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ABSTRACT

Objective

The Finnegan scoring list (FSL) is widely used to screen for poor neonatal adapta-
tion in infants exposed to antidepressants in utero. However, the large number 
of FSL-items and differential weighing of each item is time consuming. The aim 
of this study was to shorten and simplify the FSL while preserving its clinimetric 
properties. 

Methods

This observational study examined infants exposed to an antidepressant during 
pregnancy admitted for at least 72 hours on a maternity ward. Trained nurses 
completed the FSL three times a day. Items for the adapted FSL were selected 
through forward analysis whereby the number of selected items was based on 
the area under the curve (AUC). Internal validity was assessed by cross-validation. 

Results

183 infants met the inclusion criteria. By forward analysis 8 equally weighed 
items resulted in an AUC of 0.91. In cross-validation, the mean AUC was 0.89 for 
8 items. This adapted FSL had a sensitivity of 97.7% and specificity of 37.0% and 
a sensitivity of 41.9% and specificity of 86.2% regarding a cut-off of respectively 
1 and 2.

Conclusions

An adapted FSL with 8 equally weighed items has acceptable clinimetric properties 
and can serve as an easy to apply screening tool in infants exposed to antidepres-
sants during pregnancy.
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INTRODUCTION

Poor neonatal adaptation (PNA) occurs in approximately 20-30% of infants exposed 
to selective serotonin reuptake inhibitors (SSRIs), venlafaxine, a serotonin norepi-
nephrine reuptake inhibitor (SNRI) and mirtazapine, a noradrenergic and specific 
serotonergic antidepressant (NaSSA) during last trimester of pregnancy.1-6 These an-
tidepressants are used by 2.0%-8.7% of all pregnant women.7,8 PNA develops within 
48-72 hours after birth and consists of various symptoms which may be categorized 
into four groups: central nervous system (CNS), gastrointestinal, autonomic and 
respiratory symptoms.1-3,6,9-13 

The diagnose PNA is established by the pediatrician, mostly based on the continu-
ous observation by trained nurses. Thereby, the Finnegan scoring list (FSL) is widely 
used as screening tool. This list was originally designed to assess PNA after exposure 
to opiates. However, it is also used in this setting as there is no validated instrument 
to screen for PNA in infants exposed to antidepressants.1-3,9,11,14-18 Nine of the 21 
symptoms of the FSL are divided in multiple items of increasing severity, resulting in 
a list with a total of 31 items. Each of the 31 items has a specific score, ranging from 1 
to 5. If one or more total Finnegan scores during observation are 4-7, this is indicative 
for mild symptoms of PNA, if one or more scores are ≥8 this is indicative for severe 
symptoms of PNA.1-3,9-12 

Establishment of the diagnosis PNA is important to initiate treatment and provide 
information on the nature of symptoms to parents. Furthermore, despite the generally 
mild and self-limiting character of PNA, close observation of infants by specialized 
caregivers is required, as it can be difficult to distinguish PNA from other diagnoses, 
such as perinatal infection.5,10-12,17 This underlines the importance of an accurate 
screening tool for PNA in infants exposed to antidepressants during pregnancy. 

However, the FSL is complex for routine use due to the large number of items, 
with differential weighing of each item.18,19 Completing the FSL is therefore time 
consuming and may result in only partial or inaccurate registration what can lead 
to under or over diagnosis of PNA. Furthermore, as symptoms of opiate abstinence 
are more extensive and severe than symptoms of PNA after exposure to antidepres-
sants, several items on the FSL may not be relevant for screening infants exposed to 
antidepressants, such as excoriation of skin and temperature ≥38.5 ⁰C. Therefore, 
we hypothesize that a shorter version of the FSL with equally weighed items would 
improve feasibility.

The aim of this study was to investigate whether it is possible to develop an adapted 
FSL by minimizing the number and unify the weighing of the items of the original FSL 
with acceptable clinimetric properties. This adapted FSL can serve as an easy to apply 
screening tool for PNA in infants exposed to antidepressants during pregnancy. 



100 Chapter 6 

METHODS

Setting

We conducted a single-center observational study in the Sint Lucas Andreas Hospi-
tal in Amsterdam, the Netherlands. The psychiatric obstetric pediatric (POP) clinic of 
our hospital is an expert center for pregnancy and psychiatric disorders and advises 
women before, during and after pregnancy. 

