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Abstract.
BACKGROUND: Advancements in neonatal care have resulted in increased survival for preterm infants, with associated
risk for paediatric feeding disorders (PFDs), the prevalence of which is relatively unexplored. Risk factors for developing
PFDs in this population must be identified.
OBJECTIVE: The aim of this study was to determine the epidemiology and risk factors for PFDs in preterm infants with
Extremely Low Birth Weight (ELBW); Very Low Birth Weight (VLBW) and Low Birth weight (LBW) in the only neonatal
intensive care unit (NICU) in Cyprus.
METHODS: This study comprised 2 phases: Phase 1, a retrospective 2-year file audit, informing methodology for Phase 2, a
prospective epidemiological study. Profiles of 1027 preterm infants were obtained in Phase 1. In Phase 2, clinical assessment
data on 458 preterm infants (N = 224) were analyzed.
RESULTS: The prevalence of PFDs was 36.5%. All preterm infants with ELBW and 69% with VLBW exhibited PFDs. Risk
factors were birth weight (BW), gestational age (GA), bronchopulmonary dysplasia (BPD), neurological disorders, structural
anomalies, and congenital heart disease (CHD).
CONCLUSIONS: This unique epidemiological data for one country will inform NICU service provision and direct inter-
national research on PFDs in neonates.
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1. Introduction

Preterm birth is defined as infants born alive
before 37 weeks of pregnancy. There are three sub-
categories based on gestational age (GA): extremely
preterm (< 28 weeks), very preterm (28 to < 32
weeks), and moderate to late preterm (32 to < 37
weeks) (Howson, Kinney, & Lawn, 2012). It is esti-
mated that a significant number of the 500,000 infants
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born prematurely in Europe and North America each
year (Zeitlin, Szamotulska, Drewniak, Mohangoo,
Chalmers, Sakkeus, et al., 2013) spend the first few
weeks to months of their lives in a neonatal inten-
sive care unit (NICU). Significant risks for long-term
cognitive, motor, sensory, nutritional, growth, and
behavioural impairments are well documented in
this population (Harding, Levin, Crossley, Murphy,
& Van den Engel-Hoek, 2019; Kallionen, Eadon,
Murphy, & Baird, 2017). Many of these infants
will also have a Paediatric Feeding Disorders (PFD)
at the outset because of their prematurity (Pados,
Hill, Yamasaki, Litt, & Lee, 2021; Jadcherla, Wang,
Vijayapal, & Leuthner, 2010). Paediatric Feeding
Disorders (PFDs) are defined as “impaired oral intake
that is not age-appropriate, and is associated with
medical, nutritional, feeding skills, and/or psychoso-
cial dysfunction” (Goday, Huh, Silverman, Lukens,
Dodrill, Cohen, et al, 2019, p.g.124). PFDs can
result in pneumonia, as milk can be misdirected into
the lungs (aspiration) during swallowing. Acquir-
ing skills for safe oral feeding is complex and
very preterm infants typically have lengthy hospi-
tal stays, until they can demonstrate the ability to
feed and maintain nutritional intake to support growth
and development (Hoogewerf, Ter Horst, Groen,
Nieuwenhuis, Bos, & van Dijk, 2017; Törölä, Lehti-
halmes, Yliherva, & Olsén, 2012). Family-centred
neurodevelopmental care in the NICU is evidenced as
critical to overall developmental outcomes of preterm
infants in the NICU (Altimer & Phillips, 2016),
however, not all NICUs focus on environmentally
protective, individualized, preventative care models
that encompass early intervention and early promo-
tion of oral feeding, despite the evidence that some
therapeutic interventions result in shorter length of
hospital stay (LOS) (Harding, Cockerill, Cane, &
Law, 2018; Harding & Cokerill, 2015). Many of
these infants will continue to have longer term PFDs
(Schädler, Süss-Burghart, Toschke, von Voss, & von
Kries, 2007) and remain at high-risk for persistent
feeeding problems beyond the NICU (Rommel, De
Meyer, Feenstra, & Veereman-Wauters, 2003). Addi-
tionally, infants born before 30 weeks GA present
with a higher incidence of oral sensorimotor feed-
ing problems at 1 months’ corrected age than their
term-born peers (Sanchez, Spittle, Slattery, & Mor-
gan, 2016). In addition to prematurity, there are many
factors that may impact determination of oral feed-
ing readiness, such as, an infants’ ability to maintain
physiologic stability and behavioural state, though
identification is often challenging amongst NICU

staff (Harding, Mynard, & Hills, 2018). Understand-
ing the prevalence of PFDs in preterm infants is
important for service planning and provision of early
neonatal feeding interventions. Identifying the more
at-risk profiles of these infants will further facili-
tate the development of early intervention neonatal
services in the NICU.

