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Background

Repeated invasive and painful procedures are often 
necessary components of pediatric cancer treatment 
(Hockenberry et  al., 2011; Traivaree, Jindakam, 
Monsereenusom, Rujkijyanont, & Lumkul, 2014). 
Lumbar puncture (LP), bone marrow aspiration 
(BMA), and bone marrow biopsy (BMB), are essential 
for the evaluation and management of many childhood 
cancers (Siegel, Miller, & Jemal, 2018). Results of 
laboratory testing, performed on specimens obtained 
through these procedures in the setting of collaborative 
clinical trials, including those conducted through 
Children’s Oncology Group (COG; 2010), have con-
tributed to a combined overall 5-year survival rate  
for pediatric cancers of more than 80% (Howlander 
et al., 2013). Adequate pain control during procedures 
is essential; however, procedure-related pain may be 

underestimated and undertreated (Ljungman, Gordh, 
Sorensen, & Kreuger, 2001; McGrath et  al., 1990; 
Schechter, 1989; Schechter, Altman, & Weiss, 1990).
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Abstract
Repeated invasive and painful procedures are often necessary components of pediatric cancer treatment. Adequate 
pain control during procedures is essential; however, procedure-related pain may be underestimated and undertreated. 
Currently, there is not a standard approach for the appropriate level of sedation to manage procedure-related pain 
in children with cancer. A team was assembled to review the evidence and develop recommendations to determine 
the appropriate level of sedation necessary for pain control in patients undergoing pediatric oncology procedures. 
After a systematic search of the literature, 15 research-based articles were synthesized and critically appraised. A 
recommendation was made related to the level of sedation utilized for bone marrow aspirates and bone marrow 
biopsies. There is a need for further research related to the necessary level of sedation for patients undergoing 
pediatric oncology procedures.
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Pain is a unique experience for each individual. 
Numerous factors influence an individual’s perception of 
pain. Previous experiences, anxiety, fear, or other behav-
ioral components may directly influence an individual’s 
report of pain (Cohen et al., 2008). Decades ago, proce-
dure-related pain was identified as the most feared symp-
tom by children with cancer, and still persists as a 
predominant concern (Enskär, Carlsson, Golsäter, Hamrin, 
& Kreuger, 1997).

A core value in pediatric oncology nursing is the pro-
vision of atraumatic care (Hockenberry-Eaton, Barerra, 
Bown, Bottomley, & O’Neill, 1999). Nursing practice 
may include the use of several nonpharmacologic or psy-
chosocial approaches to procedure-related pain such as 
distraction, imagery, relaxation, positive incentives or 
reinforcement, or hand holding, humor, and music. The 
benefits to the use of nonpharmacologic approaches to 
decrease procedure-related pain have been previously 
reviewed (Landier & Tse, 2010).

Although there are multiple approaches to adequately 
managing procedure-related pain in children with can-
cer, and some children may benefit from psychosocial 
strategies alone or in combination with pharmacologic 
approaches, the focus of this literature review is on phar-
macologic sedation in managing procedure-related pain 
in pediatric oncology. Currently, there is not a standard 
approach for the appropriate level of sedation to manage 
procedure-related pain in children with cancer. Children 
who receive inadequate analgesia for their initial proce-
dure during cancer diagnosis/treatment may experience 
diminished efficacy of interventions for pain in later pro-
cedures (Weisman, Bernstein, & Schecter, 1998). The 
child’s developmental stage may also affect their ability 
to comprehend the intention of the health care team to 
provide improved pain control during subsequent proce-
dures. Memories of inadequate pain control during ini-
tial procedures may lead to anticipatory anxiety for 
subsequent procedures (Iannalfi et  al., 2005). Parental 
perception of the threat of danger and possible distress 
his or her child may experience also influences the 
child’s pain perception before, during, and after a proce-
dure (Caes et al., 2014). Bhatnagar et al. (2007) suggest 
that inadequate pain control during procedures in chil-
dren with cancer may lead to depression, affecting the 
patient’s entire treatment experience and long-term qual-
ity of life. The multiple compounding variables contrib-
uting to the patient experience must be integrated into 
each patient’s procedural plan of care.

Understanding the effect of pharmacologic sedation for 
pain control is paramount to the development of each 
patient’s plan of care for procedural pain management. 
There are multiple tools available for the measurement of 
pain (Bieri, Reeve, Champion, Addicoat, & Ziegler, 1990; 
Cella et al., 2015; Cohen et al., 2008; Keck, Gerkensmeyer, 

Joyce, & Schade, 1996; McGrath et  al., 1990; Merkel, 
Voepel-Lewis, Shayevitz, & Malviya, 1997; Wong & 
Baker, 1988). To ensure that optimal pain assessment is 
achieved, it is important to choose a pain scale that takes 
into account the patient’s developmental level and verbal 
status (Cohen et al., 2008). Patients who are young or non-
verbal may have difficulty effectively and accurately com-
municating pain, reporting may rely on parent, nurse, or 
clinician observations to evaluate patient pain. As children 
develop and mature, self-assessment of pain becomes pos-
sible with the use of pain scales incorporating images or 
numbers to allow the child to rank their level of pain. 
Utilization of a self-reported pain scale is optimal, as it 
allows the patient’s perspective to be integrated into their 
own plan of care (Cella et al., 2015). Regardless of which 
pain scale is utilized for patient assessment, providers must 
evaluate the pain level to provide appropriate sedation and 
analgesia for their patients.

When choosing the appropriate medication regimen, 
it is important to be aware that patients may have varied 
responses for both efficacy and toxicity. Some medica-
tions effective in providing sedation and managing pain 
may result in significant side effects, requiring evalua-
tion of both risks and benefits of sedation. Thus, custom-
ization of care for the patient is paramount for optimal 
outcomes.

The American Society of Anesthesiologists (ASA) 
advocates for the use of sedation for prolonged and/or 
painful procedures to relieve anxiety, discomfort, and 
pain. They describe sedation as a continuum that can be 
classified as mild, moderate, and deep sedation/general 
anesthesia (GA; ASA, 2018; Table 1). The ASA also 
warns that combinations of medications can potentially 
result in unintended outcomes, including oversedation.

The Institute of Medicine (2001) has identified that the 
provision of high-quality health care is a necessity. A 
major barrier to providing high-quality cancer care is 
unnecessary variation in clinical practice because of lack 
of standardization (Bowles et al., 2008). Given the lack of 
standardization for procedure-related pharmacologic pain 
control, decision making regarding the type of sedation 
utilized for the management of procedural pain varies 
both within and across institutions (Holdsworth et  al., 
2003). The goal of this literature review was to determine 
recommendations for the level of sedation necessary to 
provide adequate pain control for the pediatric oncology 
patient undergoing invasive procedures.

