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France, 10 Centre Hospitalier Universitaire de Poitiers, Poitiers, France, 11 Centre Hospitalier Universitaire

de Lille, Lille, France, 12 Centre Hospitalier Intercommunal Poissy/Saint Germain en Laye, Poissy, France,

13 Centre Hospitalier Universitaire de Nı̂mes, Nı̂mes, France, 14 Centre Hospitalier de la Côte Basque,
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Abstract

Objectives

The primary objective of this study is to determine the current level of patient medication

exposure in Level 3 Neonatal Wards (L3NW). The secondary objective is to evaluate in the

first month of life the rate of medication prescription not cited in the Summary of Product

Characteristics (SmPC). A database containing all the medication prescriptions is collected

as part of a prescription benchmarking program in the L3NW.

Material and methods

The research is a two-year observational cohort study (2017–2018) with retrospective anal-

ysis of medications prescribed in 29 French L3NW. Seventeen L3NW are present since the
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beginning of the study and 12 have been progressively included. All neonatal units used the

same computerized system of prescription, and all prescription data were completely de-

identified within each hospital before being stored in a common data warehouse.

Results

The study population includes 27,382 newborns. Two hundred and sixty-one different medi-

cations (International Nonproprietary Names, INN) were prescribed. Twelve INN (including

paracetamol) were prescribed for at least 10% of patients, 55 for less than 10% but at least

1% and 194 to less than 1%. The lowest gestational ages (GA) were exposed to the greatest

number of medications (18.0 below 28 weeks of gestation (WG) to 4.1 above 36 WG)

(p<0.0001). In addition, 69.2% of the 351 different combinations of an medication INN and a

route of administration have no indication for the first month of life according to the French

SmPC. Ninety-five percent of premature infants with GA less than 32 weeks received at

least one medication not cited in SmPC.

Conclusion

Neonates remain therapeutic orphans. The consequences of polypharmacy in L3NW

should be quickly assessed, especially in the most immature infants.

Introduction

Neonates in neonatal intensive care units (NICU) are exposed to the highest rates of unli-

censed and off-label (UOL) medication prescription as compared to all hospitalized patients

[1–4]. These babies have also the greatest risk of medication errors and adverse medication

events [5]. The scarcity of high quality randomized controlled trials is considered the main

contributor to this situation. Post-marketing medication surveillance should be particularly

valuable in neonatal wards where information about medication efficacy and safety is so lim-

ited and insufficient [3, 4, 6].

A comprehensive and extensive systematic review of observational studies until the year

2016 [3] identified neonatal studies encompassing all medication classes. The most commonly

reported medication studies were anti-infectives for systemic use followed by medications for

cardiovascular system, nervous system and respiratory system. A more recent systematic

review added 30 papers [4] and showed the diversity in the countries at the origin of the publi-

cations. The retained studies were either general or more specific of some International Non-

proprietary Names (INN) and medication categories, such as anti-infectives, inotropics,

surfactant, nitric oxide, narcotics-sedatives, caffeine, histamine-2 receptor antagonists and

proton pump inhibitors. This list can be completed by recent papers focused on corticosteroids

[7], antihypertensives [8] and paralyzers [9].

This study is the first part of a benchmarking program on prescription in neonatology,

based on a single database of all electronic prescriptions performed over a 2-year period in 29

French Level 3 neonatal wards (i.e. with neonatal intensive care, intermediate care and neona-

tal medicine). The primary objective of this study is to determine the current level of patient

medication exposure in the Level 3 Neonatal Wards (L3NW) from admission to discharge.

The secondary objective is to evaluate the rate of exposure to medications not cited in the Sum-

mary of Product Characteristics (SmPC) for an administration in the first month of life.

Medication prescription in Level 3 Neonatal Wards
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Material and methods

The Level 3 Neonatal Wards of the study

From January 1, 2017 to December 31, 2018, twenty-nine L3NW engaged in a benchmarking

program of neonatal medication prescribing practices (B-PEN program). Seventeen L3NW

have been involved since the beginning, while another 12 have progressively joined the pro-

gram. Prescription data were collected in the L3NW through a computerized order-entry sys-

tem (CPOE) associated with a Clinical Decision Support System (CDS) (Logipren comp.). The

study is limited to two years of data collection (2017–2018) to limit heterogeneity due to the

progressive recruitment of neonatal services and changes in prescribing practice over a longer

period, such as have already reported others [10].

Characteristics of the CPOE/CDS system and its reference formulary

Characteristics of the CPOE/CDS system have been previously described [11]. Briefly, this sys-

tem allows medication prescription according to indication, GA, postnatal age, post-concep-

tional age, body weight at the day of prescription. The CPOE/CDS system provides a complete

prescription made from a reference formulary of 450 Medication INN. The reference formu-

lary is based on French (European) SmPC for licensed medications (http://agence-prd.ansm.

sante.fr/php/ecodex). For UOL medications specifications of the Pediatric & Neonatal Dosage

Handbook [12] and the medical literature are used as reference. All electronic prescriptions

are automatically and totally stored in local computer servers. Monthly they are fully anon-

ymized (de-identification) within each participating hospital before being sent to the same

data warehouse for subsequent analyzis. The authorization to do so was given by the National

Commission for Data Protection and Privacy (CNIL: DE-2015-099, DE-2017-410) and com-

plies with the most recent French regulation MR-003 which governs research in the health

field without obtaining consent [13].

Recorded data

Data systematically recorded for each prescription have been previously published [11], and

are the following:

• Medication INN,

• Date of prescription,

• Indications of medication prescription,

• Dose (international units): unitary dose/kg and inter-dose intervals if discontinuous admin-

istration; dose/kg/h or /min if continuous administration; daily dose/kg, loading and main-

tenance doses when applied (i.e. caffeine, analgesics, antimicrobials),

• Route of administration,

• Preparation modalities with the reconstitution solute, detail of the dilution process when

multiple dilutions are required, the volume of rinsing and the volume of perfusion tubing to

be added to the total medication volume,

• Report of adverse side effects by prescribers; nine alerts which warn prescribers when an

item value is out of the recommended range or when a medication is outside the specifica-

tions of the formulary reference or when the body weight has changed by +/- 10%,

Medication prescription in Level 3 Neonatal Wards
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• Some clinical information are stored: date of birth, date at admission, gender, gestational age

(completed weeks + days), in(out)born status, birth weight and daily bodyweight measures

(g), vital status at discharge.

