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1. Introduction

ABSTRACT

Critically ill pediatric patients frequently receive prolonged analgesia and sedation to provide pain relief
and facilitate intensive care therapies. latrogenic withdrawal syndrome occurs when these drugs are
stopped abruptly or weaned too rapidly. We investigated the validity and generalizability of the With-
drawal Assessment Tool-1 (WAT-1) in children during weaning of analgesics and sedatives. Of 308 chil-
dren initially supported on mechanical ventilation for acute respiratory failure, 126 (41%) from 21 centers
(median age 1.6 years; interquartile range 0.6-7.7 years) were exposed to 5 or more days of opioids. Sub-
jects were assessed for withdrawal symptoms with the WAT-1, an 11-item (12-point) scale, from the first
day of weaning from analgesia/sedation until 72 h after the last opioid dose. A total of 836 daily WAT-1
assessments were completed, with a median (interquartile range) WAT-1 score of 2 (0-4) over 6 (3-9)
days per subject. There were no significant differences in WAT-1 scores as a function of age. Factor anal-
yses confirmed that motor-related symptoms and behavioral state accounted for the most variance in
WAT-1 scores. Supporting construct validity, cumulative opioid exposures were greater [40.2 (19.7-
83.4) vs 17.6 (14.6-39.7) mg/kg, P =.004], length of opioid treatment before weaning was longer [7 (6-
11) vs 5 (5-8) days, P =.004], and length of weaning from opioids was longer [10 (6-14) vs 6 (3-9) days,
P =.008] in subjects with WAT-1 scores of >3 compared to subjects with WAT-1 scores of <3. The WAT-1
shows good psychometric performance and generalizability when used to assess clinically important
withdrawal symptoms in pediatric intensive care and general ward settings.

© 2011 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

10 days of opioids and benzodiazepines, the risk is between 50%
and 100% [12,17]. Classic signs of opioid withdrawal include neu-

Over 90% of infants and children supported on mechanical ven-
tilation in the pediatric intensive care unit (PICU) setting receive
some form of sedative therapy, most commonly various combina-
tions of opioids and benzodiazepines [21,25]. Although analgesia is
required for pain management and sedation is often indicated in
pediatric patients who are unable to understand the imperative
nature of critical care instrumentation and immobility, analgesic
and sedative use is associated with morbidity and mortality [5].

latrogenic withdrawal can occur with the abrupt discontinua-
tion or too rapid weaning of opioids and/or benzodiazepines. An
estimated 10-34% of all PICU patients are at risk for iatrogenic
withdrawal [16,22], and for those exposed to greater than 5 to
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rological excitability, gastrointestinal dysfunction, autonomic
instability, and poor organization of sleep states [2]. Benzodiaze-
pine withdrawal symptoms are similar but also include agitation,
visual hallucinations, facial grimacing, small-amplitude choreic or
choreoathetoid movements, and seizures [8,24].

The accurate assessment of iatrogenic opioid and benzodiaze-
pine withdrawal is necessary for effective prevention and treat-
ment but this remains challenging [15]. The lack of adequate
measures of iatrogenic withdrawal and the need for such tools to
guide pain and sedation therapy has been repeatedly highlighted
[2,11,15,18]. Several clinical assessment tools for critically ill chil-
dren have been proposed [9,10,14]. The Withdrawal Assessment
Tool-1 (WAT-1 [9], Fig. 1) was a significant improvement over pre-
vious withdrawal symptom assessment scales in that it has fewer
items, each of which can be objectively measured. It is performed
only twice a day, compared with the usual 6 to 12 times per day for
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WITHDRAWAL ASSESSMENT TooL VERSION 1 (WAT —1)

© 2007 L.S. Franck and M.A.Q. Curley. All Rights reserved. Reproduced by permission of Authors.

