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SUMMARY

Background: Hypoxic—ischemic encephalopathy (HIE) disrupts the central coordination of sucking, swallowing, and respiration,
predisposing newhorns to feeding difficulties. Infants with HIE often require mechanical ventilation because of neurological instability,which
may further delay oral feeding. This study investigated the association between mechanical ventilation duration and feeding
milestones, breastfeeding transition, and early feeding skills in newborns with HIE.

Methods: This retrospective cohort study included 102 newborns with HIE who received therapeutic hypothermia in a neonatalintensive
care unit. Outcomes included postnatal day of first oral feeding (POfirst), achievement of oral feeding for at least half of daily feeds
(POhalf), achievement of full oral feeding (POFull), transition to breastfeeding, length of hospital stay, and Early Feeding Skills (EFS) scores
at POfirst and discharge. Associations with ventilation duration were examined, infants were compared by ventilation duration (<7 vs. >7
days), and multiple linear regression analyses were performed after adjustment for HIE stage, gestational age, birth weight, convulsion status,
and MRI findings.

Results: Longer mechanical ventilation duration was associated with delayed feeding milestones, later transition to breastfeeding,
prolonged hospitalization, and lower EFS scores at POfirst and discharge. In adjusted regression models, mechanical ventilation duration
remained significantly associated with later POfirst, POhalf, POFull, transition to breastfeeding, longer hospital stay, and lower EFS scores
after adjustment for HIE stage, gestational age, birth weight, convulsion status, and MRI findings. Infants ventilated for >7 days showed
significantly later feeding milestones and lower EFS scores than those ventilated for <7 days, while weight outcomes did not differ between
groups.

Conclusions: In newborns with HIE treated with therapeutic hypothermia, prolonged mechanical ventilation was associated withdelayed
oral feeding and breastfeeding transitions and lower early feeding skill scores. These findings should not be interpreted as evidence
of a causal effect of ventilation alone, because ventilation duration may also reflect underlying encephalopathy severity and overall illness
burden. Nevertheless, ventilation duration may serve as a practical clinical marker for identifying infants who require closer feeding
surveillance and early multidisciplinary support.
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HiPOKSIK-iSKEMIK ENSEFALOPATILI YENIDOGANLARDA UZAMIS MEKANIK VENTILASYONUN GECIKMI$
BESLENME BASAMAKLARI ILE iLiSKiSi

OZET

Amag: Hipoksik—iskemik ensefalopati (HIE), emme, yutma ve solunumun merkezi koordinasyonunu bozarak yenidoganlari beslenme
giicliiklerine yatkin hale getirir. HIE’li bebekler, nérolojik instabilite nedeniyle siklikla mekanik ventilasyon gereksinimi duyar ve bu durum
oral beslenmenin gecikmesine daha da katkida bulunabilir. Bu calisma, HIE’li yenidoganlarda mekanik ventilasyon siiresi ile beslenme
doniim noktalari, emzirmeye gegis ve erken beslenme becerileri arasindaki iligkiyi aragtirmistir.

Yontem: Bu retrospektif kohort caligmasia, yenidogan yogun bakim iinitesinde terapétik hipotermi uygulanan HIE’li 102 yenidogan
dahil edilmistir. Sonuglar arasinda ilk oral beslenmenin gergeklestigi dogum sonrasi giin, giinlitk beslenmelerin en az yarisinin oral yolla
alindig1 dogum sonrasi giin, tam oral beslenmeye gecilen dogum sonrasi giin, emzirmeye gegilen dogum sonrasi giin, hastanede kalig siiresi
ile ilk oral alim ve taburculuktaki Erken Beslenme Becerileri (EFS) puanlari yer almigtir. Bu sonuglarin mekanik ventilasyon suresi ile
iliskileri incelendi. Bebekler ventilasyon siiresine gére (<7 giin ve >7 giin) karsilastirild1 ve HIE evresi, gebelik yasi, dogum agirligi, nobet
durumu ve MRG bulgularina gore ayarlama yapildiktan sonra ¢oklu dogrusal regresyon analizleri gergeklestirildi.

