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Abstract


Introduction: Moderate-late preterm infants constitute the largest segment of preterm births globally. While previously considered to have a low neurological risk, recent research has uncovered an elevated incidence of neurodevelopmental conditions in this group. This study aimed to assess the relationship between the general movement assessment and birth-related risk factor-based tools in moderate-late preterm infants. Methods: A prospective cohort study of 65 moderate-late preterm infants in a neonatal intensive care unit involved the evaluation of general movements, the Nursery Neurobiologic Risk Score, and the Perinatal Risk Inventory. Associations were analyzed using Fisher’s exact test, Spearman’s correlation was used for ordinal variables, and backward stepwise logistic regression was used to identify predictor variables for the assessments. Results: The findings indicated a high prevalence of normal (41%) and poor (52%) repertoire patterns during the writhing period. While no significant associations were found between the three assessments, a slight approximation emerged between dysmorphic traits and patterns (p = 0.053). Furthermore, an extended period of ventilation correlated with a higher likelihood of developing a cramped synchronized pattern and there was a correlation between both risk factor-based tools (p < 0.001). Conclusions: This research enhances our understanding of the early impact on general movement assessments in moderate-late preterm infants. While no clear relationship emerged between general movement assessment and risk factor-based tools, there was a subtle connection noted with dysmorphic traits. A longer ventilation duration was linked to a higher risk of developing cramped synchronized patterns.
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1. Introduction


Moderate-late preterm infants (MLPTs) born between 320/7 and 366/7 gestational weeks represent the largest group of preterm births worldwide, accounting for 84.3% of preterm births in 2010 [1] and 84.7% in 2014 [2]. Although they were previously considered to have a very low neurological risk, recent research has revealed a higher incidence of neurodevelopmental conditions when compared to full-term infants [2]. This specific group of preterm infants (PTs) more frequently presents nonneurological signs, symptoms, and medical diagnoses, with hyperbilirubinemia, hypoglycemia, and respiratory alterations being among the most prevalent [3,4,5]. These conditions increase the risk of developing long-term intellectual disabilities, neuropsychiatric conditions, and asthma [4].



Given the complexity of clinical conditions within the MLPT population, the early detection of infants at high risk for neurodevelopment issues is essential for providing timely diagnostic prognoses. The work of Novak et al. in 2017 marked a significant milestone in understanding and implementing the high risk of cerebral palsy [6]. This was achieved through the use of three highly predictive tools applicable before five months of age: magnetic resonance imaging (MRI) (86–89% sensitivity [6] and 89–97% specificity [7]), the qualitative assessment of Prechtl’s general movements (GMA) (98% sensitivity [6] and 91% specificity [7]), and the Hammersmith Infant Neurological Examination (HINE) (90% sensitivity [6] and 90% specificity [8]). These assessments are recommended for infants within various categories, including PTs, infants diagnosed with neonatal encephalopathy, historical or neurological risk factors (such as low gestational age, congenital malformations, or delayed intrauterine growth), risk factors identified by parents or primary caregivers, and red flags in motor development, such as the inability to sit independently by nine months of corrected age and asymmetric use of manual function [6].



In this context, clinical history plays a pivotal role in initiating the entire screening process from the earliest stages of life. Consequently, there are instruments designed to complement the administration of general movements (GMs), HINE, and MRI, such as the Nursery Neurobiologic Risk Score (NBRS) [9] and the Perinatal Risk Inventory (PERI) [10]. These instruments were developed based on an assessment of the different risk factors that newborns may encounter during their stay in a neonatal intensive care unit (NICU). The NBRS is administered during a PT’s NICU stay, while the PERI is conducted after the child is discharged from the service. Both tests have been examined and compared to determine their effectiveness in predicting high risk in newborns, as demonstrated in the study by Zaramella et al. in 2008 [11]. The findings confirm the predictive power of both instruments for identifying high-risk cases, with no noticeable differences between them [11].



Due to the potential long-term repercussions on MLPT neurodevelopment, such as cognitive deficits, learning difficulties, or behavioral alterations [12], surveillance of this population group is recommended during the first two years of life to promptly detect any possible issues. It is estimated that 30% of late PTs are expected to require various services for early intervention [13].



Therefore, the primary objective of this study was to evaluate the relationship between GMs, which offer the highest sensitivity for detecting cerebral palsy, and instruments based on birth-related risk factors (NBRS and PERI) within the MLPT population. The secondary objectives included determining the frequency of different GM patterns during the writhing period, assessing the relationship between the NBRS and PERI within the MLPT population, and evaluating the relationship between the assessment tools and attendance at early intervention services.




2. Methods


2.1. Design


This prospective cohort study aimed to investigate the relationship between GMA during the writhing period and risk factors for MLPTs during their stay in NICU and intermediate care. Ethical approval was obtained from the Clinical Research Ethics Committee of the Nuestra Señora del Prado Hospital in Talavera de la Reina (33/2018) and the Clinical Research Ethics Committee of the Virgen de la Salud Hospital of Toledo (426/2019). This study is registered in ClinicalTrials under registration number NCT04073836.




