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Abstract

AIM

To describe our institutional experience with conversion
from intravenous (IV) fentanyl infusion directly to enteral
methadone and occurrence of withdrawal in critically ill
mechanically ventilated children exposed to prolonged
sedation and analgesia.

METHODS

With Institutional Review Board approval, we retro-
spectively studied consecutively admitted invasively
mechanically ventilated children (0-18 years) sedated
with IV fentanyl infusion > 5 d and subsequently converted
directly to enteral methadone. Data were obtained on
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subject demographics, illness severity, daily IV fentanyl
and enteral methadone dosing, time to complete con-
version, withdrawal scores (WAT-1), pain scores, and
need for rescue opioids. Patients were classified as rapid
conversion group (RCG) if completely converted < 48 h
and slow conversion group (SCG) if completely converted
in > 48 h. Primary outcome was difference in WAT-1
scores at 7 d. Secondary outcomes included differences
in overall pain scores, and differences in daily rescue
opioids.

RESULTS

Compared to SCG (7 = 21), RCG (7 = 21) had lower
median WAT-1 scores at 7 d (2.5 vs 5, P = 0.027). Addi-
tionally, RCG had lower overall median pain scores (3
vs 6, P = 0.007), and required less median daily rescue
opioids (3 vs 12, P = 0.003) than SCG. The starting
daily median methadone dose was 2.3 times the daily
median fentanyl dose in the RCG, compared to 1.1
times in the SCG (P = 0.049).

CONCLUSION

We observed wide variation in conversion from IV fentanyl
infusion directly to enteral methadone and variability in
withdrawal in critically ill mechanically ventilated children
exposed to prolonged sedation. In those children who
converted successfully from IV fentanyl infusion to enteral
methadone within a period of 48 h, a methadone:fentanyl
dose conversion ratio of approximately 2.5:1 was asso-
ciated with less withdrawal and reduced need for rescue
opioids.

Key words: Methadone; Withdrawal; Children; Intensive
care; Prolonged opioid infusion

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Critically ill children exposed to prolonged
opioid infusions for sedation and analgesia frequently
experience withdrawal symptoms when these infusions
are discontinued. Conversion to intermittent opioids
such as methadone may reduce such withdrawal sym-
ptoms, but published studies and guidelines vary widely
in terms of dosing and timeframes for such conversions.
In this pragmatic analysis of current practice in our
institution, we observed wide variation in dosing con-
version and timeframes. We observed that it is feasible
to convert from intravenous fentanyl infusion directly
to enteral methadone within a timeframe of 48 h using
a methadone:fentanyl dose conversion ratio of appro-
ximately 2.5:1 to minimize withdrawal and reduce need
for rescue opioids.

Srinivasan V, Pung D, O’Neill SP. Conversion from prolonged
intravenous fentanyl infusion to enteral methadone in critically
ill children. World J Clin Pediatr 2017; 6(2): 110-117 Available
from: URL: http://www.wjgnet.com/2219-2808/full/v6/i2/110.
htm DOI: http://dx.doi.org/10.5409/wjcp.v6.i2.110
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INTRODUCTION

Children admitted to the pediatric intensive care unit
(PICU) are often administered opioids in the form of
intravenous (IV) infusions to provide consistent seda-
tion and analgesia titrated to effect!*?, Tolerance
and physical dependence frequently develop with
prolonged opioid use resulting in an increased likelihood
of developing a withdrawal syndrome when the IV
opioid infusion is abruptly discontinued™. Withdrawal
is frequently associated with neurologic, autonomic
and gastrointestinal abnormalities, which can result in
considerable morbidity with prolongation of PICU and
hospital length of stay*. The risk of withdrawal increases
depending on the cumulative dose exposure as well as
the duration of infusion. For example, a cumulative
IV fentanyl dose of at least 1.5 milligrams per kilogram
(mg/kg) or 5 d of 1V infusion has been associated with
a 50% risk of developing withdrawal symptoms when
the IV fentanyl infusion was rapidly weaned over 2
d™. This risk increases to 100% when the patient has
received a cumulative dose of at least 2.5 mg/kg or 9 d
of continuous IV fentanyl infusion®. Withdrawal may be
avoided or attenuated during recovery either by slowly
tapering the 1V infusion, or by conveniently substituting
the IV opioid infusion with IV or enteral opioids that are
then tapered slowly over a period of time.

Methadone is a commonly used synthetic opioid
for weaning critically ill children off IV opioid infusions
due to its long half-life, good oral bioavailability and low
cost?®®!, Methadone is available for administration in
both IV and enteral forms. However, concerns with use
of methadone include lack of pharmacokinetic data in
children, significant interactions with other drugs, and
increased risk of electrocardiographic abnormalities
such as QTe prolongation™® ™%, Importantly, there is a
lack of consensus on an optimal dosing guideline for
conversion from IV fentanyl infusions directly to enteral
methadone (or via IV methadone as an intermediate
step). A variety of studies have documented varying
methadone:fentanyl conversion ratios (ranging from
1:1 to 4:1) and time frames (ranging from 24-48 h or
longer) during conversion from IV fentanyl infusion to
enteral methadone®®***®!, We undertook this study to
describe our institutional experience with conversion
from IV fentanyl infusion directly to enteral methadone
and occurrence of withdrawal in critically ill children
exposed to prolonged IV fentanyl infusion for sedation
and analgesia. A secondary objective of our study was to
derive an optimal dose conversion ratio of methadone:
fentanyl associated with minimal withdrawal when
converting from IV fentanyl infusion completely and
directly to enteral methadone within a 48-h timeframe.

MATERIALS AND METHODS

Study design
With Institutional Review Board approval and waiver

May 8, 2017 | Volume 6 | Issue 2 |
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of informed consent, we retrospectively reviewed the
medical records of consecutive children admitted to our
PICU between November 2004 and February 2008.
Patients were included if they were between 0-18 years of
age, invasively mechanically ventilated via endotracheal
tube or tracheostomy, on 1V fentanyl infusion for more
than 5 d and started on scheduled enteral methadone
with the intention to wean off the IV fentanyl infusion
completely. Patients with “Do not attempt resuscitation”
status, burns, malignancy, chronic pain syndromes,
or prior opioid use for more than 7 d in the 3 mo
preceding admission to the PICU were excluded. Children
undergoing cardiac surgery and neonates are cared for
in other intensive care units separate from the PICU at
our institution and were not eligible for this study. The
pharmacy computer system database and the hospital
electronic health record systems were screened for
eligible subjects. Data collected included demographic
information on age, weight, gender and diagnoses,
severity of illness expressed as pediatric risk of mortality
(PRISM TII) scores!'”, daily IV fentanyl and enteral
methadone dosing, duration and adjustments of IV
fentanyl infusion, time to conversion from IV fentanyl
infusion to enteral methadone, administration of opioid
rescues, and use of concomitant sedative and analgesic
medications (benzodiazepines, barbiturates, clonidine,
acetaminophen, non-steroidal anti-inflammatory drugs,
and neuromuscular blockers).

All patients were monitored for opioid withdrawal
symptoms using the Withdrawal Assessment Tool-Version
1 (WAT-1)!"8, The WAT-1 scale ranges from 0 to 12, with
higher scores indicating more withdrawal symptoms. All
patients were also monitored for pain during this period
using pain scales depending on patient age and verbal/
cognitive capacity: We used the Face, Legs, Activity,
Cry, and Consolability scale in nonverbal children 0 to 6
years of age; the Individualized Numeric Rating Scale in
nonverbal cognitively impaired children aged 6 years or
older; and the Wong-Baker Faces Pain Scale in verbal
children aged 3 years or older'**!, All pain scales range
from 0 to 10, with higher scores indicating more pain.
Data on WAT-1 scores were abstracted at 12, 24, 48,
72, 96 h and 7 d from the time of enteral methadone
initiation. Data on overall pain scores were abstracted
during the 7 d from initial enteral methadone initiation.

Institutional practice during study period

During the study period, critically ill children requiring
invasive mechanical ventilation in our PICU were typically
provided sedation and analgesia with IV fentanyl
infusions in combination with other agents. Patients who
were administered 1V fentanyl infusions for prolonged
periods (typically greater than 5 d) were usually switched
to enteral methadone administered every 12 h during
recovery to manage dependence and prevent symptoms
of withdrawal. The initial dose conversion from IV fen-
tanyl infusion to enteral methadone was determined
by the clinical team based on clinical judgment and in
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discussion with the Clinical Pharmacist. The suggested
time frame for conversion from IV fentanyl infusion
to enteral methadone was usually 48 h, but was not
standardized and left to attending physician discretion.
After the second dose of enteral methadone, the IV
fentanyl infusion was decreased by 50%. After the third
dose of enteral methadone, the IV fentanyl infusion
was decreased by a further 50%. After the fourth dose
of enteral methadone, the IV fentanyl infusion was
typically discontinued. Thereafter, the dosing of enteral
methadone was adjusted by the attending physician
to prevent both withdrawal symptoms as well as over-
sedation.

Definitions and outcomes

Patients were classified into the rapid conversion group
(RCG) if they were completely converted from IV fen-
tanyl infusion to enteral methadone in 48 h or less, or
the slow conversion group (SCG) if they were completely
converted from IV fentanyl infusion to enteral methadone
in more than 48 h. The primary outcome measure was
difference in WAT-1 scores between the RCG and the
SCG at 7 d from the time of enteral methadone initiation.
Secondary outcome measures were differences in
WAT-1 scores at 12, 24, 48, 72 and 96 h from the time
of enteral methadone initiation, as well as overall WAT-1
and overall pain scores during the 7 d from enteral
methadone initiation. Additional secondary outcomes
included differences in ventilator free days at 28 d (VFD),
PICU length of stay (LOS), and use of daily rescue opioids
and concomitant medications.

Statistical analysis

Statistical analysis was performed using Stata 12.0
software (StataCorp, College Station, TX). Standard
descriptive summaries were reported for baseline demo-
graphic data. The data were presented as mean = SD if
normally distributed, or median with inter-quartile range
(IQR) if not normally distributed. Differences between
the RCG and the SCG were compared using the t-test
(in the case of continuous variables that were normally
distributed) or the Mann-Whitney U test (in the case of
continuous variables that were not normally distributed).
Differences in categorical variables were compared using
the 5 test or Fisher’s exact test. Differences at respective
paired time points for WAT-1 and pain scores between
the RCG and the SCG were compared using the Mann-
Whitney U test (as these were rank ordered). A P-value
of less than 0.05 was considered statistically significant.
Statistical methods and analysis were completed by
Srinivasan V (first author of the study and trained in
analytical methods via University of Pennsylvania bio-
statistics certificate courses).

