
the literature on the choice or route of drugs (18), and so
based on previous experience in the department, the follow-
ing list of medications were selected from which the oncol-
ogist could choose according to his experience and estimate
of the patient’s need. It was understood from the beginning
of this study that preference for particular drugs and the
choice of either C.S. or G.A. could change as experience
was gained.

For molding and simulation, the patients initially re-
ceived C.S. rather than a G.A. (with the exception of reti-
noblastoma as explained above). G.A. was intended to be
used only if C.S. was ineffective. The mold and simulation
procedures were to serve as a preliminary assessment of the
effectiveness of the following drugs for C.S.:

1. Chloral hydrate of 75-100 mg/kg p.o. or p.r. If ade-
quate sedation was not achieved in 20 min, a second dose of
25 mg/kg could be given if the lesser dose of 75 mg/kg was
used initially. The maximum dose was not to exceed 2000
mg.

2. Midazolam of 0.05-0.2 mg/kg given by slow i.v. push
over 3-5 min, and titrated to effect. It was recommended to
give oxygen by mask during the procedure. (Oral and in-
tranasal midazolam (19) was tested on a few patients before
this study, but appeared unreliable, and its use was aban-
doned before the study began).

3. Meperidine (demerol/pethidine) of 0.5-1.0 mg/kg,
maximum 20 mg, to be given by slow i.v. push over 3-5
min.

An order for the sedation was recorded in the medical
record by the oncologist. The medication for C.S. was
administered by a senior staff nurse, who monitored the
process, and remained present for the duration of C.S. until
the patient was discharged. These nurses were previously
orientated in the hospital’s main operating theater recovery
room, which was followed by a competency check-off.
Antidotes of flumazenil, the benzodiazepine antagonist, and
naloxone the narcotic antagonist were always present and
available. Patients continued to be assessed during the first
five treatments of radiation therapy using chloral hydrate,
midazolam, or meperidine only. Patients proceeded to G.A.
administered by a consultant anesthetist if regular “boost-
ing” of chloral hydrate was required; the sedation was not
satisfactory, i.e., child was not ready for treatment within 30
min; if, after 5 treatments, they were still requiring more
than 75 mg/kg of chloral hydrate alone daily, as this drug
has a long recovery time and there was concern that these
children would suffer from lack of nutrition and hydration
by its prolonged use in higher doses.

For patients who received a G.A., the medication used
was at the discretion of the anesthetist, but they were
encouraged to use propofol, which was still a relatively new
drug for use in children in this hospital at the beginning of
this study. The Anesthetic Department provided a rotating
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roster of anesthetists to provide comprehensive coverage
starting at 8 am each working day.

Following radiotherapy treatment, the patient was trans-
ported to the recovery room still under monitoring. Inpa-
tients were transferred back to the ward after a minimum of
45 min in the recovery area, accompanied by a nurse who
transferred the care to the ward nurse. For outpatients the
discharge criteria were (I) alert and orientated; (2) vital
signs stable for 30 min, and minimal nausea and no vom-
iting; (3) ambulates with minimal assistance (if appropri-
ate); (4) after a minimum of 1 h in the recovery area.

Parents were instructed to bring the child to the depart-
ment, or to the emergency room outside of working hours,
if there was any concern about the child’s status.

Completion of an evaluation form each day was the
responsibility of nursing staff, whether the child had C.S. or
G.A. Eight separate items were monitored and recorded
with each sedation. The overall sedation result was recorded
as one of three categories: (/) Satisfactory, treatment com-
pleted without difficulty; (2) Treatment completed but with
some difficulty; or (3) Unable to be treated.

The specific outcomes which the study was intended to
measure included (/) the length of time for various stages of
the procedure from start of sedation medication, through
treatment, to time of discharge; (2) whether breathing sup-
port, (i.e., airway support) was required; (3) whether a
satisfactory level of sedation was achieved which allowed
radiation therapy treatment to be given; and (4) whether any
complications occurred as a result of administering seda-
tion.

These outcomes were to serve as critical success factors.

Statistics

This is an observational study, covering every pediatric
patient presenting for radiation therapy during the recruit-
ment period of September 1996 through January 1998. The
population to which inferences are made is that group of
children with cancer who may be treated with radiation
therapy at the King Faisal Specialist Hospital and Research
Center. The inferential population is likely to be similar to
all such children, because the referral patterns do not vary
across societal subgroups.