2.2. Participants


The subjects included in this study were MLPT infants (born between 320/7 and 366/7 gestational weeks) who were admitted to an NICU or intermediate care at either Nuestra Señora del Prado Hospital in Talavera de la Reina or the Virgen de la Salud Hospital in Toledo during the years 2018, 2019, 2020, and 2021. Participation in this study needed parental agreement through an informed consent form. Exclusion criteria encompassed MLPT infants who had been prescribed any of the following medications: barbiturates, antiepileptics, indomethacin, or dexamethasone.




2.3. Outcome Measures


The Prechtl GMA method is acknowledged for its objectivity, validity, and reliability in assessing the quality of GMs [14]. During term age and within the first 2 months post-term, GMs are commonly referred to as writhing movements [15]. They are characterized by small to moderate amplitudes and slow to moderate speeds [15]. Typically, they are elliptical in form, creating the impression of a writhing quality. Abnormal GMs before the third month can be classified into two categories: “poor repertoire” and “cramped synchronized” movements. A poor repertoire indicates monotonous sequences of successive movement components, lacking the complexity observed in normal GMs. Cramped synchronized GMs appear rigid and lack the smoothness and fluency characteristic of normal GMs, with limb and trunk muscles contracting and relaxing almost simultaneously [14].



The NBRS involves thirteen items that affect cell injury in the neonatal brain [9]. These items include the presence of an Apgar score, PaO2, ventilation, blood pH, apnea with bradycardia, hypotension, patent ductus arteriosus, seizures, intraventricular hemorrhage, periventricular leukomalacia, infection, hypoglycemia, and bilirubin levels throughout the entire admission period. Each item is assigned a score of 0 if absent or graded as 1, 2, or 4, representing a geometric progression of scores that weigh the severity or duration of an event more heavily. Scores are recorded during a newborn’s hospital stay before discharge, and the total score is the sum of these thirteen items [16]. Children were categorized into three risk levels as described by Brazy et al.: low (≤4), moderate (5 to 7), and high (≥8). A revised 2-week score of >5 or a discharge score of >6 demonstrated 100% specificity and had a 100% positive predictive value for abnormal outcomes at 24 months of age [9].



The PERI items utilize an ordinal scale ranging from 0 to 3 to score items during a newborn’s hospital stay before discharge. This scale is designed so that a higher score corresponds to a greater risk of subsequent developmental abnormalities. Specific PERI items include the Apgar score, gestational age and infant weight appropriateness, infections, intraventricular hemorrhage, hydrocephalus, seizures, head growth (preterm or term newborn), dysmorphic traits, meningitis, electroencephalogram (EEG), brain scans, ventilation, polycythemia, hypoglycemia, hyperbilirubinemia, and long-term physical illnesses such as bronchopulmonary dysplasia (BPD). Both NBRS and PERI scores provide a comprehensive assessment that covers the entire duration of a hospital stay and can be determined at the time of discharge. For these scores, cutoff scores of ≥6 for NBRS and ≥10 for PERI have been established to identify most infants with abnormal outcomes [9,10]. Table S1 shows the scoring criteria for the Nursery Neurobiologic Risk Score and Table S2 shows the scoring criteria for the Perinatal Risk Inventory.




2.4. Procedure


To assess GMs in PTs, we recorded 10 min of video during their stay in NICU or intermediate care. We positioned a GoPro Hero 7™ camera at the foot of cribs on a tripod, capturing each subject in a supine position. These video recordings were independently reviewed by two assessors (M C-M and J M-A). In instances where discrepancies arose between their assessments, a third assessor (Á H-R) was responsible for making the final determination. All three assessors had previously either basic or advanced certification in the Prechtl GMA method.



The administration of PERI and NBRS involved monitoring the clinical history and discharge reports from the neonatology service for each subject. An assessor (MP P-D) who was blinded to the GMA results conducted this process. The same assessor also reviewed the medical history of each subject at two years of corrected age to confirm the variables related to the medical diagnosis and their inclusion in any early intervention program.




2.5. Statistics


For the demographic variables, we conducted a descriptive analysis using percentages and frequencies. To assess homogeneity, a chi-square test was performed. In addition, we employed Fisher’s exact test to analyze different categorical variables for potential associations. When examining quantitative variables, a one-factor ANOVA study was carried out once the assumptions of normality and homoscedasticity had been verified. In all our analyses, the significance value was set at p < 0.05. To explore the correlation between ordinal variables, Spearman’s correlation coefficient was used, with a positive value indicating a direct relationship, a negative value indicating an inverse relationship, and a value of zero indicating no relationship.



Furthermore, a backward stepwise logistic regression was performed to identify potential predictor variables for the different GM patterns and PERI and NBRS items. This allowed us to determine which risk factors might exert a more significant impact on GM patterns within the MLPT population. In each step of this regression, the p value was used as the criterion for variable selection, and the Akaike information criterion converged. All analyses were performed with R version 4.0.3 (R Core Team 2020).