Non-inclusion criteria

The flow chart (Fig 1) shows how the population of the study was selected. All patients with a

first prescription in the 29 L3NW before 28th day of life and at least one electronic medication

prescription were eligible to the study.

Data/Statistical analysis

Pharmaceutical substances were identified by their INN according to WHO general guidance

[14] and were categorized according to the Anatomical Therapeutic Chemical (ATC) classifi-

cation [15]. Three experts (EG, SL, JBG) compared independently each INN to its French

SmPC according to the route of administration. The search aimed to identify exposure (INN)

and combinations (INN + route) not cited in the first month of life regardless of the indication,

dose and frequency of administration.

The national representativeness of the study population was targeted by scrutinizing

extremely (GA < 28 weeks of gestation (WG)) and very (28–31 WG) preterm infants since

these two categories are constantly cared for in L3NW while this rule does not systematically

apply at higher GA. National data about newborns< 32 WG admitted in L3NW were obtained

from the French medico-administrative database PMSI (Programme de Médicalisation des Sys-
tèmes d’Information) which provides information on neonatal care in all public and private

French hospitals. The representativeness (% of the total number of national admissions in

L3NW) was calculated at each annual quarter of the study since the number of included level 3

hospitals increased gradually from 17 to 29 over the two years of the study.

Results are presented using frequency and proportion for discontinuous variables, and

using the mean, standard deviation and extreme values for continuous variables. Khi-square

Fig 1. Flow chart diagram from the entire B-PEN program population to the population allowing the study on medication prescriptions in 29

Level 3 Neonatal Wards.

https://doi.org/10.1371/journal.pone.0222667.g001
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tests and Spearman correlation coefficient are used. Statistical analysis was conducted using

SAS1 software (Version 9.4, SAS Institute, North Carolina, USA).

Results

Level 3 Neonatal Wards

Neonates were included in this retrospective research as soon as their respective L3NW begun

to use the CPOE/CDS system of the B-PEN network (Table 1).

The mean contribution of each L3NW to the population of the database was 3.4% (min =

0.4; max = 8.7). Due to the progressive increase in L3NW all along the study period the

national representativeness of the study population progressively increased for preterm infants

below 32 weeks (Fig 2).

Population characteristics

Among all hospitalized newborns the main reason of non-inclusion was admission after 28

days of life (5.3% of hospitalized population). Finally, the study population was made up of

27,382 hospitalized neonates with a mean GA of 35.4 (SD = 4.3) weeks and a mean birth

weight of 2,458 g (SD = 945). Other demographic characteristics are presented in Table 2.

The mean for estimated length of stay (LOS) was 14.6 days and LOS decreased when GA

increased from 47.0 days below 28 WG to 6.4 days above 36 WG (r = -0.55, p< 0.0001)

(Table 3). Overall mortality rate was 2.4% and it decreased when GA increased from 17.2%

below 28 WG to 1.3% above 36 WG (p< 0.0001) (Table 3).

Characteristics of medication prescription

The mean of medication INN per L3NW was 101.6 (min = 41; max = 176). This number was

113.6 (min = 76; max = 176) for the 17 neonatal wards concerned by the entire study period

(Table 1).

Overall the mean number of prescribed medication INN over the hospital stay was 6.2

(SD = 5.7). The mean medication INN number given to neonates in L3NW is significantly

increased in preterm infants below 35 WG, the highest exposure being recorded in the

extremely preterm neonates (18.0 below 28 WG and 4.1 above 36 WG) (r = -0.54; p< 0.0001).

Table 1. Admissions and number of medication prescriptions in the 29 Level 3 Neonatal Wards of the B-PEN network (2017–2018).

Level 3 Neonatal Wards Overall

Level 3 Neonatal

Wards
Full period

study

Partial period

study

n = 17 n = 12 n = 29

Number of year in the study, mean (SD) 2.0 (0.0) 1.0 (0.5) 1.6 (0.6)

Number of admissions, mean (SD) 1220.1 (532.4) 553.3 (434.5) 944.2 (589.7)

[Min–Max] [618.0–2391.0] [121.0;1614.0] [121.0–2391.0]

Number of monthly admissions, mean (SD) 50.8 (22.2) 42.1 (16.9) 47.2 (20.3)

[Min–Max] [25.8–99.6] [23.2;86.0] [23.2–99.6]

Number of different prescribed medication INN, mean (SD) 113.6 (22.8) 84.5 (21.0) 101.6 (26.1)

[Min–Max] [76.0–176.0] [41.0;118.0] [41.0–176.0]

INN, International non-proprietary name.

https://doi.org/10.1371/journal.pone.0222667.t001
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The mean of postnatal age at first prescription was 2.2 day (SD = 5.1). Overall 78.9% of the

first prescription were made in the first two days of life and 88.7% in the first week. The mean

of the postnatal age at last prescription was 15.8 (SD = 19.5) days (Table 3).

The leading ATC groups (S1 Table), concerning more than one third of NICU patients,

were related to alimentary tract and metabolism (92.6% of neonates), blood and blood forming

organs (78.5%), nervous system (56.1%), anti-infective for systemic use (47.6%) and sensory

organs (34.4%).

Exposition to medication INN

Neonatal exposition to medication INN is shown in Tables 4, 5 and 6 and supporting informa-

tion to these tables in S2, S3 and S4 Tables, respectively.

Overall 261 different medication INN were prescribed (Tables 3 and 4 and S2 Table):

• 12 medication INN to at least 10% of the patients: vitamin D (89.8%) given alone (55.1%) or

in association with vitamins A, E, C (46.0%), phytomenadione (76.2%), paracetamol (i.e.

Fig 2. Part of the French extremely and very preterm infants (PMSI data) cared for in the Level 3 Neonatal Wards

of the B-PEN network (2017–2018).

https://doi.org/10.1371/journal.pone.0222667.g002

Table 2. Characteristics of the 27,382 neonates cared for in the 29 French Level 3 Neonatal Wards of the B-PEN

network (2017–2018).

