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Abstract
Objectives: Critically ill children and neonates routinely receive opioids and benzodiazepines for analgesia and
sedation in the pediatric intensive care unit (PICU). Prolonged opioid therapy often leads to tolerance and is associated
with iatrogenic withdrawal syndrome (IWS) when opioids and benzodiazepines are weaned or discontinued. Our aim is
to study the incidence, risk factors and outcome of IWS following use of a withdrawal protocol on pediatric patients after
cardiac surgery.
Methods: We prospectively included all postoperative pediatric patients who developed IWS after being assessed by
the Withdrawal Assessment Tool (WAT-1) score (WAT-1 ≥3) over 9 months. Unit-based withdrawal management protocol was used. Patients' outcome was assessed by duration to be completely off opioids & benzodiazepines, duration of
ICU and hospital stay.
Results: 432 patients were admitted during study period. Twenty-ﬁve patients (5.8%) developed IWS. The mean age
and weight was 15.2 ± 31.4 months and 6.9 ± 7.7 kg respectively. 60% of the patients who developed withdrawal had
previous ICU admissions with exposure to sedatives. In the IWS group the mean duration for use of fentanyl and
midazolam infusions was 8.6 ± 5.1 & 9.6 ± 6 days respectively. The mean duration for completely stopping opioids and
benzodiazepines was 17.2 ± 6.8 days with a mean duration of ventilation of 8.2 ± 6.8 days. The mean ICU and hospital
stay for IWS patients was 26.5 ± 21.9 and 31.5 ± 21.1 days respectively. There was statistically signiﬁcant difference in
the mean age, and duration of use of sedatives between the patients who developed IWS and those who did not with Pvalue of 0.003 and < 0.0001, respectively.
Conclusion: Withdrawal syndrome after pediatric cardiac surgery prolongs ICU and hospital stay. Our data shows that
younger age and longer duration for use of sedatives seem to be risk factors for developing withdrawal syndrome.
Keywords: Iatrogenic withdrawal, Pediatric cardiac intensive care, Incidence, Outcome, Middle East

1. Introduction

I

n the pediatric critical care setting, children and
neonates routinely receive opioids and benzodiazepines for analgesia and sedation to reduce pain,
anxiety and stress responses; retain monitoring devices; facilitate ventilation; and avoid secondary
complications.

Prolonged opioid and benzodiazepine therapy
often leads to tolerance, seen as diminishing pharmacologic effects, and is associated with withdrawal
symptoms when discontinued. A syndrome
observed in many of these pediatric patients is Iatrogenic Withdrawal Syndrome (IWS). IWS has been
observed to have a sudden appearance in patients
exposed to opioids for a prolonged period; although
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it can be seen as short as three days, or at large
cumulative doses once treatment is discontinued
abruptly. IWS is responsible for prolonging the
hospitalization period, the Pediatric Intensive Care
Unit (PICU) stay as well as mechanical ventilation
duration [1,2].
Studies suggest that IWS occurs in 35e64% of
patients admitted to PICU [1,3]. A recent clinical
report by the American Academy of Pediatrics
(AAP) predicts that the likelihood of developing
withdrawal syndrome in patients exposed to 7 days
of fentanyl therapy or a threshold at 2 mg/kg of
fentanyl exposure, is likely to fall between 50 and
100% [4].
Knowledge of possible risk factors for the development of IWS allows healthcare providers to
identify patients at risk. Published studies cite a
diverse array of information describing incidences
and inﬂuencing factors for the development of
withdrawal symptoms after long use of benzodiazepines or opioids in children [1,5,6]. Known risk
factors associated with IWS include the cumulative
dose of opioid or benzodiazepine administered, the
duration of treatment with these analgesics or sedatives, regular exposure for 72 h or longer, younger
age and the duration of extracorporeal membrane
oxygenation (ECMO). Other risk factors include
cognitive impairment [7].
Lack of a uniﬁed weaning protocol for withdrawal
assessment and standardized practices with clear
guidelines are crucial missing steps that, if implemented correctly, can drastically reduce the prevalence of IWS. Therefore, a unit-based withdrawal
management protocol was formulated in our study
and approved for use in the cardiac surgical intensive care unit (CSICU) for children.
Information about incidence and risk factors for
sedation withdrawal in pediatric cardiac ICU patients is limited, especially in the Middle East region. Therefore, we decided to prospectively study
the incidence, possible risk factors and outcomes of
using our newly developed unit-based withdrawal
management protocol on this very special patient
population. To our knowledge, this was the ﬁrst
prospective study about withdrawal syndrome
conducted in the Middle East.

