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Measurement of movement is an objective method to assist
in assessment of opiate withdrawal in newborns
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Objective: To develop an objective and reliable method to assess drug withdrawal in newborns by
quantitatively estimating the amount of movement rather than scoring individual withdrawal signs.
Design: In this cross sectional study, a commercial portable motion detector with computer memory,
similar to a wrist watch (the actigraph) was used to measure movement. The measurements were
compared with a clinical decision based on the neonatal abstinence syndrome (NAS) score. Movement
was analysed, using non-parametric tests, in three groups: a control group of 10 infants, 13 opiate
exposed newborns not treated for NAS, and 30 newborns treated for NAS (17 before treatment, eight
within 24 hours of treatment, five when stabilised).
Results: There were significant differences in the median activity score, expressed as counts per minute
(cpm), in the pretreatment group (124 cpm) compared with the control (42 cpm, p , 0.0001), non-
treated (74 cpm, p = 0.001), and stabilised treatment (75 cpm, p = 0.007) groups. The accuracy of the
actigraph in the identification of newborns requiring treatment from those who did not was high compared
with the clinical scores; sensitivity 94%; specificity 85%; positive and negative predictive values 88% and
92% respectively.
Conclusions: The measure of movement is comparable to the clinical score in the identification of
newborns who require treatment and in determining the severity of withdrawal. The clear advantage of
this method is its objectivity, reliability, and efficiency as a simple, non-invasive, bedside measure. Further
evaluation in a randomised, controlled trial would establish comparative benefits, potential harms, safety,
and acceptability.

I
llicit drug use during pregnancy is a major medical and
social problem. One of the most important morbidities of
opiate drug use during pregnancy is the infant withdrawal

syndrome or neonatal abstinence syndrome (NAS), present
in most newborns exposed in utero.1–4 NAS is defined as the
physiological and behavioural state characterised by a series
of withdrawal signs usually displayed within 48–72 hours of
birth.5

In 1975, Finnegan and associates developed the assess-
ment and treatment protocol for newborns called the NAS
scoring system.6 7 The score is based on observation of over 30
clinical withdrawal signs and is repeated at regular intervals.
The NAS scoring system has been used internationally for
over 25 years, yet there remain unresolved and clinically
important methodological problems.
Most literature on assessment and treatment of NAS was

published before the widespread development of clinical
epidemiology.8 The scoring method was validated in 1977
with sucking behaviour, although there is no clear evidence
of a relation with severity of withdrawal and treatment
requirements.9 Secondly, the scoring method is not a blinded
assessment, can be prone to bias, and is often cumbersome.10

In a recent qualitative study of the principal users of the
method, 44% of nurses reported that the scoring chart was
not very useful, and 59% indicated they would change
something about the scoring system.11 There is a need for an
objective measure in the assessment and management of
NAS.
This paper describes the measurement of movement

instead of scoring individual withdrawal signs. The concept
of measuring movement was based on the assessment of four
previous studies, documenting the incidence of individual
withdrawal signs in a total of 334 newborns exposed to
opiates in utero.12–15 We estimated that most newborns

displayed withdrawal signs that were likely to be movement
related—for example, irritability, restlessness, tremors,
sneezing, regurgitation, frantic sucking, inability to sleep,
and hyperactivity. This was supported by the documentation
of sleep deprivation, disorganisation, fragmentation, and
increased movement in newborns with NAS compared with
controls.16 One other study found no significant difference in
the amount of movement (measured by invasive needle
electromyography) in heroin exposed newborns compared
with control newborns, although movement was noted more
often.17

The main aim of this study was to develop an objective,
reliable, and efficient way to assess and manage NAS using a
measure of movement. The specific objectives were to: (a)
determine the amount of movement in healthy newborns
and newborns with NAS and assess whether a commercial
motion detector (actigraph) would be suitable and accurate
enough to use in the postnatal wards and nurseries; (b)
compare the results of the computer recordings of movement
with the clinical scoring system.

METHODS
Subjects and selection criteria
Newborn infants were selected from Royal Prince Alfred
Hospital between April 2000 and January 2002 after ethics
committee approval and informed written parental consent
had been obtained.
Three newborn groups were selected as follows:

N Control group: 10 healthy newborns selected from the
postnatal wards if 35–42 weeks gestation, no epidural or
other drugs during delivery, no history of maternal drug
dependency, and not admitted to the special care nursery
or treated for jaundice.
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N No treatment group: 13 drug exposed newborns consecu-
tively selected from the postnatal wards if 35–42 weeks
gestation, a history of maternal opiate dependency (heroin
or methadone) during the pregnancy, with or without
polydrug use, and not admitted to the nursery for
treatment of NAS.