3. Results


3.1. Demographics


Within the recruitment stage, 216 MLPTs and their families were informed. Ultimately, 65 infants (30.10%) were included. Reasons for exclusion were inability to record due to unstable clinical conditions (n = 9, 4.16%), absence of informed consent from parents or main caregivers (n = 60, 27.77%), transfer to another hospital (n = 2, 0.92%), and hospitalization during the COVID-19 restrictions (n = 80, 37.05%). Patient characteristics are shown in Table 1.




3.2. Relationship between Outcome Measures


The distribution of subjects across different GM patterns during the writhing period was examined. Normal patterns were observed for 41.55% (n = 27), poor repertoire patterns were observed for 52.30% (n = 34), and cramped synchronized patterns were observed for 6.15% (n = 4), while no results were obtained for chaotic patterns. When we considered the distribution by week of gestation, we observed differences between the moderate PT (n = 16) and late PT (n = 49) groups. In the moderate PT group, 50% exhibited normal patterns, 43.75% exhibited poor repertoire patterns, and 6.25% fell into the cramped synchronized category. On the other hand, in the late PT population, 36.73% exhibited normal patterns, 57.14% exhibited poor repertoire patterns, and 6.12% exhibited cramped synchronized patterns.



Regarding the referral to early intervention services, 7.40% of infants with normal patterns (n = 2) received early intervention. In contrast, 26.47% of those with poor repertoire patterns (n = 9) received it, while 25% of infants with cramped synchronization (n = 1) were referred to it.



We examined the association between the different patterns of GMs and the risk factor assessment tools. No significant association between the PERI total score and GMs was found (p > 0.05), except for a small approximation without statistical significance with the item related to dysmorphic traits (p = 0.053). Similarly, when assessing the relationship between GM patterns and the total NBRS score, we obtained no significant association between the two tools (p > 0.05).



After performing backward stepwise logistic regression (Figure 1), a direct relationship was found between increased exposure to ventilation during NICU stay and the development of cramped synchronized patterns (Figure 2).



Finally, when correlating the PERI and NBRS, we found a significant correlation (p < 0.001), indicating a relationship between both instruments. Specifically, higher PERI score levels corresponded to higher NBRS risk scores, and negative results demonstrated an inverse relationship for the risk factors of both instruments (Figure 3 and Table 2). Neither of the two tools showed a direct relationship with access to early intervention services (p > 0.05).





4. Discussion


The findings of this study provide information on the prevalence of different GM patterns within the MLPT population. Consistent with other studies, we observed a higher percentage of normal and poor repertoire patterns. Brogna et al. in 2013 found a higher percentage of normal patterns (82%) than poor repertoire patterns (13%) [17]. In a large study by Einspieler et al. in 2015 focusing on the general movement optimality score, they reported a distribution for the moderate PT population, with 11.44% showing normal writhing, 71.04% showing a poor repertoire, and 18.67% showing cramped synchronized. For the late PT population, the distribution was 45.65% normal patterns, 28.26% poor repertoire, and 21.30% cramped synchronized [18].



Spittle et al. in 2016 in their study on the neurological and behavioral relationship during the first month of life in a population of newborns born between weeks 32 and 42 of gestation found a distribution for the moderate PT population of 25% normal patterns, 73% poor repertoire patterns, and 2% cramped synchronized. For the late PT group, it was 32% normal patterns, 68% poor repertoire, and 0% cramped synchronized [19]. The variations in the results between our study and prior research may be attributed to the diverse risk factors present in each study’s subject population, as well as the distinct perinatal care provided during their NICU stay [20]. Consequently, it appears that the two predominant patterns observed in the MLPT population during the writhing period are normal and poor repertoire patterns.



In terms of the relationship between GMs and risk factor assessment tools, we found no significant association between the total scores of these tools and GMs during the writing period. However, a slight approximation was identified, particularly in the context of dysmorphic traits and GM patterns. Dysmorphic traits have been previously studied in association with congenital anomalies. Infants with these traits often undergo various surgical procedures during their time in the NICU and intermediate care. In 2015, Crowle et al. examined GMs during the writhing period in a population of newborns with congenital disorders who underwent surgical interventions. The emergence of poor repertoire patterns was the most frequent finding [21].



The absence of an association between GMs and risk factor assessment tools may be attributed to the specific morbidities and characteristics of the MLPT population. Compared to full-term infants, this particular population exhibits a heightened frequency of risk factors and morbidities associated with respiratory or circulatory failure, sepsis, hypoglycemia, hyperbilirubinemia, and eating problems [3,22,23]. These factors play a pivotal role in shaping the overall neurodevelopmental trajectory of each PT. It is conceivable that the full impact of these factors on neurodevelopment may only become apparent in the long term, particularly as the preterm population progresses into their preschool educational stage. Therefore, it is possible that the development of neurological conditions, such as cerebral palsy, may require not only a high number of these risk factors but also a combination of other neurological factors or prolonged exposure to those of metabolic origin.



