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Analysis of the factors that inﬂuence the Finnegan Neonatal
Abstinence Scoring System
E Gomez-Pomar1, A Christian2, L Devlin3, KT Ibonia1, VA Concina1, H Bada1 and PM Westgate4
OBJECTIVE: To evaluate factors that can inﬂuence the Finnegan Neonatal Abstinence Score (FNAS).
STUDY DESIGN: Retrospective analysis of 367 patients admitted to two level IV neonatal intensive care units. Linear mixed effects
models were developed to evaluate daily census, time of the day, and day of the week as ﬁxed effect predictors. The degree of
inﬂuence that nurses had on FNAS variability was also estimated.
RESULTS: Bivariate analyses showed that daily census and the time of day have signiﬁcant inﬂuence on the FNAS in institution 1,
with minimal clinical signiﬁcance. The proportion of variation in the FNAS attributable to differences in nurses was of 9.8% and 5.1%
for institutions 1 and 2, respectively (P o0.0001).
CONCLUSIONS: The minimal inﬂuences of extraneous factors on the FNAS support the clinical utility of the scoring system in the
assessment and management of infants with Neonatal Abstinence Score.
Journal of Perinatology advance online publication, 6 April 2017; doi:10.1038/jp.2017.40

INTRODUCTION
Neonatal Abstinence Syndrome (NAS) refers to a constellation of
signs in newborn infants resulting from the cessation of exposure
to maternal opioids used during pregnancy. NAS is characterized
by gastrointestinal, respiratory, autonomic, and central nervous
system disturbances, which may have detrimental effects on the
newborn.1–8 Since the ﬁrst case of NAS reported in 1892,5 the
incidence of NAS has dramatically increased.3,9–12 The rate of NAS
cases increased from a rate of 7/1000 neonatal intensive care
admissions in 2004 to 27/1000 admissions in 2013.13
The Finnegan Neonatal Abstinence Score (FNAS), developed in
1975 to quantify the severity of withdrawal signs in the neonate3,4
is a validated assessment tool with strong inter-user reliability
(mean inter-rater reliability coefﬁcient of 0.82 (0.75–0.96)).3,4 It
provides a diagnostic score which serves as a basis for initiation
and adjustment of drug dosage. Finnegan et al. have proposed to
assess infants every 3 or 4 h according to the feeding schedule
and to use three consecutive scores ⩾ 8 or two scores ⩾ 12 for the
initiation of pharmacological treatment.2–4 Contiguous scores o 8
are often used as a measure of readiness for weaning
pharmacologic therapy.4 The threshold for treatment was noted
to be adequate by Zimmermann-Baer et al.14 by applying the
FNAS to non-opiate exposed term infants for up to 5 to 6 weeks
and ﬁnding that the 95th percentile of the scores never
exceeded 8.
The 21-item FNAS allows a thorough assessment of infants, but
the tool is lengthy and requires training and experience for its
correct administration.15 Some FNAS items have a subjective
component that may inﬂuence the tool’s validity.5,16 To our
knowledge, there are no studies that evaluated the variability of
the FNAS due to inconsistency in scoring or to other external
factors. Therefore, we examined the factors that may inﬂuence the

