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ABSTRACT. Objective. In this successor to a prelim-
inary retrospective study, we sought to confirm the ap-
parent safety and efficacy of intravenous methohexital
(MHX) for brief, unconscious sedation of pediatric hema-
tology/oncology outpatients undergoing painful, inva-
sive procedures.

Methods. This prospective study was conducted in a
children’s hospital-based hematology/oncology clinic.
Following published monitoring guidelines for deep pe-
diatric sedation, MHX (1.0 mg/kg) was administered im-
mediately before each procedure, 1% xylocaine was
given locally, and additional MHX was titrated to main-
tain minimal response to pain during the procedure. For
each patient, the procedural and physiologic response
data reported below were recorded from the onset of
sedation through recovery. Behavioral distress responses
were measured using a standardized pediatric observa-
tional tool (Procedure Behavioral Checklist).

Results. Two hundred and thirty-three procedures
were carried out in 76 patients ranging .1 to 19.6 years of
age. The mean cumulative MHX dose/procedure was
4.6 6 2.9 mg/kg. The mean lengths of time from initiation
of sedation until completion of the invasive procedure,
attainment of patient arousability, discontinuation of
monitoring, and attainment of patient alertness were 8 6
5, 19 6 8, 19 6 9, and 22 6 9 minutes, respectively.
Relative to presedation values, mean arterial pressure
(MAP), heart rate, and respiratory rate showed maximum
mean percent changes of 216.6, 117.8, and 113.4, respec-
tively (all clinically insignificant). Complications among
procedures were transient and included hiccoughs and
myoclonus (each 10%); oropharyngeal secretions (6%);
and pain at the injection site, emergence phenomena, and
mild stridor (each 3%). Of two procedures (.9%) af-
fected by transient upper airway obstruction associated
with emesis or secretions, only one briefly needed mask
ventilation. No procedures required intubation or early
termination. In 49 additional procedures assessed for
patient distress, observed pain responses were absent to
mild in 45 (92%) and moderate in 4.

Conclusion. MHX appropriately administered pro-
vides sedation which is effective, safe, well tolerated, and
of short duration, making MHX attractive for use in
pediatric oncology outpatients and other populations

with similar sedation needs. Pediatrics 1997;99(5). URL:
http://www.pediatrics.org/cgi/content/full/99/5/e8; metho-
hexital, pain, procedures, quality of life, sedation.

ABBREVIATIONS. MHX, methohexital; MAP, mean arterial
pressure.

Invasive diagnostic or therapeutic procedures,
such as lumbar punctures and bone marrow aspira-
tions and biopsies, are required for the management
of most children with cancer and serious hemato-
logic disorders. The physical and emotional distress
caused by these procedures are notable and have
been well documented in behavioral studies of chil-
dren with cancer.1–3 Because procedure-related dis-
comfort has been identified by children as the most
negative aspect of their cancer treatment, efforts to
improve their quality of life have included minimiz-
ing the acute distress associated with the proce-
dures.4 One such approach has been the use of brief
sedation or anesthesia to reduce the anticipation and
actual experience of pain during the invasive pro-
cedures.

The selection of a sedation agent appropriate for
that purpose is dependent upon several factors.
These include the procedures, which vary in type,
combination, duration, invasiveness, and frequency;
the patients, who have variable coping capabilities;
and the treatment setting, which is typically a busy
outpatient clinic. Accordingly, desirable characteris-
tics in a sedation agent for this patient population
include rapid onset, predictable efficacy, controllable
duration, and short recovery time, as well as conve-
nient administration, manageable side effects, and
feasibility relative to institutional resources.