Regarding the primary risk factors observed in MLPT individuals and their impact on GM assessment, hyperbilirubinemia has been studied by various authors. Soorani-Lunsing et al. in 2001 found a higher occurrence of abnormal patterns in the fidgety period, which indicated a minor neurological disorder within a cohort of full-term newborns [24]. Kahraman et al. in 2021 conducted a similar analysis in a population of full-term newborns, revealing low scores for the motor optimality score (GMA quantitative assessment), signifying a poor motor repertoire in their development [25]. Finally, in 2013, Lunsing et al. identified a higher frequency of abnormal patterns in the fidgety period. While statistical significance was not established when compared to the control group, a direct relationship was observed with the amount of pigment [26]. Consequently, there may be a direct connection between bilirubin levels and potential GM alterations. A systematic review of the effects of bilirubin on neurodevelopment emphasized that the use of GMs would be a valid tool to detect minor neurological disorders between 3 and 5 months of age. However, in this study where participants underwent interventions to reduce bilirubin when pathological levels were detected, no relationship was found between the variables related to bilirubin levels and the GM patterns during the writhing period [27].



In 2019, Nogolová et al. conducted a study that examined the impact of neonatal hypoglycemia on GMs. They found a high frequency of abnormal patterns, particularly a poor repertoire, during the writhing period. Notably, many of these abnormal patterns transitioned to normal patterns in the fidgety period. However, some patterns did not conform to typical movements, suggesting potential alterations in neurodevelopment. The authors highlighted the importance of monitoring GMs in both periods and recommended the use of other neurological assessment tools for early detection [28]. Regarding other nonneurological risk factors, Skworc et al. in 2020 analyzed the relationship between early or late infections and GMs in a broad population of PTs. In contrast to our study, their findings revealed a direct relationship between GMs and the occurrence of infections, particularly, a higher frequency of poor repertoire patterns during the first 14 days of life. The authors concluded that it is essential to monitor the PT population with a history of infections, emphasizing the importance of understanding their long-term neurodevelopment [29].



Exploring the influence of respiratory alterations, Hitzert et al. in 2014 conducted a study in a population of extremely PT infants at risk of developing BPD. Their findings revealed high percentages of abnormal GMs during the writhing period. As for hypoglycemia [28], they tended to normalize during the fidgety period [30].



The early detection and treatment of risk factors, as per clinical practice guidelines and intervention protocols, are crucial to mitigate their potential impact on brain development. Among the three most prevalent nonneurological risk factors in the MLPT population (hypoglycemia, hyperbilirubinemia, and respiratory disorders) [22,23,31,32], the precise thresholds that lead to brain damage are not yet known. For instance, in newborns with neonatal hypoglycemia, Rasmussen et al. in 2020 suggested that amounts below 30 mg/dL may affect fine motor skills but not necessarily other areas of neurodevelopment [33]. However, this finding contrasts with the results from McKinlay et al. and Kerstjens et al. [34,35] who observed long-term neurodevelopment alterations in the same population.



While extreme levels of bilirubin accumulation are well documented, the neurological consequences of moderate or mild pigment accumulation remain uncertain [36]. A similar lack of clarity is observed in respiratory disorders. The worst respiratory prognosis for PT infants, specifically BPD, has been linked to subsequent cerebral palsy development [37], particularly in cases where abnormal patterns in the fidgety period coincide with hyperbilirubinemia [38]. However, the repercussions of mild respiratory system alterations have not been precisely quantified, as indicated in this research. Notably, backward stepwise regression analysis revealed a compelling connection between the duration of ventilation during the hospital stay and the likelihood of developing cramped synchronized GMs.



In 2008, Zaramella et al. concluded that both the PERI and NBRS tools are reliable and valuable for assessing risk factors associated with the current or future severity of a disease [11]. These results align with the findings of our study, which also established a direct correlation between these risk factor assessment tools. In a study by Mehler et al. in 2014 that focused on MLPT infants and administered the NBRS to assess neurological risk, no significant results were obtained [39]. However, the use of these instruments based on risk factors can facilitate the clinical practices of the different professionals who intervene in this population as this would help to more continuously monitor those subjects with more critical scores and could also facilitate access to early intervention services based on the scores obtained with these instruments.



Our study found no direct relationship between abnormal GMs, PERI and NBRS scores, and the utilization of early intervention services. In this sense, only 20% of the subjects attended early intervention services. In contrast, a study by Chatzioanidis et al. in 2018 reported that 39.6% of a late PT population accessed early intervention services at six months of age, increasing to 57.54% by 12 months of age [12]. These numbers reflect the insufficient follow-up for the MLPT population, potentially leading to delayed detection and intervention. Such delays limit the window of opportunity for therapeutic interventions based on neuroplasticity to reduce the consequences of premature birth [12].



Therefore, continuous monitoring is imperative for MLPT infants with nonneurological risk factors as they often exhibit minor neurological disorders or face academic challenges starting in preschool [40]. Typically, more rigorous follow-ups are conducted for clinical conditions with greater neurological implications, such as encephalopathies or prematurity below the 32nd week of gestation [6]. However, the MLPT population may lack adequate follow-up, leaving the potential long-term repercussions on their neurodevelopment poorly understood [12]. Consistent monitoring becomes increasingly critical when a poor repertoire pattern in GMs is frequently observed as it signifies an abnormal GM pattern with a wide range of possible neurodevelopmental alterations [41].



