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Behavioral Changes in Preterm Children During Nasogastric Tube Feeding. Comparative Study of Manual Administration by Parents Versus Mechanical Administration Via Electric Syringe
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Introduction: Manual feeding by parents using a syringe, a widespread practice in Sweden since the 1980s, favors parents' involvement in childcare tasks. This approach is used in our neonatal unity since 2007.

Objective: To study the behavioral changes of preterm children during nasogastric tube feeding: manual milk administration by parents (MAP) versus electric syringe administration (ESA) over a 30-minute period.

Method: This is a randomized, crossover study conducted in the neonatology unit of Toulouse. Preterm children under 33 weeks of age and over 7 days of life were included. A video recording was performed to assess the children's behavioral response, using the Dsilna score. The reviewer was blinded.

Results: 15 preterm children with a median gestational age of 30.1 weeks and a median birth weight of 1.210g were included from March to October 2012. The facility, environment, and state of alertness of children were similar in both groups. Signs of well-being were significantly more prevalent in the MAP group versus the ESA group (36.2 (± 8.0) versus 30.7 (± 9.5), (p = 0.04), particularly "hand-to-mouth, mouth gestures, seeking suction and sucking". Although not significant, motor withdrawal signs were more apparent and fluctuating in the ESA group. Qualitative analysis of NIDCAP observations confirms this data.

Conclusion:

There are behavior changes of preterm children during nasogastric tube feeding. This pilot study showed previously undescribed results: MAP is associated with more common well-being signs and could be more widely used in neonatal units.

INTRODUCTION

Given their immaturity, preterm children require nutritional support by nasogastric tube for several weeks: intermittent bolus feeds (IBF) before oral feeding [START_REF] Shaker | Infant-Guided, Co-Regulated Feeding in the Neonatal Intensive Care Unit. Part I: Theoretical Underpinnings for Neuroprotection and Safety[END_REF]. In most cases, the milk is administered at a constant rate through an electric syringe pump, disregarding the behavior of preterm children or their tolerance [START_REF] Berseth | Feeding methods for the preterm infant[END_REF].

On the other hand, manual feeding by parents using a syringe, a widespread practice in Sweden since the 1980s(3), favors parents' involvement in childcare tasks [START_REF] Da ; Als | Toward a synactive theory of development: Promise for the assessment and support of infant individuality[END_REF]. Parents administer the milk by adapting the flow rate to the child's behavior. This method was introduced in the neonatology unit of Toulouse in 2007 following the implementation of the NIDCAP® (Neonatal Individualized Developmental Care and Assessment Program)(5), and the opening of hospitalization at home [START_REF] Garrec | Role of pediatric medical home care[END_REF], this being the only feasible feeding method at home [START_REF] Collins | Early discharge with home support of gavage feeding for stable preterm infants who have not established full oral feeds[END_REF]. However, few bibliographic data are available concerning this practice. Therefore, it is interesting to specify its impact on the preterm children's behavior by evaluating their changes during feeding through a nasogastric tube, via manual milk administration by parents versus an administration by electric syringe pump [START_REF] Ratynski | The neonatal behavioral observation: a pertinent source of medical informations[END_REF].

MATERIAL AND METHOD

Study

This was a prospective, cross-over research study in nursing conducted in the neonatal unit of the Children's Hospital at the University Hospital of Toulouse. Each child was his/her own control and successively benefited from both feeding methods in random order.

Patients

The study included children born before the 33th week of amenorrhea and at least seven days of age, with a prescribed feeding duration of 30 minutes, with oral feeding not more than four times a day, and whose parents had already carried out at least two feedings manually.

The study excluded children requiring parenteral nutrition, oxygen administration over 30%, treatment with Doxapram, analgesics, anti-epileptics, or phototherapy, newborns of drug-addicted mothers, those in immediate post-operative care, with severe neurological pathology (grade III and IV HIV, known periventricular leukmalacies, etc.), with significant congenital malformations or chronic metabolic diseases, as well as those requiring a major change in treatment during the inclusion period [START_REF] Lemons | From gavage to oral feedings: just a matter of time[END_REF]. Secondarily excluded from the study were children whose health status worsened between two observations or protocol violations.

Primary Analysis

The primary assessment criterion was the child's behavioral changes during manual parental milk administration (MAP) and upon administration with an electric syringe pump (ESA) [START_REF] Dsilna | Behavioral stress is affected by the mode of tube feeding in very low birth weight infants[END_REF].

To this end, two tools were used: video recording to produce a quantitative analysis, and NIDCAP® observation, for a qualitative analysis. Each child feeding session was video recorded. In particular, a standing camcorder (mini DV 60mn) framed the whole baby from above, preventing the identification of the milk administration method to allow a subsequent blind assessment of the child's behavior.