RESULTS

A total of forty-two children were included in the study:
21 (50%) in the RCG and 21 (50%) in the SCG. The
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Table 1 Baseline characteristics of rapid and slow conversion groups

Rapid conversion group’ (7 = 21) Slow conversion group® (7 = 21) P value

Age, yr (median, IQR) 1(0.3-3.5) 2 (0.8-4) 0.95
Gender, male (%) 14 (67%) 9 (43%) 0.21
Weight, kg (median, IQR) 10 (5.5-14.3) 9.6 (6.8-15.9) 0.88
PRISM III (mean + SD) 114+9 16.1+9.9 0.13
Admitting diagnosis, 1 (%) 1

ARDS/ acute lung injury 14 (67) 14 (67)

Other (sepsis, seizures) 7 (33) 7 (33)
Pre-existing tracheostomy, 1 (%) 6(29) 6(29) 1
Duration of IV fentanyl infusion prior to initiation of enteral 9 (8-14) 10 (8-21) 0.48
methadone, d (median, IQR)
Maximum dose of IV fentanyl infusion, ug/kg per hour (median, 6 (4-7) 6.75 (4-9.25) 0.41
IQR)
Cumulative dose of IV fentanyl infusion at time of initiation of 1.48 (1.11-1.92) 1.64 (1.03-1.98) 0.49
enteral methadone, mg/kg (median, IQR)
Concomitant sedative and analgesic infusions 0.61

Benzodiazepine, 1 (%) 18 (86) 20 (95)

Ketamine, 1 (%) 0(0) 0(0)

Dexmedetomidine, 7 (%) 0(0) 0(0)

“Rapid conversion group: Patients who were completely converted from IV fentanyl infusion directly to enteral methadone in 48 h or less; "Slow conversion

group: Patients who were completely converted from IV fentanyl infusion directly to enteral methadone in more than 48 h. IQR: Inter-quartile range; SD:

Standard deviation; PRISM III: Pediatric risk of mortality; ARDS: Acute respiratory distress syndrome; IV: Intravenous.

median time to complete conversion from IV fentanyl
infusion to enteral methadone in the RCG was 25 h
(IQR 19-34 h), while the median time to complete
conversion in the SCG was 109 h (IQR 77-240 h, P <
0.05). Both groups were comparable with regard to
baseline characteristics, including severity of illness and
admitting diagnosis (Table 1). There were no significant
differences in initial fentanyl infusion dose, duration of
fentanyl infusion, maximum dose of fentanyl infusion or
cumulative dose of fentanyl prior to conversion between
the two groups. Table 2 compares the two groups
during conversion from IV fentanyl infusion to enteral
methadone. Compared with the SCG, the RCG required
fewer rescue opioids in the first 96 h of transition per
patient and fewer increases in the scheduled dose of
enteral methadone. There were no significant differences
between the use of concomitant sedative and analgesic
medications across the groups.

The initial daily median enteral methadone dose was
2.3 times the daily median IV fentanyl dose in the RCG,
compared to 1.1 times in the SCG (P < 0.05). Both
groups had similar daily doses of enteral methadone
at initiation (0.064 mg/kg in the RCG vs 0.06 mg/kg
in the SCG, P = 0.62) and at 48 h (0.064 mg/kg in the
RCG vs 0.076 mg/kg in the SCG, P = 0.9). However,
at 7 d, the RCG had a significantly lower daily dose of
enteral methadone compared to the SCG (0.03 mg/kg
vs 0.189 mg/kg, P = 0.02) (Figure 1A). While the RCG
experienced a consistent reduction in the IV fentanyl
infusion dropping to zero by 48 h, the SCG experienced
an increase in the IV fentanyl infusion over the first 48 h
followed by a consistent reduction thereafter (Figure 1B).

For the primary outcome measure of withdrawal at 7
d, the RCG had lower median WAT-1 scores at 7 d (2.5
vs 5, P = 0.03) (Figure 2). Secondary outcome measures
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differed between RCG and SCG for: Lower median WAT-1
scores at 48 h (5.5 vs 9, P = 0.04), lower overall median
WAT-1 scores (5 vs 6, P = 0.03) and lower overall
median pain scores (3 vs 6, P < 0.05). There were no
significant differences between RCG and SCG for median
WAT-1 scores at 12, 24, 72 and 96 h. Additionally, the
RCG had significantly more VFD and shorter PICU LOS
than the SCG (Table 3).

DISCUSSION

Critically ill children are at high risk of dependence
and withdrawal after prolonged IV opioid infusion use
for sedation and analgesia™. A significant withdrawal
syndrome may occur if IV opioid infusions are abruptly
discontinued resulting in considerable morbidity with
prolongation of intensive care dependency. Such
withdrawal may be minimized, or prevented by a variety
of methods including gradually reducing the IV opioid
infusion, conversion of the IV opioid infusion to intermittent
IV dosing, and conversion of IV opioid infusions to enteral
opioids followed by a gradual taper. In this paper, we
report the results of our institutional experience with
the conversion of IV fentanyl infusion directly to enteral
methadone and occurrence of subsequent withdrawal
in critically ill mechanically ventilated children receiving
prolonged sedation. We observed wide variability in
conversion from IV fentanyl infusion directly to enteral
methadone and variability in withdrawal in critically ill
mechanically ventilated children exposed to prolonged
sedation. We also observed that in the subset of
children who converted completely from IV fentanyl
infusion directly to enteral methadone within a period
of 48 h, a methadone:fentanyl dose conversion ratio of
approximately 2.5:1 was associated with less withdrawal
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Table 2 Conversion from intravenous fentanyl infusion to enteral methadone in rapid and slow conversion groups

Rapid conversion group® (7 = 21) Slow conversion group® (7 = 21) P value

Dose of IV fentanyl infusion at initiation of enteral 4 (3-4) 4.5 (3.6-7) 0.23
methadone, ug/kg per hour (median, IQR)
Adjustments in scheduled enteral methadone dose <0.05
Increase in dose 15 33
Decrease in dose 17 B
Opioid rescues in first 96 h of transition per patient (median, 3 (1-7) 12 (4-17) <0.05
IQR)
0-24h 0(0-2) 3 (0-4) <0.05
24-48 h 1(0-2) 2 (1-6) 0.02
48-72h 0 (0-1) 1(1-6) 0.01
72-96 h 0(0-2) 2 (0-4) 0.12
Opioid rescues in first 96 h of transition by agent <0.05
Morphine 44 51
Fentanyl 51 210
Concomitant medications administered in first 96 h of 0.6
transition (number of administrations)
Benzodiazepines 32 40
Clonidine 5 3
Barbiturates 2 8
NSAIDS 2 2
Neuromuscular blockers 4 6
Acetaminophen 9 10

“Rapid conversion group: Patients who were completely converted from IV fentanyl infusion directly to enteral methadone in 48 h or less; *Slow conversion
group: Patients who were completely converted from IV fentanyl infusion directly to enteral methadone in more than 48 h. IV: Intravenous; IQR: Inter-
quartile range; NSAIDS: Non-steroidal anti-inflammatory drugs.

Table 3 Clinical outcomes in rapid and slow conversion groups

Rapid conversion group® (7 = 21)  Slow conversion group® (7 = 21) P value
Ventilator free days at 28 d, d (median, IQR) 18 (13.3-18.8) 8 (1.5-10.8) <0.05
Total PICU length of stay, d (median, IQR) 17 (12-24) 38.5 (24.8-68.5) 0.05

“Rapid conversion group: Patients who were completely converted from IV fentanyl infusion directly to enteral methadone in 48 h or less; "Slow conversion
group: Patients who were completely converted from IV fentanyl infusion directly to enteral methadone in more than 48 h. IQR: Inter-quartile range; PICU:
Pediatric intensive care unit.

and reduced need for rescue opioids. directly to enteral methadone within a 48 h time period.
Guidelines and studies describing the conversion Table 4 provides an example using data from our
of IV opioid infusions such as fentanyl to enteral study to illustrate dose conversion using a methadone:

opioids such as methadone often differ with respect fentanyl ratio of 2.5:1. Lugo et a® also studied such a
to optimal conversion dose, frequency and duration of direct conversion to enteral methadone, but employed
therapy®®***l, One such published guideline recom- a fixed methadone dose of 0.1 mg/kg administered
mends a 1:1 dose conversion of IV fentanyl directly to enterally every 6 h for conversion regardless of IV
enteral methadone over a period of 48 h to prevent fentanyl infusion dose at the time of conversion. A direct
withdrawal from dependence!*®!. Another institutional conversion has the advantage of reducing the need for
policy recommends a 2.5:1 conversion ratio from IV continued IV access with the potential to decrease IV
fentanyl to IV methadone initially and subsequently catheter infiltrates (in the case of peripheral 1V catheters)
to enteral methadone once patients tolerate oral and catheter-associated complications such as infections
intake™. These differences in formulation and dosing of and thrombosis (in the case of central IV catheters).
methadone at the time of conversion in these studies and Additionally, such a strategy can favorably influence
guidelines serve to highlight the paucity of knowledge hospital admission costs by reducing the overall duration

and likely reflect differences in patient profiles, individual of PICU and hospital LOS as further weaning of enteral

pharmacokinetic variation, and prescriber characteristics. medications can take place either on the general floor or
Previous studies have largely focused on transitioning even at home'®,

from IV opioid infusions to IV methadone as an inter- In the present study, we included critically ill children

mediate step before transitioning over to enteral meth- with a high likelihood of opioid dependence from exposure

adone™®’?., In contrast, the findings from our study establish to IV fentanyl infusion for greater than 5 d who were
that it is feasible to convert from IV fentanyl infusion converted directly to enteral methadone. Methadone is
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Methadone dose, mg/kg (median, IQR) RCG
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0.4+
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Figure 1 Comparison of enteral methadone and intravenous fentanyl
titration across groups in the study. A: Paired comparison of median enteral
methadone doses (mg/kg) between rapid conversion group and slow conversion
group at serial time points following initiation of enteral methadone (°*P < 0.05); B:
Paired comparison of median intravenous fentanyl infusion doses (ug/kg per hour)
between rapid conversion group and slow conversion group at serial time points
following initiation of enteral methadone (°P < 0.05). RCG: Rapid conversion
group consisted of patients who were completely converted from fentanyl infusion
directly to enteral methadone in 48 h or less; SCG: Slow conversion group
consisted of patients who were completely converted from fentanyl infusion
directly to enteral methadone in more than 48 h.

