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Background: Children often require relief of pain and anxiety when undergoing painful procedures.

Objective: 1o determine the differences by comparing fentanyl and ketamine used in cancer-diagnosed children undergoing
painful procedures.

Material and Method: A randomized, double-blinded, crossover trial was conducted with 55 children undergoing painful
procedures (intrathecal chemotherapy and/or bone marrow aspiration/biopsy). Patients were randomly assigned in a
double-blinded fashion to receive either intravenous fentanyl or ketamine at 1 mecg/kg/dose and 1 mg/kg/dose, respectively.
The result in effectiveness of the drug was measured using three parameters, 1) satisfaction score ranging from 0 to 10,
2) perception of procedural pain using FLACC scale, Wong-Baker FACES Pain Rating Scale and Visual Analog Scale, and
3) the frequency of vomiting nausea score.

Results: The satisfaction among patients receiving fentanyl was significantly greater than ketamine (p = 0.007). In addition,
both painful and nausea/vomiting were significantly decreased in the patients receiving fentanyl (p = 0.002 and p<0.001,
respectively). No serious complications were observed.

Conclusion: This study demonstrated that intravenous fentanyl generated a superior clinical effect in satisfaction, decreased
pain and nausea/vomiting, and showed no significant side-effects over ketamine. Fentanyl may also be recommended as a

reasonable option before undergoing oncology procedures in children with cancer.
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Lumbar puncture and bone marrow procedure
are the main key investigations for pediatric hemato-
oncologic malignancy. The treatments consist of
intravenous, especially intrathecal chemotherapy for
both treatments and CNS prophylaxis®®. The schedule
of intrathecal chemotherapy administration depends
on individual protocols, varying from weekly during
the induction phase to every three months during the
maintenance phase®. Pain is the most common
complication associated with these procedures.

Ketamine is a dissociative anesthetic drug
that is used as a premedication before undergoing
these procedures. Sedation helps reduce the child’s
movements during the procedure and decreases anxiety
and pain. Despite its excellent anxiolytic effect®,
ketamine-associated side effects including nausea,
vomiting, hypersalivation, respiratory compromise,
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emergence phenomenon, nightmare, and hallucination®
are well documented, and could be the cause of
prolonged recovery and hospitalization®. For these
reasons, fentanyl might be considered as a drug of
choice with regards to its less nausea and vomiting
resulting in better cooperation and more rapid recovery
than ketamine. Even though, fentanyl has less sedative
effect and nausea/vomiting compared to ketamine but
hypotension, bradycardia, and hypoventilation could
occur requiring close observation. However, the
standard guideline on using those drugs to prevent pain
has not been well established. Therefore, the objective
of the present study was to study the clinical effect of
fentanyl compared with ketamine as a premedication
before undergoing the painful procedure in pediatric
oncology.

Material and Method
Study design and setting

The children were enrolled in a randomized,
double-blind, crossover controlled trial conducted
between May and November 2012 at Phramongkutklao
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Hospital in Bangkok, Thailand. Parental-informed
consent was obtained before enrolling in the study. The
study was performed according to the Declaration of
Helsinki, and the protocols were approved by the Ethics
Committee of the Phramongkutklao Hospital.

Eligibility and exclusion criteria

All children between 1 and 18 years with
cancers who required intravenous sedative medication
and invasive procedure (bone marrow procedure
and/or lumbar puncture) were eligible to enroll in the
study. Patients were excluded if they received anti-
emetic drugs or had nausea/vomiting or pain within
24 hours of the treatment. The exclusion criteria
included patients with a known allergy to ketamine or
fentanyl, contraindications for ketamine or fentanyl
such as increased intracranial pressure, respiratory
compromise, vascular aneurysm, or major psychiatric
problem.

