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Introduction: Preterm birth remains a significant public health concern, with infants born before 32 weeks of postmenstrual age at a higher risk for various comorbidities and neurodevelopmental impairments. Feeding challenges are particularly prevalent in preterm infants due to the immaturity of their physiological functions. The neonatal intensive care unit (NICU) environment can exacerbate these vulnerabilities through unregulated sensory stimulation and limited parental contact.

Methods: A multiprofessional focus group was conducted to identify roles and responsibilities among NICU healthcare providers to develop and implement an individualized, integrated, interprofessional, and multidimensional care protocol. The aim is to promote neurobehavioral and early feeding skills in preterm newborns in the NICU. The protocol was grounded in the Newborn Individualized Developmental Care and Assessment Program (NIDCAP) and European Standards of Care for Newborn Health, with a focus on minimizing stress, enhancing parental empowerment, and utilizing a cue-based feeding approach.

Results: The resulting “STAmmi VICINO” pathway consists of six flexible joint meetings at the infant’s crib, involving parents and healthcare professionals, to provide comprehensive care strategies for the transition from enteral nutrition to autonomous sucking. Preliminary integration in the NICU practice demonstrated the feasibility and positive acceptance of the protocol among practitioners.

Discussion: Oral feeding skills in preterm infants should not be assessed separately from neurobehavioral development. An interdisciplinary, family centered approach is critical for successful early intervention programs that aim to positively impact neurodevelopment.
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Introduction

Preterm birth still represents, and increasingly so, a significant public health concern. Epidemiological studies have shown a persistent rise in premature births in both less developed nations with inadequate childbirth facilities and medium-to high-income countries. In these regions, factors such as advanced maternal age, multiple gestations, and fertility treatments are increasingly prevalent. Currently, about 1 in 10 neonates is born before 37 weeks of gestation (1). Babies born before 32 weeks gestational age, accounting for 15% (2), are at a higher risk of various comorbidities. Very preterm infants [VPT] face significant risks of complications, such as intraventricular hemorrhage, respiratory distress syndrome, infections, and neurodevelopmental and behavioral impairments, as the incidence of these complications generally decreases with increasing gestational age (3–5). Multiple organ systems may be affected by preterm birth, including those responsible for respiratory function, cardiovascular performance, immune competence, visual development, gastrointestinal function, endocrine regulation, and neurological maturation. The central nervous system is indeed particularly susceptible, as it is undergoing a critical phase of neuronal organisation and proliferation (6). Consequently, preterm infants exhibit increased vulnerability to structural alterations and brain injury. Recent studies have shown that preterm births have a much higher risk than term births of experiencing short- and long-term complications, proportional to the severity of prematurity and concomitant problems (7). In the long term, disorders can affect various developmental domains, such as language and communication (8, 9), fine and gross motor development (10), emotional-behavioral (11) and neuropsychological. Sequelae therefore may include cerebral palsy (12), severe developmental delays and complex neurosensory disorders (13, 14), as well as neurobehavioral and neuropsychiatric disorders (15). In contrast, in the short term, complications associated with the physiological immaturity of systems necessitating specialized and intensive care are frequently observed. The respiratory, cardiovascular, endocrine-metabolic, thermoregulatory, and gastrointestinal systems are most frequently subject to complications. These physiological systems, which are not yet fully matured at birth, are susceptible to substantial impairments, partly attributable to environmental exposure. The incomplete development of these vital functions at the time of delivery renders them particularly vulnerable to considerable disturbances, such as necrotizing enterocolitis (NEC), late-onset sepsis (LOS), and bronchopulmonary dysplasia (BPD). These conditions often occur simultaneously, complicating treatment and leading to poor outcomes. While life-saving, the artificial environment of the Neonatal Intensive Care Unit (NICU) plays a crucial role in the adaptation process of preterm newborns to extrauterine life. Necessary and frequent invasive medical procedures, unregulated sensory stimulation, and limited parental contact can potentially exacerbate existing vulnerabilities (16). Within this completely different environment, preterm newborns must adapt to gravity, the absence of physical confinement, and the transition from placental to pulmonary gas exchange. Furthermore, they must develop the capacity to process unfiltered sensory input that was previously attenuated by the maternal uterus, thermoregulate themselves, and reach autonomous feeding. Feeding challenges remain a persistent and increasingly prevalent issue in the preterm birth population, while simultaneously being frequently underestimated. Nevertheless preterm newborns, particularly those with low gestation age and low birth weight and/or with comorbidities, present a higher risk of feeding-related difficulties, mainly due to immaturity of physiological functions, including the ability to coordinate sucking, breathing and swallowing mechanisms (SSR) (17). An estimated 40% of preterm births have difficulty transitioning from gavage to oral feeding (18). Invasive medical procedures associated with preterm birth may also further impair the infant’s feeding behavior by failing to ensure adequate nutritional supplies, delaying the initiation and progression of full oral feedings (19–21), decreasing opportunities for positive oral experiences, and altering feeding-related experiences (22), particularly in VPT newborns (23). Research suggests that intense sensory experiences in the NICU may have devastating effects on the neurodevelopmental outcomes of premature infants. Stronger stressors include light, sound, and caregiving interventions (24, 25), such as medical and nursing practices that often include painful stimuli (26). Preterms show behavioral stress responses, such as jerking, twitching, arching, finger splay, leg extension, kicking, and arm waving, as well as stress physiological signals, such as changes in heart rate, respiratory rate, blood pressure, and oxygen saturation (26) in cases where sensory stimuli are excessively intense, frequent, prolonged, or complex (27). While research continues to investigate the specific types and quantities of stimuli that adversely affect the development of skills in preterm newborns (28), it is imperative to identify these patterns and develop early intervention protocols to mitigate their impact on their neurodevelopment.