Patient Identifier
Date.
Time:
Information from patient record, previous 12 hours
Any loose /watery stools No=0
Yes =1
Any vomiting/wretching/gagging No=0
Yes =1
Temperature > 37.8°C No=0
Yes =1
2 minute pre-stimulus observation
State SBS' < 0 or asleep/awake/calm = 0
SBS'> +1 or awake/distressed = 1
Tremor None/mild =0
Moderate/severe = 1
Any sweating No=0
Yes =1
Uncoordinated/repetitive movement None/mild = 0
Moderate/severe = 1
Yawning or sneezing None or 1=0
>2=1
1 minute stimulus observation
Startle to touch None/mild = 0
Moderate/severe = 1
Muscle tone Normal = 0
Increased = 1
Post-stimulus recovery
<2min=0
Time to gain calm state (SBS' <0) 2-5min=1
>5min=2
Total Score (0-12)

WITHDRAWAL ASSESSMENT TooL (WAT — 1) INSTRUCTIONS

« Start WAT-1 scoring from the first day of weaning in patients who have received opioids +/or benzodiazepines by infusion or regular dosing for
prolonged periods (e.g., > 5 days). Continue twice daily scoring until 72 hours after the last dose.

+ The Withdrawal Assessment Tool (WAT-1) should be completed along with the SBS' at least once per 12 hour shift (e.g., at 08:00 and 20:00 + 2
hours). The progressive stimulus used in the SBS' assessment provides a standard stimulus for observing signs of withdrawal.

Oblaln information from patient record (this can be done before or after the stimulus):
Loose/watery stools: Score 1 if any loose or watery stools were documented in the past 12 hours; score 0 if none were noted.
f Vomiting/wretching/gagging: Score 1 if any vomiting or spontaneous wretching or gagging were documented in the past 12 hours; score 0 if

none were noted

v Temperature > 37.8°C: Score 1 if the modal (most frequently occurring) temperature documented was greater than 37.8 °C in the past 12

hours; score 0 if this was not the case.

2 minute pre-stimulus observation:

v State: Score 1 if awake and distress (SBS': = +1) observed during the 2 minutes prior to the stimulus; score 0 if asleep or awake and

calm/cooperative (SBS' < 0).

v Tremor: Score 1 if moderate to severe tremor observed during the 2 minutes prior to the stimulus; score 0 if no tremor (or only minor,

intermittent tremor).

v Sweating: Score 1 if any sweating during the 2 minutes prior to the stimulus; score 0 if no sweating noted.

v Uncoordinated/repetitive movements: Score 1 if moderate to severe uncoordinated or repetitive movements such as head turning, leg or arm
flailing or torso arching observed during the 2 minutes prior to the stimulus; score 0 if no (or only mild) uncoordinated or repetitive movements.

v Yawning or sneezing > 1: Score 1 if more than 1 yawn or sneeze observed during the 2 minutes prior to the stimulus; score 0 if O to 1 yawn or

sneeze.

1 minute stimulus observation:

v Startle to touch: Score 1 if moderate to severe startle occurs when touched during the stimulus; score 0 if none (or mild).
v Muscle tone: Score 1 if tone increased during the stimulus; score 0 if normal.

Post-stimulus recovery:

¥ Time to gain calm state (SBS' < 0): Score 2 if it takes greater than 5 minutes following stimulus; score 1 if achieved within 2 to 5 minutes; score

0 if achieved in less than 2 minutes.

Sum the 11 numbers in the column for the total WAT-1 score (0-12).

‘Cuney et al. State behavioral scale: A sedation assessment instrument for infants and young children

on Pediatr Crit Care Med 2006;7(2):107-114.

Figure Legend: Withdrawal Assessment Tool (WAT-1) and instructions. 'Reprinted with permission Pediatric Critical

Care Medicine 2008;9(6):577.

Fig. 1. Withdrawal Assessment Tool (WAT-1).

other symptom assessment scales, which increases the likelihood
that it will be used in clinical practice. The assessment of the
WAT-1 parameters is easily integrated into the standard start-of-
shift nursing assessment without additional time. Training can be
accomplished through brief written instruction and bedside dem-
onstration. In the initial psychometric testing, with 1040 assess-
ments [median 11 per patient; interquartile range (IQR) 6-16] in
83 PICU patients at 2 hospitals, a WAT-1 score of >3 had high sen-
sitivity (0.87) and specificity (0.88) to predict nurses’ numeric rat-

ing scale (0-10) scores of >4 [9]. Predictive validity was suggested
by correlations between the WAT-1 score and total opioid dose
exposure before weaning, length of therapy, and the number of
days of weaning. There was a strong correlation between WAT-1
scores and nurses’ clinical judgment of withdrawal symptoms.
Further research to support the validity, reliability, and general-
izability of the WAT-1 is needed, and cutoff values for the diagnosis
of withdrawal and decisions about treatment would be clinically
useful. Therefore, the purpose of the present investigation was to
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further evaluate the psychometric properties and generalizability
of the WAT-1 in children recovering from acute respiratory failure
during weaning of analgesics and sedatives in 22 PICUs.