Bulgular: Daha uzun mekanik ventilasyon siiresi, beslenme kilometre taglarinda gecikme, emzirmeye gegiste gecikme, hastanede kalig
siiresinin uzamasi ve daha diisiik EFS puanlari ile iliskiliydi. Ayarlanmis regresyon modellerinde, mekanik ventilasyon siiresi, HIE evresi,
gebelik yasi, dogum agirligi, nébet durumu ve MRG bulgularina goére ayarlama yapildiktan sonra bile daha uzun oral beslenme ile
emzirmeye gegis siiresi, daha uzun hastanede kalis siiresi ve daha diisiik EFS puanlari ile anlamli sekilde iligkili kaldi. >7 giin ventilasyon
uygulanan bebekler, <7 giin ventilasyon uygulananlara gore anlamli derecede daha ge¢ beslenme kilometre taslari ve daha diisik EFS
puanlari gosterirken, bebeklerin agirlik sonuglari gruplar arasinda farklilik gostermedi.

Sonug: Terapdtik hipotermi ile tedavi edilen HIE'li yenidoganlarda, uzun siireli mekanik ventilasyon, oral beslenmede ve emzirme
gecislerinde gecikme ve erken beslenme becerisi puanlarinda diisiisle iliskilendirilmistir. Bu bulgular, ventilasyonun tek basina nedensel bir
etkisi olduguna dair kanit olarak yorumlanmamalidir, ¢iinkii ventilasyon siiresi ayni zamanda altta yatan ensefalopati siddetini ve genel
hastalik yiikiinii de yansitabilir. Bununla birlikte, ventilasyon siiresi, daha yakin beslenme takibi ve erken ¢ok disiplinli destek gerektiren
bebekleri belirlemek igin pratik bir klinik belirte¢ olarak hizmet edebilir.

Anahtar Sozcukler: hipoksik—iskemik ensefalopati, mekanik ventilasyon, oral beslenme, emzirme, erken beslenme becerileri

53



https://orcid.org/0000-0003-2515-3874
https://orcid.org/0000-0002-6577-837X

Hilal BERBER CIFTCI, PhD Seyhun TOPBAS, PhD

The Relationship Between Prolonged Mechanical Ventilation and Delayed Feeding Milestones in Newborns With

Hypoxic-lschemic Encephalopathy

Corresponding Author: Hilal BERBER CIFTCI PhD. Tarsus
University, Speech and Language Therapy, Mersin, Turkiye E-mail:
hilalberberl@gmail.com

Received: 11 March 2026, revised for: 28 June 2026,
accepted for publication: 29 June 2026

Cite this article: BERBER CIFTCI H., TOPBAS S.. The
Relationship Between Prolonged Mechanical Ventilation and Delayed
Feeding  Milestones in  Newborns  With  Hypoxic-Ischemic
Encephalopathy. KBB-Forum 2026;25(2): 053-064

INTRODUCTION

Hypoxic ischemic encephalopathy (HIE)
is a neonatal brain injury caused by impaired
oxygenation at birth and remains a leading cause
of neonatal mortality and  long-term
neurodevelopmental  impairment.!  Although
therapeutic care has advanced, many affected
infants  continue to  experience  feeding
difficulties and problems with early regulation.?

In infants with HIE, feeding involves
more than nutrition; it requires coordinated
sucking, swallowing, breathing, and stable
physiological and behavioral regulation.3*
Hypoxic ischemic injury may interfere with
these processes, resulting in delayed readiness
for oral feeding, reduced endurance, poor suck—
swallow-breath coordination, and impaired oral
motor control, even when tube feeding is
tolerated.>® Beyond feeding performance, these
difficulties also affect early bonding, regulation,
and neurodevelopment.

Successful breastfeeding depends on
intact sensory  processing, oral  motor
coordination, and neurobehavioral stability.

Among infants with HIE receiving therapeutic
hypothermia, signs of oropharyngeal dysphagia
highlight early vulnerability in feeding skills.® In
some infants, these difficulties persist beyond the
neonatal period and may influence long-term
growth and health.®

Many infants with HIE require
respiratory support during NICU care because of
the complex interaction between perinatal
asphyxia, respiratory  failure, impaired
respiratory drive, therapeutic hypothermia-
related physiological changes, and mechanical
ventilation management.” Although life-saving,
prolonged ventilation may limit early oral
experience and delay development of
coordinated sucking and swallowing.?®

54

KBB-Forum
2026;25(2)
www.KBB-Forum.net

Across neonatal and pediatric
populations, prolonged mechanical ventilation
has been associated with feeding and swallowing
dysfunction, possibly related to reduced use of
oral motor structures, altered aerodigestive
coordination, and decreased sensory input.8! In
preterm infants, longer ventilation is linked to
delayed oral feeding and longer hospital stays.*?
However, these findings may not directly apply
to HIE, where feeding difficulties primarily
reflect neurological injury. Evidence examining
ventilation duration and feeding outcomes in
HIE remains limited.