N Treatment group: 27 drug exposed newborns consecutively
selected if 35–42 weeks gestation, history of maternal
opiate dependency (heroin or methadone) during the
pregnancy, with or without polydrug use, and admitted to
the nursery for treatment of NAS.

Assessment and treatment of NAS
Newborns were assessed using a modification of Finnegan’s
original scoring system designed in 19756 7 (table 1). The
attending nurse scored the 27 withdrawal signs every
four hours, and, if three consecutive scores were 8 or above
or two were 12 or above, the newborn was admitted to the
nursery. Decisions on whether to treat (with oral morphine)
were then made by an experienced paediatrician specialis-
ing in drug use in pregnancy and care of infants with
NAS, according to protocol (http://www.cs.nsw.gov.au/rpa/
neonatal/default2/htm). The clinical and nursing staff were
unaware of the actigraph readings before deciding whether
treatment was required.

Definitions for the treatment subgroups
The treatment group was further subdivided into three
subgroups according to the following definitions:

N Pretreatment: consecutively scoring . 8 within the
24 hours leading up to treatment.

N Post-treatment: 24 hours after treatment had first started.

N Stabilised treatment: newborns scoring consecutively , 6,
feeding well, and gaining weight.

Measurements of movement
Movement was measured using a commercial motion
detector called the actigraph. The recordings were made
during the day and between feeds. A micro-mini-motionlog-
ger actigraph (AMA-32; Ambulatory Monitoring, Ardsley,
New York, USA) was placed on the newborn infant’s left leg
in accordance with previous studies that have validated and
measured activity levels and sleep in newborn infants.18–21 The
actigraph contains a programmable, microcomputer and a
piezo-electric accelerometer. As the free end of the actigraph
is moved, a voltage proportional to the mechanical deflection
is generated.18–21 The zero crossing setting was used—that is,
a count of activity was recorded each time the infant’s leg
moved, generating a voltage, which then crossed the preset
threshold, with a filter setting mode of 18 defined by a
bandpass of 2–3 Hz. The activity score was then calculated,
representing the average number of counts for each one
minute epoch (cpm). A computer program, Action-W
(Ambulatory Monitoring), developed by Sadeh and collea-
gues18 19 was used to analyse the activity scores.

Clinical score
In the no treatment and treatment groups, the recordings
were examined during the corresponding period when nurses
trained in the Finnegan scoring method completed the NAS
chart (table 1). The predictive values of the actigraph
measurement compared with the clinical decision incorpor-
ating the NAS score were calculated.22

Statistical analysis
Sample size was determined from a pilot study of 43
newborns, using a piezo-electrode to measure movement.23

The mean activity count was 38 cpm for control infants and
110 cpm for those requiring treatment, with a common
standard deviation of 40 cpm. This established that a sample
size of 10 in each group would have a power of 90% to detect
a difference between newborns requiring treatment and

Table 1 Neonatal withdrawal scoring chart for term infants used at Royal Prince Alfred Hospital (modification of neonatal
abstinence scoring system6 7)

System Signs Score Date and Time in hours

Central nervous system disturbances High pitched cry 2
Continuous high pitched cry 3
Sleeps,1 hour after feeding 3
Sleeps,2 hours after feeding 2
Sleeps,3 hours after feeding 1
Mild tremors, disturbed 1
Mod-severe tremors, disturbed 2
Mild tremors, undisturbed 3
Mod-severe tremors, undisturbed 4
Increased muscle tone 2
Excoriation (specify area) 1
Myoclonic jerks 3
Generalised convulsions 5

Metabolic/ vasomotor/ respiratory
disturbances

Fever (37.3–38.3 C̊) 1
Fever (38.4 C̊ and higher) 2
Frequent yawning (3–4 times) 1
Nasal stuffiness 1
Sneezing (.3–4 times) 1
Nasal flaring 2
Respiratory rate.60/min 1
Respiratory rate.60/min with retractions 2

Gastrointestinal disturbances Excessive sucking 1
Poor feeding 2
Regurgitation 2
Projectile vomiting 3
Loose stools 23
Watery stools 3
TOTAL SCORE
SCORER’S INITIALS
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newborns not treated for NAS at a significance level of 0.01.
The basic data for each group were expressed as mean (SD;
range) and compared using Student’s t test. A scatterplot was
used to represent the non-parametric distribution for each
group. As multiple comparisons were made, a conservative p
value of less than 0.01 was considered significant. The
Kruskal-Wallis test was used to determine the differences in
movement between the groups. If there was a significant
difference, the Mann-Whitney U test was used to determine
where the differences existed.

RESULTS
Overall, 82% of opiate exposed infants born at Royal Prince
Alfred Hospital were recruited during the 22 month study
period (eight were missed and the parents of one refused
participation in the study).