Randomization and study protocol

After enrolled and gave inform consent to the
investigators, patients were randomized with a
computer generated randomized type of treatment table
in a downward direction, supplied by a statistician, to
receive one of two interventions during the first period
in a double-blinded fashion. Patients received one
of two options during the first period: intravenous
fentanyl 1 mcg/kg/dose (maximum single dose 50 mcg,
total amount 5 ml with NSS, drugs 1), or intravenous
ketamine 1 mg/kg/dose (maximum single dose 50 mg,
total amount 5 ml with NSS, drugs 2). The same
amount defined as the amount of Normal saline solution
(NSS) plus the drug, (ketamine or fentanyl to equal the
total volume of 5 ml in order to be sure that the drug
solution was perfectly blinded to both physicians and
patients). Given the crossover design, the treatment
was reversely assigned during the second period
(1to2,2to 1). The interval between the two treatment
periods was between a week and three months. For
allocation concealment, the type of treatment was
stored in sequentially numbered, sealed, opaque
envelopes. The envelopes were opened by nurse (third
party) who prepared the medications at the sedation
room just before the beginning of the procedure.
The study drugs, either fentanyl or ketamine, were
administered immediately before inducing sedation
and before lumbar puncture and administrating
intrathecal chemotherapy or bone marrow procedure.
The care provider and the participants were blinded
for intervention. Parents were provided with data
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collection forms including satisfactory score, vomiting,
and severity of nausea. These were given in the
recovery room and patients took them home. Parents
were telephoned at home by the research coordinator
to ensure that they were not having any significant
difficulty and to assess the satisfactory outcomes.

Outcome measurements

The collected data included patient
demographics, procedures, satisfaction, painfulness,
nausea, and vomiting.

Primary outcome

To study the satisfaction of fentanyl compared
with ketamine in pediatric oncology patients undergoing
painful procedures.

For patients aged less than eight years old,
the parents would observe and record scores.

For patients aged equal or more than
eight years old, the parents asked patients how they
felt and recorded the scores.

The scores were measured at 24 hours after
procedures by using scores ranging from 0 to 10.

Secondary outcome

To study the pain score, using FLACC
(Face, Legs, Activity, Cry, Consolability) scale that
used to assess pain for children who are unable to
communicate their pain, Wong-Baker FACES Pain
Rating Scale and Visual Analog Scale used in patients
aged three months to four years, more than four to
eight years and more than eight years old, respectively.
The score ranging from 0 to 10 were measured
two hours after procedures in the hospital when the
patients were full recovery from sedation.

For patients aged less than eight years old,
the parents would observe and record scores.

For patients aged equal or more than
eight years old, the parents asked patients how they
felt and recorded the scores.

The side effects such as nausea and vomiting
of fentanyl compared with ketamine in pediatric
oncology patients undergoing painful procedures.
The side effects were observed during 24 hours for a
minimum of two to four hours in the recovery room
and 18 hours at home (total 24 hours).

Statistical analysis

The STATA/MP 12 was used for the statistical
analysis, consisted of T test for degree of satisfaction
and painfulness, Chi-square test for severity of nausea
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and vomiting. A sample size calculation for crossover
design (type I error of 5% and 80% power) showed
that total 60 children would permit to detect a
significant difference between the two treatments with
a two-sided test. A p-value of less than 0.05 was
considered statistically significant unless otherwise
stated.

Results
Patient characteristics

Sixty-four children diagnosed with childhood
malignancy were scheduled for invasive procedures
and required sedation before procedures. We excluded
nine patients due the use of only one drug (three for
only ketamine and six for only fentanyl). Admissible
patient completed the cross-over included 27 boys and

Table 1. Patient demographic data (n =55)

Patient characteristic n (%)
Gender
Male 27 (49.1)
Female 28 (50.9)
Age (years)
1-4 9 (16.4)
>4 -8 24 (43.6)
>8 22 (40.0)
Wash out period (weeks)
Mean 5.8
Median (range) 4(1-22)
Diagnosis
ALL 38 (69.1)
AML 509.1)
CML 1(1.8)
LL 4(7.3)
BL 509.1)
ALCL 2 (3.6)