FNAS that may result in signiﬁcant variability in its administration
in the clinical setting.
METHODS
This retrospective study was conducted using electronic medical records
data from two level IV neonatal intensive cares; both are regional referral
centers. The study was approved by the Institutional Review Board of each
institution. Inclusion criteria included gestational age 437 0/7 weeks,
admission to the neonatal intensive care for withdrawal manifestations
after any in-utero opioid exposure, and signs of NAS assessed using FNAS.
Exclusion criteria included gestational age o37 weeks, exposure to
psychoactive substances without opioid exposure, and/or major congenital
malformations. At each institution, the nurses who performed the FNAS
had training with experienced scorers (video, demonstration by trainer and
reverse demonstration by trainee) and testing for reliability (trainer and
trainee assess and score same infant) before being assigned care of infants
with NAS; retraining in scoring with FNAS was done annually.
Since the total FNAS score is utilized as the basis to initiate or change
therapy, we used the total score at each evaluation for analysis. The
protocol for the evaluation of NAS in infants between the two institutions
is similar except that in institution 2 the interval of FNAS assessment is
increased from every 3 to every 6 h once the infant is 'captured', that is,
FNAS scores consistently o8 for a period of up to 24 h after initiation of
therapy. The FNAS was designed to be used during the neonatal period
and has not been tested to be used beyond. Some infants in our cohort
were tested beyond the neonatal period. We decided to include them
since our objective was to evaluate the factors that may affect the
variability of the FNAS and not the ability of the score to diagnose NAS in
infant.
We examined the following factors for their potential inﬂuence on the
variability of the FNAS: unit daily census (number of infants in the unit each
day); day of the week (weekday vs weekend); time of the day (day shift:
0700–1900 hours and night shift: 1900–0700 hours); number of scores
given by a nurse (during the study period); and nursing ID. Nursing ID
allows us to assess if any variance in the FNAS exists due to inconsistency
across nurses when scoring.
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Statistical analysis
Descriptive statistics and linear mixed effects models were used to assess
unadjusted associations. Primary analyses used linear mixed effects
models, one for each institution, in which the FNAS was the outcome of
interest and daily census, time of day, and day of the week were ﬁxed
effects predictors. A random nurse effect using nursing ID was included to
determine the degree of inﬂuences nurses have on scoring. Statistical
correlation among repeated measurements over time from the same infant
was accounted for via an exponential power decay structure. Two-sided
t-tests were utilized for ﬁxed effects, whereas likelihood ratio tests were
used to test for between-nurse variability in scoring. All tests were
conducted at the 0.05 level and were performed in SAS version 9.4
(SAS Institute, Cary, NC, USA).

RESULTS
The data comprised of a whole year’s (2014) observations from
185 subjects of institution 1 (University of Louisville) for a total of
27 447 score observations, and from 182 subjects from institution
2 (University of Kentucky) for a total of 12 759 observations. The
number of observations per infant in institution 1 ranged from 1
to 605, with a mean and s.d. of 148 (116) and 25th, 50th and 75th
percentiles of 38, 153 and 210, respectively. The number of
observations per infant in institution 2 ranged from 1 to 310, with
a mean (s.d.) of 70 (59) and 25th, 50th and 75th percentiles of 18,
60 and 106, respectively.
The distribution of the scores in institution 1 showed a mean
(s.d.) of 6.23 (2.5) with a variance of 6.34 and 25th, 50th and 75th
percentiles of 5, 6 and 8, respectively; 83.5% of the observations
were below 8. The FNAS for institution 2 showed a mean (s.d.) of
7.4 (3.8) with a variance of 14.34 and 25th, 50th and 75th
percentiles of 5, 7 and 10, respectively; 64.6% of the observations
were below 8.
Figure 1 shows the daily census for both institutions. The mean
(s.d.) was 97.4 (8.8) with 25th, 50th and 75th percentiles of 92, 96
and 101, respectively, for institution 1, whereas the mean (s.d.) was
53.9 (9.4) with 25th, 50th and 75th percentiles of 48, 56 and 60,
respectively, for institution 2. The total number of observations, or
scores, were comprised of 13 859 (50.5%) daytime scores
(0700–1900 hours) from institutions 1 and 6, 484 (50.8%) from
institution 2.
Analyses of the individual factors that we hypothesized could
affect the mean FNAS are presented in Table 1. For institution 1,
the mean FNAS scores at nighttime were signiﬁcantly higher that
mean scores at daytime; mean scores did not differ between
weekday and weekend. For institution 2, time of day and day of
the week had no effect on the mean FNAS.

Nurse experience was analyzed using the number of scores that
the nurse performed during the study period. For institution 1, 328
nurses performed the FNAS and the number of FNAS scores done
by each nurse ranged from 1 to 565 with a mean (s.d.) of 83.7
(138.5) and 25th, 50th and 75th percentiles of 12, 31.5 and 64.5,
respectively. For institution 2, 320 nurses performed the FNAS and
the number of FNAS scores ranged from 1 to 346 with a mean
(s.d.) of 39.9 (48.5) and 25th, 50th and 75th percentiles of 5, 25
and 58, respectively. To analyze the association between the
number of scores given per nurse and the mean FNAS, a linear
model was assumed showing an estimated slope of 0.0008
(P o 0.001) and − 0.0007 (P = 0.09) for institutions 1 and 2, respectively. This result implies that each additional score done by a
nurse is estimated to increase the FNAS by 0.0008 in institution 1.
The results from the linear mixed effects models are presented
in Table 2. Daily census was a statistically signiﬁcant factor for
institution 1, resulting in an estimated small decrease of 0.015 in
the mean FNAS score for each additional increase in the census by
1; this estimate is very small and may only have a small clinical
impact. The impact of daily census for institution 2 was not
signiﬁcant. Furthermore, the time of day and day of the week were
not signiﬁcant predictors of FNAS for both institutions.