The study included two forms—a so-called registration
form and a so-called evaluation form. The former was used
to record basic demographic information on each patient
entered into the study, be it a patient who subsequently
received sedation during his/her treatment or not. The eval-
uation form was used to record information on patients
during an episode of treatment (or simulation/mold) when
sedation (C.S. or G.A.) was administered. The form allowed
the recording of some basic information about the patient
upon arrival to the radiation therapy unit, as well as the
recording of information particular to the administration of
the sedation (e.g., who administered, time administered,
route, type of drug, etc.).

The statistical computing was done using SAS version
6.10 on a DEC Alpha system running OpenVMS. The data
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entry and management had been done in the SIR databage
program.

The analysis was divided into five parts. The first part
entailed a summary of the study patients in terms of basic
demographic information, the types of their diseases, how
they were treated with radiation therapy (e.g., number of
procedures, position, etc.), how they were sedated and
whether their treatment procedure was successful. The sec-
ond part described the information recorded during the
treatment procedure, e.g., types of sedation, complications,
etc. The third part described variables that are associated
with the various types of sedation, e.g., demographic infor-
mation, treatment information, complications, and success-
ful treatment. The fourth part involved the analysis of in-
formation over time, both across procedures for individual
patients and within a procedure from the time of adminis-
tration of sedation to discharge from the department. The
final part analyzed the success of treatment and the extent to
which it may be related to various factors for which infor-
mation was recorded.

Nonparametric statistical techniques were employed for
the most part, with the exception of a logistic regression. A
p value of 0.01 was employed for threshold statistical sig-
nificance—adjusting for the number of tests carried out.

RESULTS

All patients

A total of 198 children were registered. Five patients did
not proceed to radiation therapy because of a change in their
status between their first assessment and their planning
appointment, so 193 actually received radiation therapy, for
a total of 4232 procedures involving molding, simulation,
and radiation treatment, an average of 22 procedures each.

There were 111 male and 87 female (M:F ratio = 1.3:1).
Age ranged from 5 months to 14 years, with a median of 7
years. BECOG performance status was 0/46 (28%), 1/73
(37%), 2/17 (9%), 3/28 (14%), 4124 (12%), respectively.
Thus, 26% of patients had an impaired performance status
of 3 or 4. A total of 152 (79%) were treated supine, and 41
(21%) were treated prone. A total of 167 children (87%) had
a mold for treatment. Of these, 147 (76%) had a mold of the
head and neck, 8 (4%) had a chest mold, 14 (7%) had an
abdominal mold, and 5 (3%) had a limb molded. Two other
patients had total body irradiation surrounded by packing
with rice bags. The number of radiation fields planned for
each patient were, respectively: 1/14 (7%), 2/122 (61%)
3/51 (26%), and 4/11 (6%). Mold and simulation episodes
were added as 2 treatments to each patient’s course. The
median number of treatments given was 20 (range, 1-35).
The list of diagnoses is given in Table 1. One-third of all
patients had brain tumors. All patients were treated on linear
accelerators with photons (6 or 18 MV) or electrons.

Sedated patients
Seventy-four (37%) required sedation for a total of 103.3
procedures, an average of 14 sedations each. For compatl-
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Table 1. Diagnosis of 198 children referred for radiation therapy

Diagnosis Frequency Percent
Leukemia 51 - 258
Lymphoma 15 c 76
Neuroblastoma 3 1.5
CNS tumors 65 32.8

Astrocytoma 9 ) 4.5

Medulloblastoma 23 . 116

Other 33 Y167
Retinoblastoma 17 8.6
Wilms 10 5.1
Ewings 10 5.1
Rhadomyosarcoma 10 5.1
Soft tissue sarcoma 2 1.0
Fanconi’s anemia 5 2.6
Other 10 53
Total 198 100%

CNS = central nervous system.

son between the sedated, and the nonsedated patients, we
adjusted for sedation intensity, by dividing the number of
sedations by the total number of treatments the patient
received.

Sedation intensity

number of sedations

~ total number of treatments patient received

Age

The age of the sedated patients ranged from 9 months to
9 years (median, 3.8 years), vs. from 5 months to 14 years
(median, 9 years) for nonsedated patients. Age was dichot-
omized into those less than 7 years, and those at least 7
years, and there was a significant relationship between the
dichotomy and sedation (» = 0.0001), number of sedations
(p = 0.0001), and sedation intensity (p = 0.0001) with the
older group as expected being sedated less.

Molds

Seventy-one (96%) of the sedated patients had a mold, vs.
96 (77%) of nonsedated patients. On univariate analysis,
this was significant for requiring sedation for head and neck
molds only (p = 0.001).