ALL = acute lymphoblastic leukemia; AML = acute myeloid
leukemia; CML = chronic myeloid leukemia; LL = lymphoblastic
lymphoma; BL = Burkitt’s lymphoma; ALCL = anaplastic
large cell lymphoma

28 girls (55 total) ranging in age from 1 to 16 years
(median 6 years) as shown in Table 1. Washout period
was one week to 22 weeks (median 4 weeks). Most
patients were exhibited acute lymphoblastic leukemia
(ALL). They were randomly and equally allocated in
sequence in two groups. All were considered valid and
included in the study analysis. Characteristics of the
enrolled patients were listed in Table 1.

In all, 110 procedures were performed,
80 intrathecal chemotherapy (72.7%), 11 bone marrow
aspiration (10%), and 19 combined intrathecal
chemotherapy and bone marrow aspiration (17.3%).

Analysis of primary outcome

Satisfaction was evaluated in patients
receiving fentanyl and ketamine. The satisfaction in
the group given fentanyl was 10 (8-10) superior to
the group with ketamine 9 (5-10) (p = 0.007). If we
divided the patients by age group, patients older
than eight receiving fentanyl were more satisfied than
the group with ketamine for 10 (8-10) and 9 (5-10),
respectively (p = 0.005) as shown in Table 2.

Analysis of secondary outcome

Regarding painfulness in patients who
received fentanyl before undergoing the invasive
procedures 1.55%1.65 (median 2; range 0-8) was less
than the group with ketamine 2.44+1.66 (median 2;
range 0-8) (p =0.002). Nevertheless, if we divided the
patients by age group according to standard pain scores
for age, patients aged more than four to eight years old
had less pain in the group receiving fentanyl than the
group given ketamine, 1.33£1.27 (median 2; range 0-4)
and 2.83£1.86 (median 2; range 0-8), respectively
(» =0.002) as shown in Fig. 1.

In the same way, patients receiving fentanyl
before undergoing invasive procedures had less
incidence of nausea and vomiting (p<0.001 and
p<0.001, respectively). However, if we divided the
patients by age group, the patients older than eight

Table 2. The satisfaction of fentanyl compared with ketamine in pediatric oncology patients undergoing painful procedures

Fentanyl Ketamine p-value
Mean + SD Median (min-max) Mean + SD Median (min-max)
1-4 years 9.2240.67 9 (8-10) 9.22+0.97 9 (7-10) 0.733
>4-8 years 9.50£0.59 10 (8-10) 9.17£0.82 9 (7-10) 0.151
>8 years 9.45+0.74 10 (8-10) 8.45+1.34 9 (5-10) 0.005
Total 9.4410.66 10 (8-10) 8.89+1.12 9 (5-10) 0.007
t-test
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receiving fentanyl had significantly less incidence of
nausea (p<0.001) as shown in Fig. 2. Similar findings
were noted in the incidence of vomiting, which was
reported less in the group receiving fentanyl by age
more than four years (p = 0.033 and p<0.001 in
ages more than four to eight and more than eight,
respectively) as shown in Fig. 3.

Safety
Ketamine exhibited side effects within 24 hours

after injection, and mostly included hallucination for
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five patients (9%), nausea for 26 patients (47.28%),
vomiting for 20 patients (36.36%), and increased
salivation and secretion for four patients (7.27%).
On the other hand, no incidence of hallucination,
bradycardia, hypotension, increased salivation, and
secretion within four hours after receiving fentanyl,
only nausea noted in five patients (9.09%) and vomiting
in two patients (3.64%) within 24 hours.

Fentanyl and ketamine were well tolerated
through successive procedures of lumbar puncture with
intrathecal chemotherapy and bone marrow procedures.
No patient was admitted in the hospital after the
procedures for any reasons. No clinically significant
side effects were observed in the present study.