With the above in mind, since 1991 we have oper-
ated a joint sedation program staffed by our Divi-
sions of Hematology/Oncology and Critical Care
Medicine, in which children are routinely offered
brief, unconscious sedation while undergoing their
invasive outpatient procedures. In our institution,
the agent used almost exclusively for this purpose
has been methohexital sodium for intravenous use
(MHX; Brevital, Lilly). MHX is an ultrashort-acting
barbiturate which results in rapid induction of sleep
with fewer cumulative effects and more rapid recov-
ery than with other barbiturates.5 MHX was selected
for use in our program because its properties ap-
peared consistent with those of a desirable sedation
agent described above, as suggested by the prior
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experience of our pediatric intensivists using MHX
for invasive procedures in critically ill children. Our
preliminary experience using MHX for the sedation
of pediatric oncology outpatients was recently re-
ported in a retrospective study.6

Because of limitations related to its retrospective
design, however, we undertook this larger, prospec-
tive study in which we sought to confirm the appar-
ent safety and efficacy of MHX for pediatric oncol-
ogy outpatients undergoing invasive procedures.
The specific aims of this study were: 1) to character-
ize in greater detail the physiologic responses of
children receiving MHX sedation while undergoing
invasive procedures; 2) to determine more accurately
the types and incidences of adverse reactions in chil-
dren receiving MHX sedation; and 3) to measure the
levels of behavioral distress exhibited by children
undergoing invasive procedures while receiving
MHX sedation.

MATERIALS AND METHODS
During the time period encompassed by this study, all children

with cancer or hematologic disorders requiring invasive proce-
dures were offered MHX sedation unless there were medical
contraindications to its use, including demonstrated hypersensi-
tivity or intolerance of MHX or other barbiturates; significant
congenital or acquired upper airway obstruction; and oral intake
within 6 hours before the procedure. Patients electing to receive
MHX sedation as standardly administered at our institution con-
stituted the subjects of this study. Informed consent was obtained
from the responsible adult before each sedation procedure. Seda-
tion procedures were conducted by a board-certified pediatric
intensive care specialist (responsible solely for MHX administra-
tion, patient monitoring, and management of associated compli-
cations); a pediatric hematology/oncology physician or nurse
practitioner (responsible solely for performing the invasive proce-
dure); and a pediatric hematology/oncology procedure nurse.
Sedation was provided in accordance with current American
Academy of Pediatrics guidelines for elective use of deep sedation
in children.7 All procedures were performed within the pediatric
hematology/oncology clinic in a dedicated sedation procedure
room equipped with wall suction, wall oxygen with appropriate
administration devices, and monitoring equipment described be-
low. Complete pediatric resuscitation equipment was immedi-
ately available at all times. The study was approved by our Insti-
tutional Review Board before collection of physiologic and
behavioral response data reported here.

Sedation Procedure
Sedation procedures were performed as we have described

previously.6 In brief, venous access was secured before sedation
using tunneled central venous catheters when present, or periph-
eral angiocatheters if not. Upon entry of each child into the seda-
tion procedure room, vital signs and transcutaneous capillary
oxygen saturation (SaO2) were measured as monitors were ap-
plied. Before drug administration, the sedation procedure was
reviewed with the child and parents. MHX (1.0 mg/kg) was then
given by slow intravenous push as supplemental oxygen by nasal
cannula was started at the discretion of the intensivist. Parents
remained at bedside until their child was unconscious, at which
time the child was positioned, 1% xylocaine (buffered with
NaHCO3) was administered locally, and the invasive procedure(s)
was performed. Additional MHX was titrated as needed to
achieve and maintain a level of sedation where patient movement
required only minimal restraint. Monitoring of vital signs and
SaO2 were carried out as described below. Upon completion of the
invasive procedure(s), parents returned to bedside as their child
awakened.