40
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Fig. 1. Percentage of patients receiving radiation therapy who
require sedation over time.

Reasons for selection

The radiation oncologist had 5 choices as to why the
patient was selected for sedation. These were young age,
anxiety, treatment complexity, emotionally immature for
age, and history of noncompliance. There were often mul-
tiple reasons for selecting sedation for each patient. There
was no significant difference within these selection factors
as to their accuracy for requiring sedation, and the number
of sedations, but there was a marginal significance (p =
0.04) for young age for sedation intensity. Table 2 shows
the number of patients, the type of sedation, and the reason
for selecting sedation. Twenty percent of patients selected
for sedation on the basis of anxiety did not require it.

Of the 198 patients, 73 were initially assessed as requir-
ing sedation, and 86% of these received sedation. For the
remaining 125 patients considered not requiring sedation,
this was correct 91% of the time; 11 of the 125 subsequently
requiring sedation. Overall, the initial assessment was cor-
rect 89% of the time.

Rate of sedation over time

Figure 1 shows the percentage of patients requiring se-
dation during their treatment course. Initially, 37% of all
patients required sedation. The line-graph fluctuates, as

Table 2. Reasons for selection and type of sedation recommended

Type of sedation Patients (%) Young age Immaturity Anxiety Noncompliance Treatment complexity
Chloral hydrate p.o. 20 (27.4) 13 0 12 17 12
Chloral hydrate p.r. 2(2.7) 1 0 0 1 2
Midazolam 1i.v. 14 (19.2) 5 0 8 8 10
Meperidine i.v. 11 (15.2) 3 2 8 9 8
General anesthetic 26 (35.6) 17 2 16 15 23
Total 79 (100.0) 39 4 44 50 55
Did not require sedation 10% 0% 20% 10% 9%

Note: Multiple answers = patients can have multiple reasons for sedation.
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Table 3. Sedation requirements according to diagnosis

Required
No. of sedation No. of Sedation Median age
Diagnosis patients (%) sedations* intensityT (years) Molds (%)

Soft tissue sarcomas 13 62 12 10.4/20 4.8 92
Renal tumors 11 45 6 7120 4.4 82
Leukemia 51 39 4 5.2/20 7.2 88
CNS tumors 67 37, 5 3.2/20 7.7 96
Lymphoma 15 7% 0 0/20 9.8 53
Ewings sarcoma 10 0 0 0/20 9.1 80

Total = 167 p = 0.008 = 0.004 p = 0.003 NS

CNS = central nervous system.
*Mean number of sedations.

Sedation intensity = no. of sedations =+ total no. of treatments; and refers to the mean number of sedations a patient with this tumor
diagnosis could expect to receive if they were having 20 radiotherapy treatments.

some patients no longer require sedation, and other patients,
after an uncertain start, proceed with sedation. Even after 32
treatments, however, 15% of patients still required sedation.

Tumor type

The 198 patients were separated by diagnosis into 5
common categories of tumor. Those with small numbers of
a particular tumor type (n = 31) were excluded from this
analysis. The 5 categories were leukemia, lymphoma (in-
cluding Hodgkins), central nervous system (CNS) tumors,
renal tumors, Ewing’s sarcoma, and other sarcomas of soft
tissues. There was a significant difference in the sedated
population between sarcomas and lymphomas (p = 0.008).
This was also significant for the number of sedations (p =
0.004) and for sedation intensity (p = 0.003). Table 3 lists
the disease categories in descending order of sedation re-
quirements and the results for each category, including
median age and the percentage requiring molds. Age is
obviously significant in deciding on sedation, but there was
no significant difference in the requirement for molds to
explain an association with tumor type.

The same diagnostic groups were analyzed using only
those patients who were sedated, when there was no differ-
ence in the number of sedations or the sedation intensity
between each disease group.

Gender
The gender distribution for sedated and nonsedated pa-
tients was identical; 56% male and 44% female.

Allergies

Three patients (1.5%) had a history of allergy to medi-
cations. Two patients did not require sedation, and the one
who did had 27 consecutive sedations without incident.

Presedation status

The presedation status of the patient at each visit was
compared with the ability to treat (see Table 4). For 82
procedures (8% of the total), the patients were recorded as
being anxious/restless on arrival;, 75% of these received
satisfactory sedation for treatment, 14% were treated with
some difficulty, and 7% were unable to be treated. In 949
procedures, the patient was considered calm/awake; 92% of
these received satisfactory sedation, 5% with some diffi-
culty, and 2% were unable to be treated. The difference was
significant (p = 0.0001). Out of the total of 1033 sedations,
a patient could not be treated on 18 occasions (2%).