a commonly used synthetic enteral opioid to prevent
opioid withdrawal in our unit due to its long mean elimi-
nation half-life in children (19 + 14 h, range 4-62 h),
good oral bioavailability (70% to 100%), low cost and
ease of tapering®®.. Even though the suggested time
frame for conversion was 48 h, we observed that only
half the patients (RCG) were converted within this time
period (in the absence of a unit specific protocol). This
variation may have been due to patient factors such
as intercurrent iliness or perception of pain that may
have influenced the conversion. Additionally, prescribing
providers might have been anxious about possible
withdrawal symptoms due to the perceived rapid time
frame for conversion. Consequently, it is possible that
in the RCG patients, providers preferentially used a
higher dose of enteral methadone during conversion
from IV fentanyl infusions to alleviate such concerns.
In the other half of patients (SCG), the approximately
1:1 dose conversion required a longer time frame for
conversion (median time of 109 h) raising the possibility
that the dose of methadone was inadequate to prevent
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WAT-1 score (median, IQR) RCG
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Figure 2 Paired comparison of median withdrawal (Withdrawal
Assessment Tool-Version 1) scores between rapid conversion group and
slow conversion group at serial time points following initiation of enteral
methadone (°P < 0.05). RCG: Rapid conversion group consisted of patients
who were completely converted from fentanyl infusion directly to enteral
methadone in 48 h or less; SCG: Slow conversion group consisted of patients
who were completely converted from fentanyl infusion directly to enteral
methadone in more than 48 h. WAT-1: Withdrawal Assessment Tool-Version 1.

withdrawal. However, several confounding factors could
have delayed the conversion in this group, including co-
morbidities and intercurrent procedures that we were
unable to adjust for in our analyses due to the small
sample size. The SCG group was also observed to have
an increase in the IV fentanyl infusion within the first 48
h of conversion, and ultimately ended up with a higher
daily median methadone dose compared with the RCG
(0.189 mg/kg vs 0.03 mg/kg, P = 0.02) which could
possibly reflect an attempt to “catch-up” with withdrawal
and pain symptoms.

Importantly, when compared to the SCG patients,
the RCG patients were observed to have more ventilator
free days and shorter PICU length of stay. While
association does not imply causation, it is possible that
the “higher” initial dose conversion in the RCG minimized
withdrawal during conversion and allowed for subsequent
progressive weaning of the enteral methadone. In
contrast, the SCG which started out with a “lower”
initial dose conversion ended up with higher doses of
enteral methadone later on that might have resulted in
over sedation and prolonged needs for intensive care
dependency. However, this observation requires further
prospective study in future trials.

The current study has several limitations. This was
a retrospective review of patients admitted to the PICU
and therefore subject to bias from incorrect or missing
documentation in the patient charts. We attempted to
overcome this limitation with rigorous definitions and
integrity of data abstraction that we established a priori.
Though it is possible that patients in the RCG happened
to experience less withdrawal symptoms and were easier
to wean compared to those in the SCG, both groups
were well balanced with regard to age, illness severity,
diagnoses, and extent of exposure to IV fentanyl infusion
(Table 1). The small sample size precluded us from
adjusting for confounding factors between the groups
to study the independent association of methadone
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Table 4 Example of dose conversion from intravenous fentanyl infusion directly to enteral methadone

A 10-kg child is receiving IV fentanyl infusion of 5 mcg/kg per hour. The total daily fentanyl dose is 5 ng/kg per hour x 24 h=1.2 mg/d

Dose conversion ratio - methadone:fentanyl = 2.5 (rounded up from 2.3 observed in rapid conversion group in the present study that converted from IV
fentanyl infusion directly to enteral methadone within 48 h) based on potency, half-life and enteral bioavailability

Total daily dose of enteral methadone = 2.5 x 1.2 mg/d = 3 mg/d administered in 2 divided doses, i.e., 1.5 mg dosed every 12 h

Following the second dose of enteral methadone, the IV fentanyl infusion is decreased by 50% to 2.5 mcg/kg per hour

Following the third dose of enteral methadone, the IV fentanyl infusion is decreased again by 50% to 1.25 mcg/kg per hour

Following the fourth dose of enteral methadone, the IV fentanyl infusion is discontinued

IV: Intravenous.

dosing in relation to other clinically relevant outcomes
such as ventilator free days and PICU length of stay.
The findings from this study cannot be extrapolated
to conversions other than from IV fentanyl infusion to
enteral methadone. The dosing of enteral methadone
was subject to the discretion of the attending physician
and the time frame for conversion from the IV infusion,
though intended to be 48 h, was variable. This study
did not take into account withdrawal symptoms from
discontinuation of other medications such as benzodia-
zepines and barbiturates. Though sedative and analgesic
regimens with ketamine and dexmedetomidine could
theoretically lower the risk for withdrawal™?>*, none
of our patients received either of these medications.
The findings of this single center study may not be
generalizable to other institutions. Incomplete cross-
tolerance could have also complicated assessment of
our findings. This phenomenon, in which exposure to
one opioid could result in some degree of tolerance with
exposure to another opioid, can be partial or complete!®.,

Though methadone is commonly prescribed to
facilitate conversion from prolonged IV opioid infusion use
and minimize opioid withdrawal in the PICU, concerns
exist that methadone may be more potent than suggested
when using equianalgesic dose conversion ratios from
opioids such as morphine®®. This is particularly notable
as a function of prior opioid dose and tends to increase
with higher doses with consequent risk for oversedation
and toxicities. A recent systematic review by Johnson et
alf*! did not find differences between weight-based and
formula-based approaches to initial methadone dosing
in critically ill children. However, this review did note that
children receiving a formula-based approach to dosing
tended to experience more instances of oversedation.
The authors concluded that the most prudent course is to
start with the lowest possible dose and titrate based on
clinical response to avoid complications®”.

In recent years, efforts to develop pathways and
protocols have emerged as rational approaches to reduce
intensive care dependency and rein in healthcare costs
by decreasing variations in treatment styles. Our results
are similar to the findings of the quality improvement
study by Abdouni et at**! who observed that employing
a standardized treatment protocol to convert from IV
fentanyl infusion to intermittent methadone dosing using
a dose conversion ratio of 2.5:1 reduced the length of
opioid exposure and minimized withdrawal symptoms.
By observing the feasibility of a direct conversion from
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IV fentanyl infusion to intermittent enteral methadone,
our study provides additional support to further refine
such clinical pathways and ultimately improve clinical
outcomes for critically ill children.

In our institutional experience, we observed wide
variation in clinician practice during conversion from IV
fentanyl infusion to enteral methadone and variability in
withdrawal in critically ill mechanically ventilated children
exposed to prolonged sedation. In those children who
converted successfully from IV fentanyl infusion to
enteral methadone within a period of 48 h, a methadone:
fentanyl dose conversion ratio of approximately 2.5:1
appeared to minimize withdrawal with less need for
rescue opioids. Further prospective studies are needed
to examine the optimum methadone:fentanyl dosing
conversion to reduce withdrawal and improve clinical,
economic and patient satisfaction outcomes.

COMMENTS

Background

Critically ill children are at high risk of dependence and withdrawal after
prolonged intravenous (IV) opioid infusion use for sedation and analgesia
which can result in considerable morbidity with prolongation of intensive
care dependency. The optimal strategy to minimize such withdrawal remains
controversial.

Research frontiers

Direct rapid conversion of IV opioid infusions to enteral medications are ideal
to minimize withdrawal as well as enhance patient satisfaction. An additional
benefit of such a strategy is to facilitate rapid transition from intensive care to
home with decrease in healthcare costs.

Innovations and breakthroughs

In contrast to most previous studies that examined conversion from IV opioid
infusions to IV methadone, this study demonstrates the feasibility of a direct
conversion from |V fentanyl infusion to enteral methadone within a 48-h time
frame with minimal withdrawal in critically ill children.

Applications

In practical terms, a direct conversion from IV fentanyl infusion to enteral
methadone over a 48-h timeframe appears to be feasible in a ratio of
methadone:fentanyl of 2.5:1 with minimal withdrawal and less need for rescue
opioids.

Terminology

FLACC: Face, Legs, Activity, Cry and Consolability; IQR: Inter-quartile range;
IV: Intravenous; LOS: Length of stay; PICU: Pediatric intensive care unit;
PRISM: Pediatric Risk of Mortality; RCG: Rapid conversion group; SCG: Slow
conversion group; WAT-1: Withdrawal Assessment Tool-version 1.

May 8,2017 | Volume 6 | Issue2 |



Srinivasan V et a/. Fentanyl to methadone conversion in PICU

Peer-review
The findings are very valuable and should be shared with the scientific
community. The corrections are shown as green highlight in the manuscript.

REFERENCES

1 Anand KJ, Arnold JH. Opioid tolerance and dependence in infants
and children. Crit Care Med 1994; 22: 334-342 [PMID: 8306694
DOI: 10.1097/00003246-199402000-00027]

2 Tobias JD. Sedation and analgesia in the pediatric intensive care
unit. Pediatr Ann 2005; 34: 636-645 [PMID: 16149752 DOI:
10.3928/0090-4481-20050801-12]

3 Ista E, van Dijk M, Gamel C, Tibboel D, de Hoog M. Withdrawal
symptoms in critically ill children after long-term administration
of sedatives and/or analgesics: a first evaluation. Crit Care Med
2008; 36: 2427-2432 [PMID: 18596622 DOI: 10.1097/CCM.0b013
€318181600d]

4  Katz R, Kelly HW, Hsi A. Prospective study on the occurrence
of withdrawal in critically ill children who receive fentanyl by
continuous infusion. Crit Care Med 1994; 22: 763-767 [PMID:
8181283 DOI: 10.1097/00003246-199405000-00009]

5 Tobias JD, Schleien CL, Haun SE. Methadone as treatment for
iatrogenic narcotic dependency in pediatric intensive care unit
patients. Crit Care Med 1990; 18: 1292-1293 [PMID: 1977561
DOI: 10.1097/00003246-199011000-00024]

6  Robertson RC, Darsey E, Fortenberry JD, Pettignano R, Hartley
G. Evaluation of an opiate-weaning protocol using methadone in
pediatric intensive care unit patients. Pediatr Crit Care Med 2000;
1: 119-123 [PMID: 12813261 DOI: 10.1097/00130478-200010000
-00005]

7 Meyer MM, Berens RJ. Efficacy of an enteral 10-day methadone
wean to prevent opioid withdrawal in fentanyl-tolerant pediatric
intensive care unit patients. Pediatr Crit Care Med 2001; 2:
329-333 [PMID: 12793936 DOI: 10.1097/00130478-200110000-0
0009]