Significance

Invasive procedures are integral to the provision of treat-
ment necessary to achieve long-term disease-free sur-
vival for many children with cancer. For example, a child 
diagnosed with standard risk B-cell acute lymphoblastic 
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leukemia without disease in the central nervous system 
may undergo between 17 to 22 LPs over the course of 
their treatment (Matloub et al., 2011). Comparatively, a 
child with high risk B-cell acute lymphoblastic leukemia 
with central nervous system disease may undergo more 
than 30 LPs over the duration of treatment (Larsen et al., 
2016). While the number and timing of invasive proce-
dures is often dictated by study protocol, the use of seda-
tion and pain control methods for these procedures varies 
not only across institutions but also within institutions, 
and have evolved over time. Both the parent and child 
may experience high levels of stress during procedures, 
and their anxiety typically does not decrease throughout 
treatment. Parental and patient anxiety can be minimized 
with adequate preparation and pain management (Cline 
et al., 2006; Crock et al., 2003; Hockenberry et al., 2011; 
Kasak, Penati, Brophy, & Himelstein, 1998).

Methods Used for Development of 
Evidence-Based Recommendations

Evidence-Based Practice Review Team

A multidisciplinary team was formed to complete a sys-
tematic review in response to a call from the COG Nursing 
Discipline Evidence-Based Practice Subcommittee to 
address the topic of the necessary level of sedation for pain 
control in children with cancer requiring invasive proce-
dures. The team was composed of three pediatric oncology 
nurse practitioners, an oncology/bone marrow transplant 
pharmacist, and a pediatric oncology nurse. A doctorally 
prepared pediatric nurse practitioner with experience in 
evidence-based reviews mentored the team.

Question Development

The topic was chosen to align with the COG Nursing 
Discipline Group’s blueprint and organizing framework 
(Kelly, Hooke, Ruccione, Landier, & Hasse, 2014; Landier, 

Leonard, & Ruccione, 2013). Addressing illness-related 
distress is a current focus within the COG Nursing 
Discipline, and guided the development of the following 
clinical question that identified a population (P), interven-
tion (I), comparison (C), and outcome (O, PICO; Melnyk 
& Fineout-Overholt, 2011) for the systematic review: 
Among patients with pediatric cancer requiring procedures 
(P), what level (C) of sedation (I) is necessary for pain con-
trol (O)? In this review, “pain control” is defined as “mini-
mal pain or discomfort,” and was determined for each 
individual study included in this review based on the pain 
scale that was used.

Literature Search Strategies

A systematic search of literature was performed according 
to the PRISMA criteria (Moher, Liberati, Tetzlaff, & 
Altman, 2009) with guidance from a medical librarian. 
PubMed, CINAHL, and the Cochrane Library were 
searched; key words and MeSH terms included the follow-
ing: pediatrics, child, adolescent, neoplasms, medical 
oncology, anesthesia, analgesics, non-narcotic, deep seda-
tion, pain management, biopsy, biopsy-needle, catheteriza-
tion-peripheral, spinal puncture, and bone marrow 
examination. Limits were set for the English language, 
human studies, and publication dates within the past 20 
years to retrieve the most recent evidence. Research stud-
ies and meta-analyses were included. The full search strat-
egy is included in the appendix. In addition, websites of 
professional organizations applicable to the topic were also 
searched for relevant clinical guidelines. The organizations 
included the American Society of Clinical Oncology, 
Oncology Nursing Society, Association of Pediatric 
Hematology Oncology Nurses, and American Academy of 
Pediatrics. In addition, the Agency for Healthcare Research 
and Quality, National Center for Complimentary and 
Integrative Health, National Guideline Clearinghouse, and 
the National Comprehensive Cancer Network were 
searched for clinical practice guidelines.

Table 1.  American Society of Anesthesiology Levels of Sedation.

Level of sedation Description

Mild Sedation (anxiolysis) Intent is anxiolysis with maintenance of consciousness. Patient responds to verbal 
commands.

Moderate Sedation/Analgesia (formerly 
known as conscious sedation)

A controlled state of depressed consciousness. Airway patency is maintained. Patient 
responds appropriately to developmentally appropriate commands.

Deep Sedation/Analgesia A controlled state of depressed consciousness. Airway reflexes and airway patency 
may not be maintained. The ability to independently maintain ventilation may be 
impaired. The patient cannot be easily aroused but does respond purposefully to 
painful stimulation.

General Anesthesia Loss of consciousness occurs. The patient will have impaired airway reflexes, airway 
patency, and ventilation. Patients are not arousable even to painful stimulus.

Note. From the American Society of Anesthesiologists (2018).
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Inclusion/Exclusion Criteria

Initially 1,161 articles were identified (Figure 1). Inclusion 
criteria included survivors of pediatric cancer, patients 
undergoing active pediatric cancer treatment, and proce-
dures involving patients with pediatric cancer. Articles 
were excluded if they did not have a form of pain mea-
surement (objective, subjective, parent report, and/or 
health care provider report). Conference abstracts, expert 
opinion, and expert consensus papers were excluded from 
the review.

Evidence Review

The team met once in-person at Duke University School 
of Nursing, and also met monthly via conference call to 
evaluate the evidence. Each of the 15 articles had a pri-
mary and secondary reviewer that summarized the evi-
dence in a matrix table. The level of sedation used in each 
of the 15 included studies was classified according to the 
ASA classification system for sedation as mild, moderate, 
or deep sedation/GA (ASA, 2018; Table 1). More than 
one sedation classification could be assigned per study, if 
applicable.

The primary reviewer presented the information and 
the team evaluated whether the evidence met the inclusion 
criteria. The evidence quality was evaluated using the 

Grading of Recommendations Assessment, Development, 
and Evaluation system (Guyatt et al., 2011). This included 
evaluation for methodologic issues, effect size, publica-
tion bias, inconsistency, and indirectness. An overall rat-
ing was determined for the quality of the body of evidence 
(high to very low), and a recommendation statement 
(strong vs. weak) was developed (Guyatt et al., 2008).

Results

Fifteen studies met the criteria for inclusion in this review, 
including 1 retrospective and 14 prospective studies. 
Studies were classified according to the analgesia/type of 
sedation employed, as follows: (a) mild sedation, (b) 
moderate sedation, and (c) deep sedation/GA. Four stud-
ies were included in more than one analgesia/sedation 
category. The 15 identified studies used a variety of scales 
for pain assessment. The pain scales used in the identified 
studies are summarized in Table 2. There were no appli-
cable clinical practice guidelines discovered in the search.

Mild Sedation

One retrospective cohort crossover study (Holdsworth 
et  al., 2003) and one prospective cohort study (Crock 
et al., 2003) evaluated the severity of pain during initial 
and subsequent BMAs and LPs using topical analgesia 
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Figure 1.  PRISMA diagram presenting the process of sample determination (Moher et al., 2009).
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Table 2.  Pain Scales Used in the 15 Studies Included as Evidence in This Review.