Intravenous access (i.v.)

Seventy-one percent of the sedations were performed
with a portacath in place, 19% with a heplock, 7% with a
central line, 0.3% with a Hickmans catheter, and only 4%
had no i.v. access. Portacath usage increased with the length
of the treatment. At the start of treatment, 46% of sedations
were performed with a portacath, rising to 94% by the 23rd
sedation. Heplocks were used in 25% of patients at the
beginning, peaked at 30% by the 3rd sedation, and, after 10
sedations, remained below 12%. Sixteen patients were ¢
dated without i.v. access for a total of 38 sedations. Treat-
ment was rated satisfactory 93% of the time with i.v. access,

Table 4. Presedation status and outcome of treatment

Treated Treated with
Patient’s status No. satisfactorily some difficulty Unable to treat
Anxious/restless 82 75% 14% 7%
Calm/awake 949 92% 5% 2%
Sleeping/responds to stimulus 1 100% — —

Unresponsive 0
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Table 5. Type and mean dose of sedation used
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Table 6. Complications of sedation

Mean dose/

No. of procedure in

Drug procedures mgs/kg
propofol G.A. 837 (81%) 4.8
Meperidine C.S. 15 (1.5%) 0.92
Chloral hydrate C.S. 30 (3%) 100
Midazolam C.S. 78 (8%) 026
Other G.A. 46 (5%) N/A
Other C.S. 25 (2.5%) NA

Abbreviations: G.A. = general anesthetic; C.S. = conscious

sedation.

but fell to 74% if there was no i.v. device available. On
univariate analysis, patients with a portacath were more
likely to have a satisfactory result (96%) than patients with
a heplock (86%) (p < 0.0001).

Compliance

Forty-nine percent of the sedations were on inpatients,
and 51% were on outpatients. The ability of patients and
their parents to comply with the presedation regimen was
monitored. The result was good 97% of the time, poor
(patients were more than 30 min late for their appointment)
in 3%, and poor (the patient was not n.p.o.) in only 4
sedations. On only one occasion was the patient both late
and not n.p.o. There was no significant difference in com-
pliance between inpatients and outpatients. Patient’s age did
not affect compliance.

Diagnosis and type of sedation

When the type of sedation is correlated with tumor diag-
nosis, patients with leukemia were more likely to receive a
G.A. with propofol (87%) than Wilms’ tumor (47%), who
were more likely to receive C.S. particularly with midazo-
lam (37%). This correlation was not related to age where the
median age for leukeimia was 7 years, and for Wilms’ tumor
4.4 years, but to the use of a head and neck mold for the
leukemias.

Type of sedation and results

A total of 883 sedations (86%) were performed with a
G.A., and 148 (14%) were performed with C.S.; 93% of
sedations were satisfactory, 5% were sedated with some
difficulty, and in only 2% was the patient unable to be
treated. With the use of a G.A., satisfactory sedation was
achieved in 97%. C.S. gave a satisfactory result in only 68%
which was significant (p = 0.0001). Only one G.A. was
unable to be treated, a child brought for treatment not n.p.o.
who began vomiting with induction, and the procedure was
abandoned, and repeated later in the day when a satisfactory
result was achieved. For detailed analysis of the medication
given, those patients who received multiple medications for
either G.A. or C.S. (a total of 71 sedations) were analyzed
separately from those patients who received single agents
consistent with the protocol (see Table 5).

Number of

Complications observations Incidence (%)
None 8221 98.7
Vomiting 18 0.2
BP < 30% baseline 1 0.0
0, sat < 90% > 15 sec 35 0.4
Pulse > 160 39 0.5
Apnea 13 0.2

BP = blood pressure.

Multiple daily fractions

Three patients had twice daily treatment, 6 h apart, for a
total of 14 treatments using a propofol G.A.; 2 of these
patients had 6 treatments each as part of their total body
irradiation protocol for a bone marrow transplant. All treat-
ments were completed satisfactorily without complications.

Drug dosages

The mean dose of drug given per procedure was calcu-
lated as follows: propofol, 4.8 (range, 1.5-28.2) mg/kg;
meperidine, 0.92 (range, 0.69—1.11) mg/kg; chloral hydrate,
100 (range, 10-167) mg/kg; and midazolam, 0.26 (range,
0.07-0.65) mg/kg.

Analysis of the 837 sedations with propofol, showed no
significant fluctuation in the dose used over time, up to 35
consecutive sedations. There was no evidence of developing
tolerance to propofol.