2. Materials and methods
2.1. Study design

A multicenter prospective repeated measures study was con-
ducted to evaluate the psychometric properties of the WAT-1. Psy-
chometric evaluation included examining response distributions
overall and by age, factor structure, and construct validity by com-
paring scores across groups that were expected to differ (known
groups validity) and analyzing the association of scores with other
clinical variables (e.g., amount of drug exposure and length of
weaning) hypothesized to be indicative of withdrawal severity
(concurrent and predictive validity).

2.2. Patient enrollment

The study was conducted during the baseline, prerandomiza-
tion phase of the Randomized Evaluation of Sedation Titration
fOr Respiratory FailurE (RESTORE) clinical trial, which is designed
to test a sedation management protocol in pediatric patients aged
2 weeks to 18 years intubated and supported on mechanical venti-
lation for acute respiratory failure. Patients were excluded from
RESTORE if the primary reason for ventilation was cyanotic heart
disease, immediate postoperative care, neuromuscular respiratory
failure, or if care was considered futile by the child’s family and
medical team. During the baseline, prerandomization phase of RE-
STORE (January to July 2009), all subjects received usual care in the
22 participating centers. Consent for data collection was obtained
from all parents/guardians. Institutional review board approval
was obtained for the use of baseline data for this study.

All subjects exposed to 5 or more days of continuous infusions,
intermittent doses, or as-needed bolus doses of opioids were to be
assessed for withdrawal symptoms twice daily at 8 am and 8 pm
(and at other times if clinically indicated) from the day that opioid
weaning started until 72 h after the last opioid dose, regardless of
benzodiazepine taper. The highest daily WAT-1 score was used in
analyses. Subjects exited the study after hospital discharge or after
28 days.

2.3. Instrument description

The 11-item (12-point) WAT-1 consists of the following: a re-
view of the patient’s record for the past 12 h; direct observation
of the patient for 2 min; patient assessment with a progressive
stimulus [4] routinely performed to assess level of consciousness;
and assessment of poststimulus recovery, as described elsewhere
[9]. The WAT-1 was designed to be incorporated into normal shift
assessments and care.

Train-the-trainer methods were used to instruct nurses in the
22 participating PICUs on the use of the WAT-1. Local nurse cham-
pions were trained first, and they then trained all bedside nurses in
their respective PICUs. Training consisted of a didactic review of
the data collection instrument and training videotapes, followed
by completion of a posttest. Interrater reliability was established
before and during the baseline phase of the RESTORE trial, with
each site completing 3 rounds of testing during which at least 5
pairs of nurses performed simultaneous WAT-1 assessments. A to-
tal of 420 WAT-1 paired assessments were recorded to assess
interrater reliability. The overall concordance rate for WAT-1 score
of <3 vs WAT-1 score of >3 was 97.4%. The Spearman rank corre-
lation coefficient between simultaneous WAT-1 scores was 0.93

(P<.001), and both nurses recorded identical scores for 83.1% of
the pairs.

2.4. Additional data

Demographic and clinical data included age, race, ethnicity,
mortality risk (Pediatric Risk of Mortality IlI-12 score) [19], Pediat-
ric Cerebral Performance Category and Pediatric Overall Perfor-
mance Category [7], cumulative and peak daily opioid dosage
(morphine equivalents per kilogram of body weight), cumulative
and peak daily benzodiazepine dosage (midazolam equivalents
per kilogram of body weight), and administration of any other
analgesia, sedation, or psychoactive medications. Definitive data
in critically ill pediatric patients comparing analgesics and seda-
tives with regard to their potency or side effects are limited. How-
ever, on the basis of several sources, the RESTORE Investigative
Team compiled a relative potency scale for opioids and benzodi-
azepines [3,20,23,26]. All opioids were converted to morphine
equivalents by using the following conversions to equal 1 mg of
morphine sulfate: 0.3 pg remifentanil, 15 pg fentanyl citrate,
0.15 mg hydromorphone hydrochloride, 0.3 mg methadone hydro-
chloride, 3 mg oxycodone, or 20 mg codeine phosphate. All benzo-
diazepines were converted to midazolam equivalents by using the
following conversions to equal 1 mg of midazolam: 0.2 mg clona-
zepam, 0.3 mg lorazepam, or 2 mg diazepam. Length of mechanical
ventilation, length of PICU stay, and length of hospital stay were
calculated at discharge or after 28 days.