Only a limited number of studies have
examined feeding transitions in infants with HIE.
Gunes et al.™® reported delayed enteral feeding
with longer ventilation, while Asgarshirazi et
al.** described swallowing impairment after
ventilation lasting seven days or longer.
However, evidence on oral feeding milestones,
breastfeeding, and early feeding skills remains
scarce.

Early feeding skills support not only
nutrition but also neonatal communication, self-
regulation, neurobehavioral development, and
caregiver infant bonding.>® Clarifying factors
associated with delayed feeding in HIE is
therefore essential for early identification and

timely multidisciplinary intervention.
Accordingly, this study examined the
relationship  between ventilation duration,

feeding milestones, breastfeeding, and early
feeding skills in infants with HIE.

MATERIAL and METHODS

Study Design and Setting

This retrospective cohort study was
conducted to explore the relationship between
mechanical ventilation duration and feeding
outcomes in newborns diagnosed with hypoxic
ischemic encephalopathy (HIE). Medical records
of infants treated in a tertiary neonatal intensive
care unit between December 2020 and
September 2022 were retrospectively reviewed.

The study protocol was approved by the
istanbul Medipol University Non-Interventional
Clinical Research Ethics Committee (approval
no: 447, date: 17.04.2025). Owing to the
retrospective nature of the study, families of
eligible infants were contacted using information
available in medical records, and written
informed consent was obtained from parents or
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legal guardians prior to data inclusion. All data
were anonymized before analysis and managed
in accordance with the principles of the
Declaration of Helsinki.

Participants and Diagnosis of Hypoxic—
Ischemic Encephalopathy

Infants were eligible for inclusion if they
were diagnosed with HIE by a consultant
neonatologist, received therapeutic hypothermia,
and had complete data on mechanical ventilation
duration, feeding milestones, breastfeeding
transition, and EFS assessments. Because the
primary outcomes focused on the timing of oral
feeding and breastfeeding transitions, infants
without complete feeding milestone data were
excluded. This inclusion strategy was
acknowledged as a potential source of selection
bias.

The diagnosis of HIE was established
according to institutional protocols and Turkish
Neonatal Society guidelines.® Eligibility for
therapeutic hypothermia was determined using
national criteria, including admission within the
first 6 hours of life, evidence of perinatal
hypoxic ischemic insult (such as metabolic
acidosis, low Apgar scores at 10 minutes, or
ongoing need for resuscitation), and clinical
signs of moderate to severe encephalopathy.**°

In selected cases, infants with lower
gestational age who met clinical criteria for HIE
also received therapeutic hypothermia at the
discretion of the attending neonatologist.
Neurological severity was evaluated daily during
the first 72 hours of life using the Sarnat and
Sarnat staging system, and the most severe stage
observed during this period was recorded for
analysis.'

Clinical Care and Feeding Management

All infants received standardized neonatal
intensive care unit management, including
therapeutic hypothermia and respiratory support.
During hypothermia treatment, enteral feeding
was provided via orogastric tube, and oral
feeding was withheld in accordance with
standard clinical practice.®

Both  invasive and  non-invasive
mechanical ventilation were administered as
clinically indicated. In infants with HIE,
respiratory support was most commonly required
because of neurological instability, impaired
respiratory drive, seizures, or the need for
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sedation during hypothermia, rather than primary
pulmonary disease.>8’

Initiation of oral feeding was determined
by the NICU team based on cardiorespiratory
stability, regular spontaneous breathing, and
absence of clinically significant apnea or oxygen
desaturation.® Feeding readiness was additionally
evaluated by a speech-language therapist through
assessment of oral motor function, non-nutritive
sucking, coordination, and behavioral
regulation.®

Syringe feeding trials were initiated and
advanced per infant tolerance and clinical status.
Breastfeeding was supported in infants with
adequate oral skills and no aspiration signs.®

Data Collection

Demographic and clinical data extracted
from medical records included gestational age,
sex, birth weight, maternal age, mode of
delivery, Apgar scores at 1 and 5 minutes, HIE
stage, and duration of mechanical ventilation.