During pregnancy, patients visit our outpatient clinic in the first or second tri-
mester and a second time during the third trimester. As part of our standard intake 
procedure, at each visit data are collected on current and past obstetric, psychiatric, 
as well as general medical and social history, maternal stress and coping, current and 
past consumption of alcohol, tobacco and illicit drugs. Within 8 hours after delivery, 
women who visited our POP clinic during pregnancy are admitted to the maternity 
ward together with their infants for an observation period of at least 72 hours. 

All infants are examined by a pediatrician every morning and trained nurses 
screen the infants for PNA three times a day by means of the FSL.11,15 In case of a 
FSL-score of 8 or above, infants are subsequently scored at least every two hours 
with immediate consultation of a pediatrician. Infants who need more surveillance 
due to severe PNA or other neonatal problems, such as prematurity, are admitted to 
the neonatal care unit (NCU). 

Participants

From January 2010 to December 2012, women and their infants were included 
in this study if the mother used an SSRI, SNRI or NaSSA during at least the third 
trimester of pregnancy and if the mother-infant couple was admitted to our ma-
ternity ward. Exclusion criteria were concurrent use of hard or soft drugs, regular 
alcohol use (>2 units per week) and exposure to psychotropic drugs other than 
SSRIs, SNRIs or NaSSAs during the last trimester of pregnancy. 

Measures

For every infant, all completed FSL’s during hospital stay were included. In infants 
in whom pharmacological therapy was started upon the severity of PNA, all FSL’s 
up to the moment of treatment were included. In case the highest of all Finnegan 
scores of an infant was <4, this infant was classified as having ‘no PNA according to 
the FSL’. In case the highest of all Finnegan scores was ≥4, the infant was classified 
as ‘having PNA according to the FSL’. Infants with PNA were further categorized 
into infants having ‘mild PNA according to the FSL’ and infants having ‘severe PNA 
according to the FSL’, whereby the highest of all Finnegan scores was respectively 
4-7 and ≥8 ’. 
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Thereafter, the pediatrician concluded whether the infant did or did not have 
PNA at the end of the observation period. This was regarded as the golden stan-
dard. This conclusion was based on the Finnegan scores, the moment of onset, 
course and type of symptoms and examination of the infant. 

Analysis 

Statistical analysis was performed using SPSS version 21 (IBM, New York, USA). 
Creation of the adapted FSL: symptoms of the FSL divided in multiple items were 
combined into a single item when the most severe item was scored with a fre-
quency of less than 0.5%. The score that corresponded to the less severe symptom 
was used as the score for the combined item. Furthermore, item 11A (temperature 
<38.5⁰C) was discarded in the item selection because it was complementary to 
item 11B (temperature ≥38.5⁰C).

In order to select items for the adapted FSL, all completed original FSL’s in the 
study were analyzed. Stepwise logistic regression with forward selection based on 
the likelihood ratio statistic was used to find the combination of items that predicted 
best the dependent variable, PNA according to the original FSL (score of ≥4). 

To restrict the number of items for the adapted FSL, we computed the area under 
the curve (AUC) of the sumscore at each step of the forward procedure. We aimed for 
the minimum number of items that resulted in an AUC of 0.9 or higher. 

To create an adapted FSL with equal weighing, we also computed the AUC at 
each step of the forward procedure with all item weights set equal to 1. In order to 
obtain an impression of the agreement between the original and adapted FSL, we 
calculated the correlation between both lists, expressed in the Spearman correlation 
coefficient.

Assessment of intern validity: as the AUC’s were computed on the same dataset on 
which the items were selected, it is likely that this leads to overoptimistic estimates 
of the discriminative ability of the adapted FSL. To obtain an indication of this 
overoptimism we assessed internal validity of the procedure used to construct the 
adapted FSL by means of cross-validation. We randomly divided the study group in 
two groups. Approximately 50% of the infants were selected, whose original FSL’s 
provided the model-building dataset. The original FSL’s of the remaining infants 
served as validation set. The model-building dataset was used for item selection 
in a similar manner as described earlier. Discriminative ability of the adapted FSL 
constructed on the model building dataset was assessed by computing the corre-
sponding AUC using the data from the validation set. 

As different model building sets will likely lead to the selection of different items 
for the adapted FSL and different AUC’s in the validation set, a total of 8 cross-
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validations were performed. The means and variability of the AUC’s were computed 
for adapted lists with different numbers of items.

Assessment of clinimetric properties: sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) of the original and adapted FSL 
were computed using PNA according to the pediatrician as the golden standard. 