The aim of this study was to examine the preva-
lence, aetiology, and impact of PFDs in premature
infants, with ELBW, VLBW, and LBW, in one
national NICU over a specific time period. The
context of this study is Cyprus, which according
to European Perinatal Health Report (Euro-Peristat
Project, 2013) and the Cypriot Ministry of Health
database (Cyprus Health Monitoring Unit, 2016), is
among countries with the highest preterm birth rate
in Europe (Howson, Kinney, McDougall, Lawn, &
Born Too Soon Preterm Birth Action Group, 2013).

2. Methods

This is a two-phase investigation combining a
retrospective and a prospective study at a level III
NICU. Ethical approval was obtained from the Health
Sciences Ethics Committee, Trinity College Dublin,
Ireland, the data collection site, and the Cyprus
Bioethics committee. Phase 1, a retrospective file
audit of preterm infants admitted to the NICU over
a two-year period, provided a profile of all infants,
including the number of preterm infants born in
Cyprus and admitted to the NICU in this time period.
This information was critical for the planning and
implementation of Phase 2. In Phase 2, an assess-
ment of Oral Feeding Readiness (OFR) (Appendix
A) and a Clinical Feeding and Swallowing Evaluation
(CFSE) (Appendix B) were utilized to determine the
prevalence, aetiology, and impact PFDs in a cohort of
preterm infants, and were completed over a one-year
period. A prospective audit, seeking the same data as
in Phase 1, continued in Phase 2 to allow evaluation
of the representativeness of Phase 2 data.

2.1. Phase 1

A specifically devised proforma (Appendix C)
was used to capture anonymized data of all preterm
infants admitted to the NICU from January 1, 2009
to December 31, 2010. This provided retrospective
data on GA; birth weight (BW); gender; multiple
births; date of admission; date of discharge; LOS; and
mortality. The first author logged data for each year
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separately. All anonymized information was coded
and then inputted into a Microsoft Excel database,
analysed and checked for accuracy by both authors.
All data were password protected and stored on cite.

2.2. Phase 2

This prospective cohort study was conducted in
the NICU over an 18-month period. Inclusion crite-
ria were all preterm infants with extremely low birth
weight (ELBW), very low birth weight (VLBW), and
low birth weight (LBW) admitted to the NICU over
a one-year period. Preterm infants who were consid-
ered palliative (i.e., considered critically ill by the
attending neonatologist and not expected to survive)
were excluded from the OFR and CFSE assessments,
but their data was captured in the file audit for the year.
Participants were recruited via a gatekeeper and legal
guardians provided consent. The OFR assessment
was completed by first author and bedside nurses,
who were trained by the first author. Training was
provided by first author and included review and bed-
side practice of study tools for all nursing staff, one
month prior to initiation of data collection, in addition
to written materials. All CFSEs were completed by
the first author, as there were no other SLPs in Cyprus
that were trained in assessment of feeding and swal-
lowing in paediatric population, at the time of the
study. It is of note that SLP services, that is, bedside
clinical and instrumental assessments of swallowing,
were not provided at this NICU prior to this study.
A Fiberoptic Endoscopic Evaluation of Swallowing
(FEES) was planned as an instrumental assessment
in collaboration with the attending Paediatric Pulmo-
nologist, however, it was considered by the ethics
review committee as being invasive and therefore was
not utilized. Participants were all preterm infants with
ELBW and VLBW admitted to the NICU were eval-
uated. One in 3 LBW infants were randomly selected,
according to a random number scale, by a clini-
cal nurse manager. This was determined because of
study feasibility with a large number of LBW preterm
infants admitted annually to the NICU.