During the viewing, signs of well-being and discomfort were quantified via frequency indicators as per the Dsilna grid [START_REF] Dsilna | Behavioral stress is affected by the mode of tube feeding in very low birth weight infants[END_REF], which should allow for quantitative analysis of the behavior. Indicators fell into three categories and each category was further broken down into individual items (Table 1). Every four minutes, the observer noted each of the child's characteristics on a scale of 0 to 3.

Qualitative Analysis of NIDCAP Observations

During both feeding periods studied, children also benefited from formal observations of their behavior as per the NIDCAP® program. In this study, NIDCAP® certified observers only(11) completed the section describing the feeding session and the next 20 minutes, according to the Brazelton scale: Assessment of Preterm Infants' Behavior (APID) [START_REF] Als | The Assessment of Preterm Infants' Behavior (APIB): furthering the understanding and measurement of neurodevelopmental competence in preterm and full-term infants[END_REF].

Further important data for result interpretation were also collected: feeding type and mode, presence of gastric residues, vomiting, children's facility and an assessment of the service environment and the space around the bed, all according to the environment [START_REF] Catelin | Clinical, physiologic, and biologic impact of environmental and behavioral interventions in neonates during a routine nursing procedure[END_REF] and care assessment guide created by the NIDCAP® National Training Center, Boston, USA(5).

Following the coding of each observation, both feeding methods -MAP versus ESA -were compared on an ad hoc table.

Statistical Analysis

The analysis focused on studying data from video scoring grids. Comparison tests for paired series were performed. Mac Nemar tests were carried out to compare qualitative variables; student or Wilcoxon tests for paired series were performed to compare a quantitative variable and two-group qualitative variable.

The difference between the MAP and the ESA well-being score was calculated per child. Given that this difference had a normal distribution, performing a Student's test for paired series seemed appropriate.

The software used was STATA® Version 11.2 (www.stata.com, StataCorpLP, College Station, TX 77845 USA). The analysis population considered in this study was defined according to the principle of the full analysis set (FAS): the analysis population consisted of children whose signs of well-being and withdrawal could be assessed during both feeding methods. Children who left the study during an observation or in between them were excluded from the analyses.

RESULTS

Study population

Between March and October 2012, 17 children were randomized. Two were excluded and 15 completed the study according to the protocol (Figure 1). These 15 children had an average gestation of 30 weeks and 1 day (28.1-31.7), and an average weight birth of 1210g (1050-1520). At inclusion, the average age of children was 37.4 days, with an average gestational age of 35 weeks +1 day and an average weight of 2004 gr (Table 2).

One child (Patient #3) had a 32-minute observation time during manual feeding. He was treated separately in the quantitative analysis due to his/her extremely fast manual IBF (12 minutes). The child very often and vigorously sucked on his/her pacifier during manual administration, probably in connection with a feeling of great hunger, and which led to a rapid milk administration. During the IBF/ESA, this child presented eight episodes of respiratory pauses, as well as three milk rejections. It can therefore be argued that, for this subject, the manually administered IBF is much better tolerated and adapted to his/her needs. This duration was theoretically the shortest and should have been used to homogenize patient observation times; however, this would have caused a significant loss of data, including valuable information for patients whose manual feeding lasted more than 32 minutes. Accordingly, this patient was excluded from the primary analysis of the main objective. A sensitivity analysis was subsequently performed to assess this patient's impact on results.

The effects of the administration order were negligible.

The environment surrounding the children was identical between both feeding methods.

Well-Being Signs

The mean score for well-being signs in the MAP group stood at 36.2 (± 8.0) and at 30.7 (± 9.5) in the ESA one, that is, a significantly higher score for the MAP group (p = 0.0498).

We note that the item "hands in the mouth, mouth gestures, seeking suction and sucking" gradually faded over time (Figure 2).

Withdrawal Signs

The mean score of withdrawal signs for manual feeding was 37.2 (± 9.4) and 41.9 (± 13.2) for the ESA feeding.

Although the difference is not significant, there is a trend for fewer withdrawal signs in the MAP group (p = 0.2721).

The item "Tightness or distention of the limbs" was significantly less frequent during manual administration; while its frequency remained stable during feeding, it fluctuated more during administration with the electric syringe pump (Figure 3).

Sensitivity Analysis

In this analysis, patient #3 was included and all observation times were homogenized. As a result, observations after 32 minutes were disregarded in the well-being and withdrawal score calculation.

The results of this sensitivity analysis are consistent with those of the general analysis; that is, a well-being score for the MAP group significantly higher than that of the ESA group, and a non-significant trend for fewer withdrawal signs.

The mean score of well-being signs is 31.1 (± 7.8) for the MAP group and 24.5 for the ESA group (± 7.3) (p = 0.0209).

The mean score of withdrawal signs for the MAP group is 30.7 (± 8.2) and 33 (± 11.3) for the ESA group (p = 0.5140).

Qualitative Analysis -NIDCAP Observation Analysis

An overall reading showed that 60% (9/15) of children seemed to tolerate MAP better than ESA. 26.7% (4/15) did not show any obvious differences, while 13.3% (2/15) seemed to be more tolerant to ESA administration.