2. Materials and methods
We conducted a non-randomized, prospective,
single-center observational study between December
2016 and September 2017. Our pediatric CSICU has

Abbreviations
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CSICU
RACHS
IQR

Pediatric intensive care unit
Withdrawal Assessment Tool
iatrogenic withdrawal syndrome
extracorporeal membrane oxygenation
cardiac surgical intensive care unit
Risk Adjustment for Congenital Heart Surgery
interquartile ranges

12 beds and cares for a variety of congenital cardiac
surgery and heart transplant patients. Ethical
approval was obtained from the Institutional Review
Board (IRB) committee at our hospital.
As per our unit pain and sedation management
protocol, all patients received fentanyl infusions and
intravenous (IV) paracetamol for analgesia until
they were extubated and midazolam infusions for
sedation as needed.
We used the Withdrawal Assessment Tool
(WAT-1), which is a validated assessment tool for
monitoring withdrawal symptoms in pediatric
patients. The assessment tool consists of 11 items,
which are determined by the following components: a review of the patient's records for the past
12 h, a direct observation of the patient for 2 min,
a patient assessment using a progressive stimulus
and an assessment of post-stimulus recovery [2].
Scores range from 0 to 12 and a score 3 indicates
the presence of signs or symptoms of IWS. As
deﬁned by the WAT-1 ofﬁcial deﬁnition, the
severity of IWS is higher as the score increases.
In our study, WAT-1 assessment was started on
the ﬁrst day of weaning patients who were ready to
commence a weaning plan and who had received
opioids and/or benzodiazepines by infusion, intermittent IV dosing or oral dosing for prolonged periods (e.g. 5 days or more) or those who showed
clinical signs of IWS. A baseline withdrawal score
using the WAT-1 before any of the drugs are
weaned was obtained. Scores were done every 12 h
at 06:00 and 18:00 h - based on bedside staff clinical
judgement, the need for more frequent assessment
was done - increased to every 4e8 h (h) if withdrawal scores were high and intervention was
required. IWS was diagnosed when WAT-1 scores
were 3 on 2 consecutive assessments and after
exclusion of pain or other pathological factors then
the unit-based protocol was used as a guideline to
direct the weaning plan (Appendix I). Morphine and
lorazepam were our choices for the enteral

substitutes of IV fentanyl and midazolam. Use of
dexmedetomidine as an adjuvant to facilitate
weaning was left to the intensivist choice and
bedside evaluation. Scoring was continued for 48 h
after the last opioid/benzodiazepine was administered (Appendix II).
Inclusion criteria for enrollment was deﬁned as all
pediatric patients under 18 years of age with heart
disease admitted to CSICU after cardiac surgery
who developed IWS after being assessed by WAT-1
score and required to be on sedation weaning plan
(as per unit protocol). Exclusion criteria was deﬁned
as patients who did not have IWS after being
assessed by WAT-1 score and patients with known
neurological disorders or complications, e.g. seizure
disorders.
In addition to collection of demographic variables
such as age, gender, and weight, we also included
potential risk factors including number of ICU days
at diagnosis of IWS, previous ICU admissions,
complexity of surgery done using Risk Adjustment
for Congenital Heart Surgery (RACHS) score and
the total duration they were on opioids and
benzodiazepines.
Primary outcome was deﬁned as the time taken for
patients to fully recover from IWS as evidenced by
being completely off opioids and benzodiazepines
and WAT-1 score <3 for 72 h following cessation of all
medications. Secondary outcomes were deﬁned as
mean duration of mechanical ventilation as well as
ICU and hospital stays, and were compared between
the group who developed IWS and those who didn't
during the same study period.
For statistical analysis, the SPSS version 19.0
statistical package was used to analyze the results.
Statistical signiﬁcance was deﬁned as P < 0.05. The
statistical analyses were primarily focused on estimation and for this purpose 95% conﬁdence intervals
for incidence, mean time to wean-off, mean time to
ICU discharge, etc. were calculated. Chi-square test
was carried out for categorical variables.