We were interested in the performance of the adapted FSL in a clinical setting 
with repeated administration rather than the performance of a single administra-
tion. Therefore the clinimetric properties of the patient’s maximum score over the 
repeated administrations were assessed. The commonly used cut-offs of 4 and 8 
were considered for the maximum score on the original FSL and various cut-offs 
were considered for the adapted FSL. This was performed for the selected adapted 
FSLs with 8, 9 and 10 items.

Medical ethics committee

This study was approved by the medical ethics committees of the Sint Lucas An-
dreas Hospital and VU University Medical Center in Amsterdam, the Netherlands. 

RESULTS

Maternal and neonatal data

A total of 213 women, who all used an SSRI, SNRI or NaSSA during at least the 
last trimester of pregnancy were admitted to the maternity ward, together with 
their 213 infants, for observation of possible PNA. A total of 183 women and their 
183 infants (85.9%) were included for analysis. Twenty-three mother-infant dyads 
were excluded because other psychotropic co-medications were used. Further-
more, 7 mother-infant dyads were excluded due to insufficient data. 

Neither hard nor soft drugs were used in the study group and none of the women 
used alcohol on regular basis. Three mothers used alcohol sporadic (<2 units per 
week). 

In total 172 of all included infants (94.0%) were exposed to one type of anti-
depressant. Eleven infants (6.0%) were exposed to two types of antidepressants. 
Characteristics of the study population are shown in Table 1.
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Table 1. Maternal and infant characteristics of analyzed subjects (n=183). 

Characteristics n=183
mean (range)

Maternal age, years 32.5 (19-43)
Number of Finnegan lists per infant 8.6 (2-25 )
Gravidity n (%)
1 56 (30.6)
2 60 (32.8)
3 31 (16.9)
≥4 36 (19.7)
Parity
1 81 (44.3)
2 61 (33.3)
3 23 (12.6)
≥4 18 (9.8)
Smoking 11 (6.0)
Psychiatric diagnosis (history)1 n=285 n (%)
Personality disorder 16 (5.6)
Addiction disorder 1 (0.4)
Anxiety disorder 102 (35.8)
Bipolar disorder 1 (0.4)
Depressive disorder 147 (51.6)
Psychotic disorder 5 (1.8)
Other psychiatric disorder 13 (4.6)
Type of antidepressant n=183 n (%)
Selective serotonin reuptake inhibitor

paroxetine 36 (19.7)
sertraline 41 (22.4)
fluoxetine 8 (4.4)
citalopram 38 (20.8)
fluvoxamine 3 (1.6)

Serotonin noradrenaline reuptake inhibitor
venlafaxine 15 (8.2)

Noradrenergic and specific serotonergic antidepressants
mirtazapine 32 (17.5)

Combination of antidepressants
paroxetine and mirtazapine 3 (1.6)
sertraline and mirtazapine 3 (1.6)
citalopram and mirtazapine 3 (1.6)
fluoxetine and mirtazapine 1 (0.5)

Gestational age, weeks
≥37 168 (91.8)
<37 15 (8.2)
Gender
Male 89 (48.6)
Original Finnegan list
No PNA2 (Finnegan score <4) 70 (38.3)
Mild PNA2 (Finnegan score 4-7) 91 (49.7)
Severe PNA2 (Finnegan score ≥8) 22 (12.0)
Diagnosis pediatrician n=181 n (%)
No PNA2 183 (76.2)
PNA2 43 (23.8) 

1. More than one psychiatric diagnosis is possible 2. PNA: Poor neonatal adaptation.
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PNA

Of the 183 included infants, 113 infants (61.7%) showed PNA according to the 
FSL, of whom 22 (19.5%) showed severe symptoms and 91 (80.5%) showed mild 
symptoms. Three infants (1.6%) had to be admitted to the NCU due to severity of 
symptoms; one of these infants (0.5%) was subsequently treated with phenobar-
bital. Of the 181 infants in whom a diagnosis of the pediatrician was available, 43 
infants (23.8%) were diagnosed as having PNA and 138 (76.2%) as not having PNA. 