2.5. Data analysis

Descriptive statistics were calculated, including means, stan-
dard deviations, medians, and interquartile ranges for continuous
variables and frequency counts and percentages for categorical
variables. Data were examined for skewness, outliers, and system-
atic missing data. The start of the opioid weaning period was de-
fined as the first day of a decrease in daily dosage of >10% after
5 consecutive days of opioid treatment, the start of the benzodiaz-
epine weaning period was defined as the day after the peak benzo-
diazepine dose, and the length of the preweaning and weaning
phases of opioid and benzodiazepine therapy were computed to
study discharge or to 28 days. Analyses comparing groups were
conducted by the van Elteren test, an extension of the nonparamet-
ric Wilcoxon test that allows stratification by site, for continuous
variables, generalized linear mixed models including random ef-
fects for site for categorical variables, and proportional hazards
regression using robust sandwich variance estimation to account
for clustering within site for time to event variables. For analyses
that included multiple observations on the same subject, we used
generalized linear mixed models to account for intracluster corre-
lation of data within site and within subject.

Confirmatory factor analyses were performed by principal com-
ponents analysis with varimax rotation to examine the structural
validity of the WAT-1. On the basis of a scree plot of initial eigen-
values, we examined 3-factor and 4-factor solutions for the total
data set containing all assessments and for each age group sepa-
rately. A factor loading of 0.4 was used as the threshold for inclu-
sion of a symptom in a factor.

Construct validity of the WAT-1 was evaluated by comparing
subjects who ever had a WAT-1 score of >3 vs those with lower
scores with respect to other indicators of the likelihood of with-
drawal, including analgesia and sedative treatment during wean-
ing, peak and cumulative opioid and benzodiazepine exposure,
and the duration of the preweaning and weaning phases. As the
data distributions were often skewed for these variables, we also
calculated Spearman rank correlation coefficients between the
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peak WAT-1 scores per subject and these indicators of the likeli-
hood of withdrawal.

Factor analyses were performed by SPSS (PASW Statistics 18;
SPSS, Chicago, IL). All other analyses were performed by SAS (ver-
sion 9.2, SAS Institute, Cary, NC).

3. Results
3.1. Patient characteristics

Of 348 parents/guardians of eligible children approached for the
study, 40 (11%) refused and 308 (89%) gave consent for their child
to be enrolled. Of 308 enrolled children [median (IQR) 1.5 (0.4-
7.6) years]| supported on mechanical ventilation for acute respira-
tory failure in the 22 centers, 206 (67%) were exposed to 5 or more
consecutive days of opioids. Children were excluded from the anal-
ysis because they died (n=3) or weaning was never commenced
during the study period (n=16). Weaning was commenced in
187 children (61%), but a further 61 children were excluded be-
cause no WAT-1 assessments were completed after the start of
weaning, resulting in a final sample of 126 children from 21 sites.
Clinical and demographic characteristics of the study subjects are
listed in Table 1. Most subjects were less than 2 years old and were
ventilated for pneumonia or bronchiolitis for a median of 9.4 days
(IQR 5.9-13.3 days).

The 126 children had a total of 836 daily withdrawal symptom
assessments completed after the start of weaning, with a median
(IQR) WAT-1 score of 2 (0-4) over 6 (3-9)days per subject. The
median (IQR) peak WAT-1 score per subject was 4 (3-6). In the