Table 1. Prominent risk factors seen in our admitted patients with
conﬁrmed IWS.
Factor

IWS group
(N ¼ 25)

Non-IWS
group
(N ¼ 407)

P-value

Age (months)
Weight (kg)
Mean duration of
fentanyl (days)
Mean duration of
midazolam (days)

15.2 ± 31.4
6.9 ± 7.7
8.6 ± 5.1

35.2 ± 45.1
9.8 ± 8.4
3.2 ± 2.1

0.003
0.09
<0.0001

9.7 ± 6.1

2±1

<0.0001

time of diagnosis was 6, with a 95% conﬁdence interval of 0.71. Fifteen patients (60%) in the IWS
group had a previous history of ICU admissions and
13 (52%) of patients with IWS were in RACHS 4
category (Fig. 1). The mean duration for use of
fentanyl and midazolam infusions in the IWS group
was 8.6 ± 5.1 days and 9.7 ± 6.1 days respectively
while the mean duration of oral morphine and lorazepam use was 8.6 ± 3.4 days.
The mean cumulative doses of fentanyl and midazolam in the IWS group were 10.08 mg and 504 mg,
respectively. The mean cumulative doses of fentanyl
and midazolam in the non-IWS group were 3.84 mg
and 48 mg, respectively. Withdrawal management
algorithms (Appendix I & II) were used for all patients included in the study. One patient (4%) was

3. Results
432 patients were admitted during study period.
25 patients (5.8%) developed IWS. Of those, 13 (52%)
were males and 12 (48%) were females.
The mean age and weight for patients with IWS
was 15.2 ± 31.4 months and 6.9 ± 7.7 kg respectively.
The median age and weight for patients with IWS
was 4.5 months (IQR 9.75 months) and 4.25 kg (IQR
3.15 kg) respectively. Age and duration of use of
fentanyl and midazolam were signiﬁcantly different
between the group who developed IWS and those
who did not (Table 1). The mean WAT-1 score at the

Fig. 1. Risk adjustment for congenital heart surgery and its relation to
our patients with latrogenic withdrawal syndrome.
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Table 2. ICU days at diagnosis for patients with conﬁrmed IWS.
Category

Number of patients (%)

<4 days
4e10 days
>10 days
Median ICU days at diagnosis

1 (4%)
18 (72%)
6 (24%)
7

Table 3. Outcomes for patients with conﬁrmed IWS.
Item

Mean ± SD (days)

Duration for completely stopping
opioids and benzodiazepines
Duration of ventilation
ICU stay
Hospital stay

17.2 ± 6.8
8.2 ± 6.8
26.5 ± 21.9
31.5 ± 21.1

diagnosed with IWS at 3 days following ICU
admission and 72% had IWS between 4 and 10 days
of ICU stay (Table 2). Dexmedetomidine was used
for 10 patients (40%) with median duration of 1 day
(range 1e5 days). The average number of days for
completely stopping opioids and benzodiazepines
(both IV and oral) in the IWS group was 17.2 ± 6.8
days (Table 3). None of our patients was discharged
home on opioids or benzodiazepines. The duration
of ventilation was 8.2 ± 6.8 days in the IWS group in
comparison to 1.3 ± 3 days in the non-IWS group
(p < 0.0001). Median duration of ventilation in IWS
group was 7 days (IQR 4.25 days). The median
hospital stay for IWS group was 20 days (IQR 17
days). There was a statistically signiﬁcant difference
between ICU and hospital stays between IWS and
non-IWS groups with a P-value of <0.0001 (Fig. 2).
Figure 1 illustrates our patients with Iatrogenic
Withdrawal Syndrome in relation to the Risk