Physiologic Response Assessments
To measure the physiologic responses of children undergoing

MHX sedation, the following medical instrumentation was used:

Hewlett Packard Cardiorespiratory Monitor/Terminal, Model
78534B (heart and respiratory rates); Dinamap Vital Signs Moni-
tor, Model 1846 SX (blood pressure); and Nellcor Pulse Oximeter,
Model N-100 (SaO2). Physiologic response measurements were
begun with initiation of sedation and recorded at 3 minute inter-
vals until patients became arousable following recovery from
sedation, as defined below. Data capture forms were completed
prospectively by the procedure nurse to record the following
information for each procedure: 1) date; underlying diagnosis;
current weight; relevant interval history; type of invasive proce-
dure(s); and route of venous access; 2) heart and respiratory rates,
blood pressure, and SaO2 at 3-minute intervals; 3) cumulative
MHX dose administered; 4) rate of oxygen flow, if utilized; 5)
lengths of time from initiation of sedation to completion of the
invasive procedure(s), attainment of arousability (defined as the
recovery of appropriate and purposeful responses to verbal and
tactile stimuli), discontinuation of monitoring, and attainment of
alertness (defined as the recovery of presedation levels of cogni-
tive interaction with the environment); 6) the occurrence and
severity of several defined adverse reactions, including pain at the
injection site, hiccoughs, myoclonus, oropharyngeal secretions,
stridor, laryngospasm, clinically significant vital sign changes, and
emergence phenomena; and 7) any other clinical information
deemed relevant by either attending physician.

Behavioral Distress Assessments
Separate informed consent was obtained for participation in

this portion of the study. Behavioral responses of children under-
going MHX sedation for painful procedures were measured uti-
lizing the Procedure Behavioral Checklist, a standardized obser-
vational distress scale developed by LeBaron and Zeltzer.8 For
each sedation event, one of two dedicated observers involved with
the study (M.T.N. or a trained registered nurse) evaluated eight
defined distress behaviors exhibited by the child, categorized as
verbal (crying, screaming, and verbalized stalling, anxiety, and
pain) or muscular (muscle tension, physical movement, and need
for restraint). For each behavior, the maximal response was re-
corded as absent, very mild, mild, moderate, intense, or extremely
intense. Distress responses were recorded prospectively at four
time points: preprocedure (child entering treatment room); intra-
procedure (during the painful procedure itself); postprocedure
(during recovery from sedation); and at end of monitoring (child
leaving treatment room).

RESULTS

Patients and Procedures: Characteristics
The gender, ages, and diagnoses of the 76 study

patients are displayed in Table 1. As indicated in
Table 2, 233 consecutive outpatient procedures per-
formed with patients receiving MHX sedation com-
prised the physiologic response component of this
study (an additional 49 procedures were performed
for behavioral distress assessments). Of the 233 pro-
cedures, 159 (68.2%) were isolated diagnostic or ther-
apeutic lumbar punctures (for intrathecal adminis-
tration of cancer chemotherapeutic agents). Bone

TABLE 1. Patient Characteristics

Gender Patients
Male 32
Female 44

Age Years
Median 5.9
Range 0.1–19.6

Diagnosis Patients
Acute leukemia 52
Lymphoma 5
Solid tumor 2
Brain tumor 2
Hematologic disorder 15
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marrow aspirations with or without biopsies consti-
tuted 70 (30.0%) of the procedures, 31 of which were
followed by lumbar puncture. Four miscellaneous pro-
cedures were brainstem audio-evoked response mea-
surements (two), echocardiography (one), and removal
of a tunneled central venous catheter (one), all in com-
bination with lumbar puncture or in children refractory
to standard forms of sedation. For the 233 procedures,
venous access for MHX administration was by existing
tunneled central venous catheters in 173 (74.2%) and
temporary peripheral angiocatheter in 60 (25.8%).

Procedural Data
As indicated in Table 3, patients in this study under-

went an average of 3 6 2 procedures (range, 1 to 11).
The mean cumulative MHX dose per procedure, rep-
resenting the initial loading dose plus quantities given
subsequently to maintain the desired level of sedation,
was 4.6 6 2.9 mg/kg (range, 1.1 to 9.5). The average
duration of the invasive procedure itself was 8 6 5
minutes (range, 2 to 29). As defined in Materials and
Methods, the average time from onset of sedation to the
achievement of arousability was 19 6 8 minutes; to the
discontinuation of all monitoring was 19 6 9 minutes;
and to the achievement of alertness was 22 6 9 min-
utes; as determined from the 94 procedures in which all
three values were recorded. Most procedures were per-
formed with low-flow supplemental oxygen being ad-
ministered at the discretion of the attending pediatric
intensivist.