Table 1

Demographic and clinical characteristics of 126 patients.
Characteristic Value®
Age, year 1.6 (0.6-7.7)
Age group
2 weeks to 1.99 years 66 (52%)
2.00 to 5.99 years 23 (18%)
6.00+ years 37 (29%)
Gender, male, n (%) 64 (51%)
Race
White 88 (70%)
Black/African American 26 (21%)
Other 12 (10%)
Ethnicity
Hispanic/Latino 22 (18%)
Not Hispanic/Latino 101 (82%)
Admission PCPC >1 33 (26%)
Admission POPC >1 38 (30%)
PRISM I1I-12" score 6.5 (3-12)
Risk of mortality (% risk) 3(1-12)
Primary reason for ventilation
Pneumonia 47 (37%)
Bronchiolitis 32 (25%)
Acute respiratory failure related to sepsis 12 (10%)
Asthma or reactive airway disease 11 (9%)
Pulmonary edema 5 (4%)
Thoracic trauma 5 (4%)
Aspiration 4 (3%)
Laryngotracheobronchitis (croup/tracheitis) 3 (2%)
Other 7 (7%)
Length of mechanical ventilation, days 9.4 (5.9-13.3)
Length of PICU stay, days 13.7 (9.6-21.4)
Total length of stay, days 22 (15-28)

PICU, pediatric intensive care unit; PCPC, Pediatric Cerebral Performance Category;
POPC, Pediatric Overall Performance Category.

@ Data are presented as n (%) or median (interquartile range).

b pediatric Risk of Mortality Version IIl using data collected within 12 h of PICU
admission.

PICU, the WAT-1 was recorded once daily for 23% of the days, twice
daily for 29% of the days, and more than twice daily for 48% of the
days. The WAT-1 scores were higher for assessments performed in
the PICU [n =622; median (IQR): 2 (1-4)] compared with assess-
ments performed after children were transferred to the general
pediatric wards [n=214; 1 (0-2)].

3.2. Characteristics of analgesic/sedative administration and use of
adjunctive agents

Characteristics of opioid and benzodiazepine exposure and
weaning are listed in Table 2. All children received continuous
infusions and/or scheduled intermittent doses of opioids for a
median of 7 (IQR 5-11) days and benzodiazepines for a median
of 6 (IQR 4-9) days before weaning. The median length of weaning
was 9 days for both classes of drugs.

During their study course, 99 subjects (79%) received nonopi-
oid/nonbenzodiazepine analgesic or sedative drugs that might
influence total opioid exposure or response to weaning [5]
(Table 3). Before the start of weaning, 62 subjects (49%) received
dexmedetomidine, ketamine, chloral hydrate, pentobarbital,
propofol, and/or clonidine. The 62 children who received 1 or more
of these 6 drugs before weaning did not have higher (>3) WAT-1
scores or higher peak WAT-1 scores compared with the 64 children
who were not provided any of these drugs.

We further examined the effects of clonidine during the wean-
ing period because of its use as a second-line agent for treatment of
opioid withdrawal [13]. Eight children (6%) received clonidine for
at least 50% of their weaning period, and they had higher peak
WAT-1 scores [median (IQR) 7 (4.5-8.5) vs 4 (3-6), P =.003], high-
er cumulative opioid [50.5 (31.9-77.4) vs 31.0 (16.5-74.3) mg/kg,
P=.02] and benzodiazepine [46.4 (23.8-85.7) vs 25.6 (11.6-54.5)
mg/kg, P=.003] exposure, and longer lengths of weaning from opi-
oids [14.5 (10.5-17.5) vs 9 (4-13) days, P=.04] and benzodiaze-
pines [14 (12-17) vs 9 (4-13) days, P=.01] compared to the 118
children who were not provided clonidine for at least 50% of their
weaning period.

3.3. Factor structure

Motor-related symptoms and behavioral state accounted for
the most variance in WAT-1 scores. A 4-factor solution provided
the best overall conceptual fit, explaining 56% of the variance in
analysis of all WAT-1 assessments (Table 4). Motor-related
symptoms (tremor, startle, uncoordinated/repetitive movements,
and muscle tone) and yawning/sneezing comprised the factor
that accounted for the most variance (25%). The second factor,
accounting for 12% of the variance, was comprised of behavioral
state (return to calm state and prestimulus state) and sweating,
the third factor (10% of the variance) was comprised of gastroin-
testinal symptoms (vomiting and stooling), and the fourth factor
(9% of the variance) was comprised of temperature and yawning/
sneezing. Although yawning/sneezing had the lowest factor load-
ings, WAT-1 scores were significantly higher when yawning/
sneezing occurred [median (IQR) 4 (3-6)] than when absent [1
(0-3), P<.001], and therefore yawning/sneezing was retained
in the factors.