Aim

This project aims to define, develop, and implement an individualized, integrated, interprofessional, and multidimensional care protocol within the Neonatal Intensive Care Unit (NICU) setting. The protocol itself aims to promote neurobehavioral and early feeding skills in preterm newborns, with particular attention to very preterm newborns, who are most vulnerable to neurodevelopmental and feeding challenges.



Methods


Project setting

The project was created to develop a personalized, multidisciplinary intervention protocol for use in the Neonatal Intensive Care Unit of the IRCCS Fondazione Policlinico San Matteo in Pavia (Italy). This protocol aims to support premature infants and their families through a crucial and sensitive period, and its creation was driven by the department’s desire to effectively engage parents, enhance their understanding of their child’s medical status, and increase their involvement during the hospital stay. The goal was to share strategies and information to encourage parental care of infants. Additionally, the protocol addresses communication challenges arising from frequent staff rotations and promotes a holistic approach that extends beyond medical and nursing care to include neuroprotective care, recognizing the infant as a sentient and communicative being. Ultimately, this project seeks to contribute to interdisciplinary training aimed at enhancing implemented care practices. The operational framework for this protocol is NutriMenti, a multidisciplinary research project that aims to establish evidence-based operational protocols in the NICU. These protocols are designed to assist newborns, families, and medical and nursing teams in developing the oral nursing skills necessary for growth, development, and eventual discharge from the NICU.



Theoretical framework

The theoretical framework of this quality improvement initiative is grounded in the NIDCAP program and derives its application from the European Standards of Care for Newborn Health published by the European Foundation for the Care of Newborn Infants (EFCNI). A review of these two documents was conducted to identify the key components of the protocol, assuring an evidence-based approach to the topic. The NIDCAP method is highlighted for its particular focus on infants’ individual traits and the active participation of caregivers. This approach begins with an evaluation and observation of the infant’s abilities and vulnerabilities, examining their level of stability and organization in accordance with Als’s synactive theory (29). Based on the identified neurobehavioral profile, a tailored care plan is developed for the infant and their family (30). This approach is founded on three fundamental principles: (1) infants are considered unique individuals who actively engage in their own care and receive nurturing support from their parents; (2) the primary role of parents as caregivers, protectors, and advocates for their babies is acknowledged, along with their involvement in care-related decision-making; and (3) healthcare professionals collaborate with infants, parents, and other family members to deliver comprehensive care services. The European Standards of Care for Newborn Health (31) were instrumental in identifying key areas of intervention for protocol implementation, ensuring early, personalized, and neurodevelopmentally oriented care. Particular emphasis was placed on the “care procedures” and “child- and family-centered developmental care” sections of the document. These sections outline strategies and interventions aimed at fostering infant development by minimizing perceived stress (such as postural care, sleep protection, hygiene procedures, and pain management), creating a positive environmental impact on the infant’s neurodevelopmental outcome (such as sensory stimulus regulation), and enhancing parental empowerment (including promoting parental involvement, case management, and discharge planning). Another key element of the theoretical framework is the “cue-based feeding” model. It represents a more sensitive and individualized approach than the less recent “volume-driven” model. It focuses on an infant’s ability to self-regulate feeding through behavioral and physiological cues. This method recognizes the infant as an active participant in the feeding process, allowing caregivers to adjust the rhythm and flow of milk according to the infant’s individual needs. Parents, in particular, play a key role in co-regulation, learning to recognize and respond appropriately to infants’ cues, thus promoting a positive and safe oral experience. The adoption of cue-based feeding involves several targeted strategies, including controlling milk flow to protect immature functions, avoiding excessive stimulation, maintaining appropriate posture, and stopping feeding at the first signs of fatigue. This methodology has been shown to reduce the time required to achieve independent oral feeding, shorten the hospital stay, and improve the dyadic relationship between the parent and infant (32). In light of this evidence, our research project draws on cue-based feeding as a role model, aiming to promote feeding practices that respect the neurobehavioral development of preterm infants and support their self-regulation. Effective implementation of this approach requires appropriate training of healthcare staff and careful communication among care team members to ensure safe and individualized care for each infant.