Hospitalized neonates

n = 27382

Male, n (%) 15017 (54.8)

Multiple pregnancy, n (%) 2805 (10.2)

Birth weight (g), mean (SD) 2457.8 (944.5)

Gestational age (weeks), mean (SD) 35.4 (4.3)

Gestational age categories (weeks), n (%)

� 27 1740 (6.4)

[28–31] 3293 (12.0)

[32–36] 9350 (34.1)

� 37 12999 (47.5)

https://doi.org/10.1371/journal.pone.0222667.t002
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acetaminophen) (36.9%), gentamicin (32.4%), caffeine (28.6%), cefotaxime (26.9%), rifamy-

cin by ocular route (26.9%), iron (24.0%), amoxicillin (23.7%), folic acid (14.0%), amikacin

(10.3%) and vancomycin (10.1%);

• 55 medication INN were administrated to less than 10% of patients but at least 1%;

Table 3. Clinical characteristics by gestational age for the 27,382 neonates cared for in the 29 L3NW of the B-PEN program (2017–2018).

Gestational age (weeks) Hospitalized

neonates� 27 [28–31] [32–36] � 37

n = 1740 n = 3293 n = 9350 n = 12999 n = 27382

Length of stay (days), mean (SD) 47.0 (38.2) 32.3 (22.7) 13.8 (12.7) 6.4 (8.5) 14.6 (19.5)

Mortality rate at discharge, n (%) 299 (17.2) 98 (3.0) 90 (1.0) 174 (1.3) 661 (2.4)

Postnatal age at first prescription (days), mean (SD) 1.7 (5.2) 1.1 (3.9) 1.1 (3.4) 3.3 (6.1) 2.2 (5.1)

Postnatal age at last prescription (days), mean (SD) 47.7 (37.5) 32.4 (22.5) 13.8 (12.9) 8.6 (10.1) 15.8 (19.5)

Number of prescribed medication INN, mean (SD) 18.0 (8.2) 11.0 (5.5) 5.4 (3.6) 4.1 (3.5) 6.2 (5.7)

Neonates with at least one INN drug prescription without any citation in SmPC, n (%) 1705 (98.0) 3070 (93.2) 6658 (71.2) 5088 (39.1) 16876 (61.6)

INN, International non-proprietary name; SmPC, Summary of product characteristics.

https://doi.org/10.1371/journal.pone.0222667.t003

Table 4. Exposed neonates to the 20 medication International Non-proprietary Names most prescribed by gestational age in 29 French Level 3 Neonatal Wards

(2017–2018).

Exposed neonates by gestational age (weeks) Neonates

exposed� 27 [28–31] [32–36] � 37

n = 1740 n = 3293 n = 9350 n = 12999 n = 27382

Medication INN prescription, n (%)

All Vitamin D 1234 (70.9) 2906 (88.3) 8770 (93.8) 11682 (89.9) 24592 (89.8)

Vitamin D alone 400 (23.0) 955 (29.0) 4627 (49.5) 9096 (70.0) 15078 (55.1)

Vitamin A, D, E, C 1154 (66.3) 2657 (80.7) 5702 (61.0) 3089 (23.8) 12602 (46.0)

Phytomenadione 1673 (96.1) 3170 (96.3) 8217 (87.9) 7795 (60.0) 20855 (76.2)

Paracetamol (acetaminophen) 1141 (65.6) 1566 (47.6) 2669 (28.5) 4733 (36.4) 10109 (36.9)

Gentamicin 1202 (69.1) 1690 (51.3) 2355 (25.2) 3618 (27.8) 8865 (32.4)

Caffeine 1634 (93.9) 3177 (96.5) 2785 (29.8) 233 (1.8) 7829 (28.6)

Cefotaxime 1399 (80.4) 1854 (56.3) 1954 (20.9) 2154 (16.6) 7361 (26.9)

Rifamycin 767 (44.1) 1367 (41.5) 3151 (33.7) 2075 (16.0) 7360 (26.9)

Iron 1053 (60.5) 2323 (70.5) 2825 (30.2) 358 (2.8) 6559 (24.0)

Amoxicillin 537 (30.9) 773 (23.5) 1707 (18.3) 3476 (26.7) 6493 (23.7)

Folic acid 591 (34.0) 1329 (40.4) 1646 (17.6) 276 (2.1) 3842 (14.0)

Amikacin 539 (31.0) 581 (17.6) 700 (7.5) 993 (7.6) 2813 (10.3)

Vancomycin 1069 (61.4) 740 (22.5) 430 (4.6) 513 (3.9) 2752 (10.1)

Sufentanil 753 (43.3) 424 (12.9) 536 (5.7) 913 (7.0) 2626 (9.6)

Midazolam 679 (39.0) 297 (9.0) 460 (4.9) 887 (6.8) 2323 (8.5)

Epoietin alfa 905 (52.0) 1178 (35.8) 133 (1.4) 12 (0.1) 2228 (8.1)

Morphine 667 (38.3) 305 (9.3) 385 (4.1) 835 (6.4) 2192 (8.0)

Atropine 575 (33.0) 511 (15.5) 419 (4.5) 438 (3.4) 1943 (7.1)

Furosemide 769 (44.2) 402 (12.2) 257 (2.7) 470 (3.6) 1898 (6.9)

Tobramycin 294 (16.9) 466 (14.2) 535 (5.7) 320 (2.5) 1615 (5.9)

Ketamine 388 (22.3) 355 (10.8) 326 (3.5) 421 (3.2) 1490 (5.4)

INN, International non-proprietary name

https://doi.org/10.1371/journal.pone.0222667.t004
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• 194 medication INN (74% of medications) were administrated to less than 1% of patients

each.

Table 4 shows the exposure to each of the 20 most prescribed medication INN at each GA

group. Among these 20 leading medications 7 are antibiotics, 5 are analgesic or sedative medi-

cations and 5 are in the field of nutrition-metabolism.

Examining the 67 most prescribed medications (S2 Table) the group with GA below 28 WG

presented the highest exposure rate for 55 INN (82.1%). The 28–31 weeks group presented the

highest exposure rate for 9 INN (11.9%) and the second highest exposure rate for 51 INN

(71.6%).