Subjects
Table 2 shows the gestation, birth weight, centile, sex,
postnatal day of study, and maternal drug use for the three
groups. In the control group, there was no history of illicit
drug use during pregnancy and no signs of NAS.
The mean (SD; range) NAS score at the time of the study

was 4 (3; 1–9) in the no treatment group and 8 (3; 3–14) in
the treatment group. Treatment started on average on day 3
(1; 1–4), and all newborns were treated with oral morphine.
Recordings were made in 17 newborns before treatment,
eight after treatment, and five when stabilized on treatment.
Both treated and non-treated newborns with NAS had
significantly lower birth weights than controls (table 2).

Actigraph recordings of movement
The total recording time for the control, no treatment, and
treatment groups expressed as mean (SD; range) was 226
(117; 101–540), 294 (271; 73–870), and 353 (327; 55–1370)
minutes respectively. The activity scores, expressed as a
median (25th and 75th quartiles) for the control, no treatment
groups, pretreatment, post-treatment, and stabilised groups
were 42 (21–66), 74 (63–89), 124 (98–150), 88 (65–128), and
75 (43–90) cpm (fig 1). From these results, a treatment
threshold was derived at 90 cpm. Significant increases in
activity were evident in the no treatment (p = 0.0032),
pretreatment (p , 0.0001), and post-treatment (p = 0.005)
groups compared with the control group. A significant increase
was also found in the pretreatment group (p = 0.01)
compared with the no treatment group.

Actigraph and clinical score
The sensitivity, specificity, and positive and negative pre-
dictive values were 94%, 85%, 88%, and 92% respectively
(table 3). Of the five newborns stabilised on treatment at the
time of the study, all were correctly identified by measuring
less than the treatment threshold.

DISCUSSION
Previous assessments of NAS have been limited to scoring
methods, which are characteristically subjective, biased, and
time consuming. The findings from this study confirm that
the actigraph measurement of movement is comparable to
the current clinical scoring method used at Royal Prince
Alfred Hospital. In comparison with the traditional scoring
method, movement is a continuous bedside measurement.

Table 2 Basic details of the control, no treatment, and treatment groups of newborns

Control (n = 10) No treatment (n = 13) Treatment (n = 27)

Male:female 5:5 6:7 17:10
Gestational age (weeks) 39 (1; 37–41) 37 (1; 35–39)*` 39 (2; 35–41)
Birth weight (g) 3513 (346; 3000–4020) 2690 (381; 2030–3255)* 2985 (531; 2030–3880)�
Centile 59 (23; 16–92) 19 (19; 1–61)* 30 (25; 1–76)�
Postnatal age at study
(days)

3 (1; 2–6) 3 (1; 2–5) 3 (2; 1–10)

Maternal history of drug
use

No Yes Yes

Stable on methadone 46% 48%
Using methadone and
heroin

15% 11%

Heroin only 23% 8%
Using methadone, heroin
and other drugs

16% 33%

Mean methadone dose
(mg)

55 (29; 10–100 ) 79 (35; 13–180 )

Where applicable, values are mean (SD; range).
*Significantly different from the control group (p,0.001).
�Signficantly different from the control group (p,0.01).
`Significantly different from the treatment group (p = 0.01).

Figure 1 The activity count measured by the actigraph. The mean
activity score for the control, no treatment (NoRx), pretreatment (PreRx),
post-treatment (PostRx), and stabilised treatment (StabRx) groups is
expressed as the number of counts per minute. There was a significant
increase in activity in the pretreatment group (124 cpm) compared with
the control (42 cpm, **p, 0.0001), no treatment (74 cpm, *p = 0.001),
and stabilised (75 cpm, *p = 0.007) groups. Significant differences
were also found in the no treatment (*p = 0.009) and post-treatment
(*p = 0.008) groups compared with the control group (**p , 0.001;
*p , 0.01).
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The most obvious advantage of the new method is its
objectivity and reliability as a computer generated measure.
The first aim of this study was to determine the levels of

movement in the three groups of newborns. The control
group showed the range of movement that defined the
healthy, normal pattern of activity. The no treatment group
showed a higher level of movement than the control group
and a lower level than the treatment group because most
opiate exposed newborns show some withdrawal signs but
these signs are not frequent enough or severe enough to
warrant treatment.
The findings in the treatment group show how the

measurement of movement can provide important clinical
information for the assessment and management of NAS.
There was a significant separation of the pretreatment group
from the stabilised and no treatment groups (fig 1). This is
consistent with this group representing ‘‘peak’’ withdrawal in
the newborn as the recordings were conducted in the
24 hours leading up to treatment. This group also represented
newborns with the greatest severity and frequency of
withdrawal signs, and this was consistent with consecutively
high scores that led to treatment with morphine.
An important feature of this method must be to indicate