Feeding-related outcomes included the
postnatal day and weight at first oral feeding
(POfirst), achievement of oral feeding for at least
half of daily feeds (POhalf), achievement of full
oral  feeding  (POFull), transition to
breastfeeding, length of hospital stay, and
corresponding weight outcomes. POhalf was
defined as the postnatal day on which the infant
received at least half of daily feeds orally,
corresponding to at least 4 oral feeds in infants
fed 8 times per day or at least 6 oral feeds in
infants fed 12 times per day.1>13

Early Feeding Skills were assessed using
the Early Feeding Skills (EFS) Assessment,
which evaluates respiratory regulation, oral-
motor  function, swallowing coordination,
engagement, and physiological stability during
feeding.’® EFS assessments were performed by a
speech-language  therapist experienced in
neonatal feeding assessment at POfirst and again
before discharge. The validated Turkish version
of the EFS Assessment was used. The assessor
was not blinded to the clinical course because of
the retrospective clinical nature of the study, and
this was considered a methodological limitation.
Infant weight was measured daily with calibrated
digital scales before morning feeding.

Statistical Analysis

Statistical analyses were performed using
SPSS version 26.0. Categorical variables were
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summarized as frequencies and percentages,
whereas continuous variables were presented as
means + standard deviations or medians with
minimum-maximum values, as appropriate.
Distribution normality was evaluated by visual
inspection of histograms and the Kolmogorov—
Smirnov test. As most variables were not
normally distributed, non-parametric statistical
methods were applied.

Spearman’s rank correlation was used to
test associations between ventilation duration
and feeding outcomes, including POfirst, POhalf,
POFull, transition to breastfeeding, length of
hospital stay, weight outcomes, and EFS scores.
For subgroup analysis, infants were grouped
according to total mechanical ventilation
duration as <7 days and >7 days, and the Mann—
Whitney U test was used for comparisons.

Multiple linear regression analyses were
performed to examine whether mechanical
ventilation duration remained associated with
time-based feeding outcomes and EFS scores
after adjustment for HIE stage, gestational age,
birth weight, convulsion status, and MRI
findings. Separate models were constructed for
each outcome. Convulsion status was coded as
absent or present, and MRI findings were coded
as normal or abnormal. Both variables were
entered into the regression models as binary
variables. Standardized beta coefficients () and
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p-values were reported. Multicollinearity was
assessed using variance inflation factor values.
Statistical significance was defined as p < 0.05.
A sensitivity analysis was performed after
excluding infants born before 36 weeks’
gestation to evaluate whether the findings were
robust in the gestational-age group most
commonly represented in therapeutic
hypothermia protocols.

RESULTS

Participant Characteristics

Among 120 newborns diagnosed with
hypoxic—ischemic encephalopathy (HIE), 18
were excluded because of incomplete records,
resulting in a final sample of 102 infants.
Demographic, clinical, and  nutritional
characteristics are summarized in Table 1. The
mean gestational age was 37.6 * 1.7 weeks
(range: 32-42), and the mean birth weight was
3173.6 £ 459.0 g (range: 1900-4370). Median
Apgar scores were 4 at 1 minute and 6 at 5
minutes. The median duration of total
mechanical ventilation was 5 days (range: 0-30).
The median postnatal days of POfirst, POhalf,
POFull, and transition to breastfeeding were 7.5,
8, 8, and 9 days, respectively. The median length
of hospital stay was 11 days (range: 5-52).
Median Early Feeding Skills (EFS) scores were
32 at POfirst and 50 at discharge.

Table 1 Demographic, Clinical, and Nutritional Characteristics of Participants (n = 102)

Variable Mean + SD Median Min—Max
Maternal age, years 26.35 + 6.35 25.00 14-44
Apgar score at 1 min 418+ 1.70 4.00 0-8
Apgar score at 5 min 6.13+1.80 6.00 1-9
Gestational age, weeks 37.57+1.73 37.50 32-42
Birth weight, g 3173.62 + 458.97 3200.00 19004370
Invasive mechanical ventilation, days 3.37+4.38 1.00 0-20
Non-invasive mechanical ventilation,

4.03 +3.72 3.00 0-22

days
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Total mechanical ventilation, days 7.46 £6.75 5.00 0-30
POfirst, postnatal day 9.28+6.11 7.50 3-46
Weight at POfirst, g 3145.32 £ 457.39 3200.00 2000-4200
POhalf, postnatal day 10.05+£6.78 8.00 3-50
Weight at POhalf, g 3163.80 + 469.43 3192.50 20004250
POFull, postnatal day 10.99 £ 7.33 8.00 4-50
Weight at POFull, g 3171.89 + 458.89 3220.00 20004280
Transition to breastfeeding, postnatal day 12.39 £8.35 9.00 5-51
Weight at transition to breastfeeding, g 3202.24 + 456.26 3247.50 1980-4255
Length of hospital stay, days 14.23 +9.20 11.00 5-52
Discharge weight, g 3245.44 + 446.22 3265.00 19804350
EFS score at POfirst 32.46 £9.28 32.00 19-49
EFS score at discharge 48.45 +6.34 50.00 30-57

Abbreviations: SD, standard deviation;, MV, mechanical ventilation; POfirst, first oral feeding;

POhalf, achievement of oral feeding for at least half of daily feeds; POFull, achievement of full oral

feeding; EFS, Early Feeding Skills.