Pain scale Age range Pain scale defined Pain scale ratings

Bieri Faces Scale Children 4-16 years 
old

Self-reported pain intensity scale; uses 
adapted facial expressions correlated 
to numerical scale (0-6)

0 = no pain to 6 = maximum pain

Children’s Hospital 
of Eastern Ontario 
Pain Scale

Children 0-7 years 
old

Observational behavioral scale for 
evaluating pain in children; scores 
range is from 0-2 or 0-3 in all 
categories except crying which is 1-3. 
Total numerical score calculated (1-13)

Cry: 1: No cry; 2: Moaning; 2: 
Crying; 3: Screaming

Facial: 0: Smiling; 1: Composed; 2: 
Grimaced

Child Verbal: 0: Positive; 1: None; 1: 
Complaints, other; 2: Complaints, 
pain; 2: Complaints, pain, and 
other

Torso: 1: Neutral; 2: Shifting; 2: 
Tense; 2: Shivering; 2: Upright; 2: 
Restrained

Touch: 1: Not touching; 2: Reach; 2: 
Touch; 2: Grab; 2: Restrained

Legs: 1: Neutral; 2: Squirming; 
2: Drawn up; 2: Standing; 2: 
Restrained

Child Perception 
Questionnaire

>6 Years old Self-report behavioral scale; pain 
and distress assessed in the five 
categories: Fear and anxiety, needle 
pain, discomfort from anesthesia, 
postprocedural pain, problems 
associated with overall distress. 
Of note: Children are given this 
questionnaire one hour postprocedure; 
total numerical score (0-20)

Fear anxiety 0-4; needle pain 0-4; 
discomfort from anesthesia 
0-4; postprocedural pain 0-4; 
problems associated with overall 
distress 0-4; sum of all categories 
added together for overall pain 
score ranging 0-20

Faces Scale–Revised Children 4-16 years 
old

Self-report pain intensity scale; uses 
revised facial expressions correlated to 
numerical scale (0-10)

Six faces are used with the lowest 
score of 0 correlated with no 
pain to 10 correlated with very 
much pain

Face, Legs, Activity, 
Cry, Consolability 
(FLACC) Pain Scale

Children 2 months 
to 7 years old 
or unable to 
communicate pain 
scale

Observational behavioral scale; observer 
notes facial expression, movement of 
legs, generalized activity, crying and 
consolability of the patient; scores 
assigned to behaviors noted

Score of 0 = No particular facial 
expression or smile, normal 
or relaxed legs, quiet activity, 
no crying, content, and relaxed 
mood; score of 1 = Occasional 
grimace or frown, uneasy, restless 
legs, squirming or shifting activity, 
moans, whimpers, and can be 
reassured by touch or distraction; 
score of 2 = Frequent to 
constant frown or clenched 
jaw, kicking of drawing up legs, 
arched, rigid or jerking activity, 
and difficult to comfort; sum of 
scores from each category of 
added together for an overall pain 
intensity rating range of 0-10

Modified Visual 
Analog Scale (VAS)

Children greater 
than 12 years old

Self-report pain intensity scale; uses 
numbers ranged 0-100

0-100 scale; 0 = No discomfort or 
pain to 100 = Worst discomfort 
or pain

Oucher Pain Scale Children 3-12 years 
old

Self-report scale pain intensity; children 
view either pictures or numbers 
correlated to pain intensity on 
numerical scale (0-10)

0: No pain; 2: Mild pain; 4: 
Discomforting; 6: Distressing; 8: 
Intense; 10: Excruciating

(continued)
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and an anxiolytic (Table 3). Crock et al. evaluated pain 
scores utilizing the Bieri Faces pain scale (0 = no pain to 
6 = maximum pain). Mixed results for the topical anes-
thetic, Eutectic Mixture of Local Anesthetics (EMLA®), 
and midazolam (oral/intranasal) were demonstrated 
between the two studies. One study demonstrated that 
children experienced considerable pain during initial pro-
cedures with sedation, median pain score of 6—maxi-
mum pain (Crock et  al., 2003), while the other study 
reported better pain control with a mean pain score of 
2.5/5 utilizing the Faces pain scale (0 = none to 5 = 
severe; Holdsworth et al., 2003). Considerable pain was 
reported during subsequent procedures by children (or for 
children unable to self-report by their parent/proxy) with 
median pain scores of 6/6 in one study (Crock et  al., 
2003) and a mean pain score of 2.5/6 for LP and 3.5/6 for 
BMA in the other study (Holdsworth et al., 2003).

Ljungman et al. (2001) evaluated the addition of a nar-
cotic (i.e., meperidine) to the anxiolytic and topical anes-
thetic regimen for pain control during LPs. Pain was 
assessed using a modified Visual Analog Scale (VAS; 
1-100). The narcotic-containing regimen seemed equiva-
lent concerning pain to GA in this procedural setting with 
parents and nurses rating median pain scores of 11/100 
and 22/100, respectively (Ljungman et al., 2001).

Moderate Sedation

One prospective observational study (Abdelkefi et  al., 
2004) and one randomized control trial (Iannalfi et  al., 

2005) demonstrated effective pain control with VAS 
scores indicating mild pain, utilizing a topical anesthetic 
in combination with an inhaled nitrous oxide mixture 
alone or in combination with an anxiolytic (Table 4). 
Topical EMLA cream followed by an inhaled 50% nitrous 
oxide mixture (Equimolar Mixture of Oxygen and Nitrous 
Oxide), provided satisfactory pain control during central 
venous catheter (CVC) placement, as children reported a 
median VAS pain score of 30/100 (Abdelkefi et al., 2004). 
Similarly, topical EMLA cream followed by an inhaled 
50% nitrous oxide mixture and intravenous midazolam in 
combination or alone provided effective pain control dur-
ing LP and BMA based upon the Perception Evaluation 
Questionnaire (0-4 scale). Parents (as proxies for their 
children) reported mean needle pain of 0.4 and discom-
fort from anesthetic as 0.55. Children self-reported mean 
needle pain of 0.27 and discomfort from anesthetic of 
0.33 (Iannalfi et al., 2005).