8 Lugo RA, MacLaren R, Cash J, Pribble CG, Vernon DD. Enteral
methadone to expedite fentanyl discontinuation and prevent
opioid abstinence syndrome in the PICU. Pharmacotherapy
2001; 21: 1566-1573 [PMID: 11765307 DOI: 10.1592/phco.21.
20.1566.34471]

9 Siddappa R, Fletcher JE, Heard AM, Kielma D, Cimino M, Heard
CM. Methadone dosage for prevention of opioid withdrawal in
children. Paediatr Anaesth 2003; 13: 805-810 [PMID: 14617122
DOI: 10.1046/j.1460-9592.2003.01153.x]

10 Yang F, Tong X, McCarver DG, Hines RN, Beard DA. Population-
based analysis of methadone distribution and metabolism using
an age-dependent physiologically based pharmacokinetic model.
J Pharmacokinet Pharmacodyn 2006; 33: 485-518 [PMID:
16758333 DOI: 10.1007/s10928-006-9018-0]

11  McCance-Katz EF, Sullivan LE, Nallani S. Drug interactions
of clinical importance among the opioids, methadone and bupren-
orphine, and other frequently prescribed medications: a review.
Am J Addict 2010; 19: 4-16 [PMID: 20132117 DOI: 10.1111/
j.1521-0391.2009.00005 ]

12 Pearson EC, Woosley RL. QT prolongation and torsades de
pointes among methadone users: reports to the FDA spontaneous
reporting system. Pharmacoepidemiol Drug Saf 2005; 14: 747-753
[PMID: 15918160 DOI: 10.1002/pds.1112]

13 Tobias JD. Tolerance, withdrawal, and physical dependency
after long-term sedation and analgesia of children in the pediatric

Roishidenge ~ WJCP' | www.wjgnet.com

117

14

15

18

20

21

22

23

24

25

26

27

intensive care unit. Crit Care Med 2000; 28: 2122-2132 [PMID:
10890677 DOI: 10.1097/00003246-200006000-00079]

Abdouni R, Reyburn-Orne T, Youssef TH, Haddad IY, Gerkin
RD. Impact of a Standardized Treatment Guideline for Pediatric
Tatrogenic Opioid Dependence: A Quality Improvement Initiative.
J Pediatr Pharmacol Ther 2016; 21: 54-65 [PMID: 26997929
DOLI: 10.5863/1551-6776-21.1.54]

Bowens CD, Thompson JA, Thompson MT, Breitzka RL,
Thompson DG, Sheeran PW. A trial of methadone tapering
schedules in pediatric intensive care unit patients exposed to
prolonged sedative infusions. Pediatr Crit Care Med 2011; 12:
504-511 [PMID: 21076361 DOI: 10.1097/PCC.0b013e3181fe38f5]
Shaheen PE, Walsh D, Lasheen W, Davis MP, Lagman RL.
Opioid equianalgesic tables: are they all equally dangerous? J Pain
Symptom Manage 2009; 38: 409-417 [PMID: 19735901 DOI:
10.1016/j.jpainsymman.2009.06.004]

Pollack MM, Patel KM, Ruttimann UE. PRISM III: an updated
Pediatric Risk of Mortality score. Crit Care Med 1996; 24: 743-752
[PMID: 8706448 DOI: 10.1097/00003246-199605000-00004]
Franck LS, Harris SK, Soetenga DJ, Amling JK, Curley MA. The
Withdrawal Assessment Tool-1 (WAT-1): an assessment instrument
for monitoring opioid and benzodiazepine withdrawal symptoms in
pediatric patients. Pediatr Crit Care Med 2008; 9: 573-580 [PMID:
18838937 DOI: 10.1097/PCC.0b013e31818c8328]

Merkel S, Voepel-Lewis T, Malviya S. Pain assessment in infants
and young children: the FLACC scale. Am J Nurs 2002; 102: 55-58
[PMID: 12394307 DOI: 10.1097/00000446-200210000-00024]
Solodiuk J, Curley MA. Pain assessment in nonverbal children
with severe cognitive impairments: the Individualized Numeric
Rating Scale (INRS). J Pediatr Nurs 2003; 18: 295-299 [PMID:
12923744 DOLI: 10.1016/S0882-5963(03)00090-3]

Wong DL, Baker CM. Smiling faces as anchor for pain intensity
scales. Pain 2001; 89: 295-300 [PMID: 11291631 DOI: 10.1016/
S0304-3959(00)00375-4]

Tobias JD, Deshpande JK, Gregory DF. Outpatient therapy of
iatrogenic drug dependency following prolonged sedation in the
pediatric intensive care unit. /ntensive Care Med 1994; 20: 504-507
[PMID: 7995868 DOI: 10.1007/BF01711905]

Anand KJ, Willson DF, Berger J, Harrison R, Meert KL,
Zimmerman J, Carcillo J, Newth CJ, Prodhan P, Dean JM,
Nicholson C. Tolerance and withdrawal from prolonged opioid use
in critically ill children. Pediatrics 2010; 125: €1208-e1225 [PMID:
20403936 DOL: 10.1542/peds.2009-0489]

Golding CL, Miller JL, Gessouroun MR, Johnson PN. Ketamine
Continuous Infusions in Critically Ill Infants and Children. Ann
Pharmacother 2016; 50: 234-241 [PMID: 26783355 DOI: 10.1177
/1060028015626932]

Choe CH, Smith FL. Sedative tolerance accompanies tolerance to
the analgesic effects of fentanyl in infant rats. Pediatr Res 2000;
47:727-735 [PMID: 10832729 DOI: 10.1203/00006450-20000600
0-00008]

Lawlor PG, Turner KS, Hanson J, Bruera ED. Dose ratio
between morphine and methadone in patients with cancer pain: a
retrospective study. Cancer 1998; 82: 1167-1173 [PMID: 9506365
DOI: 10.1002/(SIC1)1097-0142(19980315)82:6<1167::AID-
CNCR23>3.0.CO; 2-3]

Johnson PN, Boyles KA, Miller JL. Selection of the initial
methadone regimen for the management of iatrogenic opioid
abstinence syndrome in critically ill children. Pharmacotherapy
2012; 32: 148-157 [PMID: 22392424 DOI: 10.1002/PHAR.1001]

P- Reviewer: Krishnan T, Sangkhathat S S- Editor: Ji FF
L- Editor: A E- Editor: Li D

May 8,2017 | Volume 6 | Issue2 |



J C

World Journal of
Clinical Pediatrics

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.5409/wicp.v6.i2.118

World ] Clin Pediatr 2017 May 8; 6(2): 118-123

ISSN 2219-2808 (online)

Retrospective Study

Significance of platelet count in children admitted with
bronchiolitis

ORIGINAL ARTICLE

Amar Al Shibli, Najla Alkuwaiti, May Hamie, Dima Abukhater, Muhammad B Noureddin, Abdulla Amri, Salwa

Al Kaabi, Aysha Al Kaabi, Mariam Harbi, Hassib Narchi

Amar Al Shibli, Najla Alkuwaiti, May Hamie, Dima Abukhater,
Muhammad B Noureddin, Abdulla Amri, Salwa Al Kaabi,
Aysha Al Kaabi, Mariam Harbi, Department of Pediatrics,
Tawam Hospital, PO Box 15258, Al Ain, United Arab Emirates

Hassib Narchi, Department of Pediatrics, College of Medicine
and Health Sciences, United Arab Emirates University, PO Box
17666, Al Ain, United Arab Emirates

Author contributions: Al Shibli A designed the research,
coordinated and supervised data collection, co-wrote and
supervised the report; Narchi H designed the study, the data
collection instruments, carried out the analyses and co-wrote the
manuscript; Hamie M, Abukhater D, Noureddin MB, Al Kaabi
S, Al Kaabi A, Alkuwaiti N and Al Harbi M collected the data,
reviewed and revised the manuscript, and approved the final
manuscript as submitted; all authors have approved the final
manuscript as submitted and agree to be accountable for all
aspects of the work.

Institutional review board statement: Institutional Review
Board (IRB 296/13) and have therefore been performed in
accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. The requirement
for consent was waived as it was a retrospective study and patient
anonymity was preserved.

Informed consent statement: As this was a retrospective
review of case notes where all the clinical data was anonymized,
patients were not required to give informed consent to the study.

Conflict-of-interest statement: The authors have no financial
relationships to disclose.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and

WJCP | www.wjgnet.com

JRaishideng®

the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Amar Al Shibli, FRCPCH, Department of
Pediatrics, Tawam Hospital, PO Box 15258, Al Ain,

United Arab Emirates. ashibli@secha.ae

Telephone: +971-3-7677444

Received: April 27, 2016
Peer-review started: May 3, 2016
First decision: July 27, 2016
Revised: October 23, 2016
Accepted: November 21, 2016
Article in press: November 22, 2016
Published online: May 8, 2017

Absitract

AIM

To determine the true prevalence of thrombocytosis
in children less than 2 years of age with bronchiolitis,
its association with risk factors, disease severity and
thromboembolic complications.

METHODS

A retrospective observational medical chart review
of 305 infants aged two years or less hospitalized for
bronchiolitis. Clinical outcomes included disease severity,
duration of hospital stay, admission to pediatric intensive
care unit, or death. They also included complications
of thrombocytosis, including thromboembolic complica-
tions such as cerebrovascular accident, acute coronary
syndrome, deep venous thrombosis, pulmonary embolus,
mesenteric thrombosis and arterial thrombosis and
also hemorrhagic complications such as bleeding (spon-
taneous hemorrhage in the skin, mucous membranes,
gastrointestinal, respiratory, or genitourinary tracts).
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RESULTS

The median age was 4.7 mo and 179 were males
(59%). Respiratory syncytial virus was isolated in 268
(84%), adenovirus in 23 (7%) and influenza virus A or
B in 13 (4%). Thrombocytosis (platelet count > 500 x
10°/L) occurred in 88 (29%; 95%CI: 24%-34%), more
commonly in younger infants with the platelet count
declining with age. There was no significant association
with the duration of illness, temperature on admission,
white blood cell count, serum C-reactive protein con-
centration, length of hospital stay or admission to the
intensive care unit. No death, thrombotic or hemorrhagic
events occurred.

CONCLUSION

Thrombocytosis is common in children under two years
of age admitted with bronchiolitis. It is not associated
with disease severity or thromboembolic complications.

Key words: Hospitalization; Bronchiolitis; Platelet count;
Thrombocytosis; Infant; Virus diseases

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is as a retrospective observational study
of platelet counts in 305 infants aged two years or less
who were hospitalized for bronchiolitis. Thrombocytosis
(platelet count > 500 x 10°/L) was frequent, occurring
in 88 (29%; 95%CI: 24%-34%), more commonly in
younger infants with the platelet count declining with
age. There was no significant association with the
duration of illness, temperature on admission, white
blood cell count, serum C-reactive protein concentration,
length of hospital stay, admission to the intensive care
unit, death, thrombotic or hemorrhagic complications.