Associations Between Ventilation
Duration and Feeding Outcomes

Total mechanical ventilation duration
showed strong positive correlations with the
timing of feeding milestones and length of
hospital stay (Table 2). Longer total mechanical
ventilation duration was associated with later
POfirst (p = 0.747), POhalf (p = 0.779), POFull

(p = 0.780), transition to breastfeeding (p =

0.747), and longer hospital stay (p = 0.721) (all p
< 0.001). Total mechanical ventilation duration
was also negatively correlated with EFS scores
at POfirst (p = —0.584) and at discharge (p =
—0.477) (both p < 0.001). Invasive and non-
invasive mechanical ventilation durations
demonstrated similar associations with delayed
feeding milestones and lower EFS scores.

Table 2 Spearman Correlations Between Mechanical Ventilation Duration and Feeding Outcomes

POfirst, POhalf, POFull,

Ventilation variable

day day day

Transition to

Length of
EFSat EFSat

POfirst discharge

breastfeeding, hospital stay,

day days
Invasive mechanical
o 0.684 0.723 0.731 0.726 0.685 -0.478 —0.365
ventilation, days
Non-invasive mechanical 0.605 0.584 0.584 0.543 0.560 -0.546 —0.504

57



Hilal BERBER CIFTCI, PhD Seyhun TOPBAS, PhD

The Relationship Between Prolonged Mechanical Ventilation and Delayed Feeding Milestones in Newborns With

Hypoxic-lschemic Encephalopathy

ventilation, days

Total mechanical
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0.721 —0.584 —0.477

Values are Spearman’s rho coefficients., All correlations were statistically significant at p < 0.001.

Abbreviations: POfirst, first oral feeding; POhalf, achievement of oral feeding for at least half of daily

feeds; POFull, achievement of full oral feeding; EFS, Early Feeding Skills.

Table 3 Spearman Correlations Between Mechanical Ventilation Duration and Weight Outcomes

) ) ) Weight at )
o _ Weightat Weightat Weight at o Discharge
Ventilation variable _ transition to _
POfirst,g POhalf,g POFull, g ) weight, g
breastfeeding, g

Invasive mechanical —0.133 —0.118 —0.096 —0.068 —0.081
ventilation, days (p=0.183) (p=0.237) (p=0.335) (p =0.499) (p=0.417)

Non-invasive mechanical —0.008 —0.007 0.014 0.025 0.032
ventilation, days (p=0.940) (p=0.948) (p=0.889) (p = 0.800) (p =0.746)

Total mechanical —0.099 —0.090 —0.063 —0.039 —0.052
ventilation, days (p=0.324) (p=0.371) (p=0.532) (p =0.694) (p =0.603)

Values are Spearman’s rho coefficients with corresponding p-values.

Abbreviations: POfirst, first oral feeding; POhalf, achievement of oral feeding for at least half of daily

feeds; POFull, achievement of full oral feeding.

Subgroup Comparison by Ventilation
Duration

Infants were stratified according to total
mechanical ventilation duration as <7 days (n =
57) and >7 days (n = 45) (Table 4). Infants
ventilated for >7 days had significantly later
POfirst, POhalf, POFull, transition to
breastfeeding, and longer hospital stay compared

58

with those ventilated for <7 days (all p < 0.001).
In contrast, weight at feeding milestones and
discharge did not differ significantly between
groups (all p > 0.05). EFS scores at POfirst and
discharge were significantly lower in infants
ventilated for >7 days than in those ventilated for
<7 days (both p <0.001).
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Table 4 Comparison of Feeding, Weight, and Early Feeding Skill Outcomes According to Mechanical
Ventilation Duration