Discussion

The present study was to evaluate the clinical
effect of fentanyl in comparison with ketamine in
analgesic effect during oncology procedures in
children. This study showed that the patients aged
over 8 years old evaluated the satisfaction score by
themselves. The results showed that fentanyl was better
than ketamine. This was explained by less of side
effects such as nausea and vomiting in this age group
allowing them to be able to tolerate with procedure
without the need of sedative agents such as ketamine.
For this reason, our results revealed no significant
differences in the pain score between the patients who
received fentanyl and those who received ketamine. In
addition, Fentanyl had more potent analgesic effect
than ketamine®. On the other hand, we observed that
the side effect of ketamine (nausea/vomiting) in this
age group was more severe than other groups. This was
the main reasons for the patient aged more than 8 years
old unsatisfied with ketamine. In the patients aged
less than 8 years old, the satisfaction was evaluated by
their parents. We found no statistical differences in
satisfaction between the patients who received fentanyl
and those who received ketamine, even though the
parents evaluated their children having less pain in the
fentanyl group. This could be the patients in this age
range were minimally affected by the side effects of
ketamine (nausea/vomiting). In addition, patient aged
less than 8 years old was preoperational stage of
Piaget, they have unreasonable fantasy. Therefore,
their parents might interpret their fear and anxiety
to be pain®. Further study is needed to evaluate
the possibility of add-on drug regimen to increase
satisfaction in this age group. Nagel et al” found that
using propofol and midazolam with fentanyl or
ondansetron for children undergoing bone marrow
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aspiration and intrathecal chemotherapy could reduce
pain. Moreover, using dexamethasone combined with
ketamine could reduce nausea and vomiting rates as
reported in the study of Traivaree et al®. The study
showed the efficacy of dexamethasone vs. placebo in
preventing nausea and vomiting from ketamine in
children before undergoing intrathecal chemotherapy.

Regarding the medication safety, in the
present study, none of our patients was hospitalized
after the procedures for any reasons. No clinically
significant side effects from ketamine and fentanyl
were observed in the present study. Nevertheless,
unwanted side effects from ketamine were observed
but there was no evidence of such in the fentanyl group.

Lucas Da Silva et al® studied the difference
of midazolam/fentanyl versus midazolam/ketamine
administered via central venous catheter in PICU and
found that the group that received midazolam/ketamine
was noted to have more minor complications such as
hypersecretion, desaturation, aspiration, and temporary
airway obstruction. In addition, patients receiving
ketamine had more incidences of nausea/vomiting
and hypersalivation, which was similar to our study.
However, Brown et al!® found only 0.11% of
hypersalivation comparing to 7.27% in our study.
This might be due most of patients in our study had
used multiple ketamine sedations for lumbar puncture
procedure previously. The total accumulation dose of
ketamine and the patient’s underlying disease might
aggravate more complications.

Hallucination was another complication in
the present study. It defines as a false auditory, visual,
gustatory, tactile, or olfactory perception not associated
with real external stimuli'V. According to Piaget,
children aged less than seven years may have difficulty
distinguishing between events occurring while
dreaming and awake'?. Therefore, we also included
the sense of dizziness or nightmares or behavioral
changes in children in the definition. These were the
main reasons for increasing the complication in the
patients aged less than 8 years old compared to other
studies®'?.

Our study had several limitations. The sample
size in the present study was calculated based on
repeated measurement (cross over design) given
that the selected subjects were few; however, the
outcome was measured two times for analysis. The
application of using fentanyl and ketamine in the
present study might be limit as it applied to patients
who received ketamine or fentanyl for sedation before
undergoing invasive procedures. Hospital variations
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in recording vomiting rates could potentially limit the
generalizability of these results.