Although there were no significant differences in WAT-1 score
as a function of age group, there were some differences in the fre-
quency of individual symptoms as a function of age group (Table 5).
The components of the factor solutions varied slightly by age group
and explained a total of 55% (2 weeks to 1.99 years), 62% (2.00-
5.99 years), or 59% (6.00+years) of the variance. Motor-related
symptoms comprised the first factor for each age group, explaining
24%, 29%, and 25% of the variance, respectively.
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Table 2

Opioid and benzodiazepine exposure and weaning.?
Characteristic Overall (N=126) WAT-1 ever >3 (n=97) WAT-1 always <3 (n =29) P value
Preweaning opioid treatment cumulative dose (mg/kg)® 22.8 (12.2-46.1) 26.9 (13.4-47.2) 15.0 (11.1-25.4) .06
Preweaning benzodiazepine treatment cumulative dose (mg/kg)* 20.1 (7.2-44.8) 24.7 (9.1-49.1) 10.8 (5.0-22.4) .03
Opioid treatment cumulative dose (mg/kg)® 33.8(17.4-74.3) 40.2 (19.7-83.4) 17.6 (14.6-39.7) .004
Benzodiazepine treatment cumulative dose (mg/kg)® 27.4 (12.6-57.7) 32.3(15.9-65.7) 18.0 (8.4-24.5) .009
Peak opioid dose (mg/kg)" 5.1 (3.1-8.5) 5.4 (3.1-8.8) 4.1 (3.1-5.5) .07
Peak benzodiazepine dose (mg/kg)" 4.3 (2.2-7.6) 5.2 (2.6-9.3) 3.0 (1.8-5.1) .09
Length of opioid treatment before weaning (days) 7 (5-11) 7 (6-11) 5(5-8) .004
Length of benzodiazepine treatment before weaning (days) 6 (4-9) 7 (5-9) 5(3-7) .04
Length of opioid weaning (days) 9 (5-13) 10 (6-14) 6(3-9) .008
Length of benzodiazepine weaning (days) 9 (4-14) 10 (5-14) 6 (3-11) .01

WAT-1, Withdrawal Assessment Tool-1.
¢ Data are presented as median (interquartile range).
> Morphine equivalents.
¢ Midazolam equivalents.

Table 3
Nonopioid/nonbenzodiazepine analgesic or sedative drug use.

Drug n (%) No. of study days
Dexmedetomidine 46 (37%) 263
Acetaminophen 34 (27%) 107
Ketamine 32 (25%) 100
Chloral hydrate 26 (21%) 118
Diphenhydramine 23 (18%) 78
Propofol 21 (17%) 29
Pentobarbital 19 (15%) 82
Clonidine 17 (13%) 116
Ibuprofen 9 (7%) 26
Ketorolac 5 (4%) 10
Phenobarbital 4 (3%) 36
Pentothal sodium 4 (3%) 6
Nalbuphine hydrochloride 1(1%) 6
Gabapentin 1(1%) 4
Naloxone hydrochloride 1(1%) 2
Sertraline 1(1%) 1

3.4. Construct validity

3.4.1. High vs low WAT-1 scores

There were significant differences in the analgesia profiles of
the 97 children (77%) who ever had a WAT-1 score of >3 com-
pared to those with lower scores, supporting construct validity.
Subjects with higher WAT-1 scores (>3) had greater cumulative
opioid exposure, longer duration of opioid treatment before wean-
ing, and longer duration of weaning from opioids compared to
those whose symptoms were less severe (WAT-1 score <3; Table 2,
Fig. 2). Similarly, subjects who ever had a WAT-1 score of >3 had
greater benzodiazepine exposure, longer duration of benzodiaze-

Table 4
Factor loadings for the main components of the WAT-1 (all age groups).

pine treatment before weaning, and longer duration of weaning
from benzodiazepines compared to subjects with WAT-1 scores
of <3. Subjects with higher WAT-1 scores (>3) also had a longer
PICU length of stay [median (IQR) 15.0 (10.4-22.3) vs 10.9 (7.5-
17.2) days, P=.004] than those with WAT-1 scores of <3. The 2
groups were similar in terms of demographic characteristics.