Al Shibli A, Alkuwaiti N, Hamie M, Abukhater D, Noureddin MB,
Amri A, Al Kaabi S, Al Kaabi A, Harbi M, Narchi H. Significance
of platelet count in children admitted with bronchiolitis. World J
Clin Pediatr 2017; 6(2): 118-123 Available from: URL: http://
www.wjgnet.com/2219-2808/full/v6/i2/118.htm DOI: http://
dx.doi.org/10.5409/wjcp.v6.i2.118

INTRODUCTION

Bronchiolitis is a common viral infection in young children,
usually caused by respiratory syncytial virus (RSV),
adenovirus infections or influenza. Thrombocytosis is
uncommon and its incidence and etiology are age-depen-
dent'!), Tt is rare in childhood, especially the primary form,
which is of hemopoietic nature. More common is the
secondary form or reactive thrombocytosis, which is often
asymptomatic, transient, occurring during the course of
a viral infectious illness, mainly respiratory, and it is often
considered to be an acute phase reactant response to
cytokines production during the infection. Other causes
of reactive thrombocytosis include inflammation, anemia,
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hypoxia and some medications’®®. Cytokines [interleukins
(IL)-6, IL-8, IL-11] and thrombopoietin have been
implicated it its pathogenesis'”®,

Thrombocytosis has only occasionally been reported
in viral bronchiolitis with a prevalence ranging from as
low as 8.4% up to 38.6%, with higher platelet counts
observed in RSV positive infections®*®, This has led
to the suggestion that RSV infection should strongly
be suspected when thrombocytosis occurs in a child
with a respiratory infection™*?, Although platelets play
an important role in anti-microbial host defense, in the
induction of inflammation and tissue repair, the significance
of thrombocytosis during an infection is not fully clarified,
as it may be caused by both disease aggressiveness
and a higher capacity for host defense. For example,
in adult patients hospitalized for community- acquired
pneumonia, a high platelet count, is associated with
a significant increase risk of mortality™. Likewise, in
children with human immunodeficiency virus infection,
thrombocytosis correlates with severe disease!*.,

Reactive thrombocytosis in children is usually benign
and does not cause thromboembolic or hemorrhagic
complications, except if it occurs secondary to splenec-
tomy or if there is underlying disease with additional
thrombotic risk factors such as thalassemia™® especially
when complicated by cardiomyopathy, diabetes, hepa-
topathy and portal hypertension™”.. Neonatal throm-
bocytosis carries a higher thrombo-embolic risk in the
presence of risk factors like maternal diabetes and
antiphospholipid syndrome, septicemia, intrauterine
growth retardation or in the presence of cyanotic cardiac
malformation™®.

None of the few reports of thrombocytosis in children
with bronchiolitis has looked at its association with
risk factors, disease severity or thromboembolic com-
plications. We therefore undertook this study to ascertain
the prevalence of thrombocytosis in a cohort of children
with bronchiolitis admitted to a general pediatric ward
and analyze the risk factors associated with it. We also
looked for thromboembolic complications and analyzed
if elevated platelet count was associated with, and
therefore a marker of bronchiolitis severity.

MATERIALS AND METHODS

The study was a retrospective observational medical
chart review of all infants aged two years or less who
were hospitalized for bronchiolitis in the pediatric
departments of Tawam hospital from 1% November 2008
to 30" June 2012. Indications for admission included
worsening of the respiratory status, decreased oral
intake, requirement for oxygen or parenteral therapy.
The diagnosis of bronchiolitis was clinical and was made
by the physician on admission based on the presence of
an upper respiratory tract infection (either by history or
by cough or rhinorrhea on physical examination), tachy-
pnea, hypoxia, cough, subcostal or intercostal retractions,
nasal flaring, grunting, with wheezing and/or crackles on
auscultation. The management of admitted children was
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left to the discretion of the attending physician.

Excluded from the study were children with a bacterial
co-infection, chronic disease, immune deficiencies,
splenectomy, congenital cyanotic heart disease with
polycythemia, presence of intravascular lines, treatment
with medications associated with thrombocytosis, or with
a personal or family history of thrombophilia.

Data for each infant were extracted through review of
emergency department case files and admission notes.
Demographic data (gender, age, weight at birth, and
gestational age), duration of illness before admission and
clinical features at the time of admission including basic
observations were recorded. Maximal temperature was
defined as the highest rectal temperature recorded in
the emergency department or at the time of admission
to the pediatric department and fever was defined as a
temperature > 38 °C. Nasopharyngeal aspirates were
obtained on admission and sent for enzyme-linked im-
munoassay rapid antigen detection of RSV (Tru RSV®,
Meridian Bioscience, INC), and adenovirus, influenza A and
B, parainfluenza 1, 2 and 3 viruses (LIGHT DIAGNOSTICS™
SimulFluor® Respiratory Screen, EMD Millipore). Platelet
count was measured by CELL - DYN Sapphire (Abbot).
Thrombocytosis was defined as a platelet count of more
than 500 x 10°%L. Counts of > 500 and <X 700 x 10°/L
were considered mild thrombocytosis, levels of > 700
and < 900 x 10°/L as moderate thrombocytosis, and
levels of > 900 x 10%L as severe thrombocytosis®. For
the purpose of the study only the first platelet count
taken upon admission was used. Serum C-reactive
protein (CRP) was measured with the Beckman Coulter
DXB-800, with values < 8 mg/L defined as normal.

Clinical outcomes included disease severity as judged
by duration of hospital stay, admission to pediatric
intensive care unit (PICU), or death. They also included
complications of thrombocytosis, including thromboem-
bolic complications such as cerebrovascular accident,
acute coronary syndrome, deep venous thrombosis,
pulmonary embolus, mesenteric thrombosis and arterial
thrombosis™" and also hemorrhagic complications such
as bleeding (spontaneous hemorrhage in the skin, mucous
membranes, gastrointestinal, respiratory, or genitourinary
tracts).

Statistical analysis

The prevalence of thrombocytosis was calculated with
95% confidence intervals (CI). Proportions were com-
pared with the 4* test, or the Fisher exact test if the
number of observations was less than 5. The Student
t-test was used to compare the means of Normally
distributed variables between two groups. Analysis of
variance was used to compare the means of normally
distributed continuous variables amongst more than 2
groups, with Bonferroni adjustment for multiple com-
parisons. The odds and odds ratio of the association of
thrombocytosis with the type and number of isolated
viruses were calculated with 95%CI. For all statistical
analyses, a 2-tailed P value was considered statistically
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significant if < 0.05.

Ethical approval

Approval was granted by the Institutional Review Board
(IRB 296/13) and the requirement for consent was
waived as it was a retrospective study and patient anony-
mity was preserved.

RESULTS

Descriptive

During the study period there were 305 children admitted
for acute bronchiolitis (n = 179 males, 59%). Their
median age was 4.7 mo (mean £ SD 6.5 £ 0.2 mo,
range 7 d to 1.9 years) and 49 (18%) were bormn preterm
(< 38 completed weeks of gestation) with a median
gestational age 40 of weeks (mean 39, range 23 to 42
wk) and a median birth weight of 3000 g (median 2.9,
range 870 to 4600 g). The median duration of symptoms
prior to admission was three days (mean = SD 2.8 + 1.2,
range 0 to 6 d) and 203 children (68%) were febrile on
presentation. Mild to moderate dehydration was present
in 131 children (43%).

Virology studies were performed on all. Infection with
a single virus occurred in 291 children (95%). RSV was
isolated in 255 children (84%), adenovirus in 23 (7%)
and influenza virus A or B in 13 (4%). Co-infection of
RSV infection with adenovirus occurred in 8 (3%) and
with influenza in six (2%).

The mean + SD platelet count was 431 + 141 x 10°/L
(median 421 x 10°/L and range 51 to 1000 x 10°/L).
The platelet count was normal in 213 children (70%).
Thrombocytosis occurred in 88 children (prevalence
29%; 95%CI 24% to 34%) and it was mild in 78
children (89%), moderate in 9 (10%) and severe in one
(1%). The mean % SD of blood white cell count were 3.4
+ 1.0 x 10°/L and for serum CRP 1.4 + 1.2 mg/L.

Forty children (1.3%) required admission to PICU:
25 (63%) required continuous positive airway pressure,
mechanical ventilation was required in nine (22%) and
six children (15%) only required additional oxygen
administration. No death occurred. The mean = SD
duration of hospital stay was 4.2 £ 5.2 d (median 3,
range 1 to 54 d). No thrombotic or hemorrhagic events
were observed and no treatment for thrombocytosis was
initiated for any of the affected children.

Analysis
Thrombocytosis occurred significantly more commonly
in younger infants (mean age 4.8 mo) (Table 1). The
platelet level significantly declined with advancing age
(Figure 1) with a slope of -8.9 in a linear regression
model (P < 0.001) resulting in a decrease of approxi-
mately 9 x 10%/L in the platelet count for each month of
increase in age.

There was no significant difference in platelet count
between genders, history of prematurity, duration of
iliness prior to admission, temperature on admission,
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Table 1 Characteristics of 305 children admitted with

bronchiolitis

Platelet count (x P value
10°/L) n (%) or
mean * SD

> 500 < 500
Children 217 (71)  88(29)
Age (mo) 73+58 4841 <0.001'
Males 132 (74) 47 (26) 0.2°
Born < 38 wk gestation 32(65) 17 (35) 0.3
Duration of illness before admission (d) 29+12 27+14 0.3'
Fever (> 38 C) on admission 148 (73) 55 (27) 0.3
Blood white cell count (x 10°/L) 35+11 32+05 08
Nasopharyngeal aspirate isolate
RSV 189 (74) 66 (26)
Adenovirus 13 (57) 10 (43)
Influenza 6 (46) 7 (54) 0.09
RSV + Adenovirus 5 (62) 3(38)
RSV + Influenza 3 (50) 3 (50)
Serum CRP (mg/L) 14413 15+12 05
Duration of hospitalization (d) 4155 44+42 0.6
Admitted to intensive care 25(62) 15(37) 0.2?

"t-test; Z;[Z test or Fisher exact test if number < 5. n: Number of infants; SD:
Standard deviation; RSV: Respiratory syncytial virus; CRP: C-reactive protein.

blood white blood cell count or serum CRP concentration
(Table 1). No association with dehydration was observed
(P = 0.06). The severity of thrombocytosis was not
significantly associated with disease severity as judged
by length of hospital stay or admission to the pediatric
intensive care unit (Table 2).