MV <7 days MYV >7 days )
] Mann-Whitney
Variable (n=57), (n=45), U Z p
mean rank mean rank
POfirst, day 32.53 75.53 201.0 —7.327 <0.001
Weight at POfirst, g 54.61 47.56 1105.0 -1.196 0.232
POhalf, day 31.45 76.90 139.5 —7.736 <0.001
Weight at POhalf, g 54.32 47.92 1121.5 —1.085 0.278
POFull, day 31.49 76.84 142.0 —7.721 <0.001
Weight at POFull, g 53.34 49.17 1177.5 —0.708 0.479
Transition to breastfeeding,
31.86 76.38 163.0 —7.578 <0.001

day
Weight at transition to

_ 52.66 50.03 1216.5 —0.445 0.656
breastfeeding, g
Length of hospital stay, days 32.13 76.03 178.5 —7.462 <0.001
Discharge weight, ¢ 53.26 49.27 1182.0 -0.678 0.498
EFS at POfirst 65.12 34.24 506.0 —-5.238 <0.001
EFS at discharge 63.74 36.00 585.0 —4.722 <0.001

Values are mean ranks. Group comparisons were performed using the Mann—Whitney U test.
Abbreviations: MV, mechanical ventilation; POfirst, first oral feeding; POhalf, achievement of oral
feeding for at least half of daily feeds; POFull, achievement of full oral feeding; EFS, Early Feeding
Skills.

Table 5 Adjusted Linear Regression Models for Time-Based Feeding Outcomes

) Transition to Length of
Predictor POfirst B, p POhalfg,p POFull g, p
breastfeeding 3, p hospital stay B, p

Mechanical
o ~0.701, <0.001 0.733,<0.001 0.685, <0.001 0.653, <0.001 0.657, <0.001
ventilation duration

HIE stage 0.130,0.082 0.102,0.188 0.187,0.015 0.256, 0.001 0.254, <0.001
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Gestational age 0.045,0.515 0.008,0.912 —0.015, 0.825 —0.003, 0.969 —0.012, 0.848
Birth weight —0.147, 0.034 —0.032, 0.653 0.010, 0.888 —0.007,0.919 —0.049, 0.450
Convulsion —0.052, 0.386 —0.030, 0.625 —0.040, 0.510 —0.038, 0.512 —0.025, 0.653
::gi(::;]al MR 0.156,0.008 0.132,0.029 0.132,0.027 0.102, 0.069 0.091, 0.096

Values are standardized beta coefficients and p-values from multiple linear regression models. Each

outcome was analyzed in a separate model using the Enter method. Models were adjusted for HIE stage,

gestational age, birth weight, convulsion status, and MRI findings.

Abbreviations: HIE, hypoxic—ischemic encephalopathy; POfirst, first oral feeding; POhalf, achievement

of oral feeding for at least half of daily feeds; POFull, achievement of full oral feeding; MRI, magnetic

resonance imaging.

Multiple linear regression analyses were

performed to examine whether

mechanical

ventilation duration remained associated with
time-based feeding outcomes after adjustment
for HIE stage, gestational age, birth weight,
convulsion status, and MRI findings (Table 5).
Mechanical ventilation duration remained
significantly associated with later POfirst (B =
0.701, p <0.001), POhalf (B = 0.733, p < 0.001),
POFull (B = 0.685, p < 0.001), transition to
breastfeeding (f = 0.653, p < 0.001), and longer
hospital stay (f = 0.657, p <0.001).

HIE stage was significantly associated
with later POFull (B = 0.187, p = 0.015),
transition to breastfeeding (B = 0.256, p = 0.001),
and longer hospital stay (B = 0.254, p < 0.001).
Abnormal MRI findings were significantly
associated with later POfirst (B = 0.156, p =
0.008), POhalf (B = 0.132, p = 0.029), and
POFull (B =0.132, p = 0.027). Convulsion status
was not significantly associated with time-based
feeding outcomes in the adjusted models. No
evidence of problematic multicollinearity was
observed, with all variance inflation factor
values below 2.

Table 6 Adjusted Linear Regression Models for Early Feeding Skills

EFS at discharge B, p

Predictor EFS at POfirst g, p
Mechanical ventilation duration —0.500, <0.001

HIE stage —0.071, 0.504
Gestational age —0.084, 0.398

Birth weight 0.112, 0.253
Convulsion 0.036, 0.672
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—0.213,0.016

Values are standardized beta coefficients and p-values from multiple linear regression models. Each

outcome was analyzed in a separate model using the Enter method. Models were adjusted for HIE

stage, gestational age, birth weight, convulsion status, and MRI findings.

Abbreviations: HIE, hypoxic—ischemic encephalopathy; EFS, Early Feeding Skills; POfirst, first oral

feeding; MRI, magnetic resonance imaging.