Patients were prescribed 351 different combinations of medication INN and routes of

administration of which 149 were injectable and 126 were oral (Table 5 and S3 Table). Other

less frequent routes were respiratory (n = 9), cutaneous (n = 20), ocular (n = 22) and various

(n = 25). Among the 351 combinations (INN by route of administration), 243 (69.2%) were

not cited for use in the first month of life according to the French SmPC.

Overall 61.6% of neonates were prescribed at least one medication INN without any citation

in SmPC for prescription in the first month of life. The highest rate was recorded in the

extremely preterm neonates (98.0% below 28 WG to 39.1% above 37 WG) (p< 0.0001)

(Table 3). Among INN prescribed without any SmPC (Table 6 and S4 Table), the 3 most

Table 5. Exposed neonates to the 20 medication International Non-proprietary Names most prescribed by route of administration in 29 French Level 3 Neonatal

Wards (2017–2018).

Exposed neonates by route of administration

n = 27382

Injectable Oral Respiratory Ocular / Cutaneous Others route

Medication INN prescription, n (%)

All Vitamin D 44 (0.2) 24589 (89.8) - - -

Vitamin D alone 44 (0.2) 15045 (54.9) - - -

Vitamin A, D, E, C - 12602 (46.0) - - -

Phytomenadione 11210 (40.9) 15803 (57.7) - - -

Acetaminophen 6377 (23.3) 6930 (25.3) - - 21 (0.1)

Gentamicin 8865 (32.4) - - 3 (0.0) -

Caffeine 7006 (25.6) 5969 (21.8) - - -

Cefotaxime 7361 (26.9) - - - -

Rifamycin - - - 7360 (26.9) -

Iron 79 (0.3) 6553 (23.9) - - -

Amoxicillin 6456 (23.6) 159 (0.6) - - -

Folic acid - 3842 (14.0) - - -

Amikacin 2812 (10.3) - - 2 (0.0) -

Vancomycin 2752 (10.1) - - - -

Sufentanil 2626 (9.6) - - - -

Midazolam 2292 (8.4) 17 (0.1) - - 62 (0.2)

Epoietin alfa 1089 (4.0) - - - 1708 (6.2)

Morphine 1721 (6.3) 770 (2.8) - - -

Atropine 1938 (7.1) - - 10 (0.0) 16 (0.1)

Furosemide 1618 (5.9) 636 (2.3) - - -

Tobramycin 4 (0.0) - - 1611 (5.9) -

Ketamine 1454 (5.3) - - - 54 (0.2)

INN, International non-proprietary name

https://doi.org/10.1371/journal.pone.0222667.t005
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prescribed were rifamycin (ocular) for 26.9% of treated neonates, paracetamol (i.e. acetamino-

phen) for 19.7% and folic acid for 14.0% (Table 6).

Discussion

This retrospective observational study seeks to provide better knowledge of the medications

prescribed in L3NW. It is based on recent data collected over a 2-year period from 27,382 neo-

nates hospitalized in 29 of the 68 French L3NW (42.6%). Overall a limited number of medica-

tion INN were prescribed with an unequal distribution among neonates since only twelve of

the 261 (4.60%) medication INN were given to more than 10% of the population and 194

(74.3%) to less than 1%. Medication INN not cited in SmPC represented 69.2% of medication

prescriptions. The most immature infants (GA< 32 WG) were exposed to the higher rates for

both total and not cited medication INN.

Comparison to other studies on medications use in NICU is done through both recent

extensive systematic reviews of these studies [2–4] and some large epidemiological studies

[10].

Compared to other studies, this cohort is characterized by the fact that all L3NW participate

in the same program of comparative analysis of their prescriptions (B-PEN program) and the

Table 6. The Top 20 medication International Non-proprietary Names without any citation in Summary of Product Characteristics most prescribed by gestational

age in 29 French Level 3 Neonatal Wards (2017–2018).

Exposed neonates to medication INN without any citation in SmPC �

by gestational age (weeks)

Neonates exposed

medication INN

without any

citation in SmPC �
� 27 [28–31] [32–36] � 37

n = 1740 n = 3293 n = 9350 n = 12999 n = 27382

Medication INN prescription, n (%)

Rifamycin 767 (44.1) 1367 (41.5) 3151 (33.7) 2075 (16.0) 7360 (26.9)

Acetaminophen 1141 (65.6) 1566 (47.6) 2669 (28.5) 16 (0.1) 5392 (19.7)

Folic acid 591 (34.0) 1329 (40.4) 1646 (17.6) 276 (2.1) 3842 (14.0)

Sufentanil 753 (43.3) 424 (12.9) 536 (5.7) 913 (7.0) 2626 (9.6)

Morphine 667 (38.3) 305 (9.3) 385 (4.1) 835 (6.4) 2192 (8.0)

Atropine 575 (33.0) 511 (15.5) 419 (4.5) 438 (3.4) 1943 (7.1)

Ketamine 388 (22.3) 355 (10.8) 326 (3.5) 421 (3.2) 1490 (5.4)

Lactobacillus 208 (12.0) 461 (14.0) 557 (6.0) 231 (1.8) 1457 (5.3)

Esomeprazole 161 (9.3) 210 (6.4) 338 (3.6) 695 (5.3) 1404 (5.1)

Calcium folinate 194 (11.1) 484 (14.7) 572 (6.1) 54 (0.4) 1304 (4.8)

Glycerin 226 (13.0) 441 (13.4) 401 (4.3) 163 (1.3) 1231 (4.5)

Hydrocortisone 632 (36.3) 177 (5.4) 99 (1.1) 168 (1.3) 1076 (3.9)

Metronidazole 316 (18.2) 264 (8.0) 252 (2.7) 195 (1.5) 1027 (3.8)

Insulin 597 (34.3) 269 (8.2) 69 (0.7) 50 (0.4) 985 (3.6)

Propofol 203 (11.7) 245 (7.4) 224 (2.4) 237 (1.8) 909 (3.3)

Spironolactone 464 (26.7) 300 (9.1) 64 (0.7) 55 (0.4) 883 (3.2)

Sodium alginate and sodium bicarbonate 101 (5.8) 194 (5.9) 229 (2.4) 252 (1.9) 776 (2.8)

Sodium chloride 125 (7.2) 262 (8.0) 220 (2.4) 76 (0.6) 683 (2.5)

Nalbuphine 76 (4.4) 102 (3.1) 165 (1.8) 291 (2.2) 634 (2.3)

Budesonide 335 (19.3) 147 (4.5) 41 (0.4) 109 (0.8) 632 (2.3)

INN, International non-proprietary name; SmPC, Summary of product characteristics.