Conclusion

The authors found that children who received
intravenous fentanyl reported significant satisfaction,
reduced pain, vomiting and nausea after sedation for
intrathecal chemotherapy or bone marrow procedures,
comparing to the children who received ketamine. The
combination of low cost, high efficacy, and apparent
safety made fentanyl an attractive option to be used as
premedication for the older patient undergoing bone
marrow procedures and intrathecal chemotherapy.

What is already known on this topic?

Fentanyl or Ketamine is an optional first-line
agent in premedication for the children undergoing
bone marrow procedures and intrathecal chemotherapy
especially in the setting of limitation in resource and
developing countries as Thailand.

What this study adds?

The present study showed that intravenous
fentanyl is superior clinical effect in satisfaction score
in the age more than eight years. These make fentanyl
an attractive option to be used as premedication for
the older patient undergoing these procedures.

A guideline of premedication for the
pre-adolescent aged patient undergoing these
procedures was applied to Department of Pediatrics,
Phramongkutklao Hospital and has shown the benefit
of satisfaction, decreased pain, and rate of nausea/
vomiting.

Acknowledgment

The present study was approved and
supported funding from Phramongkutklao College
of Medicine in 2012

Potential of conflicts of interest
None.

References

1. Onciu M. Acute lymphoblastic leukemia. Hematol
Oncol Clin North Am 2009; 23: 655-74.

2. Pui CH, Campana D, Pei D, Bowman WP,
Sandlund JT, Kaste SC, et al. Treating childhood
acute lymphoblastic leukemia without cranial
irradiation. N Engl J Med 2009; 360: 2730-41.

3. Ricard C, Tichit R, Troncin R, Bernard F.
Sedation using ketamine for pain procedures in

J Med Assoc Thai Vol. 98 No. 4 2015



Pediatric Oncology. Bull Cancer 2009; 96
(Suppl 2): 15-20.

Hollister GR, Burn JM. Side effects of ketamine
in pediatric anesthesia. Anesth Analg 1974; 53:
264-7.

Kennedy RM, Porter FL, Miller JP, Jaffe DM.
Comparison of fentanyl/midazolam with ketamine/
midazolam for pediatric orthopedic emergencies.
Pediatrics 1998; 102: 956-63.

Perrin EC, Shipman D. Hospitalization, surgery,
and medical and dental procedures. In: Carey WB,
Crocker AC, Elias ER, Feldman HM, Coleman WL,
editors. Developmental-behavioral pediatrics.
4™ ed. Philadelphia: Saunders; 2009: 329-36.
Nagel K, Willan AR, Lappan J, Korz L, Buckley
N, Barr RD. Pediatric oncology sedation trial
(POST): A double-blind randomized study.
Pediatr Blood Cancer 2008; 51: 634-8.

Traivaree C, Torcharus K, Lumkul R, Kamoltri C,
Churuluxananan S. Efficacy of intravenous
dexamethasone for the prevention of vomiting
associated with intrathecal chemotherapy and
ketamine sedation in children: a randomized,
double-blinded, crossover, placebo controlled

J Med Assoc Thai Vol. 98 No. 4 2015

10.

11.

12.

13.

trial. Asian Biomed 2011; 5: 441-8.

Lucas da Silva PS, Oliveira Iglesias SB, Leao FV,
Aguiar VE, Brunow dC. Procedural sedation
for insertion of central venous catheters in
children: comparison of midazolam/fentanyl
with midazolam/ketamine. Paediatr Anaesth
2007; 17: 358-63.

Brown L, Christian-Kopp S, Sherwin TS, Khan
A, Barcega B, Denmark TK, et al. Adjunctive
atropine is unnecessary during ketamine sedation
in children. Acad Emerg Med 2008; 15: 314-8.
Sadock BJ, Sadock VA. Kaplan and Sadock’s
concise textbook of clinical psychiatry. 3" ed.
Philadelphia: Lippincott Williams and Wilkins;
2008.

Sidhu KAS, Dickey TO III. Hallucinations in
children: diagnostic and treatment strategies.
Curr Psychiatr 2010; 9: 53-60.