Complications

Table 6 lists complications and, as these can be multiple
within a single sedation, they are listed by the number of
observations, a total of 8327. For 98.7% of the observations,
there were no complications. Two patients with retinoblas-
toma, aged 3 years, 6 months, and 1 year, 8 months, who
were being treated supine with a head mold and receiving a
G.A., required an endotracheal tube on one occasion each of
their 22 treatments, to maintain a patent airway. One was
induced with ketamine followed by propofol, and the sec-
ond received propofol only. Neither was considered a seri-
ous problem, and treatment was completed in each case.
Otherwise, no largyngeal masks or endotracheal tubes were
used or required. Among the 1033 sedations, not one serious
complication occurred.

Table 7 lists the complications by type of sedation used
and the result of treatment. Chloral hydrate was the least
successful, with at least one complication occutring in 23%
of sedations; in only 60% of sedations was the treatment
considered satisfactory, and 20% of patients were unable to
be treated. This was followed by meperidine, which had no
significant complication rate, but only a 60% satisfactory
treatment rate, and 13% were unable to be treated. Mida-
zolam had a 5% complication rate, but, in 82% of patients,
treatment was able to be completed satisfactorily, with only
5% unable to be treated.
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Table 8. Airway and ventilation requirements during sedation

Type of No. of Chin Mask/ Oral/nasal Endotracheal

sedation procedures lift Bagging Ventilator cannula airway tube
propofol 837 44 "4 0 835 39 1
Chloral hydrate 30 3 0 0 10 0 0
Meperidine 15 0 0 0 6 0 0
Midazolam 78 4 0 0 38 0 0
Other G.A. 48 12 ., 3 1 46 7 1
Other C.S. 25 1 Y0 0 10 0 0

Abbreviations: G.A. = general anesthetic; C.S. = conscious sedation.

Timing of procedures

There were 884 sedations in which G.A. was used and 149
in which C.S. was used. The time taken for different parts of
the treatment process were analyzed in detail according to
whether the patient received G.A. or C.S. Table 9 contains the
details. The time from start of medication to “ready to treat”
was much shorter with G.A., as these patients were normally
sedated on the treatment table, whereas patients receiving C.S.
were sedated in the recovery room and then transferred to the
treatment room. However, there was a difference in the time
taken to give radiation therapy treatment with each type of
sedation. G.A. required a median of 8 min (75% complete
within 12 min) vs. a median of 10 min (75% complete in 25
min) for C.S. When start of medication for sedation to the end
of radiation treatment is measured, there is a median of 10 min
(75% complete within 15 min) for G.A. vs. a median of 30 min
(75% complete in 50 min) for C.S. The time from end of
treatment to discharge was longer for G.A; a median of 52 min
(75% complete in 61 min) vs. a median of 30 min (75%
complete in 45 min) for C.S, reflecting the more intensive care
taken before discharging patients who had received G.A.

Table 9. Timing of the treatment process (in minutes)

General anesthetic Conscious sedation
(min) (min)

75% 75%

Procedure Median complete Median complete

Start of medication

to 1 <2 10 <25
ready to treat

Ready to treat

to 0 <1
start of treatment

Start of treatment

to 8 <12 10 <25
end of treatment

End of treatment

1 <5

to 52 <61 30 <45
discharge

Start of medication

to 10 <15 30 <50

end of treatment

Start of medication

to 65
discharge

<74.5 61.5 <85

Statistical analysis

Univariate analysis. The following were not significant
on univariate analysis. ECOG score, supine or prone posi-
tion (including oxygen saturation), number of radiation
fields used per treatment, males vs. females, and inpatients
vs. outpatients.

Significant factors influencing the need for sedation in-
cluded a mold of the head and neck only (p = 0.007), age
(p = 0.0001), and the diagnosis of soft tissue sarcoma vs.
lymphoma (p = 0.008).

Predicting a satisfactory treatment result were preseda-
tion status (p = 0.0001), and reliable i.v. access, with a
portacath predicting a better result than a heplock (p =
0.0001). G.A. was more successful than C.S. (p = 0.0001)
and the use of chloral hydrate in particular resulted in a less
successful treatment outcome and a higher complication
rate. C.S. results in a longer treatment time using expensive
equipment than G.A. (p = 0.0001).

Multivariate Analysis

Table 10 shows the results of multivariate analysis using
logistic regression. The only significant factor was that the
odds of a more satisfactory treatment with a G.A. using
propofol were 20 times those of a C.S. using either chloral
hydrate, meperidine, or midazolam.