� without any citation for the combination of the medication INN and its route of administration

https://doi.org/10.1371/journal.pone.0222667.t006
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study describes the initial situation before any structured action to modify prescribing

practices.

The cornerstone of the B-PEN program is a CPOE / CDS system implemented in all L3NW

involved in the program. It is powered by a reference therapeutic formulary. This formulary is

not totally mandatory for the teams as it allows some modifications in a structured and con-

trolled manner to fit at best with local therapeutic habits. Each month, a complete anonymiza-

tion (deidentification) of electronic prescription files is performed locally in each participating

hospital before sending the prescriptions to a common data warehouse [11].

The 261 prescribed medication INN are fewer as compared to the 409 medications

recorded in the administrative data base of the Pediatrix Medical Group in 2006 [16] but this

number is higher than the 229 medications reported in the same hospital network in 2014

[10]. This number is also well below the 450 medication INN of the general reference formu-

lary initially proposed to each center and the 1008 generic medications recently identified in

42 US pediatric intensive care units [17].

This French cohort was similar to the Pediatrix one [10] for the mean number of medica-

tions given to the overall population (n = 4) and the huge mean number recorded in both US

ELBW neonates (mean = 17) and in French extremely preterm neonates (mean = 18). Overall

extremely preterm infants are exposed to six times more medication INN than at term new-

borns cared for in L3NW.

This trend is probably universal since it was also recently observed in Italy, Brazil and Ger-

many [18–20] and this study adds precision showing that almost all medications are concerned

by a preeminent use in the preterm neonates born before 32 WG as they have the highest expo-

sure rate for 64 of the 67 most prescribed medications in L3NW.

This study also shows large variations in medication exposure rate (from 76 to 176)

between the 17 L3NW which were included at the onset of this study and were fully and simi-

larly observed over a 2 year-period. A similar variability was recently highlighted between

four Dutch NICU for a total of 181 different medication INN [21]. A large part of studies

agree on the variability in the medication prescription between centers [2–4] but also

between countries [22]. Explaining the variability between L3NW is out of the scope of this

study but it is worth noting that this variability is observed while the same CPOE system was

used everywhere. Thus the variability may rely on differences between neonatal populations

in L3NW and/or a lack of guidelines thus giving a large place to local experience and local

therapeutic habits.

Even if a high exposure rate (above 10% of patients) is limited to 12 medication INN, six

of them are antibiotics either systemic (amoxicilline, cefotaxime, gentamicin, amikacine, van-

comycin) or ocular (rifamycin). The most commonly used medications in this French serie

are close to findings in 19 other studies performed over 12 countries [1–4]. For instance the

“Top Ten” of the most prescribed medication INN is partially shared with the Netherlands

[21], i.e.: phytomenadione (vitamin K), cholecalciferol (vitamin D), caffeine, amoxicillin,

gentamicin, paracetamol (i.e. acetaminophen). However the last large US study only found

ampicillin, gentamicin and vancomycin in the group of the most prescribed medications

[10].

Given the universally unfavorable evolution of antibiotic resistance and the harmful conse-

quences of antibiotic pressure on the spectrum of neonatal diseases [23], the monitoring of

antibiotic therapy in all L3NW is an effort that have proved ultimately productive by the effec-

tiveness of the resulting preventive actions [24].

Practically this study points out a high prescription rate of cefotaxime in very preterm

infants (80.4% below 28 WG, 56.3% at 28–31 weeks; 20.9% at 32–36 weeks and 16.6% above 36

weeks) thus suggesting a high level of bacteriologically Gram negative sepsis. However
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Puopolo et al. [25] recently showed that the group of US ELBW infants (22–28 WG) at high

risk of early onset sepsis (EOS) had a bacteriologically proven infection rate as low as 2.5%. If

the trend in Gram negative EOS is similar in France a limitation of cefotaxime consumption in

the French L3NW will be a challenge. Seeing that the B-PEN network represent 42.6% of

French NICU in 2018 as well as 40% of hospital admissions of preterm infants below 32 WG, a

continuous monitoring of antibiotics will have to be enlarged both quantitatively and qualita-

tively (more clinical and bacteriological data) for an optimized guidance of antibiotics strategy

in neonatal wards.

The high prevalence of paracetamol prescription in this study exemplifies an unexpected

new trend as it ranked 3rd and was prescribed to 36.9% of patients. This trend was lacking in

the recent Krzyzaniak’s literature reviews [1–4] as paracetamol was not among the 20 most

commonly medications prescribed in NICU. A specific study on paracetamol in French

L3NW is all the more necessary as the highest prescription rate is observed in preterm infants

particularly below 32 WG whereas the French SmPC for paracetamol limits its administration

to term babies. It is worth noting that the rate of paracetamol prescription is not equivalent to

its rate of administration which can depends on the results of pain scores assessment.

It is recognized that NICU patients mainly receive UOL medications, the highest incidence

being in the most immature infants. Whatever the country the risk of exposure to an unli-

censed medication ranged from 11% to 69% and from 33% to 96% for off-label medications

[18–20, 26–32].

This study shows that even ignoring the medication’s indication, dose and frequency of

administration, but only considering the route of administration for each medication INN,

69.2% of prescribed combinations are not cited in the SmPC for use in the first month of life

thus making them automatically UOL. In the years 2010 a similar result (62%) has been found

in Germany [20]. This study also shows that the risk of being prescribed a not-cited medica-

tion exceeds 95% in premature babies under 32 WG.

This research method aims promotion of neonatal pharmacoepidemiology with some

strengths and weaknesses. The database fits well with the setting up of a neonatal prescriptions

registry as a witness of evidence in the real world practice. Moreover the constant recording of

prescriptions is the prerequisite of a long term benchmarking of neonatal wards. Large repre-

sentation of the population also offers possibilities for public health surveys.

The question of representativeness is important but will need further specific approaches.