Physiologic Responses
Figure 1 displays the mean percent changes in vital

signs during MHX sedation, compared with baseline
values, shown at 3-minute intervals from initiation of
sedation through 30 minutes (only 10 of the 233
procedures extended beyond this time). Transient

increases of all vital signs were noted within the first
9 minutes of monitoring, coinciding with the painful
procedure. For both the heart and respiratory rates,
maximal percent increases of 17.8 and 13.4, respec-

TABLE 2. Outpatient Procedures Performed

Procedure Number

Therapeutic lumbar puncture 154
Bone marrow aspiration and biopsy 28
Therapeutic lumbar puncture and bone marrow

aspiration
17

Bone marrow aspiration 11
Diagnostic lumbar puncture and bone marrow

aspiration
6

Diagnostic lumbar puncture 5
Therapeutic lumbar puncture and bone marrow

aspiration and biopsy
4

Diagnostic lumbar puncture and bone marrow
aspiration and biopsy

4

Other 4
Total 233

TABLE 3. Summary of Procedural Data From 233 Outpatient Procedures

Parameters Mean 6 SD Range Comment

Number of sedations per patient 3 6 2 1–11
Cumulative MHX dose per procedure (mg/kg) 4.6 6 2.9 1.1–29.5
Duration of invasive procedure (minutes)* 8 6 5 2–29 n 5 86
Time to arousability (minutes)* 19 6 8 6–54 n 5 94
Time monitored (minutes)* 19 6 9 6–54 n 5 94
Time to alertness (minutes)* 22 6 9 6–59 n 5 94

* As measured from onset of sedation. See “Methods” for definitions of terms.

Fig 1. Mean percent changes in heart rate (top), respiratory rate
(middle), and mean arterial pressure (bottom) during methohexi-
tal sedation, as compared with baseline values. For each proce-
dure, heart rate, respiratory rate, and blood pressure were re-
corded at 3-minute intervals from onset of sedation through
recovery of arousability. Systolic and diastolic blood pressure
measurements were later converted to mean arterial pressue val-
ues. The percent change in each vital sign, compared with the
baseline (presedation) value, was calculated for each time point of
each procedure. Mean values for these percent changes at each
time point were then determined by combining data from all
procedures. The standard error is shown when the value exceeds
1. Data are derived from those procedures in progress at each time
point through 30 minutes from onset of sedation.

http://www.pediatrics.org/cgi/content/full/99/5/e8 3 of 7 by guest on April 16, 2021www.aappublications.org/newsDownloaded from 



tively, were noted at 6 minutes, before gradually re-
turning toward baseline with further time. While the
MAP also increased initially, it decreased with further
time to below baseline values, with the maximal per-
cent decrease of 16.6 being observed in the relatively
small number of patients still being monitored at 30
minutes. Substantial variation between patients in the
magnitude of their vital sign changes was noted at
every time point. None of the measured vital sign
changes was noted to be clinically significant.

Also for each procedure, SaO2 was measured contin-
uously and recorded at 3-minute intervals. Of the 233
procedures, seven (3.0%) were associated with mea-
sured but clinically insignificant decreases of SaO2 be-
low 94%, which responded to the simple addition or
increase of low-flow supplemental oxygen.