Peak WAT-1 scores for each subject correlated moderately with
total cumulative opioid exposure (r=0.23, P=.009), cumulative
benzodiazepine preweaning (r=0.30, P<.001) and total (r=0.33,
P <.001) exposure, benzodiazepine peak dose (r=0.31, P<.001),
length of opioid (r=0.20, P=.02) and benzodiazepine (r=0.18,
P=.04) therapy before weaning, and length of opioid (r=0.33,
P <.001) and benzodiazepine (r=0.29, P=.001) weaning.

3.4.2. Incidence of clinically significant iatrogenic withdrawal

Fifty-one episodes of clinically significant iatrogenic withdrawal
were reported in 21 subjects. For the purposes of the RESTORE trial,
these episodes were defined as “any patient receiving rescue ther-
apy (defined as an opioid or benzodiazepine bolus or an increase in
opioid or benzodiazepine infusion) to manage an increase in WAT-
1 symptoms after the start of weaning (not for treatment of new
pain or new sedation needs).” The median (IQR) WAT-1 score be-
fore rescue therapy was 6 (4-8) vs 2 (1-3) after rescue therapy
(Wilcoxon signed rank test P <.001).

4. Discussion
This study confirms and extends the preliminary psychometric

evaluation of the WAT-1 [9] and provides strong evidence for its
generalizability when used to assess opioid and benzodiazepine

Factor 1: motor-related
and yawning/sneezing

WAT-1 component

Factor 2: behavioral state

Factor 3: gastrointestinal Factor 4: temperature

and yawning/sneezing

Tremor 0.71
Startle to touch 0.69
Uncoordinated/repetitive movements 0.63
Muscle tone 0.59
Yawning or sneezing 0.43
Time to gain calm state: >2 min 0.76
SBS > +1 or awake distressed 0.69
Any sweating 0.53

Any vomiting/wretching/gagging
Any loose/watery stools
Temperature >37.8 °C

0.46

0.73
0.71
0.83

WAT-1, Withdrawal Assessment Tool-1.
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Table 5
Percentage occurrence of withdrawal symptoms by age group.
Observation Overall (N = 836) 2 weeks to 1.99 years 2.00-5.99 years 6.00+ years P value®
(n=450) (n=154) (n=232)
From patient record, previous 12 h
Any loose/watery stools 33 36 32 30 .82
Any vomiting/wretching/gagging 14 17 5 14 .08
Temperature >37.8 °C 15 12 6 27 .001
2-min prestimulus observation
State behavior: SBS > +1 or awake distressed 29 31 29 25 46
Any sweating 19 17 19 24 .38
Yawning or sneezing 2 or more times 8 10 7 4 .28
Tremor: moderate/severe 11 10 16 11 .92
Uncoordinated/repetitive movements: moderate/severe 12 12 16 11 92
1-min stimulus observation
Startle to touch: moderate/severe 16 21 15 7 .002
Muscle tone: increased 19 24 20 10 .01
Poststimulus recovery (time to gain calm state) 25
2-5 min 19 24 18 12
>5 min 13 13 11 14
Peak WAT-1, median (interquartile range) 2 (0-4) 2 (1-4) 1(0-4) 1(0-3) 11
WAT-1, Withdrawal Assessment Tool-1; SBS, State Behavioral Scale.
2 Adjusted for clustering of observations within site and subject (n = 836 assessments).
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Fig. 2. Box plots of opioid exposure and weaning by Withdrawal Assessment Tool-1 (WAT-1) scores comparing subjects who ever had a WAT-1 score of >3 vs those with
lower scores. A. Opioid treatment cumulative dose calculated as morphine equivalents in mg/kg; B. Length of opioid treatment before weaning; C. Length of opioid weaning.
The boxes represent the interquartile range (25th percentile — 75th percentile) and the horizontal line represents the median. The whiskers extend to 1.5 times the
interquartile range or to the minimum or maximum values. The circles represent outliers that fall outside the whiskers.

withdrawal symptoms in children. The WAT-1 demonstrated feasi-
bility and utility as evidenced by its successful implementation and
use by nurses in major pediatric centers across the USA.