Healthcare providers: who, what and why

A multidisciplinary approach to preterm infant care is essential, given the complexity of preterm newborn development and care needs. Within our unit, a structured multiprofessional focus group was conducted including trained medial staff (neonatologists), NICU nurses and neonatal therapists. A purposive sampling strategy was used to involve professionals with direct experience in neonatal care. The group met across several moderated sessions using a semi-structured guide, aimed at mapping professional roles, identifying clinical priorities and integrating neurodevelopmental principles into a shared care pathway (Figure 1). Discussions were documented and synthesized to support the design of an operational and adaptable care protocol.
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FIGURE 1
 Schematic representation of the main responsibilities, roles, and activities of the three health professions involved in the project: NICU nurse, Speech Pathologist and TNPEE.


NICU nurses play a critical and multifaceted role in caring for sick newborn infants. They are responsible for providing complex and highly skilled nursing care, often serving as primary caregivers who offer constant attention to infants and their families (33). In addition to nursing practices, nurses are responsible for accompanying parents throughout the hospitalization period to learn and manage daily care activities, such as feeding, diaper changing, and bathing. Like other ward professionals, they are responsible for promoting newborn care practices aimed at reducing stress and pain and fostering a positive environment. A recent study by Brødsgaard et al. (34) highlighted the critical role of nurses in infant care and parental support for premature babies. Nurses are tasked with establishing an environment that facilitates parents’ learning and skill development in caring for their preterm infants. This involves motivating and enabling parental participation in infant care and guiding them from passive observation to active caregiving. Essential aspects of the nurse’s role include effective communication and information dissemination, with regular meetings and in-depth discussions promoting parental recognition and involvement. Nurses cultivate trust in parents through transparency, sincerity, and acknowledgment of parental experiences. They offer personalized support tailored to each family’s requirements and emotional state while guiding parents in enhancing their parenting abilities and self-assurance over time. As the infant’s health improves and parents become more proficient, nurses engage in role negotiations, gradually empowering parents to assume greater responsibility for their infant’s care. This evolving process necessitates continuous adjustment of the nurses’ approach, balancing their expertise with the aim of fostering parental autonomy and confidence in caring for their premature infants.

The Language and speech pathologist is specialized in the prevention and early treatment of disorders of oral, eating, and communication function (35). Within a cue-based feeding approach, the speech therapist plays a key role in the transition to safe and effective oral feeding in preterm newborns. The intervention is structured through a functional assessment of the infant and the implementation of oral stimulation strategies, with the goal of facilitating the transition from non-nutritive to nutritive sucking. Within the NICU environment, the therapist evaluates the infant’s oral anatomical structures and functional development using both visual and tactile feedback. Treatment is not limited to the immediate management of difficulties but takes on an important preventive function, reducing the risk of swallowing, speech, and communication disorders. Parent education is another pillar of speech therapy intervention, as it enables parents to acquire fundamental skills to optimize their relationship with their infant and foster secure attachment. In addition, speech therapists participate in post-discharge follow-up, monitoring the child’s development and contributing to the prevention of neurodevelopmental sequelae through personalized interventions.