Adjustment for Congenital Heart Surgery (RACHS).
The ﬁgure demonstrates that patients with RACHS
score 4 represented 50% of our patients with IWS,
while RACHS scores of 1, 2, and 3 combined made
up the other 50% of patients. A Chi-square test done
demonstrated that patients with a RACHS score of 4
have a statistically signiﬁcant risk of developing IWS
(p ¼ 0.046).
Table 1 demonstrates some of the variables we
assessed as potential risk factors for developing IWS
in our study. These risk factors include age, weight,
as well as mean durations of fentanyl and midazolam use. Infants who developed IWS had a mean
age of 15.2 ± 31.4 months, which was signiﬁcantly
lower than infants in the non-IWS group at
35.2 ± 45.1 months (p-value ¼ 0.003). There was no
statistically signiﬁcant difference in the weight between the 2 groups (6.9 ± 7.7 kg vs 9.8 ± 8.4 kg). The
mean duration of fentanyl use was signiﬁcantly
higher in the IWS group (8.6 ± 5.1 days) as opposed
to the non-IWS group (3.2 ± 2.1 days), giving a pvalue of <0.0001. In addition, the mean duration of
midazolam use was also signiﬁcantly higher in the
IWS group (9.7 ± 6.1 days) as opposed to the nonIWS group (2 ± 1 days), giving a p-value of <0.0001.
Table 2 demonstrates the number of ICU days at
diagnosis for patients with conﬁrmed IWS. 18 patients (72%) were diagnosed with IWS between 4
and 10 days of ICU admission. 6 patients (24%) were
diagnosed more than 10 days after admission, and
only 1 patient (4%) was diagnosed at 3 days
following ICU admission. The median ICU days at
diagnosis for all patients was 7.
Table 3 demonstrates the outcomes for patients
with conﬁrmed IWS in our study. The mean number of days for completely stopping opioids and
benzodiazepines was 17.2 ± 6.8 days. The mean

Fig. 2. Comparison of outcomes and results in all patients with conﬁrmed IWS vs non-IWS group. p < 0.0001 for all subgroups.

number of days patients were on mechanical
ventilation was 8.2 ± 6.8 days. The mean number of
days for the ICU stay was 26.5 ± 21.9 days. Lastly,
the mean number of days for total hospital stay was
31.5 ± 21.1 days.
Figure 2 illustrates the outcomes for patients with
conﬁrmed IWS in comparison to the non-IWS
group. The mean number of days for the duration of
ventilation was signiﬁcantly higher in the IWS
group (8.2 ± 6.8 days) in comparison to 1.3 ± 3 days
in the non-IWS group (p < 0.0001). The mean
number of days for the ICU stay was 26.5 ± 21.9 days
in the IWS group as opposed to 5 ± 5 days in the
non-IWS group (p < 0.0001). Lastly, the mean
number of days for total hospital stay was also
signiﬁcantly higher in the IWS group (31.5 ± 21.1
days) in comparison to 10 ± 9 days in the non-IWS
group (p < 0.0001).