There was no significant difference in platelet count
amongst the viruses identified in nasopharyngeal aspi-
rates (Table 1), nor between infection with a single or
more viruses (Table 3). Similarly, no significant difference
in the prevalence of thrombocytosis (P = 0.5) was found
between the children with RSV-positive infection (39%)
and all those who were RSV-negative (41%).

DISCUSSION

The prevalence of thrombocytosis in children under
the age of two years admitted for bronchiolitis was
29% (95%CI: 24%-34%). This contrasts sharply with
a reported prevalence of 8% in a previous reporti*!l,
The reason might be that the previous study included
all respiratory infections, including measles infection,
and not only bronchiolitis. In addition, as older children
(up to nine years) were enrolled in that review, the
lower prevalence of thrombocytosis is not surprising
because it occurs less commonly in older childrent*#**,
Another study reported a much higher prevalence (38%)
of thrombocytosis in infants with bronchiolitis, but it
enrolled only infants younger than four months where
thrombocytosis is more prevalent?, We confirms the
findings of previous reports that thrombocytosis in children
with bronchiolitis is more common in the very young and
dedlines steadily with age™**,

Although it is known that reactive thrombocytosis
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Table 2 Thrombocytosis (platelet count > 500 x 10°/L)

and number of pathogenic viruses identified on nasopharyngeal
aspirates of 305 children with bronchiolitis

No. of virus Total Thrombocytosis Odds OR (95%CI) P value
isolated n (%)

One 291 82 (28) 04 1.0 (reference) 0.2
Two 14 6 (43) 075 1.9(0.6-5.7)

n: Number of infants; OR: Odds ratio; CI: Confidence intervals.

1500 -

1000 -

500

Platelet count x 10°/L

Age (mo)

Figure 1 Platelet count by age in 305 children admitted with bronchiolitis.
Linear regression coefficient = -8.9 (P < 0.001).

during childhood infections peaks during the second week
of the illness®*”, we deliberately chose to examine the
platelet count on admission because the great majority of
children with bronchiolitis are likely to be asymptomatic or
discharged from hospital during the second week of the
infection. We found no association of thrombocytosis with
the duration of illness prior to admission, perhaps because
platelet counts are often higher in patients with long
duration of illness prior to admission™ and children are
usually admitted early in the course of bronchiolitis. We
acknowledge, however, that firm conclusions regarding
the timing of thrombocytosis in bronchiolitis cannot be
drawn because only one platelet value was recorded in
each patient and there were no serial measurements.
Our findings corroborate previous reports, which showed
that the secondary thrombocytosis is common and occurs
early in RSV infection!™!.,

In our study, thrombocytosis occurred less commonly
in RSV infections compared to other viruses. This con-
trasts with the results of a previous study which found
it more common in RSV infections and even suggested
that thrombocytosis should be considered as an early
laboratory marker of RSV infection in childhood; however
it included not only bronchiolitis, but all types of respiratory
infections, including measles, and also enrolled much
older children, up to 9 years of age!****!. Another report
found a higher prevalence of thrombocytosis in RSV
positive compared to RSV negative infections; however,
the enrolled children were much younger, under four
months of age, and no comparison with other viruses
was performed™. Another possible explanation for the
different results obtained in our study is that, unlike viral
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Table 3 Degree of thrombocytosis and outcomes in 305 children with bronchiolitis

Thrombocytosis, n (%) P value
None (7 = 217) Mild (n = 78) Moderate (# = 9) Severe (n = 1)
Mean (SD) duration of hospitalization in days 4.0 (5.5) 44 (4) 4.5 (3) 5.0 (0) 0.9'
Admission to ICU 25 (11) 25 (30) 3(33) 0 (0) 0.2*

'ANOVA with Bonferroni correction for multiple comparisons; *Fisher exact test. 7: Number of infants; Thrombocytosis: None if platelet level < 500 x 10°/L;
mild if 500 to 700 x 10°/L; moderate if 700 to < 900 x 10°/L and severe if > 900 x 10°/L. ICU: Intensive care unit.

culture and polymerase chain reaction, the rapid antigen
detection method that we have used does not have high
sensitivity for the detection of viruses other than RSV and
influenza.

Unlike earlier reports, thrombocytosis on admission
was not associated with the severity of inflammation
which we defined as the presence of fever, leukocytosis
or elevated serum CRP level. It has already been esta-
blished that, in the first week of acute infections, serum
CRP, IL-6 and thrombopoeitin levels start to rise while
the platelet count is still normal. The platelet count peaks
later; in the second and third weeks when CRP and IL-6
levels are decreasing®®. This, however, does not explain
our findings because all admissions for bronchiolitis
occurred within one week of the onset of symptoms,
when fever and serum CRP are expected to be still
elevated and the platelet count have not yet started to
rise. The exact explanation for that discrepancy remains
therefore elusive.

We did not find that disease severity, as defined by
length of hospital stay or admission to the intensive care
unit, was associated with the presence of thrombocytosis
nor its severity. This is in contrast with a previous report
that found thrombocytosis to predict mortality, but the
cause for the difference is likely to be that, unlike our
study in children with viral bronchiolitis, it had enrolled
elderly adults with community-acquired pneumonia
presumably of bacterial origin!*®’,

The absence of thromboembolic or hemorrhagic com-
plications observed in our study confirms previous reports
of reactive thrombocytosis'**?, In accordance with
published guidelines, no treatment for thrombocytosis
was initiated for any of the children in this study as none
had intravascular lines, or congenital cyanotic heart
disease associated with thrombosis, or medications
associated with thrombocytosis, or a personal or a family
history of thrombophilia®?7,

The study has some limitations. The bronchiolitis
score was not used as an index of disease severity, nor
was the platelet count measured serially throughout the
stay in hospital. Similarly, cytokines and thrombopoietin
measurements were not performed. These limitations
should be addressed in future studies.

In conclusion, secondary thrombocytosis is common
in children under two years of age admitted with bron-
chiolitis, affecting 29% of them. It is not associated with
a severe course for bronchiolitis or with thromboembolic
complications.
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Background

Bronchiolitis is a common viral infection in young children, usually caused by
respiratory syncytial virus (RSV), influenza or adenovirus infections. Secondary
or reactive thrombocytosis may occur and is considered to be an acute phase
reactant response to thrombopoietin or cytokines production during the infection
[interleukins (IL)-6, IL-8, IL-11]. Its prevalence in bronchiolitis may range from
8.4% to 38.6%, with higher platelet counts observed in RSV positive infections.
It usually does not result in thromboembolic or hemorrhagic complications.

Research frontiers

None of the few reports of thrombocytosis in children with bronchiolitis has
looked at its association with risk factors, disease severity or thromboembolic
complications. The authors therefore undertook this study to ascertain the
prevalence of thrombocytosis in a cohort of children with bronchiolitis admitted
to a general pediatric ward and analyze the risk factors associated with it. They
also looked for thromboembolic complications and analyzed if elevated platelet
count was associated with, and therefore a marker of bronchiolitis severity.

Innovations and breakthroughs

In this retrospective observational study of platelet counts in 305 infants aged
two years or less who were hospitalized for bronchiolitis, thrombocytosis (platelet
count > 500 x 10°/L) was frequent, occurring in 88 (29%; 95%Cl: 24%-34%),
more commonly in younger infants with the platelet count declining with age.
There was no significant association with the duration of illness, temperature
on admission, white blood cell count, serum C-reactive protein concentration,
length of hospital stay, admission to the intensive care unit, death, thrombotic or
hemorrhagic complications.

Applications

Thrombocytosis is common in children under two years of age admitted with
bronchiolitis. It is not associated with disease severity or thromboembolic
complications.

Terminology

Thrombocytosis is defined as a platelet count of more than 500 x 10°/L. Counts
of > 500 and << 700 x 10°/L are considered mild thrombocytosis, levels of >
700 and < 900 x 10°/L as moderate thrombocytosis, and levels of > 900 x
10°/L as severe thrombocytosis.
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The article is well written and interesting.
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Abstract

AIM

To explore and to analyze the patterns in decision-
making by pediatric gastroenterologists in managing
a child with a suspected diagnosis of functional
gallbladder disorder (FGBD).

METHODS

The questionnaire survey included a case history with
right upper quadrant pain and was sent to pediatric
gastroenterologists worldwide via an internet list server
called the PEDGI Bulletin Board.

RESULTS

Differences in decision-making among respondents in
managing this case were observed at each level of investi-
gations and management. Cholecystokinin-scintigraphy
scan (CCK-CS) was the most common investigation
followed by an endoscopy. A proton pump inhibitor was
most commonly prescribed treating the condition. The
majority of respondents considered a referral for a surgical
evaluation when CCK-CS showed a decreased gallbladder
ejection fraction (GBEF) value with biliary-type pain during
CCK injection.

CONCLUSION

CCK infusion rate in CCK-CS-CS and GBEF cut-off limits
were inconsistent throughout practices. The criteria
for a referral to a surgeon were not uniform from one
practitioner to another. A multidisciplinary team approach
with pediatric gastroenterologists and surgeons is required
guide the decision-making managing a child with sus-
pected FGBD.

Key words: Biliary dyskinesia; Functional gallbladder
disorder; Cholecystectomy; Gallbladder ejection fraction
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Core tip: Functional gallbladder disorder (FGBD) is a
common motility disorder of the gallbladder that results
in abdominal pain and cholecystectomy in children. The
guideline for managing children with FGBD is lacking.
The questionnaire survey is a pilot study performed by
pediatric gastroenterologists worldwide via the PEDGI
Bulletin Board. Differences in decision-making among
respondents in managing this case were observed at
each level of investigations and management. Since,
a different risk-benefit ratio should be considered in
children with suspected FGBD. The authors include an
algorithm for the approach in managing children with
suspected FGBD based on literature review.

Nakayuenyongsuk W, Choudry H, Yeung KA, Karnsakul W.
Decision-making patterns in managing children with suspected
biliary dyskinesia. World J Clin Pediatr 2017; 6(2): 124-131
Available from: URL: http://www.wjgnet.com/2219-2808/full/
v6/i2/124.htm DOI: http://dx.doi.org/10.5409/wjcp.v6.i2.124

INTRODUCTION

Functional gallbladder disorder (FGBD) is a motility
disorder of the gallbladder that results in decreased
contractility of the gallbladder and colicky pain in the
epigastrium and/or the right upper quadrant of the
abdomen (RUQ). FGBD was previously called chronic
acalculous cholecystitis, acalculous cholecystitis, or biliary
dyskinesia and is a diagnosis of exclusion. Therefore
further investigations are routinely performed to exclude
other hepatobiliary or gastrointestinal diseases. Experts’
consensus developed the Rome I criteria in 2006
to help guide the management of FGBD. A child who
is suspected to have FGBD must experience recurrent
episodes of the abdominal pain which last longer than
30 min without relief after bowel movements, postural
changes or antacids. The child must have normal liver
enzymes, conjugated bilirubin, and amylase/lipase. In
addition, the gallbladder must be present and other
structural diseases must be excluded. Supportive criteria
include the presence of nausea and vomiting, classic
biliary pain at RUQ that radiates to the back and/or right
infra subscapular region, and pain disturbing sleep™.