Another aspect to consider is maternal risk factors. This study focused solely on newborn risk factors. Maternal risk factors, such as diabetes in pregnancy, preeclampsia, hypothyroidism, the premature rupture of membranes, abnormal ultrasound findings during pregnancy, maternal drug usage, antepartum hemorrhage, oligohydramnios, chronic medical illness, multiple pregnancies, assisted reproductive techniques, and maternal age, may have varying effects on different areas of MLPT population development [42,43,44].



Limitations


The limitations of this study include the absence of long-term follow-up for the subjects included in the sample. This is a drawback given the evidence suggesting potential neurodevelopmental challenges during the early preschool years, as alterations in neurodevelopment may manifest later, particularly related to minor neurological disorders. Another important limitation is the small sample size as a larger sample may have yielded statistically significant results for more prevalent risk factors within this population group. This small sample size may also be related to different causes within this research. One of the causes could be a high percentage of not obtaining informed consent since the parents or main caregivers did not sign said document for fear of the potential treatment of the videos. The other cause could be that during the COVID period, there were restrictions on the mobility of the population, preventing researchers from going to hospitals to start the recruitment process. Additionally, there was a limitation in not being able to record the specific amount or intensity of exposure to each risk factor within the assessment tools. This information is crucial for establishing a more precise comparison between these risk factors and GMs.





5. Conclusions


Our study found no relationship between GMA and the total scores of the PERI and NBRS in the MLPT population. Additionally, there was no association between the different risk factors and GM patterns.



Within the MLPT population, normal and poor repertoire patterns during the writhing period were most frequently observed.



A direct correlation was identified between the PERI and the NBRS, offering insight into high neurological risk based on risk factors.



There was no correlation between early intervention service attendance and the assessment tools for the early detection of children at high neurological risk.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/jcm12247763/s1: Table S1. Scoring criteria of the Nursery Neurobiologic Risk Score [9]; Table S2. Scoring criteria of the Perinatal Risk Inventory [10].





Author Contributions


Conceptualization, J.M.-A., Á.H.-R. and F.J.F.-R.; Methodology, J.M.-A., S.P.-N. and F.J.F.-R.; Formal Analysis, F.J.F.-R.; Investigation, J.M.-A., M.d.P.P.-D. and L.P.-S.; Writing—Original Draft Preparation, J.M.-A.; Writing—Review and Editing, J.M.-A., S.P.-N., Á.H.-R. and F.J.F.-R.; Supervision, S.P.-N. and F.J.F.-R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Clinical Research Ethics Committee of the Nuestra Señora del Prado Hospital in Talavera de la Reina (33/2018) and the Clinical Research Ethics Committee of the Virgen de la Salud Hospital of Toledo (426/2019). This study is registered in ClinicalTrials under registration number NCT04073836.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data is contained within the article or Supplementary Materials.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Blencowe, H.; Cousens, S.; Oestergaard, M.Z.; Chou, D.; Moller, A.-B.; Narwal, R.; Adler, A.; Garcia, C.V.; Rohde, S.; Say, L.; et al. National, regional, and worldwide estimates of preterm birth rates in the year 2010 with time trends since 1990 for selected countries: A systematic analysis and implications. Lancet 2012, 379, 2162–2172. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Chawanpaiboon, S.; Vogel, J.P.; Moller, A.B.; Lumbiganon, P.; Petzold, M.; Hogan, D.; Landoulsi, S.; Jampathong, N.; Kongwattanakul, K.; Laopaiboon, M.; et al. Global, regional, and national estimates of levels of preterm birth in 2014: A systematic review and modelling analysis. Lancet Glob. Health 2019, 7, e37–e46. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



García-Reymundo, M.; Demestre, X.; Calvo, M.J.; Ginovart, G.; Jiménez, A.; Hurtado, J.A. Late preterm infants in Spain: Experience of the 34–36 Neonatal Group. An. Pediatr. 2018, 88, 246–252. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Bonnevier, A.; Björklund, L.; Elfvin, A.; Håkansson, S.; Altman, M. Att Födas Några Veckor för Tidigt—Spelar Det Någon Roll? Born a Few Weeks Too Early; Does It Matter? Lakartidningen 2019, 116, FSR7. Available online: https://pubmed.ncbi.nlm.nih.gov/31593288/ (accessed on 14 May 2023). [PubMed]

	



Mitha, A.; Chen, R.; Altman, M.; Johansson, S.; Stephansson, O.; Bolk, J. Neonatal Morbidities in Infants Born Late Preterm at 35-36 Weeks of Gestation: A Swedish Nationwide Population-based Study. J. Pediatr. 2021, 233, 43–50.e5. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Novak, I.; Morgan, C.; Adde, L.; Blackman, J.; Boyd, R.N.; Brunstrom-Hernandez, J.; Cioni, G.; Damiano, D.; Darrah, J.; Eliasson, A.-C.; et al. Early, accurate diagnosis and early intervention in cerebral palsy: Advances in diagnosis and treatment. JAMA Pediatr. 2017, 171, 897–907. [Google Scholar] [CrossRef] [Scilit]