The Neuro and Psychomotor Therapist of Developmental Age (TNPEE) is a specialized profession focused on creating and implementing preventive programs, as well as assessing and rehabilitating individuals in the developmental age (36). This is achieved through a holistic approach that evaluates both neurological and psychomotor aspects. Drawing on contemporary neuroscience, the TNPEE designs interventions around children’s spontaneous behaviors, taking into account their developmental stages, surroundings, and the roles of caregivers. This adaptable and ecological method incorporates the latest neuroscientific findings on brain plasticity and neurodevelopmental disorders. TNPEE practitioners work in close cooperation with other pediatric specialists in multidisciplinary teams, offering neurodevelopmental enhancement techniques and therapeutic education to families. In neonatal intensive and sub-intensive care units, these professionals play a crucial role in multidisciplinary teams that care for premature infants and newborns with complex medical conditions. They employ early assessments and intervention strategies, enhance neurodevelopmental outcomes, provide an individualized sensory experience, and support parents in understanding their newborn’s cues and bonding with them during hospital stays (37).




Results


STAmmi VICINO pathway

Multidimensional and multiprofessional perspectives and guidelines on neurobehavioral development, oral feeding skills, and family centered care in the NICU setting were considered during the protocol’s development. As aforementioned, the early intervention protocol is designed to be multidisciplinary, flexible, and customizable, and is adaptable to the individual needs and characteristics of each infant and family. The pathway aims to accompany and support patients and families during hospitalization through targeted team intervention, fostering the creation of a stable and positive triadic bond. Based on these considerations, we established the “STAmmi VICINO” pathway (translated as “Stay Close to Me”; Figure 2), wherein each letter represents a distinct phase of the early intervention protocol.
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FIGURE 2
 “STAmmi VICINO” pathway.


This six-step pathway supports the entire family from the first weeks through discharge, providing comprehensive, integrated, and multidisciplinary care strategies for the transition from enteral nutrition to autonomous and effective sucking for nutritional purposes. It includes six (flexible) joint meetings at the infant’s crib, in the presence of the parents, referring nurse, and neonatal therapist, to facilitate the transferability and ongoing application of the intervention. The domains encompassed within this pathway include the facilitation of early parent-infant interactions through eyes, voice, and touch; the provision of support and enhancement of early oral skills; the assessment of newborn behavior; the implementation of postural care strategies; the promotion of continuous and early interaction and fostering of individuality; the observation of emerging neurodevelopmental skills; and the facilitation of effective oral feeding skills. Based on what is observed at each time point, individualized strategies are shared with parents and professionals in both oral and written forms.


Stabilization and intensive care

During the initial phase, when the clinical conditions are most critical, the primary referral figures for the family are the neonatal physician and the NICU referral nurse. At this stage of the protocol, no direct interventions are implemented on the infant; however, standard care is provided to promote harmonious development, prevent complications associated with preterm birth, and minimize the impact of the NICU environment on the involved parties (infant and family).



Voice, gaze, touch

During the first joint observation, conducted after the infant’s clinical condition has stabilized and preferably between 28 and 30 weeks of postmenstrual age, TNPEE and nurses accompany the parents in observing the infant’s spontaneous behavior. The first joint observation is performed using the Preterm Infant’s Assessment for Neurobehavioral Observation (PIANO), developed by Naboni C. and colleagues (unpublished). The goal is to obtain an initial assessment of the neurobehavioral stability of the preterm infant in relation to all domains analyzed by the scale: neurovegetative stability, postural skills, spontaneous motility, response to interaction, attention status, and early visual skills. During the joint observation, the TNPEE provides early positive sensory experiences; moreover, early interactions between the parent and infant are encouraged and supported by the healthcare providers: parents are accompanied in recognizing behavioral states, signs of readiness or unwillingness to interact, making contact with their baby first with their gaze, then with their voice, and finally with their touch. At the end of the first joint observation and in the following days, health professionals involved, especially nurses, propose positive sensory experiences, such as Kangaroo Care, based on the characteristics, habits and needs of the family (infant and parents).