Multiple studies evaluated the role of ketamine for 
control of procedure-associated pain. Two prospective 
observational studies utilized ketamine as a single seda-
tive agent and demonstrated VAS (1-10 scale) scores of 3 
or less during LP, BMB, and BMA (Evans et al., 2005; 
Traivaree et al., 2014). The addition of midazolam was 
associated with VAS (1-10 scale) scores ranging from 1 
to 9 during LP, BMB, BMA, CVC placement, and lymph 
node biopsy (Bhatnagar et  al., 2007; Dufrense et  al., 
2010; Pellier et al., 1999). Ketamine in combination with 
diazepam produced similar findings, assessed with 
OUCHER scores ranging from 0 to 30 (1-100 scale) 

Pain scale Age range Pain scale defined Pain scale ratings

Parent Perception 
Questionnaire

No age specified Parent observational behavioral scale—
parents assess pain and distress in the 
categories: fear and anxiety, needle 
pain, discomfort from anesthesia, 
postprocedural pain, problems 
associated with overall distress; total 
numerical score (0-20)

Fear anxiety 0-4; needle pain 0-4; 
discomfort from anesthesia 
0-4; postprocedural pain 0-4; 
problems associated with overall 
distress 0-4; sum of all categories 
added together for overall pain 
score ranging 0-20

Procedure Behavior 
Checklist

No age specified Professional observational behavioral 
scale; behaviors assessed: muscle 
tension; screaming, crying, restraint 
needed, physical resistance, verbalized 
pain, verbalized anxiety, verbalized 
stalling

Numerical total score applied (0-32)

Muscle Tension 0-4; Screaming 
0-4; Crying 0-4; Restraint needed 
0-4 Physical; Resistance 0-4; 
Verbalized pain 0-4; Verbalized 
anxiety 0-4; Verbalized stalling 
0-4; Sum of all categories added 
together for overall pain score 
ranging 0-32

VAS Children greater 
than 12 years old

Self-report pain intensity scale; uses 
numbers ranged 0-10

0: No pain; 1-4: Mild pain; 5-6: 
Moderate pain; 7-10: Severe pain

Wong–Baker Faces 
Scale

Children 3-18 years 
old

Self-report pain intensity scale; uses 
facial expressions correlated to 
numerical scale (0-10)

0: No hurt; 2: Hurts little bit; 4: 
Hurts little more; 6: Hurts even 
more; 8: Hurts whole lot more; 
10: Hurts worst

Table 2. (continued)
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during LP, BMA, and BMB (Tamminga & Faber-Nijholt, 
2000). Monsereenusorn et al. (2015) compared fentanyl 
and ketamine for procedural pain during LP, BMA, and 
BMA. A statistically significant decrease in median VAS 
(1-10 scale) pain scores 2/10 (p = .002) was seen with 
fentanyl, as compared with ketamine.

Deep Sedation/General Anesthesia

Three studies compared the use of GA with mild sedation 
(Crock et al., 2003; Holdsworth et al., 2003; Ljungman 
et al., 2001; Table 5). A statistically significant reduction 
in mean and median Bieri Faces pain scale and Faces pain 

Table 3.  Studies With Mild Sedation for Procedure Pain Management.

First author 
(year) Sample Procedures, pain scales Medications Findings

Crock et al. 
(2003)

N = 96 children, ages 
1-17

N = 59 First procedure, 
n = 22 BMA only, n = 
2 LP only, n = 35 BMA 
+LP; N = 21 Under 
sedation, n = 3 BMA 
only, n = 11 LP only,  
n = 7 BMA + LP; Bieri 
Faces pain scale (0 = 
no pain; 6 = maximum 
pain)

SED: (a) Local 
anesthetic AnGel;  
(b) Oral or intranasal 
midazolam;  
(c) Lidocaine 1% 
subcutaneously and 
subperiosteally

Median Pain Scores: First 
procedure: Sedation: 6; 
Current procedure: Parents 
reported children with 
SED: 6; Children reported: 
Children with SED: 6

Holdsworth 
et al. (2003)

N = 73 children, ages 
1-18 years undergoing 
BMA; N = 105 
children, ages 1-18 
receiving an LP

BMA and LP: Faces pain 
scale (0 = none to 5 = 
severe); Parent-proxy 
reporting for children 
<5 years

(a) EMLA cream;  
(b) Oral midazolam; 
(c) GA: Propofol and 
fentanyl

SD Pain ratings of LPs: First 
Procedure: EMLA vs. 
midazolam/EMLA, n = 33; 2.4 
± 1.8; Repeated Procedure: 
EMLA vs. midazolam/EMLA,  
n = 31; 2.4 ± 1.5; 
Midazolam/EMLA vs. 
propofol/fentanyl, n = 22; 
2.6 ± 1.6, p < .001; SD 
Pain ratings of BMA; First 
Procedure: Midazolam/EMLA, 
n = 23, 2.4 ± 1.8; Repeated 
Procedure: EMLA vs. 
midazolam/EMLA, n = 10;  
2.8 ± 2.1, p = NS; 
Midazolam/EMLA vs. 
propofol/fentanyl, n = 8; 4.1 
± 1.1, p = .011

Ljungman et al. 
(2001)

N = 25 children, ages 
1-15 years; n = 22 
CS; n = 19 both CS 
and GA

LP performed more 
than once; Self-report 
10 modified questions 
using a 100 point VAS 
(1-100) children 7 years 
and older completed, 
younger than 7 did not. 
IQR from the 25% to 
the 75%

(a) EMLA;  
(b) Meperidine;  
(c) Midazolam;  
(d) Lidocaine SC

Assessed 1 hour after 
procedure: 1. Local 
anesthesia discomfort: 
Parents: n = 18 (Mdn = 
18, IQR = 10-50); Nurses: 
n = 16 (Mdn = 30, IQR = 
10-64); 2. Pain at LP; Parents: 
n = 17 (Mdn = 11, IQR = 
2-22); Nurses: n = 17 (Mdn 
= 22, IQR = 6-44)

Note. EMLA = Eutectic Mixture of Local Anesthetics; BMA = bone marrow aspirate; CS = conscious sedation; GA = general anesthesia; IQR = 
interquartile range; LP = lumbar puncture; SC = subcutaneous; SD = standard deviation; SED = sedation; VAS = visual analog scale.

scale scores (p < .001) were noted for children undergo-
ing both first procedures and repeated procedures under 
GA (LP, BMA, and BMB; Crock et al., 2003; Holdsworth 
et al., 2003). Children, parents, and nurses found that the 
use of mild sedation during LPs provided equivalent pro-
cedural pain control when compared with GA (Ljungman 
et  al., 2001). Furthermore, most children, parents, and 
nurses preferred LPs performed with mild sedation 
(Ljungman et al., 2001). One study compared GA with 
moderate sedation in the setting of LP or BMA. There 
was no statistically significant difference between mean 
pain scores observed in the GA versus moderate sedation 
regimens (Iannalfi et al., 2005).
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Table 4.  Studies With Moderate Sedation for Procedure Pain Management.