Adverse Reactions
Based on our previous experience, patients were

monitored for several potential adverse reactions
during MHX sedation (see Materials and Methods).
If noted, these, their severity, and any other reactions
were recorded on the data capture forms. All adverse
reactions encountered in the 233 procedures are
summarized in Table 4. As indicated, the vast major-
ity of reactions were mild, transient, and required
minimal or no intervention for management. The
most common reactions were transient hiccoughs or
peripheral myoclonus, affecting 24 and 23 proce-
dures, respectively. Fifteen (6.4%) procedures were
associated with mild-moderate oropharyngeal secre-
tions which were easily managed by simple suction-
ing at the discretion of the attending pediatric inten-
sivist. In eight (3.4%) procedures with peripheral
venous access, patients briefly complained of a burn-
ing sensation proximal to the infusion of the initial
MHX loading dose. During patient recovery from
sedation, seven (3.0%) procedures were associated
with transient behavioral phenomena such as tear-
fulness or restlessness, which completely resolved
with reassurance and a low-stimulation environ-
ment. Mild to moderate stridor was noted in six
(2.6%) procedures, all managed with simple airway
positioning (and increased supplemental oxygen in
one). Interestingly, only five of the patients with
oropharyngeal secretions, and none of those with
stridor, had an interval history of upper respiratory
symptoms before sedation.

Two (0.9%) procedures were associated with tran-
sient airway obstruction: one in a 14.6-year-old child
with acute myelogenous leukemia who vomited

thick gastric secretions but responded promptly to
suctioning, airway positioning, and increasing sup-
plemental oxygen; the other in a 3.7-year-old child
with acute lymphoblastic leukemia who had copious
oropharyngeal secretions and possible incomplete
laryngospasm, and responded rapidly to suctioning
and brief (,30 seconds) positive-pressure assistance
with a bag-mask device. None of the 233 procedures
was associated with apnea, intubation, or early ter-
mination for any reason. All invasive procedures
were completed with a satisfactory level of sedation.

Behavioral Distress Responses
To confirm the efficacy of MHX sedation, formal

behavioral distress assessments were performed dur-
ing 49 additional, consecutive, evaluable, invasive
procedures. The clinical characteristics of patients,
types of invasive procedures, and sedation methods
used were comparable to those in the 233 procedures
described above. Using the Procedure Behavioral
Checklist, the severity of eight defined verbal and
muscular distress responses was rated at the prepro-
cedure, intraprocedure, postprocedure, and end of
monitoring phases of sedation. As indicated in Table
5, verbal distress responses were “absent” or “very
mild” in virtually all phases of sedation in all 49
procedures. Muscular distress responses consisted
chiefly of transient, unconscious withdrawing move-
ment upon initiation of the procedure itself (intra-
procedure phase of sedation), where a rating of
“moderate” was noted in four procedures (ratings of
“absent,” “very mild,” or “mild” were noted in the
remainder). As indicated in Table 5, minimal to no
muscular or verbal distress was noted following ces-
sation of the painful stimuli (during the postproce-
dure and end of monitoring phases).

DISCUSSION
The purpose of this study was to confirm and

extend our encouraging initial experience using in-
travenous MHX for brief, unconscious sedation of
pediatric oncology outpatients undergoing invasive
procedures.6 In this present study, we have prospec-
tively evaluated a larger number of patients for more
detailed physiologic response data, as well as for
behavioral response data using a standardized ob-
servational tool. The results reported here indicate
that MHX does indeed induce brief sedation which is
effective, safe, well tolerated, and possesses favor-
able characteristics for use in the pediatric oncology
outpatient clinic setting. Our study population was

TABLE 4. Number of Adverse Reactions Among 233 Outpatient Procedures

Type of Reaction Grade Total (%) Intervention

Mild Moderate Severe

Hiccoughs 22 2 24 (10.3)
Myoclonus 19 3 1 23 (9.9)
Oropharyngeal secretions 14 1 15 (6.4) Suctioning
Pain at injection site 7 1 8 (3.4)
Emergence phenomenon 6 1 7 (3.0) Reassurance
Stridor 4 2 6 (2.6) Repositioning
Transient airway obstruction 2 2 (0.9) Brief bagging (1 procedure)
Shivering 1 1 (0.4)
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both large (relative to other published pediatric on-
cology sedation studies) and typical for patient char-
acteristics and invasiveness of procedures performed
in such patients.