Multiple linear regression analyses were
also performed for EFS scores at POfirst and
discharge (Table 6). Mechanical ventilation
duration remained significantly associated with
lower EFS scores at POfirst (B = —0.500, p <
0.001) and at discharge (B = —0.480, p < 0.001)
after adjustment for HIE stage, gestational age,
birth weight, convulsion status, and MRI
findings. Abnormal MRI findings were also
significantly associated with lower EFS scores at
POfirst (B = —0.209, p = 0.013) and at discharge
(B = —0.213, p = 0.016). Birth weight was
positively associated with EFS at discharge ( =
0.228, p = 0.030). Convulsion status was not
significantly associated with EFS scores in the
adjusted models. No evidence of problematic
multicollinearity was observed, with all variance
inflation factor values below 2.

Sensitivity Analysis

A sensitivity analysis was performed after
excluding infants born before 36 weeks’
gestation (n = 91). In this analysis, total
mechanical  ventilation duration remained
significantly correlated with later POfirst (p =
0.773), POhalf (p = 0.800), POFull (p = 0.800),
transition to breastfeeding (p = 0.761), and
longer hospital stay (p = 0.750), and remained
negatively correlated with EFS scores at POfirst
(p = —0.582) and discharge (p = —0.463) (all p <
0.001). In adjusted regression models restricted
to infants born at >36 weeks’ gestation,
mechanical ventilation duration also remained
significantly associated with all time-based
feeding outcomes and EFS scores, with
standardized P values ranging from 0.599 to
0.699 for time-based outcomes and from —0.455
to —0.456 for EFS outcomes (all p < 0.001)
(Table 7).

Table 7 Sensitivity Analysis Restricted to Infants Born at >36 Weeks’ Gestation (n = 91)

Spearman’s p with total MV

Adjusted regression f§ for MV

Outcome duration duration
POfirst, day 0.773 0.666
POhalf, day 0.800 0.699
POFull, day 0.800 0.637
Transition to breastfeeding, day 0.761 0.599
Length of hospital stay, days 0.750 0.634
EFS at POfirst —0.582 —0.455
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EFS at discharge

—0.463
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—0.456

All Spearman correlations and adjusted regression coefficients were statistically significant at p < 0.001.

Regression models were adjusted for HIE stage, gestational age, birth weight, convulsion status, and MRI

findings.

Abbreviations: MV, mechanical ventilation; HIE, hypoxic—ischemic encephalopathy; POfirst, first oral

feeding; POhalf, achievement of oral feeding for at least half of daily feeds; POFull, achievement of full

oral feeding; EFS, Early Feeding Skills; MRI, magnetic resonance imaging.

DISCUSSION

In this cohort of newborns with hypoxic—
ischemic encephalopathy (HIE) treated with
therapeutic hypothermia, longer duration of
mechanical ventilation was associated with
delayed oral feeding milestones, later transition
to breastfeeding, prolonged hospitalization, and
lower Early Feeding Skills (EFS) scores. These
associations  remained  significant  after
adjustment for HIE stage, gestational age, birth
weight, convulsion status, and MRI findings.
Therefore, mechanical ventilation duration may
be considered a clinically accessible marker of
feeding vulnerability in this population rather
than a standalone causal factor.

In infants with HIE, feeding represents
more than nutritional intake and instead reflects
a complex neurodevelopmental process that
depends on coordinated sucking, swallowing,
and breathing, along with physiological stability
and behavioral state regulation.®* Hypoxic
ischemic injury may disrupt these interrelated
systems, resulting in oral feeding difficulties
even in infants who tolerate enteral tube
feeding.>® Over time, feeding problems in
neurologically impaired infants have been
associated with adverse effects on growth and
long-term health.®

The observed associations between
ventilation duration and feeding milestones
should be interpreted within the broader clinical
context of HIE. In this population, prolonged
ventilation is unlikely to represent an isolated
exposure; rather, it may reflect the combined
influence of encephalopathy severity, impaired
respiratory drive, seizure burden, sedative or
anticonvulsant exposure, abnormal neuroimaging

62

findings, and overall clinical instability.’
Prolonged respiratory support may also reduce
early oral experiences and contribute to altered
aerodigestive coordination, sensory input, and
suck—swallow—breath organization, mechanisms
that have been described in high-risk neonatal
and pediatric populations.®®1% Although the
association between ventilation duration and
feeding outcomes persisted after adjustment for
several measured clinical covariates, the
retrospective design does not allow mechanical
ventilation to be identified as the sole cause of
delayed feeding. Instead, ventilation duration
appears to function as a practical bedside
indicator of infants who may require closer
feeding surveillance and earlier multidisciplinary
support.