The adapted FSL

In total 1581 FSL’s were completed (mean 8.6 per infant). Table 2 shows the original 
FSL, including the scoring frequency of the different items. Items 1, 3, 5, 17 and 20 
were combined because the most severe subcategory was scored with a frequency 
of less the 0.5%. Furthermore, item 11A was discarded, as mentioned in the method 
section and item 9 was never scored. This resulted in a total of 24 items (20 symp-
toms) for variable selection. Items entered the logistic regression model in the order 
presented in Table 3. This Table also presents the AUC for both the original weighing 
and the equal weighing of items. The Spearman correlation coefficient between the 
original FSL and adapted FSL of 8, 9 and 10 items was 0.73, 0.76 and 0.78 respectively. 

Table 2. Original Finnegan scoring list including frequency of the scored item. A total of 1581 lists 
of 183 infants were completed and included in this study. 

Items Score Frequency
n=1581 
n (%)

1A High pitched cry 2 45 (2.8)

1B Continuous high pitched cry 3 4 (0.3)

2A Sleeps less than 1 hour after feeding 3 32 (0.7)

2B Sleeps less than 2 hours after feeding 2 83 (5.2)

2C Sleeps less than 3 hours after feeding 1 498 (31.5)

3A Hyperactive Moro reflex 2 50 (3.2)

3B Markedly hyperactive Moro reflex 3 2 (0.1)

4A Mild tremors when disturbed 1 291 (18.4)

4B Marked tremors when disturbed 2 24 (1.5)

5A Mild tremors when undisturbed 3 30 (1.9)

5B Marked tremors when undisturbed 4 5 (0.3)

6 Increased muscle tone 2 74 (4.7)

7 Excoriation of skin 1 20 (1.3)

8 Myoclonic jerks 3 1 (0.1)

9 Convulsion 5 0 (0.0)

10 Sweating 1 25 (1.6)

11A Temperature < 38.5 ⁰C 1 1579 (99.9)

11B Temperature ≥ 38.5 ⁰C 2 2 (0.1) 
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Intern validity 

Eight cross-validations were performed. The mean AUC for 6 items was 0.84 (95%CI 
0.80-0.89), for 7 items 0.87 (95%CI 0.81-0.92), for 8 items 0.89 (95%CI 0.85-0.93), 
for 9 items 0.91 (95%CI 0.88-0.94) and for 10 items 0.92 (95%CI 0.90-0.96). 

Table 3. Forward analysis of all 1581 original Finnegan scoring lists. The Table presents items en-
tered in the forward logistic regression with the area under the curve (AUC) of sum scores both for 
the original weighing and for equal weighing of items. 

Step Item entered Original 
weights

AUC AUC 

original 
weights

equal 
weights

1 Item 6 Increased muscle tone 2 0.61 0.61

2 Item 21 A Loose stools 2 0.71 0.71

3 Item 5A+B Mild or marked tremors when undisturbed 3 0.76 0.76

4 Item 21B Watery Stools 3 0.80 0.79

5 Item 2A Sleeps less than 1 hour after feeding 3 0.84 0.83

6 Item 19 Poor feeding 2 0.86 0.86

7 Item 2B Sleeps less than 2 hours after feeding 2 0.90 0.89

8 Item 
3A+3B

Hyperactive or markedly hyperactive Moro reflex 2 0.92 0.91

9 Item 
20A+B

Regurgitation or projectile vomiting 2 0.94 0.93

10 Item 
1A+1B

(Continuous) high pitched cry 2 0.96 0.95

Table 2. Original Finnegan scoring list including frequency of the scored item. A total of 1581 lists 
of 183 infants were completed and included in this study.  (continued)

Items Score Frequency
n=1581 
n (%)

12 Frequent yawning 1 1 (0.1)

13 Mottling 1 1 (0.1)

14 Nasal stuffiness 1 50 (3.2)

15 Sneezing 1 29 (1.8)

16 Nostril breathing 2 2 (0.1)

17A Respiratory rate > 60/min 1 42 (2.7)

17B Respiratory rate >60 with retractions 2 3 (0.2)

18 Frantic sucking of fists 1 66 (4.2)

19 Poor feeding 2 29 (1.8)

20A Regurgitation 2 49 (3.1)

20B Projectile vomiting 3 1 (0.1)

21A Loose stools 2 135 (8.5)

21B Watery stools 3 25 (1.6)
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Clinimetric properties

The original FSL had a sensitivity of 100%, specificity of 48.6%, NPV of 100% 
and PPV of 37.7% for mild or severe PNA (Finnegan score ≥4). For severe PNA 
(Finnegan score ≥8) the sensitivity was 32.6%, specificity 94.2%, NPV 81.8% and 
PPV 63.6%. The sensitivity, specificity, NPV and PPV of the adapted FSL is listed 
in Table 4. 