Intraoral hygiene, support, facilitation

The second joint observation is carried out subsequently, with a timeline depending on the clinical development of the infant. The speech therapist, in co-partnership with the TNPEE and the ward nurse, observes the presence of orally directed behaviors and signs of readiness/unreadiness for feeding, makes initial guided observations of early oral positive experiences, and, if necessary, proposes individualized oral stimulations, also involving the parents in their daily implementation. The therapist assesses the infant’s oral structures, tongue mobility, and functional development using visual and tactile feedback. During sucking and bottle feeding, the coordination of the cheeks, jaw, and lips and the rhythm of sucking, swallowing, and breathing are observed, monitoring for issues such as choking or oxygen desaturation. Among the tools used for the assessment of oral feeding skills, Premature Infant Motor Intervention (PIOMI) (38) is proposed: a 3-min long eight-step protocol created specifically for the preterm infant population. Through this assessment, the state of activation of the peri-oral area muscles and the infant’s ability to activate or not activate effective non-nutritive sucking can be checked. During the assessment, stimulation is applied within a cue-based, neuroprotective framework and sessions are interrupted or adjusted at the first sign of stress. Based on what has been concluded, caregivers and nurses are accompanied in understanding and experimenting with the most appropriate oral stimulations for that specific infant, promoting not only their active participation but also the transferability and continuity of the intervention. Alongside the speech therapist, the TNPEE assesses the newborn’s ability to reach and maintain a sufficient alert time, which is a key element for feeding readiness. The objective of the second joint meeting is to conduct a specific assessment and provide the basis for the initiation of effective oral feeding.



Cues, positioning, adaptation

The third joint meeting aims to assess the developmental progress of premature infants and evaluate the behavioral responses observed during recent procedures or positional changes. Based on the infant’s developmental stage and acquired abilities at this meeting, guidance and techniques will be provided by the TNPEE in collaboration with other healthcare professionals. These may include interpreting signs of comfort or distress, maintaining proper posture, preventing skull deformities, and methods for soothing the infant during medical or nursing interventions. The focus of the meeting is to share practical strategies for coping with daily activities: how to “stay close” during a medical-nursing procedure? How can we move through space while continuing to foster postural alignment? How do interactions between parents and children evolve? How can visceral and motor stress signals be interpreted? How can development be facilitated during interactions with caregivers?



Interaction and individuality

In the fourth joint observation, the speech therapist takes over again, alongside the TNPEE and the referral nurse, who accompanies the infant and parents during breastfeeding or bottle feeding. At this stage, positions are identified together to facilitate mealtimes that are comfortable for both the infant and the parent; the type of bottle and flow so that they are appropriate to the infant’s skills and size; and caregivers are accompanied in reading the signals manifested by the infant during the meal and recognizing when breaks are needed. Moreover, feeding intolerance signals are assessed by NICU nurses. The goal of the meeting is to coordinate the professionals who revolve around the infant’s mealtime (nurse, neonatologist, TNPEE, speech therapist) so that they are aware of the infant’s parental attitudes, preferences, feeding, and postural needs. The key word of the meeting is Individuality: the professionals involved aim to adapt the recommendations and guidelines to daily clinical reality, without distorting them; parents are accompanied to recognize more effectively the infant’s responses, especially related to mealtimes, and to respond according to their own instincts, respecting the safety and autonomy of each of those involved.



Neurodevelopment, skills, activities

During the fifth joint observation, changes associated with the infant’s behavioral maturation are observed and emphasised: from the assessment of spontaneous motility to the postures adopted, progressing through curiosity and responsiveness toward the environment. The TNPEE supports parents in recognizing the various behavioral states and their alternation throughout the day, identifying the most favorable moments during which to initiate the first interactive exchanges, and experimenting with initial daily care activities such as nappy changing or bathing. These activities are proposed to facilitate positive sensory characteristics and minimize negative experiences, as they are potential sources of stress.



Onward to home

The sixth and final joint observation is conducted as discharge from the ward approaches when the infant’s clinical stability has been established. TNPEE, speech therapists, and nurses guide the family toward the transition home: information is provided to parents regarding common developmental supports available, and recommendations are made for appropriate bottles and pacifiers for their infant’s use at home. Additionally, any queries and concerns of caregivers are addressed, and the post-discharge developmental follow-up protocol is explained. During this session, parents are afforded the opportunity to practice recent caregiving techniques that they had not previously performed independently. Under staff supervision, they administer prescribed therapies, learn the proper use of infant carriers, and/or explore novel strategies for interactive play. Concurrently, a second neurobehavioral observation is conducted using the PIANO assessment tool, enabling the sharing of the child’s developmental progress and acquired skills with the family. The shared observation also serves to identify areas of persistent vulnerability. The TNPEE subsequently provides practical strategies for maintaining close engagement during the initial weeks at home, pending the first post-discharge evaluations.