The sleep-wake system analysis showed that 53.3% of children reached deep sleep during the observation: 33.3% had reached it during both feeding sessions, 13.3% only during the MAP, and 6.7% only during the ESA.

DISCUSSION

To our knowledge, this pilot study shows previously undescribed results [START_REF] Sizun | Early developmental care for preterm neonates: a call for more research[END_REF]. It confirmed the usefulness of video recordings to compare the behavioral impact of two care practices, according to the Dsilna grid, already used to compare a continuous diet versus bolus to allow for quantitative analysis of behavior [START_REF] Dsilna | Behavioral stress is affected by the mode of tube feeding in very low birth weight infants[END_REF].

This study makes it possible to show that, in a similar environment, there are behavioral differences during enteral feeding of preterm newborns depending on the administration method. The MAP is associated with more signs of well-being. This can easily be explained by a real-time adaptation by parents of the MAP delivery rate according to their child's tolerance.

These variations and nuances of behaviors, which are found in a targeted or general way, describe situations of comfort during feeding by nasogastric tube and, more particularly, during manual administration by parents; this also applies to the lower fluctuation in the frequency of the "Tightness or distention of the limbs" behavior during manual feeding. This may suggest that manual milk administration to preterm children allows them to better self-regulate and, therefore, leads to improved behavioral stability.

It has also been shown that the "hands-to-mouth, mouth gestures, seeking suction and sucking" behavior is significantly more common during manual feeding than upon ESA feeding, and that this well-being sign fades over time. This seems consistent with the feeling of hunger at the beginning of a feeding session, and a quick administration rate by parents as their child presents such signs.

Moreover, it is remarkable to note that children tolerate manually administered and adapted diets much better than other options.

More generally and disregarding the administration method, gastric tube feeding is a source of well-being, with a prevalence of smile type behavior. Over half of preterm children in the study attain deep sleep by being fed with a gastric tube, which is essential for their well-being and neurological development [START_REF] Van Den Hoogen | How to improve sleep in a neonatal intensive care unit: A systematic review[END_REF].

In general, there is no significant difference in the score of signs of withdrawal and discomfort. This difference is not significant, but one can, however, note a trend towards lower scores in the case of manual feeding compared to EPS feeding. What is more, motor system withdrawal signs are significantly more present in the ESA group, this being obvious for the "Tightness or distention of limbs" item. These signs often lead to maternal intervention, which is very often adapted and effective. It is nevertheless reassuring that ESA does not cause significant discomfort, as it remains a widespread practice in neonatal services. Moments of discomfort are observed in preterm children during feeding by nasogastric tube: it seems primordial to actively search for cues of discomfort in preterm children to adapt feeding conditions in these babies [START_REF] Grunau | Early pain in preterm infants. A model of long-term effects[END_REF]. However, differences observed may have been underestimated compared to the usual manual feeding practice, which parents usually do by carrying their child in their arms or via skin to skin [START_REF] Als | A three-center, randomized, controlled trial of individualized developmental care for very low birth weight preterm infants: medical, neurodevelopmental, parenting, and caregiving effects[END_REF]. It nevertheless seemed important to maintain an identical sleeping method and type of milk during each feeding period to eliminate certain biases. Similarly, in current practice, although their role is crucial, manual feeding is not always done by parents, and the impact on the child of manual feeding by a health professional is not evaluated in this study [START_REF] Johnston | Skin-to-skin care for procedural pain in neonates[END_REF].

The only variable in this study was the milk administration method, so differences found between both feeding types show the parents' ability to observe their child, identify his or her manifestations of well-being and discomfort, as well as to respond appropriately and continuously, as the child/parent interaction is permanent [START_REF] Morag | Transition From Nasogastric Tube to Oral Feeding: The Role of Parental Guided Responsive Feeding[END_REF]. This parental capacity to develop an attention adapted to the needs of their child allows them to become "experts" on their child, and falls completely under the principles of the NIDCAP®(20) [START_REF] Wielenga | How satisfied are parents supported by nurses with the NIDCAP model of care for their preterm infant?[END_REF].

The size of 15 children was determined mainly because of the organizational constraints of child observation and to assess the feasibility of this observation: a larger staff would likely obtain more meaningful results, particularly regarding signs of discomfort.

CONCLUSION

While statistical results in this pilot study must be considered of a preliminary nature, they still validate the method and tools used. Results also appear to confirm the principles of NIDCAP® by favoring manual milk administration by parents as more adapted to the preterm child's needs. This is done by highlighting behavioral differences per method during the enteral feeding of the preterm newborn in a similar environment.

Qualitative analysis confirms this trend: manual feeding by parents is associated with more signs of well-being, better behavioral stability, and has a positive impact on transit.

This pilot study has clearly shown some significant results that needs further study with larger numbers that can greatly influence practice on the neonatal units and will be more data to confirm the benefits of family centered care.
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