Green SM, Roback MG, Krauss B, Brown L,
McGlone RG, Agrawal D, et al. Predictors of
emesis and recovery agitation with emergency
department ketamine sedation: an individual-
patient data meta-analysis of 8,282 children.
Ann Emerg Med 2009; 54: 171-80.

363



a2 A Q =) [ S I3 % [ [ =)
Uszansmmvessunumilanlsoviievaveuamiulumsaneimsivihalumswzhlvdunad uaz/mse
¥ 1y I3 [
maozlvaszanlugibemnlsanzise

aa =) s o a '3 o e
Yau nuatasyasa, llflé‘,’ JINVYTUUN, VIYTY 1915275

A o vy & Ay v o o 1 9 a = ~ o & ¥ Yo N oy o ;:'
aunas: grhedni lasumsiinamsnneliinaanudvtha dpnusniudedlasumaaseusihemioyssimmsidvi/n
wasAININAAIIANBUAITIINAONTT

(24 7 o = a2 a 2 a = o S 4 3
?ﬁQilia',’ZNﬂ: lW@ﬁ'ﬂtﬂll/?f/lllWfllll/i&’ﬂﬂﬁﬂ7wslléldﬂ7i?%€l7tWuﬁ7umlf?£/1/tWE]?Jﬂ?JE/Hﬂ@l'lll‘ll?ﬂﬁ’lﬂ‘ll@\?ﬂ?ﬁJW\?W@?ﬂ

! 1 1
=) I3

wieana1madviha uazmsaauldendeulugihewinlsauziSsluaninlasveunumiaieydvenamiunounsmn
Wnamsinznlvdunds uazmie msiozlnszan
> ad 2 o ‘4’ 2 o Aa Y = d’ Vo o a d’ U Y a I3 o
JaquasIsms: frhesuau 55 e Alimaueesdnsumsangne: lasumaniaamsndeiaanudvha (mam
a %’ o s - Vo o % a =~ 2 = o
Wnamsinzinlvdunds uasmia munlonszan) uaslasumssnmdisen 2 wila wWisunevlugihesedyaiy
lngrtheudazsgeslaenia 2 vila whivumeuiy Usznavdie sunumianioeuamiv vina 1 lulasnsu/alansu/ai
124 14
waz 1 Jadnsu/Alansu/ase muainy Tﬂmtf?ymﬁyywﬁmiﬁﬂyﬂuﬁﬂwﬂmﬁaan”mf/m:/m2 A3 lnginoin 3 dauils
= o =9 s I~ 4 = = o 4’ }74 o g =
fa seAuanuanela (0-10) szauaNuIVLIn uaznaufed Ae seaumsnauld wazduIuATIveIMTaNIEY
s Yo a =l s =)
naamslasugnunumianSeuiguavennniy
wamsany: Anuanelavesithen lnsveunumilasnnnigthen lasuveuamiu (p = 0.007) gihenlasvennumia
;o I~ o as o/ U d’ Vo =) U 4’ Var a 4” o/ =
wyBdanusvthannmamiaamsieenii lasveuamiu (p = 0.002) uazngui lnsuvenunumiadormsaawldondeu
andingui lasueuamiy (p<0.001) laglunumadnanesnguusaninmsligunuaia uas/mie iy
agy: mslsgurlunianamasadenmiyszansnmanneuamiy Tuudvesnnuianels maaanuivihn uas
= g s 74 4 14 4’ §7%4 = ¥ 1 I~ I~ 4’ Y as o o %’ as o -
anisgsaanatnufesdumsaauldendoulugihednanz S lasumeiiaomsmaizinlvdunds uaz/mie
munzlvnszan lnglinunatnunesnguuss Ssmmsauuzhlilsiumianeumsiminamsmnizilydunda

uazmio muwzlunszgnlugihewinlsauzSalaiuadad

364 J Med Assoc Thai Vol. 98 No. 4 2015