Indeed it can be suggested that hospitalized patients in the 68 French L3NW are effectively

mirrored by the 29 L3NW (42.6%) of the B-PEN program that includes about 40% of the

French newborns under 32 WG. The overall French population was identified via a national

medico-administrative database (Programme de Médicalisation des Systèmes d’Information,

PMSI) whose validity for GA has been previously shown satisfactory [33].

The main limit relies on the lack of therapeutic information after the neonatal hospitaliza-

tion but also before admission in L3NW (including antenatal life and care in the delivery

room). This point is well exemplified by surfactant treatment which is given to 96.3% at 22–26

WG and 58.7% at 27–31 WG in the French national epidemiological study EPIPAGE 2 [34].

However this study indicates lower exposure rates to surfactant in the L3NW (31.6% at 22–27

WG and 17.9% at 28–31 WG). Since most of the first dose of surfactant is given in the delivery

room in France [34], this good clinical practice [35] explains the low incidence of surfactant

administration in L3NW.

Finally, some prescriptions were handwritten (typed without any help of the CPOE) and

their dosing and administration route have been electronically stored and not included in this

study. They have been evaluated at 3% of prescriptions in the B-PEN data base.
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Conclusion

This study shows the feasibility of a continuous record of all medications prescribed in L3NW.

It arises the question of polypharmacy and potential increased medication-medication interac-

tions in NICU, particularly in the most immature neonates [17]. The intense exposition of the

preterm infants to pharmacological agents will require sufficient consideration in future stud-

ies on their short- and long-term consequences. Since neonates remain therapeutic orphans,

in depth therapeutic database represents a major challenge for the health of the most immature

neonates.
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• Hôpital Necker-Enfants Malades, AP-HP, 149 rue de Sèvres, Paris, 75015
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Léila Karaoui, Abdellah ElGellab, Florence Le Bail Dantec, Mohamed-Amine Yangui, Kar-

ine Norbert, Yaovi Kugbe, Simon Lorrain, Anaelle Pignolet, Elodie Marie Garnier, Alex-

andre Lapillonne, Delphine Mitanchez, Evelyne Jacqz-Aigrain, Jean-Bernard Gouyon.

References
1. Laughon MM, Avant D, Tripathi N, Hornik CP, Cohen-Wolkowiez M, Clark RH, et al. Drug labeling and

exposure in neonates. JAMA pediatrics. 2014; 168(2):130–6. https://doi.org/10.1001/jamapediatrics.

2013.4208 PMID: 24322269

2. Krzyzaniak N, Pawlowska I, Bajorek B. Review of drug utilization patterns in NICUs worldwide. Journal

of clinical pharmacy and therapeutics. 2016; 41(6):612–20. https://doi.org/10.1111/jcpt.12440 PMID:

27578606

3. Rosli R, Dali AF, Abd Aziz N, Abdullah AH, Ming LC, Manan MM. Drug utilization on neonatal wards: A

systematic review of observational studies. Frontiers in pharmacology. 2017; 8:27. https://doi.org/10.

3389/fphar.2017.00027 PMID: 28228724

4. Allegaert K, Simons S, Van Den Anker J. Research on medication use in the neonatal intensive care

unit. Expert review of clinical pharmacology. 2019; 12(4):343–53. https://doi.org/10.1080/17512433.

2019.1580569 PMID: 30741041

5. Krzyzaniak N, Bajorek B. Medication safety in neonatal care: a review of medication errors among neo-

nates. Therapeutic advances in drug safety. 2016; 7(3):102–19. https://doi.org/10.1177/

2042098616642231 PMID: 27298721

6. Fabiano V, Mameli C, Zuccotti GV. Adverse drug reactions in newborns, infants and toddlers: pediatric

pharmacovigilance between present and future. Expert opinion on drug safety. 2012; 11(1):95–105.

https://doi.org/10.1517/14740338.2011.584531 PMID: 21548838

7. Nuytten A, Behal H, Duhamel A, Jarreau P-H, Mazela J, Milligan D, et al. Evidence-based neonatal unit

practices and determinants of postnatal corticosteroid-use in preterm births below 30 weeks GA in

Europe. A population-based cohort study. PloS one. 2017; 12(1):e0170234. https://doi.org/10.1371/

journal.pone.0170234 PMID: 28114369

8. Ku LC, Zimmerman K, Benjamin DK, Clark RH, Hornik CP, Smith PB. Safety of Enalapril in infants

admitted to the neonatal intensive care unit. Pediatric cardiology. 2017; 38(1):155–61. https://doi.org/

10.1007/s00246-016-1496-2 PMID: 27826711

9. Zimmerman KO, Smith PB, Benjamin DK, Laughon M, Clark R, Traube C, et al. Sedation, Analgesia,

and Paralysis during Mechanical Ventilation of Premature Infants. The Journal of pediatrics. 2017;

180:99–104 e1. https://doi.org/10.1016/j.jpeds.2016.07.001 PMID: 27522446

10. Hsieh EM, Hornik CP, Clark RH, Laughon MM, Benjamin DK Jr, Smith PB. Medication use in the neona-

tal intensive care unit. American journal of perinatology. 2014; 31(9):811–22. https://doi.org/10.1055/s-

0033-1361933 PMID: 24347262

11. Gouyon B, Iacobelli S, Saliba E, Quantin C, Pignolet A, Jacqz-Aigrain E, et al. A Computer Prescribing

Order Entry-Clinical Decision Support system designed for neonatal care: results of the ‘preselected

prescription’ concept at the bedside. Journal of clinical pharmacy and therapeutics. 2017; 42(1):64–8.

https://doi.org/10.1111/jcpt.12474 PMID: 27882560

12. Taketomo CKH J. H.; Kraus D.M. Pediatric and neonanatal dosage handbook. Lexicomp. 23th ed.

Hudson: Wolters Kluwer Clinical Druf Information. 2016.