when doses of morphine can be reduced, to aid the
assessment of when it is safe for the newborn to go home
(other assessments include weight and feeding). Although
longitudinal data are required to determine whether move-
ment can identify when newborn infants are stabilised, the
results so far suggest that movement in the stabilised group is
reduced to a level between that of the control and no
treatment groups (fig 1). These results can be explained by
the effect of treatment, in this case morphine, on the
withdrawal syndrome in the newborn. Morphine analogues
occupy the opiate receptors in the central nervous system,
autonomic nervous system, and gastrointestinal system and
enable the newborn to function more normally by imposing a
gradual rather than sudden withdrawal from the in utero
dependency. The withdrawal signs diminish as a result of
treatment, thus the clinical scores decrease, supporting the
reduction in the amount of movement measured in this
group.
Other differences included lower mean birth weight in the

NAS groups than the control group, a finding observed in
previous studies.24–27

The second aim of this study was to compare the results of
the polygraphic recordings of movement with the clinical
scoring system. The accuracy of the actigraph measurement
as a clinical diagnostic tool was examined using the current
widely used ‘‘standard’’ to identify newborns requiring
treatment for NAS—that is, an experienced clinician inter-
preting the clinical score. The sensitivity and specificity of the
movement measurement was high (> 85%), indicating that
it can distinguish between newborns who require treatment
from those who do not, with high accuracy compared with
the current scoring method. As there is no ideal method for

the assessment and treatment of NAS, it was not possible to
determine if movement is a more accurate measure of
neonatal drug withdrawal than the current method.
Further modification, based on the one false negative and

two false positive results, suggests that predictive values
would approach 100% accuracy. The one false negative
measurement in the pretreatment group occurred in an
infant with predominantly non-movement related with-
drawal signs including poor feeding, increased muscle tone,
and watery stools.12–15 Although an uncommon presentation,
for clinical application, the measure will have to be used in
conjunction with observation of feeding scores and stool type,
and the clinician will need to include these observations in
the decision making process.
The reasons for the two false positive measurements raise

important problems. Firstly, unsettled periods are important
to measure but can arise falsely from the mother’s movement
when holding her newborn for extended periods of time
while on the postnatal ward, even though the baby may be
asleep and settled. This needs discussion with parents in
order to minimise artefacts. Other potential manipulation,
such as removal of the actigraph, is readily detected by
prolonged zero movement level marked in red on the trace.
The second reason for a false positive measurement

concerns activity around the chosen treatment threshold of
90 cpm. Newborns not treated for NAS often show periods of
high activity followed by decreased activity, whereas new-
borns who require treatment show trends of increasing
activity between feeds. From the results, high activity counts
(greater than 120 cpm) indicate the need for treatment, and
low activity counts (less than 80 cpm) indicate no need for
treatment. To determine treatment requirements for new-
borns with 80–120 cpm, we suggest monitoring for another
four hours; if movement increases, treatment is required, and
if movement decreases, treatment is not required.
The measurement of movement is time saving compared

with the clinical score especially in the postnatal ward where
the aim is to keep mothers and babies together safely. Often,
there is only one nurse to a minimum of four mothers and
babies, which makes the accurate monitoring of withdrawal
signs very difficult, and the scorer changes in eight hourly
shifts. In comparison, the actigraph takes one minute to
place on the leg and can be left in situ for the recording
period. Five minutes is required to complete the analysis on
the computer at a chosen location.
In conclusion, this study shows that the measurement of

movement is comparable to the clinical score in determining
the severity of withdrawal and treatment requirements in
newborns with NAS. The clear advantage of this method is its
objectivity, reliability, and efficiency as a simple, non-
invasive, bedside measure. Further evaluation in a rando-
mised, controlled trial, using the actigraph in conjunction
with observation of non-movement related withdrawal signs
compared with the current clinical scoring method, would

Table 3 Accuracy of the actigraph in identifying treatment requirements for neonatal
abstinence syndrome (NAS)

Actigraph activity mean

Experienced clinical decision incorporating NAS score

Pretreatment (3
scores .8 or one
.12)

No treatment (consecutively
scoring ,8)

Stabilised treatment (3
consecutive scores ,6,
feeding well and weight
gain)

Greater than 90 cpm 16 true positive 2 false positive 0
Less than 90 cpm 1 false negative 11 true negative 5

Sensitivity 94% (95% confidence interval 71 to 99); specificity 85% (95% confidence interval 55 to 98).
cpm, Counts per minute
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establish comparative benefits, potential harms, safety, and
acceptability.
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