First author (year) Sample Procedures, pain scales Medications Findings

Abdelkefi et al. 
(2004)

N = 50 children, 
ages 4-13

N = 50 CVC placements; 100 point 
VAS (1-100) completed by children 
6-13 years

1.  EMLA Cream Median pain intensity was 10 out 
of 100 (range 0-30)2.  50% nitrous oxide mixture

Bhatnagar et al. 
(2007)

N = 60 children, 
ages 1-10

Group 1: n = 12 LP, n = 18 BMA/
BMB; Group 2: n = 11 LP, n = 19 
BMA/BMB; 100 point VAS (1-100) 
completed by observer

Group 1: n = 30 Group 1: 8.33 ± 15.99
1.  Ketamine
2.  Midazolam Group 2: 9.33 ± 16.3 (p = .892)
3.  Atropine IM
Group 2: n = 30  
1.  Ketamine  
2.  Midazolam  
3.  Atropine PO  

Dufresne (2010) N = 14 children, 
ages 6-17

n = 9 LP; n = 5 BMA; n = 4 LP followed 
by BMA; FPS-R (scored 0-5); 10 point 
VAS (0-10)

1.  EMLA Lidocaine T1: Baseline assessment: Entry to 
procedure room

•  Child VAS 0.71 ± 0.83
•  Child FPS-R 0.71 ± 0.83
•  Relative VAS 1.89 ± 3.38
•  Physician VAS 0.29 ± 0.80

2.  Midazolam T2: Entry to procedure room to 
administration of sedation

•  Child VAS 1.35 ± 2.18
•  Child FPS-R 0.75 ± 1.06
•  Relative VAS 1.11 ± 1.04
•  Physician VAS 0.31 ± 0.48

3.  Ketamine T3: Sedation administration to 
completion of first needle 
insertion

•  Child VAS 1.71 ± 2.74
•  Child FPS-R 1.17 ± 1.03
•  Relative VAS 4.01 ± 2.23
•  Physician VAS 1.83 ± 2.32

  T4: Recovery and assessment 
prior to departure from 
procedure room

  •  Child VAS 1.13 ± 1.22
  •  Child FPS-R 1.00 ± 0.95
  •  Relative VAS 1.13 ± 1.19
  •  Physician VAS 0.25 + 0.60

Evans et al. (2005) N = 58 children, 
ages 1-13 years

N = 121 sedations studied 1.  EMLA Observer median VAS pain score 
was 0 (range 0-3); Caregiver 
median VAS pain score was 0 
(range 0-4)

•  73% LP 2.  Ketamine
•  13% BMBx/A  
•  13% LP/BMBx/A  
VAS (0-10) recorded by observer and 

caregiver independently
 

Iannalfi et al. (2005) N = 31 children, 
ages 1-16 years; 
Moderate sedation 
(MS): n = 30; 
general anesthesia 
(GA): n = 35

N = 65 procedures; LP and/or BMA; 
MS: n = 16 LP; n = 10 BMA; n = 4 
BMA/LP; GA: n = 8 LP; n = 15 BMA; 
n = 12 BMA/LP; PBCL—recorded 
by neutral observer (0-4); Perception 
Evaluation Questionnaire (PEQ): Given 
to Children >6 years; Results of 
Perception’s Evaluation Questionnaire 
(0-4)

EMLA and 2% lidocaine PBCL—no significant difference 
in mean assessed pain between 
MS and GA; Parent perception: 
Needle pain mean GA 0.36/MS 
0.40; Discomfort by anesthetics 
mean GA 0.79/ MS 0.55; Child’s 
perception: Needle pain mean 
GA 0.18/MS 0.27; Discomfort 
by anesthetics mean GA 0.45/
MS 0.33

MS
1. � Premixed nitrous oxide 50% 

and oxygen 50%
2. � Midazolam IV; n = 24 nitrous 

oxide and midazolam; n = 3 
nitrous oxide; n = 3 Midazolam

GA
1. � Premixed nitrous oxide 50% 

and oxygen 50%
2.  Midazolam IV
3.  Fentanyl IV
4.  Ketamine IV
5.  Sevoflurane in oxygen

Monsereenusorn, 
Rujkijyanont, and 
Traivaree (2015)

N = 55 children, 
ages 1-18

N = 110 procedures, IT, and/or BMA/
BMB; Children <8 years —observed 
pain scores by parent; Children ≥8 
years—children self-completed pain 
scales; n = 9; FLACC scale to assess 
pain in those unable to communicate 
age 3 months-4 years. n = 24; FACES 
pain rating 4-8 years. N = 22; 10 point 
VAS (0-10) for 8 years and older

Fentanyl IV or ketamine IV Fentanyl: 1.55 ± 1.65 (Mdn = 2, 
range = 0-8); ketamine 2.44 + 
1.66 (Mdn = 2, range = 0-8; p 
= .002); Patients ages 4-8 years; 
Fentanyl: 1.33 + 1.27 (Mdn = 
2, range = 0-4); Ketamine: 2.83 
+ 1.86 (Mdn = 2, range = 0-8; 
p = .002)

(continued)
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First author (year) Sample Procedures, pain scales Medications Findings

Pellier et al. (1999) N = 92 children, 
ages 3 days to 18 
years

N = 226 procedures; BMA, BMB, CVC, 
LP, lymph node biopsy; Patients older 
than 5 years reported pain based 
on 10-point VAS (1-10) following 
procedure

Midazolam IV and Ketamine IV; 
Additional doses of Ketamine as 
needed

24% of children had response to 
painful stimuli; Children younger 
than 5 years had good score 
of analgesia in 96% of cases; 
No patient reported pain at 
the time of discharge, VAS was 
below 2 in all children

Tamminga and 
Faber-Nijholt 
(2000)

N = 16 children, 
ages 4-16

N = 32 Bone Marrow punctures (BMP) 
total, 2 consecutive BMPs; 100-point 
Oucher scale (1-100)

Procedure 1 Patient pain score 0, n = 20
1. PO diazepam or PO placebo Patient pain score 10, n = 3
2. Atropine Patient pain score 20, n = 2
3. Ketamine Patient pain score 30, n = 2
Procedure 2 Patient pain score not obtained, 

n = 5
Same variables as above but patient 

received diazepam or placebo the 
opposite from Procedure 1

 

Traivaree et al. 
(2014)

N = 46 children, 
ages 6 months to 
15 years

N = 46 procedures; n = 23 LP; n = 10 
BMA ± biopsy; n = 13; Combination 
of the two procedures; 10-point VAS 
(0-10)

Ketamine IV for sedation, no other 
sedative agent given

Median VAS 2 hours after 
procedure 3 (0-8 range) per 
parent or guardian. Median for 
all ages: 3; 6 months-7 years: 4 
(0-8 range); 7 years-15 years: 2 
(0-6 range); Statistical difference 
between the two groups of age 
(p = .001)

Note. BMA = bone marrow aspirate; BMB = bone marrow biopsy; BMBx/A = bone marrow biopsy/aspirate; BMP = bone marrow puncture; CVC = central venous 
catheter; FLACC = Face, Legs, Activity, Cry, Consolability; FPS-R = Faces Pain Scale–Revised; GA = general anesthesia; IT = intrathecal; IV = intravenous;  
kg = kilogram; LP = lumbar puncture; mcg = microgram; mg = milligram; MS = moderate sedation; PO = by mouth; VAS = Visual Analog Scale; EMLA = Eutectic 
Mixture of Local Anesthetics.