Methohexital is an ultrashort-acting oxybarbitu-
rate available as a monosodium salt for intravenous
administration.5 The drug is highly lipid soluble and,
after infusion, undergoes rapid uptake by gray mat-
ter in the central nervous system.9 Accordingly, the
onset of its sedative effect is nearly immediate (with-
in 30 seconds).5 The drug then undergoes redistribu-
tion into less vascular areas of the brain and other
tissues with a distribution half-life of approximately
6 minutes.10 It is believed that this rapid redistribu-
tion phase of MHX is primarily responsible for its
short duration of sedative effect. However, MHX is
also extensively extracted and metabolized by the
liver and subsequently excreted by the kidney with
an elimination half-life of 3.5 hours.10,11 Therefore, it
tends not to accumulate in body tissues as exten-
sively as other highly fat soluble barbiturates, such as
thiopental.5

Introduced for clinical use in the early 1960s, MHX
has continued to be used primarily for preoperative
induction of anesthesia in children via the rectal12–14

or intravenous11,15 routes. Before the initiation of our
MHX sedation program in 1991, published applica-
tions of single-agent MHX for brief pediatric seda-
tion were limited to diagnostic or therapeutic radi-
ology (by the intramuscular route)16,17 and dentistry
(by the rectal route).18 Given its nearly immediate
onset and short duration of effect, MHX given intra-
venously offered the possibility of rapidly achieving
an adequate level of sedation which could then be
maintained in highly individualized fashion through
the frequent titration of additional small amounts of
MHX. Such dosing flexibility seemed well suited for
pediatric oncology outpatients, where consistent se-
dation efficacy and short recovery times are desirable
despite varying duration and invasiveness of proce-
dures.

The results of our study appear to confirm these
characteristics. As measured from the onset of seda-
tion, the mean time to patient alertness was only 22
minutes, which included performance of the invasive
procedures themselves (Table 3). This time is shorter
than the 30 minutes to patient alertness noted in our
previous study, a difference probably accounted for

by the 20% reduction in the cumulative MHX dose
used in this study. Because the patient populations,
invasive procedures, and loading MHX dose were
comparable between our two studies, this reduction
in cumulative dose may reflect further refinement of
our dose titration technique. Despite the lower MHX
dose, the level of sedation provided continues to be
effective, as suggested by the favorable behavioral
response data discussed below. Few pediatric oncol-
ogy sedation studies report the time required for
either sedation onset or recovery. Defined differently
between studies, recovery from sedation appears to
have ranged between approximately 1 and 4 hours as
reported for oral midazolam,19 oral ketamine,20 and a
combination of intravenous midazolam/ketamine or
etomidate/fentanyl.21 Relative to these studies, the
total time per patient required for completion of
procedures and sedation appear to be substantially
less with intravenous MHX. This characteristic is not
only beneficial for patients, but also promotes effi-
ciency for our pediatric intensivists, by allowing five
to seven sedations to be performed sequentially on
each of two clinic days per week.

Two specific aims of this prospective study were to
characterize in further detail the physiologic re-
sponses and adverse reactions to MHX sedation in
this patient population. Both the heart and respira-
tory rates increased transiently by approximately 10
to 20% during the time coinciding with the painful
stimulus. In contrast, for the MAP there was a grad-
ual 10 to 15% decrease below baseline during seda-
tion, a change which could represent the normal
response of a sleeping child, possibly magnified by
mild preprocedure anxiety elevating the baseline
measurement. As with our previous experience,
these measured physiologic responses to sedation,
including the decreased MAP, were clinically insig-
nificant and needed no intervention.

Adverse reactions encountered in this study were
similar to our previous experience in type, overall
lack of severity, and minimal need for intervention.
Because of their importance, respiratory complica-
tions were monitored carefully. The most frequent of
these was increased oropharyngeal secretions easily
managed with simple suctioning. While this may
well be considered an expected occurrence in deep
pediatric sedation, we elected to track oral secretions
to provide a more complete description of typical

TABLE 5. Number of Invasive Procedures Associated With Behavioral Distress During MHX Sedation (n 5 49)*

Phase of Sedation Distress Responses‡§ Grade of Distress

None Very Mild Mild Moderate Intense Extremely Intense

Preprocedure Verbal 46 2 1 . . . . . . . . .
Muscular 38 5 5 1 . . . . . .