	



Bosanquet, M.; Copeland, L.; Ware, R.; Boyd, R. A systematic review of tests to predict cerebral palsy in young children. Dev. Med. Child Neurol. 2013, 55, 418–426. [Google Scholar] [CrossRef] [Scilit]

	



Romeo, D.; Ricci, D.; Brogna, C.; Mercuri, E. Use of the Hammersmith Infant Neurological Examination in infants with cerebral palsy: A critical review of the literature. Dev. Med. Child Neurol. 2016, 58, 240–245. [Google Scholar] [CrossRef] [Scilit]

	



Brazy, J.E.; Eckerman, C.O.; Oehler, J.M.; Goldstein, R.F.; O’Rand, A.M. Nursery Neurobiologic Risk Score: Important factor in predicting outcome in very low birth weight infants. J. Pediatr. 1991, 118, 783–792. [Google Scholar] [CrossRef] [Scilit]

	



Schemer, A.P.; Sexton, M.E. Prediction of Developmental Outcome Using a Perinatal Risk Inventory. Pediatrics 1991, 88, 1135–1143. [Google Scholar] [CrossRef] [Scilit]

	



Zaramella, P.; Freato, F.; Milan, A.; Grisafi, D.; Vianello, A.; Chiandetti, L. Comparison between the perinatal risk inventory and the nursery neurobiological risk score for predicting development in high-risk newborn infants. Early Hum. Dev. 2008, 84, 311–317. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Chatziioannidis, I.; Kyriakidou, M.; Exadaktylou, S.; Antoniou, E.; Zafeiriou, D.; Nikolaidis, N. Neurological outcome at 6 and 12 months corrected age in hospitalised late preterm infants—A prospective study. Eur. J. Paediatr. Neurol. 2018, 22, 602–609. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Kalia, J.L.; Visintainer, P.; Brumberg, H.L.; Pici, M.; Kase, J. Comparison of enrollment in interventional therapies between late-preterm and very preterm infants at 12 months’ corrected age. Pediatrics 2009, 123, 804–809. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Prechti, H.F.R.; Einspieler, C.; Cioni, G.; Bos, A.F.; Ferrari, F.; Sontheimer, D. An early marker for neurological deficits after perinatal brain lesions. Lancet 1997, 349, 1361–1363. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Einspieler, C.; Prechtl, H.F.R. Prechtl’s assessment of general movements: A diagnostic tool for the functional assessment of the young nervous system. Ment. Retard. Dev. Disabil. Res. Rev. 2005, 11, 61–67. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Lefebvre, F.; Grégoire, M.C.; Dubois, J.; Glorieux, J. Nursery Neurobiologic Risk Score and outcome at 18 months. Acta Paediatr. 1998, 87, 751–757. [Google Scholar] [CrossRef]

	



Brogna, C.; Romeo, D.M.; Cervesi, C.; Scrofani, L.; Romeo, M.G.; Mercuri, E.; Guzzetta, A. Prognostic value of the qualitative assessments of general movements in late-preterm infants. Early Hum. Dev. 2013, 89, 1063–1066. [Google Scholar] [CrossRef] [Scilit]

	



Einspieler, C.; Marschik, P.B.; Pansy, J.; Scheuchenegger, A.; Krieber, M.; Yang, H.; Kornacka, M.K.; Rowinska, E.; Soloveichick, M.; Bos, A.F. The general movement optimality score: A detailed assessment of general movements during preterm and term age. Dev. Med. Child Neurol. 2016, 58, 361–368. [Google Scholar] [CrossRef] [Scilit]

	



Spittle, A.J.; Walsh, J.; Olsen, J.E.; McInnes, E.; Eeles, A.L.; Brown, N.C.; Anderson, P.J.; Doyle, L.W.; Cheong, J.L. Neurobehaviour and neurological development in the first month after birth for infants born between 32–42 weeks’ gestation. Early Hum. Dev. 2016, 96, 7–14. [Google Scholar] [CrossRef] [Scilit]

	



Badawi, N.; Mcintyre, S.; Hunt, R.W. Perinatal care with a view to preventing cerebral palsy. Dev. Med. Child Neurol. 2021, 63, 156–161. [Google Scholar] [CrossRef] [Scilit]

	



Crowle, C.; Badawi, N.; Walker, K.; Novak, I. General Movements Assessment of infants in the neonatal intensive care unit following surgery. J. Paediatr. Child Health 2015, 51, 1007–1011. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Kerstjens, J.M.; Bocca-Tjeertes, I.F.; De Winter, A.F.; Reijneveld, S.A.; Bos, A.F. Neonatal morbidities and developmental delay in moderately preterm-born children. Pediatrics 2012, 130, e265–e272. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Hurtado Suazo, J.A.; García Reymundo, M.; Calvo Aguilar, M.J.; Galiana, G.G.; Moya, A.J.; Aguinagalde, M.T.; Guasch, X.D. Recommendations for the perinatal management and follow up of late preterm newborns. An. Pediatr. 2014, 81, 327.e1–327.e7. [Google Scholar] [CrossRef] [Scilit]