In the absence of standardized OFR and CFSE
tools in preterm infants at the time of the data
collection, two instruments were adapted from key
components of various scales and assessment tools,
as one standalone was not considered to provide com-
prehensive information for this population. These
were: a) the Oral Feeding Skills of Preterm Infants
(OFS) (Lau & Smith, 2011), b) the Early Feed-
ing Skills (EFS) Assessment (Thoyre, Shaker, &

Pridham, 2005), c) the Supporting Oral Feeding in
Fragile Infants (SOFFI) Method (Philbin & Ross,
2011) and d) Cue-Based Oral Feeding Clinical Path-
way (Kirk, Alder, & King, 2007) and e) The Modified
Brazelton Behavioural State scale (1984), that was
already being utilized by nursing and therefore was
adopted as part of the study. Infants were recruited
from January 1st to December 31st 2013. Data col-
lection continued until April 30, 2014, as infants
recruited in December 2013, with less than 30 weeks
GA were only eligible for CFSE in 2014.

The OFR tool consisted of three subsections: a)
Behavioural state observed at rest and during daily
cares, b) Physiologic stability at rest and during daily
cares, and c) Non-Nutritive Sucking (NNS) assess-
ment. When the aforementioned criteria in the OFR
tool were established, the CFSE was administered.
In the event that an infant was not able to establish
OFR for a total of 3 consecutive assessments over a
period of 2–7 days, the infant was described as having
a PFD.

The CFSE comprised three subsections: a) Sucking
pattern, b) Physiologic stability and behavioural state,
before, during, and after oral feeding, and c) Signs
and symptoms of swallowing impairments during and
after oral feeding. In addition to the documentation
of all the above observations and measurements, any
significant change in vital signs (i.e., heart rate (HR),
respiratory rate (RR) and oxygen saturation (SpO2)
levels), as per the specific NICU’s policies and pro-
cedures were recorded. A significant variation was
characterised as a 5–10% variation from baseline
measures, as per the NICU’s protocol.

2.3. Data analysis

2.3.1. Phase 1
Descriptive statistics of frequencies and percent-

ages were used for Phase 1 data. Data were analysed
for each year separately and examined as a whole,
using the mean, standard deviation (SD), and range
for variables.

2.3.2. Phase 2
Analysis was conducted using Microsoft EXCEL

(2010) and then transferred to SPSS version 22.0
(IBM SPSS Statistics for Windows,) for statistical
analysis. Data from January 1st, 2013 to April 30th,
2014 were analysed from using the range, mean, SD
for variables and tabulation of frequencies. T-tests
were used to assess normally distributed continuous
variables to test for the differences between 2009,
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Table 1
Profile of preterm infants with ELBW, VLBW or LBW in Cyprus NICU in 2009, 2010, and 2013

2009 2010 2013 p∗

Male: Female∞ 0.904
287:233 288:219 237:221

(55.2%: 44.8%) (56.8%: 43.2%) (51.7%: 48.3%)
Birth Weight# 0.505

Range 530 g–2500 g 530 g–2500 g 500–2500 g
Mean 1750 g 1750 g 1799.54 g
SD ±458.01 g ±458.01 g ±460.01 g

Gestational age# 0.156
Range 24 wks–36 wks +5 days 23 wks–36 wks +5 days 23 wks–36 wks +6days
Mean 33 wks +2 days 33 wks +4 days 33 wks +0 days
SD ±2 wks +5 days ±2 wks +6 days ±2 wks +5 days

Length of Stay# 0.151
Range 0 – 208 days 0 – 130 days 0–363 days
Mean 25 days 20 days 28.65 days
SD ±26.2 days ±22.2 days ±35.22 days

Mortality∞ 0.001
19/520 (4.4%) 23/507 (4.5%) 4/458 (0.9%)

Multiple Births∞ 0.117
199 (45.6%) 162 (40.1%) 214 (46.7%)

∗p value < 0.05 considered statistically significant. ∞Pearson Chi squared and Fisher’s exact test. #Kruskal Wallis
non parametric test. ELBW extremely low birth weight, VLBW very low birth weight, LBW low birth weight.

2010, and 2013. A p value of ≤ 0.05 was set for
statistical significance.