Intraprocedure Verbal 48 1 . . . . . . . . . . . .
Muscular 26 12 7 4 . . . . . .

Postprocedure Verbal 49 . . . . . . . . . . . . . . .
Muscular 45 2 1 1 . . . . . .

End of monitoring Verbal 46 2 1 . . . . . . . . .
Muscular 47 . . . 1 1 . . . . . .

* Forty-nine invasive procedures were performed in 35 children sedated with MHX and assessed for behavioral distress using the
Procedure Behavioral Checklist (LeBaron and Zeltzer, 1982).
‡ Defined verbal responses: verbalized anxiety, pain, and stalling; crying; screaming.
§ Defined muscular responses: muscle tension; physical movement; use of restraint.
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management required for safe sedation using MHX.
Isolated, nonobstructive stridor of mild to moderate
severity was noted in 2.6% of procedures and was
managed with simple airway repositioning. Rare,
but of importance, were two episodes of transient
upper airway obstruction, as described in Results.
Neither of these patients had any interval history of
upper respiratory symptoms before sedation. Both
patients had received previous MHX without diffi-
culty, and MHX was given subsequently to the first
child without complication. Combining our two
studies of MHX sedation involving 365 procedures in
109 children, there have been four (1.1%) episodes of
transient upper airway obstruction. No patients have
required intubation, experienced apnea, or needed
premature termination of their procedure for any
reason. These data suggest the incidence of these
complications is very low under the conditions uti-
lized here, though the need for expert airway man-
agement during deep sedation remains.7 Other seda-
tion agents utilized in the pediatric oncology
population have been associated with varied side
effects including decreased blood pressure,19,22,23 hy-
poxemia,19,21–24 behavioral reactions,18,25,26 laryngo-
spasm,25 emesis,21,22,24 pruritis,22,24 cough,25 arrhyth-
mias,27 and respiratory arrest.28 Thus, the adverse
reactions with MHX encountered here appear less
serious than many reported for similar types of pe-
diatric sedation. Overall, our procedural experience
compares favorably with published applications of
MHX in other patient populations, which we have
summarized elsewhere.6

Another specific aim of this study, unable to be
addressed in our retrospective study, was confirma-
tion of the efficacy of MHX sedation through formal
behavioral distress assessments. In all but a few pro-
cedures, observed distress was rated mild, very mild,
or absent altogether (Table 5). The maximal distress
response noted across all procedural phases con-
sisted of transient muscular withdrawal movements
during the invasive procedure itself. We regard this
as evidence that MHX sedation is effective in reduc-
ing procedure-related behavioral distress, inasmuch
as the endpoint for dose titration was not the elimi-
nation of all pain responses but their reduction to
mild levels, as an indication of adequate, but not
excessive, sedation. It is difficult to exclude any pos-
sibility of bias inherent in observational assessments
of behavioral distress. In this study, we attempted to
maximize their reliability by utilizing in prospective
fashion an established, standardized, relatively sim-
ple checklist of clearly defined behavioral items ap-
propriate for detecting anxiety in children.8 Further,
we limited our study’s behavioral observers to two: a
research project physician with pediatric anesthesi-
ology training and experience (M.T.N.), and an ex-
perienced pediatric hematology registered nurse,
both of whom observed several sedation procedures
and were familiar with the Procedure Behavioral
Checklist before performing assessments for this
study. Although for ethical reasons this study did
not evaluate a comparable control group of unse-
dated children undergoing painful procedures, we
believe the observed levels of distress were far below

those expected without MHX sedation, based upon
our own historical observations of children before its
regular use, as well as behavioral studies document-
ing the extreme anxiety and physical discomfort
caused by these invasive procedures for children
with cancer.1–4 This study did not specifically evalu-
ate whether children had any substantial, unpleas-
ant, immediate or remote recall of the invasive pro-
cedures performed while they were sedated with
MHX. However, the minimal levels of any distress
measured preprocedure and at end of monitoring
suggest they did not.