Preliminary integration in the NICU operational framework

Following the initial establishment of the intervention protocol, a preliminary integration of the model was undertaken within our neonatal intensive care unit protocols. The swift transition from theoretical framework to practical application was facilitated by the fact that all healthcare personnel involved in the protocol were already employed in various capacities, with some variability in terms of timesheets, within the standard care framework of the unit. Similar to the personnel, the tools incorporated in the protocol, namely the PIANO neurobehavioral scale and the oral-motor intervention protocol (PIOMI) (38), are integral to the NICU’s standard care. However, prior to the establishment of the STAmmi VICINO pathway within the NutriMenti project, these tools were not utilized in a coordinated or systematic manner. From July 2024 this model was used at our facility to sistematically implement clinical practice and to establish a multidisciplinary accompaniment in the neurobehavioral and oral feeding skills maturation pathway of preterm newborns. The project involved a TNPEE, a speech therapist, two nurse practitioners, medical and nursing staff on duty at crib meetings, and two neonatal therapists-in-training. This initial application of the pathway occurred during the final stages of its refinement and aimed to verify its applicability within standard care procedures.

During the testing period, the practitioners involved had the opportunity to confront each other both before and during each household’s journey, recognizing the need to share reflections, suggestions, and practical guidance not only with parents but also within the multidisciplinary team. Therefore, several thematic booklets were created and shared in two versions: (1) one for the family, containing simple but precise language, enriched with practical guidance, and (2) one for the practitioners involved, dedicated to sharing evidence-based strategies of neurodevelopmental care and promotion of oral feeding skills, including strategies deemed effective for that infant at that time. The material aimed to ensure continuity and coherence of care practices, facilitating the dissemination of the protocol’s content across the multidisciplinary team and promoting shared reference tools within clinical routines. Although no formal feedback was collected, parents spontaneously shared positive impressions during routine bedside meetings. Many expressed how helpful it was to recognize their infant’s subtle behavioral cues, which enabled them to better understand and respond to their baby’s needs, not only during feeding time, but also in daily interactions.




Discussion

This project advocates for the definition and initial integration into clinical practice of a novel model of early, multidisciplinary, family centered intervention protocol aimed at supporting neurobehavioral and oral feeding development in preterm infants during their hospitalization in the NICU. Despite advances in intensive care medicine and care practices, preterm infants continue to be an extremely fragile population prone to numerous complications. Furthermore, the neonatal intensive care unit (NICU) environment does not provide sensory stimulation that aligns with developmental needs and exposes infants to daily sensory challenges. Feeding difficulties may become apparent during NICU admission, such as the transition from parenteral to tube feeding and progression to independent full oral feeding due to immature SSR coordination (39).


The feeding pathway in the NICU: a greater challenge for preterm newborns or for healthcare providers?