DISCUSSION

The present study shows that the clinimetric properties of an adapted FSL of 8 
equally weighed items (FSL8) are compatible with the original FSL. These 8 items 
are an increased muscle tone, loose or watery stools, mild or marked tremors while 
undisturbed, less then 1 or 2 hours sleep after feeding, poor feeding and a (mark-
edly) hyperactive Moro reflex. 

This is the first attempt to develop a feasible screening instrument for PNA in 
infants exposed to antidepressants during pregnancy by adapting the FSL. To our 
knowledge, there are no studies on shortening or validation of screening tools for 
PNA in infants exposed to antidepressants. Furthermore, this is the first study that 
addresses the value of the FSL in diagnosing PNA in this group of patients. 

Our results show that the FSL8 had an AUC of 0.91 which represents outstanding 
overall ability to discriminate.20 The FSL8 with a cut-off of 1 had a sensitivity of 
97.7% and a specificity of 37.0%. The sensitivity dropped to 41.9% and specific-
ity increased to 86.2% when the cut-off of 2 was used. To minimize the proportion 
of cases that remain undetected, a high sensitivity is required for screening. For 
this reason the cut-off of 1 is preferred. Although the specificity of the FSL8 is 
lower compared to the original FSL, which has a specificity of 48.6%, we don’t 
consider this as a problem as infants are evaluated by a paediatrician on a daily 
basis. Thereby the pediatrician can apply the FSL8 as screening tool and can take 
into account that higher scores and consecutive high scores are more indicative of 
(the severity of) PNA . The pediatrician should try to rule out other explanations for 
the high scores, especially in case of concurrent symptoms which are less specific 

Table 4. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) of 
the adapted Finnegan scoring list with equal weighing with a cut-off of 1 and 2. 

Cut-off ≥1 Cut-off ≥2

Adapted FSL Sensitivity Specificity NPV PPV Sensitivity Specificity NPV PPV

8 items 97.7 37.0 89.1 32.6 41.9 86.2 82.6 48.6

9 items 97.7 34.1 97.9 31.6 53.5 85.5 85.5 53.5

10 items 97.7 29.7 97.6 30.2 60.5 82.6 75.5 52.0
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for PNA, such as high temperature, or in case of immediate onset of symptoms 
after birth. As PNA exists of multiple nonspecific symptoms , which can also be 
present in many other neonatal diagnoses, such as perinatal infection, a more 
specific screening list is not possible in our opinion.

In our study cohort, one infant with PNA according to the pediatrician would 
have been missed with the use of a shorter FSL of 8, 9 or 10 items. This infant had 
one original FSL with a score of 5, the other scores where all <4. Treatment was 
not necessary. 

The strength of the FSL8 is the equal weighing. We postulate that this will im-
prove feasibility, as adding items with different weights is error-prone. Another 
strength is the fact that the FSL8 is shorter which will improve feasibility and is 
less time consuming. Also, we expect that the inter-rater reliability will increase 
due to the reduced number of items. Additional studies are necessary to confirm 
this hypothesis. Furthermore, by shortening the original FSL items that are not spe-
cific for antidepressant exposure were discarded. In this way, the shortened FSL 
has become more specific for antidepressant exposure compared to the original 
FSL, which was designed to assess PNA after exposure to opiates. 

This study has several limitations. The clinimetric properties (sensitivity, 
specificity, PPV and NPV) of the original and adapted FSL were computed using 
the diagnose of the pediatrician as golden standard as a golden standard with 
100% sensitivity and specificity is lacking. The pediatrician was influenced by the 
FSL, which may have led to a relative overestimation of the clinimetric properties 
of both the original and shortened FSL. Furthermore, discriminative ability of the 
FSL8 list was assessed in the sample of infants whose data were used for selecting 
relevant items and only internally validated by means of cross-validation. There-
fore the external validity of the FSL8 has to be further investigated. 

In conclusion, the original FSL is a complex tool for identification of PNA in clini-
cal practice. It is time consuming and may result in partial or inaccurate registra-
tion, which may lead to under or over diagnosis of PNA. This study shows that 
an adapted FSL of 8 equally weighed items (FSL8), with acceptable clinimetric 
properties may serve as an easy to apply screening tool for PNA in infants exposed 
to antidepressants during pregnancy. 
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