3. Results

3.1. Profile of preterm infants admitted to the
NICU 2009, 2010, and 2013

The profiles of all preterm infants admitted to
the NICU in 2009 and 2010 (Phase 1) were com-
pared to those of 2013 (Phase 2). Data from 1,485
preterm infants were collated. Five hundred and
twenty preterm infants were admitted to the NICU in
2009, 507 preterm infants in 2010, and 458 preterm
infants in 2013 (Table 1).

The male to female ratio was consistent across all
3 years (55.2%: 44.8% in 2009; 56.8%: 43.2% for
2010; 51.2%: 48.3% in 2013). GA ranges were also
consistent across all three years. BW ranged from
500 g to 2,500 g, (mean: 1,799.54 g, SD: 460.01 g)
across all 3 years. Multiple births accounted for
45.6% of all pre-term births in 2009; 40.1% in 2010
and 46.7% in the 2013 cohort. Overall, the profile of
preterm infants for 2009, 2010, and 2013 were very
similar, specifically on BW, GA, gender distribution,
and multiple births. There was a significant decrease
in mortality in 2013, however, there was a marked
increase in the range of LOS in the NICU for that
year.

Table 2
Results of CFSE according to birth weight classification

WNL PFD

N Percent % N Percent %

ELBW 0 0 28 100
VLBW 23 31.1 51 68.9
LBW 268 75.4 88 24.6
TOTAL 291 63.5 167 36.5

CFSE clinical feeding and swallowing evaluation, ELBW
extremely low birth weight, VLBW very low birth weight, LBW low
birth weight, WNL within normal limits, PFD paediatric feeding
disorder.

3.2. Profile of preterm infants assessed for
paediatric feeding disorders.

Of the 458 preterm infants admitted to the NICU
in 2013, 224 were assessed for PFDs using the
CFSE, following establishment of OFR, between Jan-
uary 1st and April 30th, 2014. Cross-tabulation of
preterm infants with PFDs in comparison to those
who were within normal limits (WNL) were extrap-
olated using the 1:3 ratio of the preterm infants with
LBW and categorized according to their BW classi-
fication (Table 2).

According to this analysis, 36.5% (n = 167) of
preterm infants exhibited PFDs. This is taken as the
prevalence of PFDs in this population for 2013. All
preterm infants with ELBW and over two-thirds of
preterm infants with VLBW had PFDs.



P. Senekki-Florent and M. Walshe / Prevalence, aetiology, and impact of paediatric feeding disorders in preterm infants 49

Table 3
Primary and comorbid diagnoses upon discharge from the NICU in 2013 - Structural Equation Modelling (SEM) analysis

Respiratory Neurologic IUGR BPD CHD GI Genetic Structural Sepsis Jaundice AOP
Anomaly

Respiratory 34
Neurological 7 2
IUGR 21 1 9
BPD 23 3 3 0
CHD 24 2 3 2 0
GI 5 0 0 0 2 3
Genetic 2 0 3 0 1 0 0
Structural Anomaly 7 0 1 0 3 0 0 2
Sepsis 23 2 5 8 1 2 0 1 0
Jaundice 81 1 12 17 12 4 0 2 13 13
AOP 17 1 2 7 2 0 1 0 5 11 0

NICU neonatal intensive care unit, IUGR intrauterine growth restriction, BPD bronchopulmonary dysplasia, CHD congenital heart disease,
GI gastrointestinal, AOP anaemia of prematurity

As seen in Table 3, preterm infants with PFDs,
primarily exhibited respiratory difficulties and jaun-
dice, with a significant number with co-occurring
Bronchopulmonary Dysplasia (BPD), Intrauterine
Growth Restriction (IUGR), Congenital Heart Dis-
ease (CHD), sepsis, and Anaemia of Prematurity
(AOP).