Challenges in attaining autonomous oral feeding in preterm infants, coupled with the risk of inadequate nutritional intake, remain a subject of significant interest for NICU teams and the broader scientific community. These factors are recognized as contributors to the development of postnatal growth retardation, a condition known to substantially impact the duration of hospitalization, subsequent inpatient-related expenses, parental distress, and long-term neuropsychological outcomes (38, 40–43). Nonetheless, there remains a lack of consensus among clinicians and researchers regarding the assessment and treatment of feeding difficulties. Some studies (44, 45) have highlighted the lack of specific policies and guidelines for initiating suck feedings in preterm newborns, with providers primarily using behavioral cues, gestational age, and weight to assess readiness. Despite the passage of three decades, there remains a notable absence of validated, structured oral feeding guidelines for optimal management and assessment of feeding readiness and skills, resulting in considerable variation in practices among healthcare institutions (43, 46). This is also influenced by the qualitative/descriptive over quantitative/objective approaches for assessing preterm oral feeding performance (43). Nevertheless, recent research conveys that not only coordinated sucking, swallowing, and breathing are the key factors that can influence the preterm infant’s ability to feed efficiently, but also physiological stability, tone control, behavioral state organization, and neurobehavioral maturation (47). Although many tools and protocols exist for evaluating and promoting the feeding abilities of preterm infants (22, 42, 43, 47), their incorporation into neurobehavioral assessment instruments remains inadequate (48). One potential explanation for this issue is the insufficient systematic presence of specialized professionals, such as neonatal therapists, in Neonatal Intensive Care Units (NICUs) in Italy and globally. This is compounded by the limited knowledge and application of the latest evidence-based practices by nursing staff to support feeding. As noted by Thurin et al. (49), NICU nurses occupy a unique position for observing newborns and their characteristics because of the extensive hours they spend working next to the crib with babies and their parents. However, they still struggle to achieve sufficient knowledge of inherent cue-based feeding, oral-motor development interventions, feeding positions, and flow regulation during feeding (50). Some authors have explored the possibility of implementing the knowledge of healthcare providers, especially nurses, on the issue to achieve a positive effect on infant feeding skills, and the work of Beissel and colleagues (39) demonstrated the positive effect of an \"infant cue-based feeding bundle and nurse education program\” on the early achievement of independent oral feeding in preterms, confirming the feasibility and acceptability of the program among providers.



The need for an interdisciplinary approach to early intervention

To the best of our knowledge, this study is the first to propose an intervention model designed to optimize the feeding pathway for preterm infants through a multidisciplinary and integrated approach utilizing early intervention and family centered care models within the NICU. In addition, our intervention model aims to implement the knowledge of health professionals working in the NICU through mutual information and sharing specialized, evidence-based practices. It also aims to foster parental empowerment through the early and ongoing involvement of family members. As highlighted in a recent review by Tang et al., the success of an early neuroprotective intervention protocol in the NICU is contingent upon close, ongoing collaboration between healthcare professionals and families, as well as specific training for staff involved in daily NICU care. The implementation of neurodevelopmental care practices, derived from Als’ Synactive Theory (29) and foundational intervention models as NIDCAP and SENSE (51), necessitates the integration of various professionals and the early and continuous involvement of the family in decision-making and operational processes. Within this framework, the way we approach a newborn and the way sensory input is offered to the infant becomes a crucial aspect of care, not only in terms of what is provided, but how and when it is delivered, based on the newborn’s cues and the dyadic interaction with the caregivers. In line with this model, our protocol adopts a comparable definition of appropriate sensory stimulation, understood as developmentally supportive, contingent and behaviorally guided multisensory input. This approach respects the infant’s readiness and self-regulation and aligns with the principles of individualized, neuroprotective care. In our clinical practice, this means adapting both the macro and micro-environment to support the newborn’s stability and engagement. During bedside interactions, professionals and parents jointly observe the newborn’s cues, and interventions are shaped accordingly, for example helping a caregiver adjust the tone of voice or type of touch based on the baby’s reactions. We emphasize a “one stimulus at a time” strategy to avoid overstimulation and promote a positive sensory experience. These principles are aligned with both the SENSE model and the foundations of cue-based feeding, reinforcing a shared clinical philosophy of individualized, responsive care. Regarding oral feeding assessment and intervention, a consensus among researchers (22) highlights the importance of initiating these practices at an early stage using valuable and standardized tools. Within our project, we decided to use Non-Nutritive Sucking (mainly performed by nurses) alongside the PIOMI (performed by the speech therapist) because of their ease of implementation in clinical practice, their applicability as early as 29 weeks PMA, and because they were found to be the most effective in improving feeding quality, achieving full oral feeding faster, and consequently reducing the duration of hospitalization (22). In our setting the PIOMI protocol is used as a flexible tool, integrated within a broader developmental framework that prioritizes the infant’s behavioral signals. We consider feeding as a social process within our protocol: eating for a newborn corresponds not only to the mere mechanism of swallowing the bolus and coordinating the mechanism of sucking, swallowing, and breathing, but is a complex process involving physiological and behavioral stability, as well as the relationship with the adult. Being fed is not a passive act but requires active participation on the part of the infant, which is why it is essential that oral-motor and functional skills are not the only ones considered. For these reasons, two key elements of our intervention protocol are the systematic, shared, and continuous observation of the neurobehavioral cues of the preterm infant and the active involvement of the parents, who are considered the best experts on their child within our clinical practice. Although structured neurobehavioral assessments are currently scheduled at two time points within our protocol, the constant presence of the TNPEE throughout the observations allowed for a joint analysis of the infant’s behavioral cues at all encounter occasions, allowing the proposed stimulations to be tailor-made and the activities proposed in the pathway to be adapted to individual needs. The literature (52) supports the effectiveness of interventions to support parenting skills in terms of reading the infant’s signals and responsiveness. We believe that our study can be the first step in establishing integrated protocols not only in transdisciplinary terms but also in reinforcing collaboration between health professionals and families. Based on our observations, the STAmmi VICINO protocol holds promise as a framework for guiding direct interventions for newborns and their families in the NICU. The flexibility inherent in the protocol, which does not mandate that meetings occur at a specific postmenstrual age, allows for the adaptation of the pathway to align with the child’s clinical progression and the family’s needs. In line with this, although the protocol was primarily conceived with very preterm newborns in mind, its adaptable design makes it suitable for broader application across the preterm spectrum, including late preterm newborns, depending on individual needs and developmental profiles. Its initial implementation in our unit has demonstrated its effectiveness as a supportive tool, enabling the customization of newborn care according to individual characteristics and clinical conditions by modifying both macro and microenvironments. Additionally, it aids parents in understanding and recognizing their baby’s behavioral cues, empowering them to become confident and informed caregivers, which fosters the development of a stable and positive emotional bond. Furthermore, it facilitated better collaboration among various professionals in the NICU and enhanced their participation in neurodevelopmental care practices. Our findings reinforce the idea that innovation in neonatal care does not necessarily require the introduction of new tools, but rather a systematic integration of existing practices within a shared, developmentally-supportive grounded framework.