4. Discussion
The incidence of IWS is variable in the literature,
with numbers ranging from 35% to 64% [1,3]. In an
observational multicenter study done in 2017 by
Amigoni et al., withdrawal syndrome was recognized in 64% of PICU patients (n ¼ 113) who
received sedation and analgesia for at least ﬁve days
[3]. There is a lack in universal guidelines of clinical
practice in preventing IWS in critically ill patients,
which may explain the variable prevalence rates of
the disease. Further complicating matters are the
unclear signs and symptoms of IWS. The signs and
symptoms caused by IWS as a result of overmedication overlap with the signs and symptoms of
agitation caused by mechanical ventilation, illness
and inadequate pain medication [4].
Patients with heart diseases admitted to PICU
after cardiac surgery are a special category of patients. Many of them require multiple PICU admissions during their lifetimes and get exposed to
opioids and benzodiazepines for multiple reasons,
consequently predisposing them to IWS. However,
the incidence of IWS in this group of patients is
poorly studied. We could not appreciate any studies
commenting on this group in the literature, but it is
known that patients with comorbidities are more
likely to develop IWS, as reduced clearance of
medications may occur due to organ failure or
inﬂammation [8]. This is why we aimed to look at
our local incidence, especially since this study was
done a couple of years following our application of a
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strict pain and sedation management protocol in our
pediatric cardiac surgical ICU [9].
We reported an incidence of 5.8%, which is significantly less than what has been previously reported in
literature. This may be due to the fact that using the
pain management protocol has alerted us for using
appropriate doses over a shorter duration. Furthermore, we began to monitor for IWS after a relatively
short period (3 days) of continuous benzodiazepine/
opioid therapy. The use of a standardized rescue
protocol is imperative in reducing the duration of
therapy and IWS symptoms [4]. Therefore, we speculate that our lower IWS incidence could be due to a
strict pain and sedation regimen and the use of a
standardized assessment and weaning protocol in
addition to regular education and raising team
awareness regarding the assessments and consequences of using pain medications and IWS.
The cohort of patients studied was representative
of the normal pediatric cardiac surgery ICU in terms
of age range, gender distribution, and types of diagnoses. However, the mean age for infants in the
IWS group was signiﬁcantly lower than infants in
the non-IWS group. This ﬁnding is similar to that
reported by Best et al., in 2017 [10], which concluded
that children younger than 6 months are most likely
to develop IWS. Even without any renal or hepatic
dysfunction, the decreased metabolic and clearance
rates of analgesics or sedatives results in increased
half-lives and serum concentrations and ultimately
increased receptor occupancy [10].
Treatment for 5 or more days with opioids or
benzodiazepines is widely considered to be a risk
factor for the development of IWS [11]. In our
population, 72% of patients were considered high
risk for withdrawal based upon this risk factor.
There is evidence that using an IWS management
protocol decreases the incidence of IWS [4,12]. In
this study, we developed our own unit based protocol which was slightly different in the rate of
weaning being a bit faster. However, that has
worked well for us and led to shorter duration on
both IV & enteral medications in addition to less
hospital stay days in comparison to that reported by
Amirnovin et al. [12]. In addition, this group reported that 6% of their patients were discharged
home on opioids, while our cohort did not have any.
We believe that individualization of weaning plans
according to the patient's baseline WAT-1 score and
having more frequent follow up assessments has
helped as well.
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Several reviews proposed that drugs such as
clonidine, dexmedetomidine, or methadone could
play a role in reduction of IWS severity in pediatric
patients, but there was no conclusive data reported
in literature [11,13,14]. Given the limited evidence,
their best assessment concluded that adjuvant drugs
should be used with caution. While formulating our
unit-based withdrawal protocol, we discussed the
doses and regimens with a pediatric cardiac surgery
ICU clinical pharmacist and subsequently based our
exact doses and stepwise dose adjustment on the
assessment and medication availability at our institute. Since enteral clonidine was not available at our
hospital, it was not included in the protocol while
dexmedetomidine was used in selected cases based
on clinician assessment for its suitability and effect
on hemodynamics.
Finally, we found signiﬁcant differences in duration of mechanical ventilation; ICU and hospital stay
between patients with or without IWS. These ﬁndings are well-documented in the literature [2,3,15].
On further stratiﬁcation of our cohort according to
the Risk Adjustment for Congenital Heart Surgery
(RACHS) score, which is a validated scoring system
indicating the severity of congenital cardiac surgery,
a statistically signiﬁcant proportion of our patients
had a RACHS score of 4. According to the literature,
a higher RACHS score correlates to increased
duration on pressors, increased duration of mechanical ventilation, increased ICU and hospital
stays as well as increased mortality [16e18]. However, the distinction between whether it is the patients' conditions that best predict these outcomes,
concomitantly necessitating prolonged analgesic
and sedative treatment, versus the analgesic and
sedative treatment along with the weaning protocols
being the culprits for prolonged mechanical ventilation and length of stay independent of the patients' conditions, is yet to be clariﬁed. Further
research to study these concerns and identify preventative strategies with the aim of reducing iatrogenic harm to patients is needed.

4.1. Limitations
This is a single center, non-randomized observational study with a small number of patients. The
study did not assess risk factors at the level of the
system & process e.g. protocol adherence, and
providers' ability to maintain a consistent weaning
plan in some children. Moreover, although the
WAT-1 has a sensitivity of 87% and speciﬁcity of
88%, it has been shown to be more likely to detect
withdrawal symptoms of opioids than benzodiazepines. To date, however, there are no assessment
tools that can differentiate withdrawal from opioids
or withdrawal from benzodiazepines [4,19]. In
addition, the concomitant administration of opioids
and benzodiazepines limits the interpretation of our
ﬁndings; however, this sedation regimen reﬂects the
current clinical practice. Finally, the association between IWS and end-organ impairment and its effect
on medication clearance was not explored in our
study, and this can potentially be explored further
later on.

5. Conclusion
Iatrogenic Withdrawal syndrome after pediatric
cardiac surgery prolongs ICU and hospital stay.
Our data suggests that younger age, complexity of
cardiac surgeries and longer duration for use of
sedatives seems to increase the risk for developing
withdrawal syndrome. Use of withdrawal management protocols is helpful in the management, but
prevention whenever possible will be better. Given
the state of existing evidence, well-designed prospective studies are required to better characterize
IWS in critically ill pediatric cardiac patients. The
introduction of a formalized assessment protocol is
fundamental in preventing IWS and the use of an
opioid weaning program can improve consistency of
care and help avoid complications and increased
hospital stays.
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