One criterion for discharge from the NICU is
establishment of full oral feeding. Therefore, it was
important to compare the LOS of preterm infants
whose feeding and swallowing was WNL with those
who had a PFD. There was a statistically significant
difference between the LOS of those preterm infants
with a PFD (mean: 58.35 days, SD ± 13.61) com-
pared with 18.58 days (SD ± 13.61) for those infants
were considered to be WNL. Additionally, medical
diagnoses and co-morbidities were examined for all
preterm infants discharged from the NICU in 2013.
Almost half (47.4%) of those who exhibited PFDs
presented with one medical diagnosis, whereas over
one third (36%) had 2 co-occurring medical diag-
noses, 12.7% with 3 diagnoses, approximately 4%
with 4 or more diagnoses (Fig. 1).

4. Discussion

Epidemiological research in paediatric dysphagia
is scarce. This research is unique in that it profiles
a cohort of preterm infants over a three-year period,
with a primary aim of establishing the prevalence,
aetiology, and impact of PFDs in preterm infants
with ELBW, VLBW and LBW. The stability of the
population profile, as confirmed by the audit data
over the three-year period, lends credibility to the
prospective study in that this participant profile is

Fig. 1. Number of Comorbid Diagnoses per Preterm Infant with a
Paediatric Feeding Disorder in 2013.

typical of preterm infants admitted previously to the
NICU in Cyprus. The prevalence of PFDs in this
cohort of preterm infants, was 36.5%. These find-
ings are comparable to those by Uhm, Chang, Cheon,
& Kwon (2013) who found that 40% of preterm
infants whose GA was between 25–37 weeks exhib-
ited evidence of aspiration. Similarly, Lee, Chang,
Yoo, Ahn, Seo, Choi, . . . & Park (2011) found that
26.8% (n = 11) of their cohort of preterm infants with
VLBW were found to have impaired airway pro-
tection on Videofluoroscopic Swallow Study. The
aetiology and extent of PFDs in preterm infants poses
a challenge (Reilly & Ward, 2005). It is well rec-
ognized that preterm infants admitted to the NICU
present with a wide range of medical complexities,
which often co-occur with other conditions (Irace,
Dombrowski, Kawai, Watters, Choi, Perez, et al.,
2019; Jadcherla, 2016; Gianni, Sannino, Bezze, Ple-
vani, di Cungo, Roggero, et al., 2015; Da Costa,
van der Schans, Zweens, Boelema, van der Meij,
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Boerman, et al, 2010; Rommel et al,2003; Haw-
don, Beauregard, Slattery, & Kennedy, 2000). This
study found that preterm infants with PFDs pri-
marily exhibited respiratory difficulties and neonatal
jaundice, with a significant number presenting with
co-occurring BPD, IUGR, CHD, sepsis, and AOP.
Respiratory disorders were diagnosed in 40% of this
cohort and BPD in an additional 4%. This finding is
not surprising given that respiratory disorders, BPD,
and CHD are known to directly affect the integrity
of feeding and swallowing (Jadcherla, et al., 2009).
Wang et al., (2004), in a study of late preterm infants
(i.e., 34 to 36 weeks and 6 days GA), found that respi-
ratory disorders had a significant impact on feeding
and swallowing (Wang, Dorer, Fleming, & Catlin,
2004). The demands of a precisely coordinated suck-
swallow-breathe sequence (Mizuno, Nishida, Taki,
Hibino, Murase, Sakurai, & Itabashi, 2007; Gewolb
& Vice, 2006) placed on the preterm infant, poses
significant challenges during oral feeding, especially
when a respiratory disorder is present.

Given that almost half of those who exhibited
PFDs in this study presented with one medical diag-
nosis, the medical complexities of this population
are clear. Current research suggests that co-occurring
diagnoses and co-morbidities may have an effect on
feeding and swallowing ability, however, research to
date has neither quantified, nor established a correla-
tion between the number of co-occurring diagnoses
and the extent of the PFD in preterm infants. In a
recent study by Edney, Jones, & Boaden (2019), they
found that an infants’ medical history can be signifi-
cant in identifying those at risk of feeding difficulties.
This is important from an epidemiological perspec-
tive, particularly when examining risk factors that
predispose preterm infants to developing PFDs.