13. Legifrance. JORF N˚0160. https://www.legifrance.gouv.fr/affichTexte.do;jsessionid=4941B11FB7C531

A046EC7E6199A84A60.tplgfr24s_1?cidTexte=JORFTEXT000037187443&dateTexte=&oldAction=

rechJO&categorieLien=id&idJO=JORFCONT000037186583

14. Guidance on INN. 2017. https://www.who.int/medicines/services/inn/innguidance/en/

15. Anatomical therapeutic chemical (ATC) classification. https://www.who.int/medicines/regulation/

medicines-safety/toolkit_atc/en/

Medication prescription in Level 3 Neonatal Wards

PLOS ONE | https://doi.org/10.1371/journal.pone.0222667 September 19, 2019 15 / 17

https://doi.org/10.1001/jamapediatrics.2013.4208
https://doi.org/10.1001/jamapediatrics.2013.4208
http://www.ncbi.nlm.nih.gov/pubmed/24322269
https://doi.org/10.1111/jcpt.12440
http://www.ncbi.nlm.nih.gov/pubmed/27578606
https://doi.org/10.3389/fphar.2017.00027
https://doi.org/10.3389/fphar.2017.00027
http://www.ncbi.nlm.nih.gov/pubmed/28228724
https://doi.org/10.1080/17512433.2019.1580569
https://doi.org/10.1080/17512433.2019.1580569
http://www.ncbi.nlm.nih.gov/pubmed/30741041
https://doi.org/10.1177/2042098616642231
https://doi.org/10.1177/2042098616642231
http://www.ncbi.nlm.nih.gov/pubmed/27298721
https://doi.org/10.1517/14740338.2011.584531
http://www.ncbi.nlm.nih.gov/pubmed/21548838
https://doi.org/10.1371/journal.pone.0170234
https://doi.org/10.1371/journal.pone.0170234
http://www.ncbi.nlm.nih.gov/pubmed/28114369
https://doi.org/10.1007/s00246-016-1496-2
https://doi.org/10.1007/s00246-016-1496-2
http://www.ncbi.nlm.nih.gov/pubmed/27826711
https://doi.org/10.1016/j.jpeds.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27522446
https://doi.org/10.1055/s-0033-1361933
https://doi.org/10.1055/s-0033-1361933
http://www.ncbi.nlm.nih.gov/pubmed/24347262
https://doi.org/10.1111/jcpt.12474
http://www.ncbi.nlm.nih.gov/pubmed/27882560
https://www.legifrance.gouv.fr/affichTexte.do;jsessionid=4941B11FB7C531A046EC7E6199A84A60.tplgfr24s_1?cidTexte=JORFTEXT000037187443&dateTexte=&oldAction=rechJO&categorieLien=id&idJO=JORFCONT000037186583
https://www.legifrance.gouv.fr/affichTexte.do;jsessionid=4941B11FB7C531A046EC7E6199A84A60.tplgfr24s_1?cidTexte=JORFTEXT000037187443&dateTexte=&oldAction=rechJO&categorieLien=id&idJO=JORFCONT000037186583
https://www.legifrance.gouv.fr/affichTexte.do;jsessionid=4941B11FB7C531A046EC7E6199A84A60.tplgfr24s_1?cidTexte=JORFTEXT000037187443&dateTexte=&oldAction=rechJO&categorieLien=id&idJO=JORFCONT000037186583
https://www.who.int/medicines/services/inn/innguidance/en/
https://www.who.int/medicines/regulation/medicines-safety/toolkit_atc/en/
https://www.who.int/medicines/regulation/medicines-safety/toolkit_atc/en/
https://doi.org/10.1371/journal.pone.0222667


16. Clark RH, Bloom BT, Spitzer AR, Gerstmann DR. Reported medication use in the neonatal intensive

care unit: data from a large national data set. Pediatrics. 2006; 117(6):1979–87. https://doi.org/10.1542/

peds.2005-1707 PMID: 16740839

17. Dai D, Feinstein JA, Morrison W, Zuppa AF, Feudtner C. Epidemiology of Polypharmacy and Potential

Drug-Drug Interactions Among Pediatric Patients in ICUs of U.S. Children’s Hospitals. Pediatric critical

care medicine: a journal of the Society of Critical Care Medicine and the World Federation of Pediatric

Intensive and Critical Care Societies. 2016; 17(5):e218–28.

18. Girardi A, Galletti S, Raschi E, Koci A, Poluzzi E, Faldella G, et al. Pattern of drug use among preterm

neonates: results from an Italian neonatal intensive care unit. Italian journal of pediatrics. 2017;

43(1):37–46. https://doi.org/10.1186/s13052-017-0354-z PMID: 28412957

19. de Souza AS Jr., Dos Santos DB, Rey LC, Medeiros MG, Vieira MG, Coelho HLL. Off-label use and

harmful potential of drugs in a NICU in Brazil: A descriptive study. BMC pediatrics. 2016; 16:13. https://

doi.org/10.1186/s12887-016-0551-8 PMID: 26795213

20. Neubert A, Lukas K, Leis T, Dormann H, Brune K, Rascher W. Drug utilisation on a preterm and neona-

tal intensive care unit in Germany: a prospective, cohort-based analysis. European journal of clinical

pharmacology. 2010; 66(1):87–97. https://doi.org/10.1007/s00228-009-0722-8 PMID: 19756556

21. Flint RB, van Beek F, Andriessen P, Zimmermann LJ, Liem KD, Reiss IK, et al. Large differences in neo-

natal drug use between NICUs are common practice: time for consensus? British journal of clinical phar-

macology. 2018; 84(6):1313–23. https://doi.org/10.1111/bcp.13563 PMID: 29624207

22. Porta A, Hsia Y, Doerholt K, Spyridis N, Bielicki J, Menson E, et al. Comparing neonatal and paediatric

antibiotic prescribing between hospitals: a new algorithm to help international benchmarking. The Jour-

nal of antimicrobial chemotherapy. 2012; 67(5):1278–86. https://doi.org/10.1093/jac/dks021 PMID:

22378680

23. Cantey JB, Pyle AK, Wozniak PS, Hynan LS, Sánchez PJ. Early antibiotic exposure and adverse out-

comes in preterm, very low birth weight infants. The Journal of pediatrics. 2018; 203:62–7. https://doi.

org/10.1016/j.jpeds.2018.07.036 PMID: 30172430

24. Cantey JB, Wozniak PS, Pruszynski JE, Sanchez PJ. Reducing unnecessary antibiotic use in the neo-

natal intensive care unit (SCOUT): a prospective interrupted time-series study. Lancet Infect Dis. 2016;

16(10):1178–84. https://doi.org/10.1016/S1473-3099(16)30205-5 PMID: 27452782

25. Puopolo KM, Mukhopadhyay S, Hansen NI, Cotten CM, Stoll BJ, Sanchez PJ, et al. Identification of

Extremely Premature Infants at Low Risk for Early-Onset Sepsis. Pediatrics. 2017; 140(5).