Table 1.

Effects of day of the week and time of day by institution on
mean FNAS
Institution 1

Institution 2

Scores

Mean ± s.d.
median (IQR)

Scores

Mean ± s.d.
median (IQR)

All scores

27447

12416

Weekday

15713

Weekend

11734

6.2 ± 2.5
6 (5, 8)
6.2 ± 2.5
6 (5, 8)
6.2 ± 2.5
6 (4, 8)
6.1 ± 2.5a
6 (4, 8)
6.3 ± 2.5
6 (5, 8)

7.4 ± 3.8
7 (5, 10)
7.4 ± 3.8
7 (5, 10)
7.4 ± 3.8
7 (5, 10)
7.4 ± 3.8
7 (5, 10)
7.4 ± 3.8
7 (5, 10)

0700–1900 hours 13588
1900–0700 hours 13859

7190
5569
6275
6484

Abbreviations: FNAS, Finnegan Neonatal Abstinence Score; IQR,
interquartile range. aStatistically signiﬁcant difference in mean scores
comparing time of the day in institution 1, Po0.0001.

Table 2. Linear mixed effect models analysis of factors (daily census,
time of day and weekday versus weekend) by institution affecting
FNASa
Estimate

Figure 1. Histogram representing the daily census distribution in
both NICUs. NICU, neonatal intensive care.
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95% CI

P-value

Institution 1
Daily Census
1900–0700 hours
0700–1900 hours
Weekday
Weekend

− 0.015 (−0.019, − 0.011) o 0.0001
Reference (−0.153, 0.115)
0.78
− 0.019
Reference (−0.049, 0.109)
0.46
0.030

Institution 2
Daily census
1900–0700 hours
0700–1900 hours
Weekday
Weekend

0.01
Reference
0.01
Reference
0.11

(−0.01, 0.02)
(−0.16, 0.18)

0.26
0.94

(−0.08, 0.30)

0.26

Abbreviations: CI, conﬁdence interval; FNAS, Finnegan Neonatal
Abstinence Score. aDaily census is signiﬁcant factor only for institution 1.
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Table 3. Stratiﬁed analysis by day of week and time of day for effect of
nurses on FNAS variability by institution

Institution 1
Institution 2

Weekday
(day)

Weekday
(night)

Weekend
(day)

Weekend
(night)

14.8%a
3.2%a

12.5%a
8.3%a

16.2%a
7.8%a

7.6%a
7.9%a

Abbreviation: FNAS, Finnegan Neonatal Abstinence Score. aStatistically
signiﬁcant difference in the variation of the FNAS attributable to nurses;
Po0.0001.