LOS is often associated with the extent of a preterm
infants’ medical stability and feeding and swallow-
ing ability (McNeil, 2008). Given that attainment
of full oral feeding is one of the primary criteria
for discharge from the NICU, this research found
a significant correlation between LOS; BW; and
GA of preterm infants with PFDs. LOS of preterm
infants with PFDs was significantly longer (58.35
days, SD ± 13.61days) than preterm infants whose
feeding was WNL (18.58 days, SD ± 13.61 days).
A large, multicentre retrospective study in Finland
(Korvenranta, Linna, Häkkinen, Peltola, Andersson,
Gissler, et al., 2007) on preterm infants born less than
32 weeks gestation and weighing less than 1501 g,
found that mean LOS was 53 days and confirmed a
correlation between increasing LOS with subsequent

decreasing GA and BW, indicating that this may lead
to more significant morbidity. It is noteworthy that the
mortality rate for 2013 in this study was significantly
lower than in 2009 and 2010, whereas there was a
significant increase in the LOS in 2013, particularly
in the range of LOS (i.e., 0–363 days). A decrease in
mortality may potentially have caused an increase in
the LOS of critically ill preterm infants.

GA and BW have long been cited in the liter-
ature as risk factors for developing PFDs (Irace,
et al., 2019; Wood, Costeloe, Gibson, Hennessy, Mar-
low, & Wilkinson, 2003; Rommel, et al., 2003).
Wood, et al., (2003), who prospectively assessed
283 preterm infants born < 26 weeks gestation at 30
months corrected age, concluded that 25–30% of all
preterm infants are at risk for poor feeding and swal-
lowing outcomes. The results of this research also
determined a significant correlation of GA and BW,
indicating that these variables are considered risk fac-
tors for developing PFDs. In addition, this research
is consistent with similar findings, which report that
the lower the BW and GA, the higher the probabil-
ity (25–40%) of preterm infants presenting with PFD
(Törölä, et al., 2012; St. Pierre, Khattra, Johnson,
Cender, Manzano, & Holsti, 2010; Jadcherla, et al.,
2009). According to the results of this research, neu-
rological disorders (p < 0.004); CHD (p < 0.005); and
structural anomalies (p < 0.028) were considered sig-
nificant risk factors for preterm infants developing a
PFD. Additionally, it was found that over two-thirds
(65.5%) of preterm infants with a medical diagnosis
of CHD, exhibited PFDs.

A key objective of this study was to use the findings
to facilitate planning and provision of early interven-
tion services in the NICU. In a study on preterm birth
rates in the U.S.A., it was reported that the societal
cost of NICU care is estimated at $26 billion annu-
ally (Duryea, McIntire, & Leveno, 2015). In addition,
Underwood et al., (2007) estimated that 15% of
preterm infants required at least one rehospitalisa-
tion per year, within the first year of life (Underwood,
Danielsen, & Gilbert, 2007). Though the exact cost
of NICU stay was not available for this cohort and
will vary from country to country, the implications
of these figures emphasizes how crucial early inter-
vention is to preterm infants in the NICU, which not
only aims to improve the long-term developmental
outcomes of preterm infants, but also to reduce the
length of hospital stay in the NICU and hence the cost.

There were some limitations to the study. Firstly,
although instrumental evaluation of swallowing was
planned, determination of PFDs did not include
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instrumental assessments of swallowing in this
cohort. This is a limitation of epidemiological stud-
ies in this population, as it is not always ethical
to subject preterm infants to additional instrumen-
tal investigations if sufficient information on feeding
and swallowing is available clinically. Secondly, one
researcher completed the clinical assessments of
feeding and swallowing lending the possibility of
bias. However, this did ensure consistency in the
observations and the scoring during the assessments.
A final limitation is that the researchers were unable
to follow up these infants longitudinally to determine
their outcomes in the longer term and the resolution of
PFDs. It is recommended that future studies consider
this.

This epidemiological study profiles preterm infants
born in Cyprus over a three period and is unique in
terms of providing prevalence data for an entire pop-
ulation. The WHO (2014) statistical reports show
that there are many similarities regarding preterm
birth rates and infant mortality rates among coun-
tries, therefore the research data can be generalizable
to other countries (Liu, Oza, Hogan, Chu, Perin, &
Zhu, 2016; Howson, et al., 2012). In addition, it adds
to the literature on PFDs in preterm infants and, ulti-
mately, should be useful in determining risk profiles
for these infants, as well as contributing to future
service planning.
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