DISCUSSION

The sedation of children for radiation therapy has re-
ceived sporadic attention in the medical literature, but a
recent textbook of pediatric radiation therapy devotes a
chapter to the subject (20). Recently (1999), a large retro-
spective series was reported from Duke University Medical
Center on the use of anesthesia only for external-beam
radiotherapy (EBRT) (21).

The variety of drugs used and the means of administering
them reported in the literature gave no clear indication as to
how sedation should be achieved for EBRT, which was the
stimulus for this prospective study. In view of this uncertainty,
it was accepted not to randomize the patients, but to start with
a logical protocol, based on previous experience, which was
almost entirely C.S. It was accepted that practice would change
during the course of this study as experience developed.

Thirty-seven percent of our children required sedation vs.
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Table 10. Multivariate analysis using logistic regression

Variable Qdds ratio Variable Qdds ratio
Age 1.089 Supine/prone 1.613
Gender 1.248 Inpatient/outpatient 0.980
Performance status (P.S) 0.455 Diagnosis/leukemia 0.248
P.S.1 0.206 Diagnosis/CNS tumors 2.868
PS.2 0.041 Propofol 20.615
P.S.3 0.233 Head and neck mould 2.598

24% from the Duke University Medical Center study (21).
This high percentage may be related to the rigorous use of
molds for immobilization (80% of all of our patients had molds
and 96% of sedated patients), but problem with communica-
tion is probably the dominant reason; 50% of the radiation
therapy staff are English-speaking expatriates, with a very
limited knowledge of Arabic. The result was to develop infor-
mation material for the patient and family during the course of
this study; a video demonstrating the treatment process, a
coloring book for the children explaining about cancer and its
treatment with EBRT, and a book for older children and the
family on the process; ail in Arabic. Every child, whether
selected for sedation or not, was introduced to the department
and the machines by one of our Arabic-speaking nurses who
spent time bonding with them. Even when this was not initially
successful in avoiding sedation, it often resulted in the patient
eventually accepting to try without sedation later in the course.
During this study, an Arabic-speaking patient educator with a
nursing background was appointed. Twenty percent of the
patients who were selected for sedation on the basis of their
anxiety did not subsequently require it. This could be attributed
to the preparation process that the children went through.

Increasingly, there is evidence to support the logical
theory that if children are given time and expert focused
attention around their hospital experiences, their coopera-
tion is more likely (22, 23). Trained play therapists are
being increasingly employed in hospitals to help children
understand, cooperate, and accept the difficult procedures
they have to encounter during their treatment (24). This
preparation through direct play helps obviate future psycho-
logic problems that can occur due to their whole hospital
experience. One of the authors (B.E.) was involved in
developing a program at the University College London
Hospital in the United Kingdom to prepare children with
cancer for their radiation therapy treatment.

The program involved (/) clear instructions for parents/
caregivers for each step in the process of the child’s treatment;
(2) guided picture storybooks that the family could borrow
related to a child receiving radiation treatment; (3) a mock
treatment machine (linear accelerator) with lights and buzzers
situated in the playroom of the hospital for the child to use; (4)
a large doll to enact treatments on and visualize their own
fears; (5) time for familiarization with staff and equipment and
many chances to interact with both; and (6) personalized star
charts as a reward scheme for use each day the child attends for
treatment.

All of these monitored games, incentives, and familiar-

ization steps enabled the children to dispel some of their
fears through transference. By making the process interac-
tive, they could keep some control of the experience, and
this enabled them to be more cooperative. This takes time
and patience in a busy department, but the end result is that
the number of children requiring C.S. or G.A. for their
course of radiation therapy treatment can be reduced.

In patients receiving “curative” radiation therapy, once
the optimum treatment position was decided upon, no con-
cessions were made to the treatment plan to either avoid
sedation, or to allow the continued use of C.S. rather than
G.A., with the single exception of medulloblastoma, where,
in borderline cases for sedation or where further convales-
cence was desirable, the patient might start with treatment
of the posterior fossa in the supine position, rather than the
craniospinal treatment in the prone position.

Our previous experience with C.S. led us to initiate
therapy with chloral hydrate, meperidine, or midazolam. As
a result of this study, we would not recommend chloral
hydrate or meperidine for C.S.; meperidine because of its
lack of effectiveness, and chloral hydrate because it lacks
both effectiveness and safety. If C.S. is required, then i.v.
midazolam appears to be the agent of choice. Its action is
brief, reversible with flumazenil, and it has a reasonable
margin of safety. However, it requires i.v. access, as its use
by other routes (nasal or oral) is not yet confirmed as being
a reliable method for EBRT sedation.