Limitations

Despite the potential of this protocol, several limitations remain. In particular, the part-time and unstructured availability of the healthcare professionals involved limited the extent to which the protocol could be applied more broadly during the preliminary integration. As this initiative was developed and carried out within standard care pathways, its scalability remains to be further explored. While it is not imperative for these specific professionals to be present within the NICU to establish a protocol with these objectives, the absence of trained personnel in behavioral assessment, in the implementation of neurodevelopmental care practices, and in the support of oral-feeding skills protocols can pose significant challenges to the protocol’s implementation in other NICUs. Furthermore, the substantial number of nurses and physicians in the NICU, coupled with continuous staff turnover, are potential impediments to maintaining clear and effective transmission of information and knowledge among all participants. Although families were not directly involved in the protocol’s design during this phase, their needs were addressed through the shared insights of NICU professionals, especially nurses, with extensive experience supporting parents in our unit. These observations, emerging through clinical practice and discussed in the focus group, informed the protocol’s structure. Future studies will directly involve families to formally assess their needs and expectations and contribute to the outcome selection. Moreover, although feedback from professionals regarding the project was positive, we did not measure the impact on the newborns’ ability to achieve independent oral feeding earlier or on the duration of hospitalization. Finally, as this was a quality improvement initiative and not a research study, no formal outcome measurements or statistical analyses were conducted.



Conclusion

Preterm birth can have a profound impact on infant neurodevelopment. Early experiences are critical for brain maturation and shaping developmental trajectories. The implementation of early intervention programs is vital to support parent-infant bonding, foster positive sensory experiences, and mitigate environmental impacts on maturation and essential skills, such as effective autonomous feeding. The STAmmi VICINO protocol offers a highly adaptable pathway tailored to each child’s clinical condition and family needs. Led by the care team, particularly nurses, TNPEE, and speech therapists, it can promote parental empowerment and infant development. Its flexibility allows customization to support oral feeding and neurobehavioral skills, which are key elements for safe discharge. The protocol aims to support caregivers in their educational role during this delicate period, encouraging positive dyadic relationships. It also has the potential to facilitate communication between caregivers, parents, and within the team, promoting a multidisciplinary approach that supports neurodevelopmentally supportive care strategies for preterm newborns. While further evaluation is needed, this protocol may serve as a useful framework for structuring neurodevelopmentally supportive and family-centered care within NICU practice. Future efforts could focus on assessing its replicability and long-term outcomes across different settings.
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