	



Soorani-Lunsing, I.; Woltil, H.A.; Hadders-Algra, M. Are moderate degrees of hyperbilirubinemia in healthy term neonates really safe for the brain? Pediatr. Res. 2001, 50, 701–705. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Kahraman, A.; Alkan, H.; Çelik, H.T.; Mutlu, A. The effect of hyperbilirubinemia on motor repertoire of infants between 3 and 5 months of age. Eur. J. Pediatr. 2022, 181, 99–105. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Lunsing, R.J.; Pardoen, W.F.H.; Hadders-Algra, M. Neurodevelopment after moderate hyperbilirubinemia at term. Pediatr. Res. 2013, 73, 655–660. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Merino-Andrés, J.; Pérez-Nombela, S.; Álvarez-Bueno, C.; Hidalgo-Robles, Á.; Ruiz-Becerro, I.; Fernández-Rego, F.J. Neonatal hyperbilirubinemia and repercussions on neurodevelopment: A systematic review. Child Care Health Dev. 2023. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Nogolová, A.; Pavlíček, J. General movements and neurological development of the early age in children with neonatal hypoglycemia. Ces. Slov. Neurol. Neurochir. 2019, 82, 189–193. [Google Scholar] [CrossRef] [Scilit]

	



Skworc, A.; Marciniak, S.; Sławska, H. Influence of Infections on the Quality of General Movements in Premature Infants. Early Hum. Dev. 2020, 148, 105118. Available online: https://pubmed.ncbi.nlm.nih.gov/32673903/ (accessed on 30 May 2023). [CrossRef] [Scilit]

	



Hitzert, M.M.; Roescher, A.M.; Bos, A.F. The quality of general movements after treatment with low-dose dexamethasone in preterm infants at risk of bronchopulmonary dysplasia. Neonatology 2014, 106, 222–228. [Google Scholar] [CrossRef] [Scilit]

	



Adamkin, D.H. Neonatal hypoglycemia. Semin. Fetal Neonatal Med. 2017, 22, 36–41. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Thompson-Branch, A.; Havranek, T. Neonatal Hypoglycemia. Pediatr. Rev. 2017, 38, 147–157. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Rasmussen, A.H.; Wehberg, S.; Pørtner, F.; Larsen, A.M.; Filipsen, K.; Christesen, H.T. Neurodevelopmental outcomes after moderate to severe neonatal hypoglycemia. Eur. J. Pediatr. 2020, 179, 1981–1991. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



McKinlay, C.J.D.; Alsweiler, J.M.; Ansell, J.M.; Anstice, N.S.; Chase, J.G.; Gamble, G.D.; Harris, D.L.; Jacobs, R.J.; Jiang, Y.; Paudel, N.; et al. Neonatal Glycemia and Neurodevelopmental Outcomes at 2 Years. N. Engl. J. Med. 2015, 373, 1507–1518. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Kerstjens, J.M.; De Winter, A.F.; Bocca-Tjeertes, I.F.; Ten Vergert, E.M.J.; Reijneveld, S.A.; Bos, A.F. Developmental delay in moderately preterm-born children at school entry. J. Pediatr. 2011, 159, 92–98. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Ross, G. Hyperbilirubinemia in the 2000s: What Should We Do Next? Am. J. Perinatol. 2003, 20, 415–424. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Gou, X.; Yang, L.; Pan, L.; Xiao, D. Association between bronchopulmonary dysplasia and cerebral palsy in children: A meta-analysis. BMJ Open 2018, 8, e020735. [Google Scholar] [CrossRef] [Scilit]

	



Domagalska-Szopa, M.; Szopa, A.; Serrano-Gómez, M.E.; Hagner-Derengowska, M.; Behrendt, J. Identification of risk factors in pre-term infants with abnormal general movements. Front. Neurol. 2022, 13, 850877. [Google Scholar] [CrossRef] [Scilit]

	



Mehler, K.; Mainusch, A.; Hucklenbruch-Rother, E.; Hahn, M.; Hünseler, C.; Kribs, A. Increased rate of parental postpartum depression and traumatization in moderate and late preterm infants is independent of the infant’s motor repertoire. Early Hum. Dev. 2014, 90, 797–801. [Google Scholar] [CrossRef] [Scilit]

	



Spittle, A.J.; Walsh, J.M.; Potter, C.; Mcinnes, E.; Olsen, J.E.; Lee, K.J.; Anderson, P.J.; Doyle, L.W.; Cheong, J.L.Y. Neurobehaviour at term-equivalent age and neurodevelopmental outcomes at 2 years in infants born moderate-to-late preterm. Dev. Med. Child Neurol. 2017, 59, 207–215. [Google Scholar] [CrossRef] [Scilit]

	