Table 4. (continued)

Four studies included the use of the anesthetic, pro-
pofol, for GA. Whitlow et  al. (2014) examined the  
contribution of the local anesthetic, EMLA with propo-
fol-containing regimens. Use of EMLA cream was asso-
ciated with a reduction in propofol dosing required for 
desired procedural sedation. Three studies evaluated the 
addition of fentanyl or alfentanil to propofol-containing 
regimens for GA and its effect on pain control. 
Anghelescu et al. (2013) did not demonstrate a statisti-
cally significant effect on the frequency of postproce-
dure pain following LP and BMA with the addition of 
fentanyl, as assessed with the FLACC, Faces Scale, and 
numerical reporting of pain (p = .53). Chiaretti et  al. 
(2010) compared alfentanil plus propofol with ketamine 
plus propofol for postprocedure LP pain reduction. All 
children after awakening reported that they did not feel 
pain during the procedure. Analgesia scores and mean 
Children’s Hospital of Eastern Ontario Pain Scale scores 
did not show superior efficacy of either medication  
(p > .05). Propofol boluses (1 mg/kg) if sedation was 
inadequate were significantly less in the ketamine group 
compared with the alfentanil group (5-15, respectively) 
indicating better pain control with ketamine, but chil-
dren reported no difference after waking.

Nagel et  al. (2008) evaluated GA with propofol and 
midazolam plus (a) fentanyl or placebo, (b) ondansetron 
or placebo, (c) fentanyl plus ondansetron, or (d) placebo 
plus placebo, on pain scores following LP and BMA. 

Patients reported significantly lower pain scores utilizing 
the Faces Pain Rating Scale (p = .013) while receiving 
fentanyl, compared with not receiving fentanyl, if they 
were also receiving placebo ondansetron. Patients did not 
report lower pain scores while receiving fentanyl, com-
pared with no fentanyl, if they were receiving ondanse-
tron (p = .033).

Quality of the Evidence

Fifteen articles were used as evidence to answer the PICO 
question addressed in this systematic review. The overall 
quality of the evidence was moderate. The evidence 
related to mild sedation consisted of one retrospective 
cohort crossover study and two prospective studies. The 
moderate sedation evidence consisted of five prospective 
observational studies and four randomized control trials. 
The evidence for deep sedation/GA, consisted of one ret-
rospective cohort study and seven prospective studies 
(two prospective crossover design, one prospective ran-
domized crossover design, one prospective cohort study, 
and three randomized control trials). Issues related to the 
quality of the evidence include lack of reported power 
analyses (or insufficient power analyses when reported), 
small sample size (two studies), potential prescriber bias 
(two studies), inconsistency between comparison groups, 
and potential publication bias due to length of time from 
study to publication (two studies).
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Table 5.  Studies With Deep Sedation/General Anesthesia for Procedure Pain Management.

First author (year) Sample Procedures, pain scales Mediations Findings

Anghelescu et al. 
(2013)

N = 110 children, 
ages 2-17 years

N = 316 procedures; BMA, 
LP; Faces pain scale (0-11) 
or numerical rating system 
as appropriate for age and 
cognitive ability

1. � Fentanyl 1 mcg/kg, 0.5 mcg/kg, or 
placebo

No significant difference in the 
frequency of pain after treatment 
with fentanyl 1 mcg/kg vs. placebo  
(p = .53); Group A comparison pairs 
(n = 74); Frequency of pain >0, 5 
(6.8%); Frequency of pain 5-10, 7 
(9.5%); Group B comparison pairs 
(n = 71); Frequency of pain >0, 7 
(9.9%); Frequency of pain 5-10, 10 
(14.1%); Group C comparison pairs 
(n = 76); Frequency of pain >0, 14 
(17.1%); Frequency of pain 5-10, 11 
(13.9%)

2. � Propofol and topical anesthetic 
(EMLA and SQ lidocaine)

Group A: (n = 111) Fentanyl 1 mcg/kg
Group B: (n = 129); Fentanyl 0.5 mcg/kg
Group C: (n = 115); Placebo (NS)
All patients reporting pain on waking 

received 0.5 mcg/kg IV Fentanyl as 
needed (max 3 doses)

Chiaretti et al. 
(2010)

N = 20 children, 
ages 2-15 years

N = 40 LP; n = 20 Protocol 
A; n = 20 Protocol B; Mean 
CHEOPS scores Children’s 
Hospital Eastern Ontario 
Pain Scale

Protocol A Mean Pain ratings: A: 5.25 ± 0.6; B: 
5.5 ± 0.5 (p > .05); All patients had 
satisfactory sedation and analgesia 
with both Protocol A and B: Protocol 
A: 15 propofol boluses; Protocol B: 5 
propofol boluses

1.  Propofol
2.  Alfentanil IV through Central Line
Protocol B
1.  Propofol
2.  Ketamine IV through central line
Both Protocols if sedation not adequate 

repeat propofol
Crock et al. (2003) N = 96 children, 

ages 1-17
N = 27 first procedures; n = 

6 BMA only; n = 5 LP only; 
n = 16 BMA + LP; N = 75 
current procedure; n = 16 
BMA only; n = 28 LP only; n 
= 31 BMA + LP

GA: Sevoflurane in 30% nitrous oxide 
and oxygen

First procedure: Parents reported 
median pain scores 6 as with SED as 
compared with median pain scores of 
0 with GA (p < .001)

Current procedure; Parents reported: 
Children that received GA median 
pain score = 0; Children reported: 
Children that received GA median 
pain score = 0

Holdsworth et al. 
(2003)

N = 73 children 
ages 1-18 years 
undergoing BMA; 
N = 105 children 
ages 1-18 years 
receiving an LP

BMA and LP; Faces pain scale 
(0 = none to 5 = severe); 
Parent-proxy reporting for 
children <5 years

1.  EMLA cream SD Pain ratings of LPs:
2.  Oral midazolam Repeated LP: EMLA vs. propofol/

fentanyl; n = 16; 2.8 ± 1.5, p = 
.001; Midazolam/EMLA vs. propofol/
fentanyl; n = 22; 2.6 ± 1.6, p < .001; 
SD Pain ratings of BMA

3. � GA: Propofol and fentanyl (sedation 
chosen by child or parent)

First LP: Propofol/fentanyl; n = 43; 0.4 
± 1.0; First BMA: Propofol/fentanyl 
n = 29; 0.5 ± 1.0; Repeated BMA: 
EMLA vs. propofol/fentanyl; n = 
7; 4.1 ± 0.9, p = .017; Midazolam/
EMLA vs. propofol/fentanyl; n = 8; 
4.1 ± 1.1, p = .011

Iannalfi et al. 
(2005)