We note that analgesia and sedation practices differed between
the previous and current WAT-1 validation studies, with subjects
in this study receiving approximately 30% smaller cumulative
and peak opioid doses and 14% larger cumulative and 30% larger
peak benzodiazepine doses. Despite the lower opioid exposure,
more subjects had high WAT-1 scores (>3) in the current study
compared to the previous study (77% vs 64%). Length of treatment
and weaning were within 10-20% of values between the 2 studies.
The greatest difference in practice was in the use of other analgesic
and sedative agents. In the previous WAT-1 study, 39% of patients
received 1-3 nonopioid/nonbenzodiazepine drugs, principally ket-
amine and/or chloral hydrate. In the current study, 79% of patients
received a wide range of other psychoactive drugs during their
course, with 49% of patients receiving dexmedetomidine, keta-
mine, chloral hydrate, pentobarbital, propofol, and/or clonidine be-
fore opioid and benzodiazepine weaning. Use of clonidine has been
suggested to reduce withdrawal intensity or duration of weaning
in adults [13]. It is plausible that patients would be more likely
to receive clonidine if caregivers either observed them to have
withdrawal signs or if the caregivers believed that the patients
were at increased risk for withdrawal. However, further research
is needed comparing the efficacy of clonidine with alternative

treatments in reducing withdrawal symptoms in critically ill
children.

Despite the differences in analgesia, sedation, and withdrawal
symptom management practices, the factor structure and con-
struct validity reported in the original WAT-1 validation were lar-
gely confirmed, with a few minor differences, which may be
related to the performance of the WAT-1 in relation to age, fre-
quency of symptom occurrence, or clinical practices. For example,
although many group comparisons of cumulative exposure, length
of preweaning exposure, and length of weaning showed statisti-
cally significant differences in withdrawal symptoms, the peak opi-
oid dose showed only marginal differences. The small variations in
symptom presentation due to age do not warrant separate weight-
ing of items because that would diminish the clinical utility of the
tool. Furthermore, the originally proposed cutoff WAT-1 score of
>3 appears to be a reasonable designation of clinically significant
symptoms as evidenced by the analyses presented.

The Neonatal Abstinence Score was first shown to reduce the
treatment time for neonates with prenatal drug exposure [6] and
demonstrated the superiority of an assessment tool over subjective
clinical assessment. The WAT-1 provides such an assessment for
children experiencing iatrogenic withdrawal in either the intensive
care or general ward setting. Therefore, withdrawal symptom
assessment using WAT-1 should now be recommended for any
child with risk factors for iatrogenic withdrawal [1].
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Important questions remain regarding the characterization of
iatrogenic withdrawal risk factors, the differential symptom profile
related to opioid vs benzodiazepine exposure, and the optimal
speed of weaning and symptom treatment. Although these data
were collected during the baseline, prerandomization phase of a
clinical trial, initial WAT-1 scores may have influenced the wean-
ing process and thus affected later scores. Clinical trials to reduce
iatrogenic withdrawal and improve outcomes are needed. These
trials should investigate the relative benefits and burdens of differ-
ent analgesia and sedation regimens and should use WAT-1 assess-
ment as a standard measure of symptom severity to determine
effectiveness of symptom reduction so that results can be com-
pared across studies. Use of the WAT-1 with different analgesia
and sedation regimens will also enable further testing of its valid-
ity, reliability, and generalizability. Individualized management of
patient symptoms using WAT-1 may then be recommended, with
the treatment titrated to the patient’s change in responses over
time.

The findings from the present study should be considered in
light of the continued limited understanding of the mechanisms
of iatrogenic opioid and benzodiazepine withdrawal and the con-
tinued lack of physiological biomarkers for withdrawal, pain, or
hyperalgesia in children against which to compare the clinically
observed symptoms.

Research on this topic is further hampered by lack of pediatric
data regarding opioid and benzodiazepine conversions. What little
is known is extrapolated from adult data and is based on single-
dose ratios that are not corrected for tolerance. These are all impor-
tant topics for future research. The concomitant administration of
opioids and benzodiazepines also limits the interpretation of the
findings, but reflects current clinical practice. Nevertheless, the
present study was conducted within the context of a large scale
trial in which the highest levels of design and methodological rigor
were maintained.

In summary, iatrogenic withdrawal continues to be a common
and clinically significant side effect of prolonged analgesia and
sedation in critically ill pediatric patients. The WAT-1 shows good
psychometric performance and generalizability when used to as-
sess clinically important withdrawal symptoms in the PICU and
pediatric ward settings. The WAT-1 has the advantage of rapid
twice-daily assessment as opposed to more lengthy and frequent
assessments required by other tools.
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