There are no prospective randomized studies that dem-
onstrate the superiority of one anesthetic agent over another
for EBRT. In this study, anesthetists had the discretion to
use the agent of their choice for G.A., but were recom-
mended to use propofol, which had been relatively untried
in this hospital for children, and most did. As experience
with this agent developed, it became the drug of choice, and,
by the end of the study, most patients were simply being
started immediately on a propofol G.A.

The choice of a satisfactory anesthetic for use outside the
operating room has been discussed by Martin et al. (25) as
(1) It must provide predictable, brief, anesthesia of adequate
depth, and an immobile patient; (2) It must be able to be
safely given repeatedly, with portable equipment; (3) A
rapid awaking with short recovery time is desirable; (4)
Maintenance of a patent airway in a variety of body posi-
tions and during transport is mandatory; (5) Provisions for
standard monitoring is required for G.A. remote from the
patient; and (6) Minimizing psychologic and physical
trauma during the repeated procedures is desirable.

L—4A
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we found a propofol G.A. fulfilled all these criteria,
articularly when given with a constant infusion pump. The
rapid recovery and lack of sequelae meant that children
were not hesitant to undergo the procedure, often proffering
their i.v. line to the anesthetist in anticipation of their G.A.
A major advantage is the maintenance of a patent airway in
either a supine or prone position, such that intubation, either
jaryngeal mask or endotracheal, was not routinely required.
Only 2 patients required endotracheal intubation dtiring the
study, and this included some seriously ill patients (26% had
ECOG Status 3 or 4) as many patients in this developing
country present with advanced cancer.

Although other agents are also recommended for their
safety and efficacy, e.g., ketamine i.m. or i.v. (26), halo-
thane or sevoflurane by inhalation (20), thiopental (9), or
methohexital i.v. (27), we did not assess these. Intramuscu-
lar administration is not acceptable for repeated sedations.
Defining the best anesthetic agent for EBRT would require
a randomized clinical trial. Our G.A.’s with propofol were
given safely by a variety of anesthetists. For either of our
preferred agents, midazolam for C.S. and propofol for G.A.,
i.v. access is necessary. Without i.v. access, sedation is
more problematic (93% satisfactory with i.v. access vs. 74%
with no i.v. access available). Increasingly, for a prolonged
radical course of radiation therapy under sedation, we are
prepared to insert a portacath to ensure reliable i.v. access
(16). With the frequent use of portacaths, there was no
significant problem of pain on initial injection of propofol,
which can be seen with peripheral i.v. access in a small vein.

Sixty-one of the 198 patients (32%) in this study had a
central venous access. This reflects the increasing use of
these devices in children in recent years for chemotherapy
administration or for repetitive anesthesia or both. This
emerging practice poses problems, as the device represents
a potential source of contamination despite strict aseptic
measures. This is particularly true for repeated use in im-
munocompromised and neutropenic patients. In our institu-
tion, during the period of this study, a total of 78 pediatric
patients developed episodes of sepsis with positive blood
cultures during chemotherapy and/or radiation treatment. In
our study, 14 of 61 patients (23%) with venous access
devices had sepsis, and, in 10 (16%), it had to be removed
because of the sepsis and to document catheter infection.
The incidence of sepsis in this study,however, is compara-
ble to that reported in other studies (21, 28).

This hospital bulk funds its operations and does not yet
itemize the cost of individual procedures. Thus, we were
unable to compare the expense of C.S. with G.A. Neverthe-
less, there are undoubted efficiencies in using G.A. in re-
ducing the time taken from start of sedation to the end of
radiation therapy treatment (median, 10 min for G.A. vs. 30
min for C.S). This frees up both staff and expensive radia-
tion therapy equipment. The certainty of a G.A. relieves the
strain on nursing and medical staff who are using C.S. with
all its uncertainty of whether the patient is sufficiently
prepared for the procedure, and, particularly, relieving them
of the decision on whether to supplement the dose if the

Repeated sedation for RT of young children ® G. SEILER ef al. 781

patient is not prepared. The exira cost of having an anes-
thetist present has become less important, now that this
hospital’s latest guidelines for C.S. require the treating
physician to be certified to give C.S. and to be present at all
times during the C.S. procedure, which previously was
delegated to appropriately certified nursing staff.

Weight loss after repeated sedation was not a significant
problem.