The cholecystokinin-scintigraphy scan (CCK-CS) is
generally recommended as a part of the diagnosis for
FGBD. The test reports a cut-off value of a gallbladder
ejection fraction (GBEF) The cut-off limits that are <
40% suggest the diagnosis of FGBD. FGBD is frequently
diagnosed in children with an increase in the number
of cholecystectomies performed over the past two
decades®”®. Several children with a diagnosis of FGBD,
however, did not improve their pain symptoms after
cholecystectomy™®). The study involves a questionnaire
based survey delivered to pediatric gastroenterologist
members via the PEDGI Bulletin Board, the internet list
server. The objective of the study was to explore and
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to analyze the patterns in decision-making by pediatric
gastroenterologists in managing a child with a suspected
diagnosis of FGBD.

MATERIALS AND METHODS

This is a questionnaire-based survey distributed to the
PEDGI Bulletin Board accessible by hundreds of pediatric
gastroenterologists worldwide. The PEDGI Bulletin Board
is the internet list server that encourages pediatric
gastroenterologists and hepatologists worldwide to
communicate with one another electronically. This study
was approved by the Institutional Review Board of Johns
Hopkins School of Medicine. At the beginning of the
questionnaire introduced to the GI bulletin board, only
practicing pediatric gastroenterologists (not trainees)
were requested and consented themselves to perform
the questionnaire. The survey data were collected from
the participating PEDGI Bulletin Board users who used
the network from January 2011 to April 2011. The
survey was completed and analyzed using an Internet-
based questionnaire (SurveyMonkey.com, Portland,
Oregon, United States). The questionnaire was designed
to have participants complete within 10 min.

The survey includes a case history with right upper
quadrant pain in Figure 1. The questionnaire consists of
7 questions (Q1-7) in order to observe the patterns of
decision-making in managing the case (Figure 1). Q1
gives a direction at the initial step whether the patient
should have a test or a medical or surgical treatment
performed first. Q2-3 is specifically addressed to the
types and the duration of such medical treatments. Q4 is
related to the decision-making pattems in investigations.
Q5-7 is for their criteria for the CCK-CS and GBEF cut-off
limits in diagnosing FGBD and the surgical treatment of
FGBD.

RESULTS

The questionnaire survey consisted of 7 questions. One
hundred pediatric gastroenterologists participated in
the questionnaire study. Of these 100 respondents, 99
completed all questions in the survey, and 71 informed
the location of their practices (60 in the United States and
11 from non-United States countries). For Q1 and 2, 19
respondents (19%) decided to treat the abdominal pain
with the medical treatment first. Of these 19 respondents,
13 (68.4%) selected proton pump inhibitors (PPI), 8
(42.1%) for antispasmodics, 1 (5.3%) for acetaminophen,
2 for histamine 2 receptor antagonists, 1 for probiotic,
1 for cyproheptadine as their choices of the treatment.
In Q3, 17 respondents answered the duration of such
a medical treatment. Interestingly, 2 respondents in
Q1 referred the patient to a surgeon without further
investigations or a treatment trial.

Figure 2 demonstrated the patterns in decision-
making of the ordered investigations (Q4). CCK-CS
(67.7%) and an upper endoscopy (52.9%) were the most
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A 10-year-old girl with recurrent abdominal pain at right upper quadrant for 3 mo is referred to your office by a pediatrician. The pain is
described as severe during the episodes, not relieved by bowel movement, postural changes, antacids, typically follows a meal, often lasts 30
min or longer, and radiates to the shoulder and under the tip of the right scapula. Physical exam in general is within normal limits, negative
tenderness and negative for Murphy's sign. She has mormal CBC with differential count, comprehensive metabolic panel, and stool guaiac is
negative from rectal exam. Abdominal ultrasound is completely negative by all systems.

Q2 What medication will you give before ordering
other interventions? (please check all that apply)
Responded 19

Q3 How long will you give the
medication? (month)
Responded 17

Q1 What would you do next? Responded 99
(a) Perform tests (78)

(b) Give medical treatment (19) —| () Antispasmodic (8) —> | (a) 1 mo (8)
(c) Refer to surgeon (2) (b) Proton Pump inhibitors (13) (b) 2 mo (8)
(c) Acetaminophen (1) (c) 3mo (1)

(d) NSAIDs (0)

|

(e) MRI abdomen (6)
(i) Celiac panel (2)  (j) Lactose/
(1) Stool parasite (2)

l

Q4 What tests? (please check all that apply)
Responded 68

(a) EGD (36) (b) UGI (4) (c) Colonoscopy (3) (d) Repeat U/S abdomen (15)

(f) CT abdomen (5)  (g) CCK-CS™ (46)  (h) Liver function tests (1)

fructose hydrogen breeat test (1) (k) Stool helicobacter antigen (2)

|

Q5 If you suspect functional gallbladder and order CCK-CS, what
is the GBEF cut off in your practice?
Responded 76

(a) < 35% (43)
(b) < 40% (17)
(c) Other specify (16)

l

Q6 What method is used in infusing the CCK (or its
substitute) in your facility?

Responded 63
(a) Rapld infusion over 2-3 min (49)

Q7 When will you consider laparoscopic - cholecystectomy a treatment of choice?
Responded 76

(a) If the patient has RUQ pain which is consisted with biliary pain (without the

need to perform CCK-CS) (3)

(b) If the medication fails to improve the biliary pain (6)

(c) If the GBEF is decreased PLUS biliary pain during CCK injection (48)

(d) If only biliary pain is present during CCK injection (5)

(b) Slow infusion over 30-60 min (14)

(e) If only the GBEF is decreased (5)
() If the repeated GBEF is decreased (3)

Figure 1 Questionnaire for pediatric gastroenterologists to assess a case with chronic right upper quadrant pain. EGD: Esophagogastroduodenoscopy; UGI:
Upper gastrointestinal; U/S: Ultrasonography; MRI: Magnetic resonance imaging; CCK-CS: Cholecystokininscintigraphy scan; GBEF: Gallbladde rejection fraction;

RUQ: Right upper quadrant; NSAIDs: Nonsteroidal anti-inflammatory drugs.

commonly ordered tests. Q5-7 indicated the techniques
used for CCK-CS and the criteria of GBEF cut-off limits
used to diagnose FGBD and to refer to a surgeon for
an evaluation for cholecystectomy at their institutions.
Seventy-six respondents responded to Q6 and different
GBEF cutoff limits were used, < 35% in 43 respondents
(56.6%), < 40% in 17 respondents (22.4%), < 30% in
3 respondents, < 25% in 3 respondents, < 20% in one
respondent, and < 15% in one respondent (Table 1). Four
respondents did not know the GBEF cutoff limits at their
institutions. Three respondents decided not to order or to
avoid ordering the test, and one respondent did not have
the test available at the institution.

Sixty-three respondents responded to Q6. While 49
respondents (77.8%) selected CCK-CS with the rapid
infusion of CCK over 2-3 min as the technique used
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at their institutions, 14 (22.2%) chose the CCK-CS
technique with the slow infusion over 30-60 min. For
Q7, the majority of respondents (64%) responded by
referring the patient to a surgeon with the criteria when
both the GBEF value was abnormal and similar types of
abdominal pain was reproduced during the infusion of
CCK (Figure 3).

DISCUSSION

Several GI diseases and biliary disorders share a similar
type of abdominal pain. The presentation of this clinical
vignette described in the questionnaire is consistent with
FGBD defined by the ROME 1l criteria when all known
causes of epigastric and/or RUQ pain are excluded!.
The patterns in decision-making in managing the case
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67.5%

54.5%

20.8%

10.4%

13.0%

7.8%

5.2% \ ] 5.2%

CCK-cholecyntigraphy EGD MRI

(HIDA scan)

Repeat abdominal
ultrasonogram

CT scan Colonoscopy UGI study Other

Figure 2 Investigations for chronic right upper quadrant pain in children. CCK: Cholecystokinin; EGD: Esophagogastroduodenoscopy; MRI: Magnetic
resonance imaging; CT: Computed tomography; UGI: Upper gastrointestinal; HIDA: Hepatobiliary iminodiacetic acid.

If GBEF is decreased + biliary pain during CCK injection

If only GBEF is decreased

If medication fail to improve the biliary pain

If only biliary pain is present during CCK injection

If the patient has RUQ pain which is consistent with biliary pain
without the need to perform CCK-CS

If the repeated GBEF is decreased

I

Total responses = 76

Figure 3 Criteria for referral for a surgical evaluation. GBEF: Gallbladder
ejection fraction; CCK: Cholecystokinin; RUQ: Right upper quadrant; CCK-CS:
Cholecystokinin scintigraphy scan.

throughout the questionnaire were quite heterogeneous.
Interestingly, 2 respondents in Q1 referred the patient to
a surgeon without investigations or any treatment trial.
Our questionnaire survey demonstrated that only 19% of
respondents prescribed PPI or histamine 2 antagonists as
the first-line management before performing the tests.
This is contrary to other studies which have documented
that it is @ common practice to empirically treat gastro-
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Table 1 Cut-off limits of gallbladder ejection fraction used

for criteria to diagnose abnormal gallbladder function

% GBEF used as cut-off Responses’
<40% 17 (20)
<35% 47 (55)
<30% 3(3.5)
<25% 4(47)
<16% 2(24)
<15% 2(24)

"Number of responses for each gallbladder ejection fraction cutoff.

esophageal reflux disease (GERD) and acid peptic
disease prior to extensive investigations in such a case
when FGBD is suspected™®. Few case reports described
children with the diagnosis of FGBD who had a complete
relief from the abdominal pain when a PPI was used™**!,

Further investigations were preferred in the majority
of the respondents. It is generally recommended that
hepatic function panel (AST, ALT, serum total and direct
bilirubin, alkaline phosphatase) amylase/lipase, and
an abdominal ultrasound be performed first to exclude
hepatobiliary and pancreatic disorders™**?. Since these
tests were already ordered and reported as normal in
the clinical vignette, CCK-CS and an upper endoscopy
were observed to be the most common tests chosen
by respondents. Biopsies of the proximal GI tract are
generally considered even in the absence of gross
endoscopic findings as microscopic endoscopic findings
may reveal features of eosinophilic gastritis, GERD,
Helicobacter pylori (H. pylori) infection, Crohn’s disease,
and villus atrophy in those who were also diagnosed
with FGBD!"***** to look for mucosal disease that might
explain symptoms or improve symptoms when treated.
For example, Tutel'ian et ai™® reported chronic atrophic
gastritis from H. pylori infection in patients who were
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diagnosed with FGBD prior to the endoscopy. A series
of children with FGBD were later diagnosed with Crohn’s
disease, hiatal hernia, and cyclic vomiting™®, and with
esophagitis, H. pylori infection and duodenitis after
cholecystectomy™”). Children with functional constipation
had a significant impairment of the gallbladder motility"®.
Colonoscopy is usually not required in the absence of lower
abdominal pain, chronic diarrhea, or hematochezia™***,
As such, an upper endoscopy is recommended to exclude
any possible GI diseases which can cause epigastric
and/or RUQ pain before a referral to a surgeon for chole-
cystectomy.