N = 31 children, 
ages 1-16 years; 
Moderate sedation 
(MS): n = 30; GA: 
n = 35

N = 65 procedures; LP and/
or BMA; MS: n = 16 LP; n 
= 10 BMA; n = 4 BMA/
LP; GA: n = 8 LP; n = 15 
BMA; n = 12 BMA/LP; 
PBCL—recorded by neutral 
observer; PEQ: Given to 
Children >6 years; Results 
of Perception’s Evaluation 
Questionnaire (0-4)

EMLA and 2% lidocaine PBCL—no significant difference in 
mean assessed pain between MS and 
GA; Parent perception: Needle pain 
mean GA 0.36/MS 0.40; Discomfort 
by anesthetics mean GA 0.79/MS 
0.55; Child’s perception: Needle pain 
mean GA 0.18/MS 0.27; Discomfort 
by anesthetics mean GA 0.45/MS 
0.33

MS
1. � Premixed nitrous oxide 50% and 

oxygen 50%
2. � Midazolam IV; n = 24 nitrous oxide 

and midazolam; n = 3 nitrous oxide; 
n = 3 Midazolam

GA
1. � Premixed nitrous oxide 50% and 

oxygen 50%
2.  Midazolam IV
3.  Fentanyl IV
4.  Ketamine IV
5.  Sevoflurane in oxygen

Ljungman et al. 
(2001)

N = 25 children, 
ages 1-15 years

LP performed more than 
once; n = 22 GA; n = 19 
both CS and GA; Self Report 
100 VAS (1-100) children 7 
years and older completed, 
younger than 7 did not; Inter 
quartile range from the 25% 
to the 75%

1.  Atropine IV Not able to obtain results due to GA
2.  Fentanyl IV
3. � Propofol IV and additional doses 

given as required

(continued)
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First author (year) Sample Procedures, pain scales Mediations Findings

Nagel et al. (2008) N = 25 children, 
ages 4-17 years

BMA and LP with IT chemo; 
Faces pain scale (0 = no hurt 
to 6 = hurts worse)

Prior to procedure During the first 12 hours post 
procedure

1.  Ondansetron IV or Placebo Fentanyl group
2.  Midazolam + fentanyl or Placebo • � Reduction of pain 1.65, p < .0001 

if they were receiving placebo 
ondansetron

3. � Propofol to achieve sufficient 
anesthesia to permit procedure

• � Reduction of pain 2.09, p = .0048 
if they were receiving ondansetron 
(p = .0048).

Each child was to receive in random 
order for 4 interactions: placebo + 
placebo, placebo + fentanyl, placebo + 
ondansetron, fentanyl + ondansetron

• � In the second 12-hour period 
postprocedure:

• � Fentanyl group: significantly lower 
pain scores while receiving fentanyl 
compared with not receiving 
fentanyl if they were also receiving 
placebo ondansetron. (p = .013), 
but not if they were receiving 
ondansetron (p = .033)

Whitlow, Saboda, 
Roe, Bazzell, and 
Wilson (2014)

25 children, ages 
3-21

LP EMLA and propofol; Placebo and 
propofol

EMLA 4 mg/kg propofol needed  
(95% CI [3.5, 4.4]); With placebo  
4.9 mg/kg propofol needed (95% CI 
[4.3, 5.6]; p = .008.)

Note. BMA = bone marrow aspirate; CHEOPS = Children’s Hospital Eastern Ontario Pain Scale; CI = confidence interval; CSF = cerebral spinal fluid; GA = general 
anesthesia; IQR = interquartile range; IT = intrathecal; IV = intravenous; kg = kilogram; LP = lumbar puncture; mcg = microgram, mg = milligram; MS = moderate 
sedation; NO = nitrous oxide; PBCL = Procedure Behavior Check List; PEQ = Perception Evaluation Questionnaire; SD = standard deviation; SED = sedation;  
SQ = subcutaneous; VAS = Visual Analog Scale.

Table 5. (continued)

Overall Summary of Recommendations

There was insufficient evidence on which to base an 
overarching recommendation regarding the level of seda-
tion necessary for pain control among children with can-
cer requiring procedures; however, the following 
recommendation was formulated based upon the body of 
synthesized evidence. There is a strong recommendation 
based on moderate level of evidence that moderate seda-
tion or GA should be utilized for bone marrow aspirates 
and bone marrow biopsies in pediatric oncology care.

Discussion and Summary

There was insufficient evidence to answer the main PICO 
question. The review of the literature provides a guide to 
assist in the decision making regarding pharmacological 
agents that are effective when utilized together to achieve 
a necessary a level of sedation for procedural pain con-
trol. The use of a topical analgesic and an anxiolytic for 
children undergoing initial or subsequent BMAs and LPs 
demonstrated mixed results in pain control. Multiple 
studies examined the use of moderate sedation. Topical 
analgesia in conjunction with inhaled nitrous oxide with 
or without an anxiolytic demonstrated effective pain con-
trol in CVC placement, BMAs, and LPs (Abdelkefi et al., 
2004; Iannalfi et al., 2005). The use of ketamine with or 
without the addition of an anxiolytic demonstrated mixed 
findings in pain control during BMA, BMB, LP, CVC 

placement, and lymph node biopsy (Bhatnagar et  al., 
2007; Dufresne et  al., 2010; Evans et  al., 2005; Pellier 
et al., 1999; Tamminga & Faber-Nijholt, 2000; Traivaree 
et  al., 2014). Fentanyl when compared with ketamine 
demonstrated lower pain scores in BMA, BMB, and LP 
(Monsereenusorn et al., 2015).

GA when compared with mild sedation demonstrated 
mixed results in pain control; however, there was some 
preference by children, parents, and nurses for mild 
sedation during LPs (Crock et  al., 2003; Holdsworth 
et al., 2003; Ljungman et al., 2001). GA compared with 
moderate sedation did not demonstrate differences in 
mean pain scores (Iannalfi et al., 2005). The use of GA 
with or without the use of topical analgesia was also 
evaluated in many studies. One study noting a reduction 
of propofol dosing when local anesthesia was utilized 
(Whitlow et al., 2014).

Limitations for identifying the necessary level of seda-
tion for procedural pain control in pediatric oncology 
patients include the ability to adequately measure pain 
scores during moderate and deep sedation and GA 
(Ljungman et al., 2001). Retrospective reporting of chil-
dren’s pain scores did not consistently correlate with the 
parent’s or physician’s observational reporting during the 
procedure (Dufresne et al., 2010). Proxy reporting by par-
ents yielded higher scores than the patient’s retrospective 
reporting of pain. Nurses must rely on other factors to 
interpret and predict the patient’s pain.
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Conclusion

Appropriate analgesia and sedation are essential in the 
effective management of painful procedures for children 
with cancer. The overarching goal for the management 
of children undergoing painful procedures is the reduc-
tion or elimination of pain. Nurses must act as advocates 
for the implementation of best practices to minimize pro-
cedural pain. Pharmacological choices related to the 
level of sedation are based upon many variables such as 
patient status, type of procedure, available resources, 
and institutional policies/procedures. There is limited 
research evaluating the safety and efficacy of providing 
the adequate level of sedation during procedures in the 
pediatric oncology patient population. Prospective or 
retrospective single institution studies provide an oppor-
tunity to evaluate current pharmacological interventions 
to alleviate pain during procedures. In the future, multi-
site collaborative studies that standardize procedural 
sedation and evaluate pain control have the potential to 
positively influence patient outcomes for children with 
cancer undergoing procedures.