Evaluation of the variability of the FNAS only showed a greater
variability in FNAS scores in institution 2, as the models provide
total variance (s.d.) estimates of 6.25 (2.5) and 14.31 (3.78) for
institutions 1 and 2, respectively. However, nurses contributed
similar amounts of variation to these total variances. Speciﬁcally,
nurses were estimated to have contributed 0.61 (Δs.d. 0.13)
and 0.73 (Δs.d. 0.09) units of variation in institutions 1 and 2,
respectively (Δ indicates the increase in s.d. due to the variances
arising from scoring inconsistencies). Although these were
statistically signiﬁcant contributions (P o0.0001), they only
accounted for 9.8% (0.61/6.25 = 0.098) and 5.1% (0.73/
14.30 = 0.051) of the total variation in institutions 1 and 2,
respectively. In other words, if these slight inconsistencies in
scoring across nurses had not occurred, the estimated variance
(s.d.) would be 5.64 (2.37) and 13.58 (3.69) as opposed to
estimates of 6.25 (2.5) and 14.31 (3.78) for institutions 1 and 2,
respectively. Therefore, the clinical impact of differential scoring
by nurses is weak. Further analyses of the FNAS variability due to
nursing were performed by combining day of the week and time
of day using a stratiﬁed approach. We encountered that the
amount of variation in FNAS attributable to differences in nurses
was statistically signiﬁcant in all strata (Table 3).
DISCUSSION
The present study supports that the FNAS is an objective tool.
Although some factors may have a statically signiﬁcant effect on
the scores, the effects are minimal and thus, not clinically
signiﬁcant. To our knowledge, this is the ﬁrst systematic analysis
of the common factors that can affect the performance of the
FNAS as a diagnostic tool.
The authors of the original report of the FNAS reported a high
variability in an infant’s scores, particularly during the ﬁrst day of
life.3 This ﬁnding was later conﬁrmed and expanded by
Zimmermann-Baer et al.14 who found that in infants without
NAS there was an increase in the variability of the scores on day 2
of life with a sustained decrease by day 3 of life. They also
reported a higher daytime scoring compared to nighttime. This
difference became signiﬁcant at 5 to 6 weeks of life.
In our study, daily unit census, time of the day, and day of the
week did not show a clinically signiﬁcant impact on the FNAS.
Although daily census had a statistically signiﬁcant inﬂuence on
FNAS in institution 1, the association was clinically minimal.
Daytime scores were signiﬁcantly lower than nighttime scores in
institution 1, but the difference in mean FNAS was only 0.2. This
difference in the day and nighttime scores is opposite to the result
reported by Zimmermann-Baer et al.14 who found that in infants
without NAS, there is a decreased score during the nighttime
compared to the daytime. We speculate that this difference in
ﬁndings may be due to the alteration of the circadian rhythm
reported in infants with NAS compared to infants without NAS.2,10
The lack of signiﬁcant difference in scores between weekday and
weekend is a remarkable result. In both institutions, experienced
© 2017 Nature America, Inc., part of Springer Nature.

nurses typically worked during the weekdays and while those with
a few years of experience were assigned on weekends.
Overall, the clinical signiﬁcance of the variability in the FNAS
due to inconsistency in scoring across nurses is minimal. On one
extreme, the largest proportion of variation in the FNAS due to
inconsistent scoring that we found was 16% (weekend day/
institution 1). This variability could occasionally make a nonclinically signiﬁcant value become signiﬁcant (or vice versa) but
the decision to treat or modify treatment dosing is usually based
in consecutive assessment scores rather than a single score. We
speculate that variation in scores are due to some extent to an
intrinsic variability of neonates in their scores, which was already
identiﬁed when the original FNAS was developed.3 The authors
noticed that an infant can have a score higher than 8 at one
evaluation but with subsequent lower score at the next
assessment. This variability was therefore addressed by the
recommendation of obtaining three consecutive scores of 8 or
higher or two consecutive scores of 12 or higher in order to
provide pharmacological treatment.2–4,14 These subtle changes
were noted in non-exposed infants having scores of more than 8
at certain times but these scores 'normalized' on subsequent
assessment.14
Nursing competence related to scoring is a factor that we could
not fully analyze. The FNAS has items with one to multiple levels
of severity,2 which leaves room for subjectivity that can lead to an
increase in the variability of the reported scores.17,18 This
variability also led to question the objectivity of the FNAS.15
Lucas et al.18 evaluated the inter-rater reliability of the FNAS by
comparing the nurses’ scores with a perfect scorer pre and post
re-education; they found that 90% of the participants showed 10%
or more improvement in the reliability of the post training scores.
We considered the number of scores that were given per nurse
as a reﬂection of a nurse’s experience in administering the FNAS.
From our analysis, we found an increase in the mean FNAS of 0.08
and a decrease of 0.07 for each additional 100 scores per nurse for
institutions 1 and 2, respectively. These ﬁndings indicate only a
negligible coefﬁcient and therefore such changes may not be
clinically signiﬁcant in practice.
We found that the estimated proportions of variability in the
FNAS attributable to nurses were only 9.8 and 5.1% for institutions
1 and 2, respectively (when controlling for unit census, time of the
day, and day of the week). Therefore, our ﬁndings are in support of
the FNAS as an objective tool for the evaluation and management
of infants with NAS. Because of the inﬂuence, although minimal, of
external factors on the variability of FNAS and the inherent
variability within the infant, we support the recommendation of
obtaining consecutive scores to determine the need for treatment
of infants with NAS.
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