Currently there is no definite guideline in the pediatric
practice regarding the appropriate technique performed
for the CCK infusion rate and the GBEF cut-off limit
in performing a CCK-CS study. The diversity of the
techniques used for CCK-CS was observed not only from
the questionnaire responses, but experts’ consensus
such as ROME Il committee and the Gastrointestinal
Council of the Society of Nuclear Medicine. This 3-min
rapid CCK infusion and the GBEF cut off limit of < 35%
were most common choices in Q5 and Q6, respectively.
This rapid infusion technique in theory can cause a
severe degree of abdominal pain and nausea in even a
healthy subject. This is explained by the fact that CCK
slows down the gastric emptying®*”. According to the
ROME 1II criteria a continuous intravenous CCK infusion
over a 30-min period is preferred!. On the contrary, the
new guidelines from the Gastrointestinal Council of the
Society of Nuclear Medicine recommend the slow infusion
rate of the CCK over 60 min as the standard test in adults
since this technique generates a physiologic response for
contraction of the gallbladder and discourage the evidence
of the reproducible pain after the CCK injection during
CCK-CS!™?Y,

Table 1 demonstrates the difference in the GBEF cut-
off limits used as the criteria to guide the management
for the questionnaire respondents. The GBEF cut-off limits
vary from 15%-40% in the reported literature depending
on the CCK-CS techniques™. When GBEF cut-off limit
< 35% was used as an indication for the surgery, the
resolution of symptoms was more frequently observed
after cholecystectomy in several studies®®®, The cut-off
limit of < 15%, however, was a better predictor for a
successful outcome after cholecystectomy with negative
predictive value of 85%', A CCK provocation test is even
a better predictor for the resolution of symptoms than
using GBEF cut-off limits alone after cholecystectomy™*.
Reproducible symptoms during the CCK stimulation
predicted a symptom relief after cholecystectomy!®>2°,
Lyons et af*”? reported that 44 children with a stringent
GBEF cut-off limit at < 11% had the resolution of sym-
ptoms after cholecystectomy. However, there was no
observed correlation between with GBEF and the presence
of gallbladder pathology such as cholecystitis, cholelithiasis,
or cholesterolosis'®. Interestingly Mahida et a/*®
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reported symptom improvement by 82% of 153 children
with FGBD undergoing cholecystectomy regardless of
their GBEF values. The number of children undergoing
cholecystectomy has increased in the past decade!®.
Despite the safety of laparoscopic cholecystectomy in
children, a different risk-benefit ratio should be considered
in children with suspected FGBD"".. Figure 4 demonstrates
the algorithm for the best practice management approach
in children with suspected FGBD based on our literature
review.

There are several limitations in the present study. The
sample size was small. Since the survey was voluntary,
the respondents were able to withdraw the participation
of the questionnaire at any time. Although almost all
respondents (99%) responded to Q1, the ambiguity of
the question may attribute to the lower response rates
in the subsequent questions. FGBD may not be the
condition that respondents regularly treat and, therefore,
up to one-third of respondents skipped questions without
explanations or comments. For Q5-6, the information on
the techniques and the cut-off limits of the CCK-CS used
at their institutions may not have been available at the
time they performed the questionnaire survey.

In our opinion, none of these diagnostic modalities are
absolute for the diagnosis of FGBD. Ultimately the decision
making for cholecystectomy should be individualized as
some patients suffer from severe abdominal pain despite
aggressive pain management (Figure 4). As many
children who are diagnosed with FGBD may experience
recurrent symptoms even after cholecystectomy, they
often follow-up with pediatric gastroenterologists or
pediatricians and do not have a follow-up with the
surgeons who operate them. Therefore, we recommend
them to continue to follow-up with both pediatric gastro-
enterologists and surgeons as a team approach that if
no recurrent symptoms are observed within a year after
cholecystectomy, the diagnosis of FDGB is confirmed.

The diversity in decision-making among pediatric
gastroenterologist respondents in managing the child
in this clinical vignette was observed at each step in the
questionnaire. A decision for the referral for cholecystec-
tomy should be carefully considered on an individual
case basis. The consensus for the guideline in managing
children with FGBD may require a team effort among
pediatric gastroenterologists, nuclear medicine radiologists,
and pediatric surgeons. A multicenter clinical trial study
may be necessary to collect longitudinal data in children
diagnosed with FGBD. This collaboration will likely shed
light on the natural history and the outcome of FGBD in
children.
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Criteria for the diagnosis of FGDB
(1) Episodes of RUQ or cpigastric pain with all of the following:

The pain that lasts 30 min or longer, recurrent in nature (may not be daily)

The pain that rises to a steady level

The pain is significant cnough to disturb the patient's daily activities or results an energency department visit

The pain is not relieved by bowel movements, postural change, or antacids

(2) Gallbladder is present

(3) Other structural diaease that could explain the pain symptoms are all excluded

(4) Normal hepatic enzymes, conjugated bilirubin, and amylase/lipase

(5) Abnormal GBEF (< 40%) after a continous infusion of a CCK analog over a 30-min period

Supportive criteria

Pain with one or more of the following: Nausea and vomiting, radiation to the back or right subseapular area, awakening from sleep related to pain

FGBD is suspected

l

|

v
Abdominal ultrasound ‘

Treatment
trial with PPI

If functional constipation
is suspected, treat

Suspect proximal
gastrointestinal pathology

Presence of abnormal diameter of bile
ducts, biliary sludge and microlithiasis

constipation appropriately

‘ Upper endoscopy with biopsies ‘

Negative response

Negative results

MRCP or ERCPI
Negative results

Patient's factors that may be considered for surgical evaluation
Reproducible pain during CCK infusion
Protracted significant pain despite conventional pain treatment
Poor quality of life due to severe or persistent abdominal pain

Referral to
pediatric surgeon
for evaluation and
cholecystectomy

Absence of recurrent
pain > 12 mo after
cholecystectomy

Confirmed diagnosis
of FGBD

—

Frequent use of narcotic agents to control abdominal pain

Figure 4 Algorithm for the best practice management approach in children with suspected functional gallbladder disorder (Ref. [1]). FGBD: Functional
gallbladder disorder; RUQ: Right upper quadrant; GBEF: Gall bladder ejection fraction; CCK: Cholecystokinin; GERD: Gastroesophageal reflux disease; PPI: Proton
pump inhibitor; MRCP: Magnetic resonance cholangipancreatography; ERCP: Endoscopic retrograde cholangipancreatography.

COMMENTS

Background

The rates of cholecystectomy are rising in children with biliary dyskinesia or
functional gallbladder disorder (FGBD). FGBD may be a cause of chronic
abdominal pain in children and is a diagnosis of exclusion. Not all symptoms
of FGBD disappeared after cholecystectomy. The cut-off limits of a gallbladder
ejection fraction of the cholecystokinin-scintigraphy scan (CCK-CS) are the
key to the diagnosis and the treatment of FGBD. This raises the issue of the
accurate interpretation of the test and a thorough investigation to exclude
other diseases which have symptoms like FGBD. The study was to explore
discrepancy of decision making in managing a case, a scenario of which is
consistent with FGBD.

Research frontiers

FGBD is one of the challenging fields in pediatrics. Symptoms overlap
with other gastrointestinal disorders such as functional dyspepsia. Limited
knowledge in this field of FGBD in children is currently observed in the current
medical literature for interpretation of safety and efficacy of the investigations
and treatment. There is a need for consensus on symptoms defining and a test
diagnosing FGBD. Children with suspected FGBD requires a team approach
with primary care physicians, pediatric gastroenterologists and pediatric
surgeons. A multicenter randomized controlled trial study comparing medical
vs surgical management will shed more light to understand the natural history
of FGBD. There are several limitations in the present study. The sample size
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was small. Since the survey was voluntary, the respondents were able to
withdraw the participation of the questionnaire at any time. Although almost
all respondents (99%) responded to Q1, the ambiguity of the question may
attribute to the lower response rates in the subsequent questions. FGBD may
not be the condition that respondents regularly treat and, therefore, up to one-
third of respondents skipped questions without explanations or comments.
For Q5-6, the information on the techniques and the cut-off limits of the CCK-
CS used at their institutions may not have been available at the time they
performed the questionnaire survey.

Innovations and breakthroughs

This is a pilot study using questionnaire-based survey distributed to the
PEDGI Bulletin Board accessible by hundreds of pediatric gastroenterologists
worldwide. The PEDGI Bulletin Board is the internet list server that encourages
pediatric gastroenterologists and hepatologists worldwide to communicate with
one another electronically. FGBD is a rare disease in children. A multicenter
randomized controlled trial study comparing medical vs surgical management
is possible and feasible through the collaborations of a broader network among
primary care physicians, pediatric gastroenterologists and pediatric surgeons.

Applications

Based on the result from this study, there was diversity in decision-making
among pediatric gastroenterologist respondents in managing the child in this
clinical vignette was observed at each step in the questionnaire. A decision for
the referral for cholecystectomy should be carefully considered on an individual
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case basis.

Terminology
Other terminologies that may be used to describe FGBD include biliary
dyskinesia or acalculous cholecystitis.

Peer-review

The authors have nicely summarized the problems clinicians face with the
diagnosis and treatment of Functional Gallbladder Disorder. They have also
proposed a guideline to help clinicians manage this condition. The publication
will aid clinicians in their practice and hence should proceed. It does require
minor revisions as it needs to be highlighted that cholecystectomy is ultimately
a decision that needs to be made after thorough counseling of the family by the
pediatric surgeon.
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