Appendix

PubMed Database

Date last 
searched April 27, 2017

No. of results: 1
Final search 

strategy
(“paediatrics”[All Fields] OR 

“pediatrics”[MeSH Terms] OR 
“pediatrics”[All Fields]) AND 
(“neoplasms”[MeSH Terms] OR 
“neoplasms”[All Fields]) AND 
(“anaesthesia”[All Fields] OR 
“anesthesia”[MeSH Terms] OR 
“anesthesia”[All Fields]) AND (“pain 
management”[MeSH Terms] OR (“pain”[All 
Fields] AND “management”[All Fields]) 
OR “pain management”[All Fields]) AND 
(“pathology”[Subheading] OR “pathology”[All 
Fields] OR “biopsy”[All Fields] OR 
“biopsy”[MeSH Terms])

# of results: 5
Final search 

strategy
(“paediatrics”[All Fields] OR 

“pediatrics”[MeSH Terms] OR 
“pediatrics”[All Fields]) AND 
(“neoplasms”[MeSH Terms] OR 
“neoplasms”[All Fields]) AND (“pain 
management”[MeSH Terms] OR 
(“pain”[All Fields] AND “management”[All 
Fields]) OR “pain management”[All 
Fields]) AND (“anaesthesia”[All Fields] 
OR “anesthesia”[MeSH Terms] OR 
“anesthesia”[All Fields])

(continued)

PubMed Database

Date last 
searched April 27, 2017

No. of results: 57
Final search 

strategy
((“pediatrics”[MeSH Terms] OR 

“pediatrics”[All Fields] OR “pediatric”[All 
Fields]) AND (“neoplasms”[MeSH Terms] OR 
“neoplasms”[All Fields] OR “oncology”[All 
Fields]) AND (“patients”[MeSH Terms] 
OR “patients”[All Fields])) AND ((“bone 
marrow examination”[MeSH Terms] OR 
(“bone”[All Fields] AND “marrow”[All 
Fields] AND “examination”[All Fields]) 
OR “bone marrow examination”[All 
Fields]) OR (medical procedure[All Fields] 
OR medical procedures[All Fields]) OR 
(“spinal puncture”[MeSH Terms] OR 
(“spinal”[All Fields] AND “puncture”[All 
Fields]) OR “spinal puncture”[All 
Fields])) AND ((“anaesthesia”[All 
Fields] OR “anesthesia”[MeSH Terms] 
OR “anesthesia”[All Fields]) OR (“pain 
management”[MeSH Terms] OR (“pain”[All 
Fields] AND “management”[All Fields]) OR 
“pain management”[All Fields] OR (“pain”[All 
Fields] AND “control”[All Fields]) OR “pain 
control”[All Fields]))

No. of results: 893
Final search 

strategy
((“child”[MeSH Terms] OR “child”[All 

Fields]) OR (“paediatrics”[All Fields] OR 
“pediatrics”[MeSH Terms] OR “pediatrics”[All 
Fields]) OR (“adolescent”[MeSH 
Terms] OR “adolescent”[All Fields])) 
AND ((“neoplasms”[MeSH Terms] OR 
“neoplasms”[All Fields] OR “oncology”[All 
Fields]) OR (“neoplasms”[MeSH Terms] 
OR “neoplasms”[All Fields] OR “cancer”[All 
Fields]) OR (“neoplasms”[MeSH 
Terms] OR “neoplasms”[All Fields])) 
AND ((“anaesthesia”[All Fields] 
OR “anesthesia”[MeSH Terms] 
OR “anesthesia”[All Fields]) OR 
(“analgesics”[Pharmacological Action] 
OR “analgesics”[MeSH Terms] OR 
“analgesics”[All Fields]) OR sedation[All 
Fields]) AND ((“pain”[MeSH Terms] OR 
“pain”[All Fields]) OR “pain measurement”[All 
Fields] OR “pain management”[All Fields]) 
AND ((“pathology”[Subheading] OR 
“pathology”[All Fields] OR “biopsy”[All 
Fields] OR “biopsy”[MeSH Terms]) OR “bone 
marrow”[All Fields] OR “spinal puncture”[All 
Fields] OR “lumbar puncture”[All Fields] OR 
“clinical assessment tools”[All Fields] OR 
(“methods”[Subheading] OR “methods”[All 
Fields] OR “methods”[MeSH Terms]))

Appendix (continued)
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Medline Database

Date last 
searched April 27, 2017

No. of results: 16
Final search 

strategy
(pediatrics OR child*) AND (neoplasms 

OR “medical oncology”) AND (anesthesia 
or analgesics or sedation) AND (“pain 
management” or “pain measurement”) 
AND (biopsy or catheterization or “spinal 
puncture”)

No. of results: 20
Final search 

strategy
(pediatrics OR child*) AND oncology AND 

(anesthesia or sedation) AND (“pain 
management” or “pain measurement”) 
AND (biopsy or catheterization or “spinal 
puncture”)

No. of results: 70
Final search 

strategy
((paediatrics OR pediatrics) OR child OR 

adolescent) AND ((neoplasms OR cancer) 
OR oncology)) AND (anesthesia OR 
analgesics, non-narcotic OR “deep sedation”) 
AND (“pain management” OR “pain 
measurement”) AND (pathology OR biopsy 
OR “catheterization, peripheral” OR “spinal 
puncture” OR methods)

No. of results: 78
Final search 

strategy
((paediatrics OR pediatrics) OR child OR 

adolescent) AND ((neoplasms OR cancer) 
OR oncology)) AND (anesthesia OR 
analgesics, non-narcotic OR “deep sedation”) 
AND (“pain management” OR “pain 
measurement” OR “pain control”) AND 
(pathology OR biopsy OR “catheterization, 
peripheral” OR “spinal puncture” OR 
methods)

No. of results: 446
Final search 

strategy
( child* OR pediatric* OR adolescent* ) AND 

( oncology OR cancer OR neoplasms ) AND 
( anesthesia OR analgesics OR sedation ) 
AND ( pain OR “pain measurement” OR 
“pain management” OR “pain control” ) 
AND ( biopsy or “bone marrow” OR “spinal 
puncture” OR “lumbar puncture” OR “clinical 
assessment tools” OR methods )
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