Nakajima, Y.; Einspieler, C.; Marschik, P.B.; Bos, A.F.; Prechtl, H.F.R. Does a detailed assessment of poor repertoire general movements help to identify those infants who will develop normally? Early Hum. Dev. 2006, 82, 53–59. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Faramarzi, R.; Darabi, A.; Emadzadeh, M.; Maamouri, G.; Rezvani, R. Predicting neurodevelopmental outcomes in preterm infants: A comprehensive evaluation of neonatal and maternal risk factors. Early Hum. Dev. 2023, 184, 105834. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Saha, A.K.; Mukherjee, S. Neurodevelopment outcome of late prematurity: A retrospective cohort study from a developing country. Eur. J. Pediatr. 2023, 182, 2715–2722. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Valentini, N.C.; de Borba, L.S.; Panceri, C.; Smith, B.A.; Procianoy, R.S.; Silveira, R.C. Early Detection of Cognitive, Language, and Motor Delays for Low-Income Preterm Infants: A Brazilian Cohort Longitudinal Study on Infant Neurodevelopment and Maternal Practice. Front. Psychol. 2021, 12, 753551. [Google Scholar] [CrossRef] [Scilit]








[image: Jcm 12 07763 g001] 





Figure 1. Progression of backward stepwise regression using the Akaike information criterion, which indicates the best predictive model by eliminating variables. 
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Figure 2. Correlation between ventilation and general movements assessment. A higher ventilation score (more days of ventilation use) was associated with an increased risk of cramped synchronized patterns. 
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Figure 3. Correlation between the Nursery Neurobiologic Risk Score and Perinatal Risk Inventory. A positive correlation can be observed between both assessment tools. 
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Table 1. Sample Demographics.






Table 1. Sample Demographics.





	Outcome
	Moderate-Late Preterm Infants

(n = 65)





	Gestational age (weeks)
	34.4 ± 1.27



	Weight (g)
	2233.96 ± 395.68



	Size (cm)
	44.11 ± 3.48



	Cranial perimeter (cm)
	31.54 ± 2.21



	Gender (M/F)
	36/29



	Referred to EI (n, %)
	13 (20%)







Mean ± standard deviation; cm (centimeters); EI (early intervention); F (female); g (grams); M (male).













 





Table 2. Spearman’s correlation coefficient between Perinatal Risk Inventory and Nursery Neurobiologic Risk Score variables.
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Nursery Neurobiologic Risk Score Items




	
Apgar

	
Pa02

	
Ventilation

	
Blood pH

	
Apnea + Bradycardia

	
Hypotension

	
PDA

	
Seizures

	
Intraventricular

Hemorrhage

	
Periventricular

Leukomalacia

	
Infection

	
Hypoglycemia

	
Bilirubin






	
Perinatal Risk Inventory Items

	
Apgar

	
0

	
0

	
−0.07

	
0

	
−0.06

	
0

	
−0.02

	
0

	
0

	
−0.04

	
−0.05

	
−0.06

	
−0.10




	
EEG

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Seizures

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Intracranial

Hemorrhage

	
0

	
0

	
0.21

	
0

	
0.26

	
0

	
−0.02

	
0

	
1

	
−0.04

	
0.29

	
−0.06

	
0.16




	
Hydrocephalus

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Findings CNS

	
0

	
0

	
0.23

	
0

	
0.21

	
0

	
0.35

	
0

	
−0.04

	
1

	
−0.01

	
0.08

	
0.05




	
GA

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Weight

	
0

	
0

	
−0.15

	
0

	
0.05

	
0

	
−0.03

	
0

	
−0.03

	
−0.09

	
0.06

	
0.04

	
−0.06




	
Dysmorphic Traits

	
0

	
0

	
0.40

	
0

	
−0.08

	
0

	
−0.02

	
0

	
−0.02

	
−0.06

	
0.42

	
−0.09

	
0.23




	
Ventilation

	
0

	
0

	
0.85

	
0

	
0.42

	
0

	
−0.08

	
0

	
0.17

	
0.17

	
0.12

	
0.07

	
0.19




	
Head Growth

(Preterm)

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Head Growth

(Aterm)

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Polycythemia

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Meningitis

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Hypoglycemia

	
0

	
0

	
0.06

	
0

	
−0.01

	
0

	
0.27

	
0

	
−0.08

	
0.26

	
0.13

	
0.82

	
−0.26




	
Infection

	
0

	
0

	
0.21

	
0

	
−0.08

	
0

	
−0.05

	
0

	
0.31

	
−0.14

	
0.82

	
0.11

	
0.43




	
Hyperbilirubinemia

	
0

	
0

	
0.29

	
0

	
0.25

	
0

	
−0.09

	
0

	
0.17

	
−0.03

	
0.33

	
−0.21

	
0.87




	
Others

	
0

	
0

	
0.27

	
0

	
0.05

	
0

	
0.27

	
0

	
−0.06

	
0.20

	
0.12

	
−0.18

	
0.23








CNS, central nervous system; EEG, electroencephalogram; GA, gestational age; PDA, patent ductus arteriosus.
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