The use of i.v. propofol has been associated in the past
with contamination causing septicemia (29). This was
traced to inappropriate preparation including lack of aseptic
technique in handling the drug, and its prior preparation.
The manufacturer recommends it as a single-use product
that must be discarded within 6 h after initial use. It is a
lipid-based anesthetic agent formulated in an emulsion of
soybean oil, glycerol, and egg lecithin, and can support
rapid microbial growth at room temperature. There is no
evidence, however, that, by storing and using propofol
strictly according to the manufacturer’s instructions, there is
any particular risk. In the United States, it is marketed with
a preservative of disodium EDTA, but propofol used in the
Middle East contains no preservative. In the retrospective
survey from Duke University Medical Center (21), which
covered the period from 1983 to 1996, they reported a 15%
rate of sepsis using central venous lines. Six of the 11
episodes of central line sepsis in their series were in children
repeatedly anesthetized with propofol, and they suggest that
this agent increases the risk. In our series, 8 of 14 patients
(57%) who developed sepsis during radiation treatment
were repeatedly receiving a G.A. with propofol. These 8
patients, however, had other associated risk factors for
infection. They had all received cytotoxic chemotherapy,
and 5 developed treatment-induced neutropenia. All 8 pa-
tients had a portacath in place, 4 of which were infected.
The incidence of sepsis in patients receiving a propofol
G.A. was 13% (8/62). Careful monitoring of high-risk pa-
tients with portacaths receiving chemotherapy during their
radiation therapy seems mandatory, while the suspicion that
propofol increases the risk of sepsis persists (21, 28).

The manufacturer does not recommend the use of propofol
in children under 3 years of age. The reasons for this are not
entirely clear. In 1992, a memo was circulated from World
Health Organization warning against the use of propofol for
intensive care sedation in children (30). Its prolonged use in
pediatric intensive care units had been associated with fatali-
ties, in particular metabolic acidosis. However, no clear reason
has been given to suggest a lack of safety and efficacy in young
children for routine G.A.’s, and an editorial in 1995 suggested
that this “probably reflects the lack of pediatric clinical trials
rather than a proven clinical problem” (31). A survey of three
teaching hospitals in New Zealand on attitudes toward the use
of propofol for anesthesia in children under the age of 3 years
revealed that 78 of 91 doctors who returned questionnaires
were prepared to use propofol in these circumstances, and 62
admitted to using propofol in this age group in the previous 6
months (32). Kain et al. reported on a group of children
receiving propofol for an MRI examination, The ages of the
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Fig. 2. Flow chart for sedation.

children ranged from {1 months to 6.5 years (33). Metriyakool
states that continuous i.v. propofol is the standard anesthetic
for children undergoing daily radiation therapy treatment at the
Children’s Hospital in Michigan and found it an acceptable
drug in more than 500 treatments performed on 24 children
aged 13 months—17 years, although aggressive behavior oc-

curred in 2 patients while awakening from anesthesia (27). We
have not seen this in our study. Scheiber er al. from Essen
reported on 155 G.A.’s with propofol on 11 consecutive pa-
tients whose mean age was 30 months and “found it an
excellent method to immobilize pediatric patients during ra-
diotherapeutic procedures” (34).
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In our study, 18 children under the age of 3 years (range,
0.75-2.9 years) received propofol without any significant
roblem. We already used it as our standard G.A. for
retinoblastoma (16), where the median age of our patients
was 31 months, because of its property of keeping the eye
in the neutral position under a light anesthesia. Nearly all
G.A. for radiation therapy requires a light anesthetic, not
dissimilar to C.S., but more reliable and controllable. Fi-
nally, the diagnosis of a major illness, such as cancet, and its
effective treatment, makes any theoretical risks more ac-
ceptable given the many qualities that propofol offers; in
particular its rapid induction, its rapid and smooth emer-
gence profile, its alleged antiemetic properties, and the
apparent ability to maintain a patent airway when the head

is rigidly fixed supine or prone in a mask, without the need
for either laryngeal or endotracheal intubation.

Did departure from the protocol during the course of this study,
by increasing the use of propofol G.A., without the prior use of
C.S. bias these results? Given the poor results from C.S., it is
unlikely that this would have affected the overall direction of the
differences and would probably have magnified them further.

In this study, there were no serious complications of
sedation in 1033 procedures. As a result of the study, we
were able to develop tools for better preparation of the
patient and family to try to reduce the need for sedation and
reduce the indications for C.S., while confirming the effi-
cacy and relative safety of a G.A. with propofol for EBRT.
Figure 2 is a flowchart of the current process.
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