26. Kieran EA, O’Callaghan N, O’Donnell CP. Unlicensed and off-label drug use in an Irish neonatal inten-

sive care unit: a prospective cohort study. Acta paediatrica. 2014; 103(4):e139–42. https://doi.org/10.

1111/apa.12541 PMID: 24397831

27. Jain S, Saini SS, Chawla D, Kumar P, Dhir S. Off-label use of drugs in neonatal intensive care units.

Indian pediatrics. 2014; 51(8):644–6. PMID: 25128998

28. Nir-Neuman H, Abu-Kishk I, Toledano M, Heyman E, Ziv-Baran T, Berkovitch M. Unlicensed and Off-

Label Medication Use in Pediatric and Neonatal Intensive Care Units: No Change Over a Decade.

Advances in therapy. 2018; 35(7):1122–32. https://doi.org/10.1007/s12325-018-0732-y PMID:

29949042

29. Lee JL, Redzuan AM, Shah NM. Unlicensed and off-label use of medicines in children admitted to

the intensive care units of a hospital in Malaysia. International journal of clinical pharmacy. 2013;

35(6):1025–9. https://doi.org/10.1007/s11096-013-9846-0 PMID: 24022725

30. Laforgia N, Nuccio MM, Schettini F, Dell’Aera M, Gasbarro AR, Dell’Erba A, et al. Off-label and unli-

censed drug use among neonatal intensive care units in Southern Italy. Pediatrics international: official

journal of the Japan Pediatric Society. 2014; 56(1):57–9.

31. Horri J, Cransac A, Quantin C, Abrahamowicz M, Ferdynus C, Sgro C, et al. Frequency of dosage pre-

scribing medication errors associated with manual prescriptions for very preterm infants. Journal of clini-

cal pharmacy and therapeutics. 2014; 39(6):637–41. https://doi.org/10.1111/jcpt.12194 PMID:

25060391

32. de Lima Costa HTM, Costa TX, Martins RR, Oliveira AG. Use of off-label and unlicensed medicines in

neonatal intensive care. PloS one. 2018; 13(9):e0204427. https://doi.org/10.1371/journal.pone.

0204427 PMID: 30252920

33. Quantin C, Cottenet J, Vuagnat A, Prunet C, Mouquet MC, Fresson J, et al. [Quality of perinatal statis-

tics from hospital discharge data: comparison with civil registration and the 2010 National Perinatal Sur-

vey]. Journal de gynecologie, obstetrique et biologie de la reproduction. 2014; 43(9):680–90. https://doi.

org/10.1016/j.jgyn.2013.09.004 PMID: 24135017

34. Ancel PY, Goffinet F, Group E-W, Kuhn P, Langer B, Matis J, et al. Survival and morbidity of preterm

children born at 22 through 34 weeks’ gestation in France in 2011: results of the EPIPAGE-2 cohort

Medication prescription in Level 3 Neonatal Wards

PLOS ONE | https://doi.org/10.1371/journal.pone.0222667 September 19, 2019 16 / 17

https://doi.org/10.1542/peds.2005-1707
https://doi.org/10.1542/peds.2005-1707
http://www.ncbi.nlm.nih.gov/pubmed/16740839
https://doi.org/10.1186/s13052-017-0354-z
http://www.ncbi.nlm.nih.gov/pubmed/28412957
https://doi.org/10.1186/s12887-016-0551-8
https://doi.org/10.1186/s12887-016-0551-8
http://www.ncbi.nlm.nih.gov/pubmed/26795213
https://doi.org/10.1007/s00228-009-0722-8
http://www.ncbi.nlm.nih.gov/pubmed/19756556
https://doi.org/10.1111/bcp.13563
http://www.ncbi.nlm.nih.gov/pubmed/29624207
https://doi.org/10.1093/jac/dks021
http://www.ncbi.nlm.nih.gov/pubmed/22378680
https://doi.org/10.1016/j.jpeds.2018.07.036
https://doi.org/10.1016/j.jpeds.2018.07.036
http://www.ncbi.nlm.nih.gov/pubmed/30172430
https://doi.org/10.1016/S1473-3099(16)30205-5
http://www.ncbi.nlm.nih.gov/pubmed/27452782
https://doi.org/10.1111/apa.12541
https://doi.org/10.1111/apa.12541
http://www.ncbi.nlm.nih.gov/pubmed/24397831
http://www.ncbi.nlm.nih.gov/pubmed/25128998
https://doi.org/10.1007/s12325-018-0732-y
http://www.ncbi.nlm.nih.gov/pubmed/29949042
https://doi.org/10.1007/s11096-013-9846-0
http://www.ncbi.nlm.nih.gov/pubmed/24022725
https://doi.org/10.1111/jcpt.12194
http://www.ncbi.nlm.nih.gov/pubmed/25060391
https://doi.org/10.1371/journal.pone.0204427
https://doi.org/10.1371/journal.pone.0204427
http://www.ncbi.nlm.nih.gov/pubmed/30252920
https://doi.org/10.1016/j.jgyn.2013.09.004
https://doi.org/10.1016/j.jgyn.2013.09.004
http://www.ncbi.nlm.nih.gov/pubmed/24135017
https://doi.org/10.1371/journal.pone.0222667


study. JAMA Pediatr. 2015; 169(3):230–8. https://doi.org/10.1001/jamapediatrics.2014.3351 PMID:

25621457

35. Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek E, te Pas A, et al. European consensus guidelines

on the management of respiratory distress syndrome–2019 update. Neonatology. 2019; 115(4):432–

50. https://doi.org/10.1159/000499361 PMID: 30974433

Medication prescription in Level 3 Neonatal Wards

PLOS ONE | https://doi.org/10.1371/journal.pone.0222667 September 19, 2019 17 / 17

https://doi.org/10.1001/jamapediatrics.2014.3351
http://www.ncbi.nlm.nih.gov/pubmed/25621457
https://doi.org/10.1159/000499361
http://www.ncbi.nlm.nih.gov/pubmed/30974433
https://doi.org/10.1371/journal.pone.0222667