Consistent with this interpretation, the
lower EFS scores observed in infants with
prolonged ventilation suggest that delayed
feeding in HIE reflects not only later initiation of
oral intake but also reduced functional feeding
competence. The EFS Assessment evaluates

respiratory regulation, oral-motor function,
swallowing coordination, engagement, and
physiological stability, thereby capturing

clinically relevant aspects of feeding readiness
and safety beyond chronological feeding
milestones.®® These findings are consistent with
previous reports describing oropharyngeal
dysphagia signs in infants with HIE during
therapeutic hypothermia and support the need to
evaluate feeding skill quality rather than relying
solely on the timing of oral feeding initiation.®
The >7-day ventilation threshold used in
subgroup analyses was selected as a clinically
interpretable and exploratory cut-off, supported
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by previous studies reporting increased feeding
or swallowing risk after prolonged respiratory
support 8191114 1n our cohort, infants ventilated
for seven days or longer exhibited delayed
POfirst, POhalf, POFull, transition to
breastfeeding, and poorer EFS scores, although
no significant differences in weight outcomes
were observed. This finding suggests that
adequate weight gain may be achieved through
enteral nutritional support while functional oral
feeding readiness, coordination, and endurance
remain delayed. Therefore, weight gain alone
may not fully reflect feeding competence in
infants with HIE.

The lack of association between
ventilation duration and weight outcomes
contrasts with previous studies reporting links
between prolonged respiratory support, delayed
feeding  progression, and  growth-related
outcomes in high-risk neonatal populations.t!3
In the present cohort, this finding may be
explained by the structured nutritional support
provided in the NICU, as infants with delayed
oral feeding can maintain caloric intake and
weight gain through orogastric or other enteral
feeding routes even when oral feeding skills are
immature. This may explain why ventilation
duration was strongly associated with delayed
feeding milestones and lower EFS scores, but not
with weight at feeding milestones or discharge.
In infants with HIE, feeding progression may be
influenced by neurological injury, clinical
instability, and therapeutic hypothermia-related
care processes, underscoring the importance of
population-specific evaluation.**?

From a clinical perspective, these
findings support the use of early, risk-based
feeding assessments in infants with HIE who
require prolonged mechanical ventilation.
Particular attention should be paid to functional
feeding skills, including oral-motor organization,
suck—swallow-breath coordination,
physiological stability, and feeding endurance,
rather than relying only on the timing of oral
feeding initiation or weight gain. Early
involvement of speech-language therapists may
aid in readiness evaluation, individualized
progression planning, and family support.3°18
Although evidence for HIE-specific feeding
interventions remains limited, studies in other
high-risk neonatal populations suggest that
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structured  oral-motor and  sensory-based
interventions may support feeding
development.2?2L  Stepwise, individualized

feeding pathways may therefore be more
appropriate than rigid time-based transitions in
this clinically heterogeneous population.

Several limitations should be
acknowledged. First, the retrospective design
prevents causal inference, and mechanical
ventilation duration may partly reflect
underlying encephalopathy severity and overall
illness burden rather than an isolated exposure.
Second, although the regression models were
adjusted for HIE stage, gestational age, birth
weight, convulsion status, and MRI findings,
other potentially relevant confounders, including
sedative exposure, anticonvulsant treatment
details, sepsis, inotropic support, EEG findings,
and detailed respiratory disease severity, could
not be fully controlled because of the
retrospective nature of the available records.
Third, the inclusion of infants with complete oral
feeding and breastfeeding transition data may
limit generalizability to more severely affected
infants who died, were transferred, or did not
achieve these feeding milestones during
hospitalization. Fourth, although the Turkish
version of the EFS Assessment has been
validated, it has not been specifically validated in
infants with HIE. Finally, although lower-
gestational-age infants were included because
therapeutic hypothermia was applied at the
discretion of the attending neonatologist in
selected cases, a sensitivity analysis restricted to
infants born at >36 weeks’ gestation showed
findings consistent with the main analysis.
Nevertheless, future prospective studies should
confirm these results in more homogeneous
gestational-age subgroups.

In  summary, prolonged mechanical
ventilation in infants with HIE was significantly
associated with delayed oral feeding and
breastfeeding transitions, extended
hospitalization, and reduced early feeding skills
after adjustment for measured clinical covariates.
These findings do not establish a causal effect of
ventilation alone, but suggest that ventilation
duration may serve as a practical clinical marker
for identifying infants who require early feeding
surveillance and coordinated multidisciplinary
support.
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