This study indicates the several characteristics of
MHX sedation which are advantageous for pediatric
oncology outpatients. Our success with this ap-
proach has led us to extend its use to children need-
ing similar sedation for other procedures, eg, radia-
tion therapy treatment for infants and toddlers,
tunneled central venous catheter placement, and gas-
trointestinal endoscopy. However, it is also appro-
priate to recognize conditions required for its safe
administration which may influence patient conve-
nience, costs of sedation, and institutional feasibility.
Regarding patient convenience, MHX and similar
intravenous agents require restriction of oral intake
for several hours before procedures, as well as pro-
curement of venous access. To minimize the time in
which oral intake must be actively restricted, we
limit procedures to morning hours and schedule the
youngest children first. This study suggests that ve-
nous access via an existing central venous catheter
will be available in approximately 75% of patients. In
the remainder, insertion of a peripheral venous an-
giocatheter must be accomplished. We consider the
transient distress associated with that maneuver to
be justified by the excellent quality of pain preven-
tion during the more invasive procedures(s) subse-
quently performed during sedation. The use of oral
sedatives will not eliminate this source of discomfort
for all patients, because many need peripheral ve-
nous access for other reasons. Moreover, many oral
agents pose their own inconveniences and limita-
tions compared with MHX, including typically
slower onset of effect, variable absorption, inability
to be titrated rapidly and precisely according to in-
dividual need, prolonged somnolence, and patient
refusal to ingest the medication. Our study did not
include a longer term assessment of patient or parent
satisfaction with various aspects of their experience
with MHX sedation. As further sedation alternatives
continue to become available, such information
could aid in selecting from among them and should
be sought in future studies.

The cost of deep sedation with MHX or similar
agents is influenced by the need for appropriate per-
sonnel and equipment to ensure safety of the child at
all times. Because much of the same equipment, fa-
cilities, and ancillary staff must also be available for
safe conscious sedation, an important cost difference
for deep sedation relates to the need for a “compe-
tent individual” whose sole responsibility is moni-
toring and managing the deeply sedated child, as
recommended in current guidelines published by the
American Academy of Pediatrics.7 In our approach,
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this individual is a pediatric intensivist who typically
charges the standard fee for a comprehensive con-
sultation for each sedation event. This consultation
encompasses patient evaluation before sedation, di-
rect management of the sedation itself, and patient
supervision through recovery from sedation. Al-
though not specifically measured in this study, reim-
bursement for this consultative service appears to be
comparable to other pediatric intensive care proce-
dures at our institution and varies somewhat with
the specific third party payor. In other institutions,
specific figures can be expected to vary according to
geographic region, institutional billing practices, and
prevailing reimbursement systems.

Finally, the requirements for safe conduct of deep
pediatric sedation may also affect its feasibility rela-
tive to resources available within specific institu-
tions. Sedation of pediatric oncology outpatients us-
ing MHX is a realistic option for institutions capable
of adhering to current American Academy of Pedi-
atrics guidelines for elective use of deep sedation.7
Most operational sedation programs, including ours,
represent adaptations to circumstances and opportu-
nities unique to their particular institutions. Because
the safety of sedated children must remain para-
mount, one of several alternatives for conscious se-
dation may be substituted where the use of MHX is
deemed impractical.

Reduction of pain during invasive procedures has
been identified by the American Academy of Pediatrics
as an important goal for children with cancer.29 To
achieve this, it is necessary to acknowledge that all
approaches to pain management, even those which are
exclusively behavioral, engender some degree of pa-
tient inconvenience, added expense, and institutional
burden when compared with the historical practice of
providing none whatsoever. In our experience reported
here, we have determined that the considerable bene-
fits of MHX sedation outweigh its few, relative disad-
vantages described above. With the recent develop-
ment of this and other successful regimens, it may be
important for future pediatric sedation studies to in-
clude well-designed, prospective comparisons of the
cost and convenience, as well as safety and efficacy, of
different agents and approaches.
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