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| 1. Introduction

The nutritional and respiratory statuses of critically ill patients are interrelated in such a way that they are interdependent
while maintaining a balance. Malnutrition is common in pediatric intensive care unit (PICU) patients and is frequently
associated with respiratory failure [HERBIAIBIEIAEBICNMLL - Calorie and protein restriction lead to abnormalities in
ventilatory control 22!, respiratory muscle function 22!, pulmonary structural changes 141, and impaired pulmonary defense
mechanisms X5, In short periods of caloric—protein restriction, metabolic functions of the lung are altered, while extended
periods contribute to chronic lung disease, which in turn worsens an already-dismal nutritional condition. Therefore,
assessing the nutritional status of patients upon admission to the PICU is imperative, as specified in the latest nutritional
support guidelines for critically ill pediatric patients 1. The nutritional assessment identifies patients at risk, including
those with sepsis, acute respiratory failure, and acute kidney injury BIEIALEIAT],

Various components of the respiratory system are affected by nutrition support, including central stimulation, respiratory
muscle function, lung parenchyma, and changes in metabolic demand induced by the consumption of substrates (protein,
carbohydrates, and fat). Alterations in respiratory muscle function and structure lead to changes in energy consumption
and metabolism 18 so in critically ill patients, the relationship between nutritional status and respiratory failure is of
paramount importance to the patient’s health.

It has been well established that micronutrients play an integral and mutually synergistic role in maintaining the structural
and functional integrity of both the innate and adaptive immune systems 1229, vitamins A and D are involved in epithelial
maturation and production of antimicrobial proteins, respectively. These functions support the gut and lung’s defense
mechanisms against infections 1220211221 s ggesting that vitamin D deficiency may be associated with a higher risk of
respiratory infections 23], Vitamins C and E support the innate immune system by protecting the epithelial barriers via the

induction of collagen synthesis, deactivation of free radicals, and promotion of fibroblast and keratinocyte proliferation and
maturation [24112],

| 2. Effects of Malnutrition on the Diaphragm and Respiratory Function

The effects of undernutrition and malnutrition on the structure and function of the respiratory muscles including the
diaphragm were published in adults admitted to the intensive care unit receiving mechanical ventilation (281271281 ' stydies
in critically ill adults have described a condition called ventilator-induced diaphragmatic dysfunction with loss of
diaphragmatic force-generating capacity and muscle fiber atrophy, myofibril necrosis, and disorganization [29139][31],
Studies in critically ill children admitted to the pediatric intensive care unit receiving ventilatory support have reported

similar findings as the adults’ studies, with diaphragm atrophy and loss of contractility [22[231[341[351[36][37][38]

Malnutrition and inadequate nutrition intake in critically ill children during admission to the hospital are associated with
worse clinical outcomes [L116139] Syydies in animals exposed to undernutrition have shown atrophy of the diaphragm and
intercostals and reduced amount of elastic and collagen fibers in the alveolar septa [4A[4142] yitrasonography has been
reported as a useful tool in the evaluation of the structure and function of the diaphragm and other skeletal muscles in
critically ill children (421[441[45][46][47][48] A report by Koskelo, EK et al. used ultrasonography to measure muscles in the arms



and thighs of 16 children with malignancies; the authors concluded that the ultrasound method combined with
anthropometry was useful in the assessment of the nutritional status of children 2. Two reports concluded that the use of
ultrasonography in children to evaluate skeletal muscle thickness was not reliable and more studies were needed before
muscle ultrasound is routinely used in critically ill children 44l46] A recent study by Giingér S #2, compared the diaphragm
thickness (DT) in children with primary malnutrition and a healthy control group; the authors found that the right and left
DT were thinner in the malnourished group vs. the control group and there was a significant weak positive correlation
between weight and height z score and right and left DT, r = 0.297, p < 0.001; r = 0.301, p < 0.001, respectively.

Inadequate nutritional status, increased energy expenditure, airway infection and inflammation, and progression of lung
disease are the main characteristics of cystic fibrosis (CF) with malnutrition and chronic lung disease being inextricably
interconnected BOIBUBAGIISAES - An analysis of the Cystic Fibrosis Foundation National CF Patient Registry reported
longitudinal relationships between lung function and growth in 968 children over a period of 4 years; the authors
concluded that growth and nutritional status are associated with changes in the percent of predicted forced expiratory
volume in 1 s (FEV 1%) and that nutritional intervention may slow the decline in lung function in this population B8 A study
by Konstan, MW et al. (57 followed a total of 931 children from the ages of 3 to 6 years; the results showed that weight-for-
age, height-for-age, and % ideal body weight at 3 years of age were poorly associated with lung disease, but were
significantly associated with pulmonary function (forced vital capacity and FEV 1%) at the age of 6 years. The authors
concluded that early aggressive intervention aimed at growth and nutrition may affect pulmonary function. Another study
by Hart N et al. B8 evaluated diaphragm strength by measuring twitch transdiaphragmatic pressure (Tw Pdi) in 20 patients
with CF aged 15.1 + 2.8 years (SD); the results showed a positive and significant correlation between Tw Pdi and fat-free
mass, arm muscle circumference, body mass index, and FEV 1%. These findings indicated that diaphragm strength is
preserved in young patients with CF. A study by Hauschild DB et al. ¥, evaluated prospectively the association between
nutritional status and lung function (FEV 1%) in 38 children (aged 1-15 years, median age of 3.8 years) with CF over a
period of 36 months; the results showed that children with nutritional failure at baseline (weight for length and or BMI <
10th) had a relative risk of 5.00 (95% C.I. 1.49-16.76) to have impaired lung function after 36 months. These results
indicated that nutritional status was associated with impaired lung function.

The early years in infancy represent a critical period for the development of respiratory diseases later in life 89 and
children with malnutrition are more susceptible to repeated and serious episodes of respiratory diseases B4, Published
evidence suggests that children born prematurely have an increased risk of chronic obstructive respiratory diseases in
adulthood 82, Two studies from developing countries reported the association of nutritional status with wheezing and lung
function; Hawlader MDH et al. [83], studied 912 children (average age of 4.5 years) in rural Bangladesh and reported that
wheezing was significantly associated with stunting and underweight. Ferdous F et al. 84 measured lung function (FEV
1%) in 517 children who had been followed since birth until the age of 9 years; the study found that children who were
stunted had lower FEV 1% values compared to children with normal stature. Three large population-based studies
evaluated the associations of early childhood growth patterns with lung function and asthma 36867, The study by den
Dekker HT et al. 88! evaluated 24,938 children (age range, 3.9-19.1 years); the results showed that children born with a
younger gestational age and children born with a smaller size for gestational age had lower FEV 1% values and had an
increased risk of childhood asthma, and greater infant weight gain was associated with higher FEV 1% and risk of
asthma. The report by Casas M et al. 2] evaluated 4435 children and performed spirometry at the age of 10 years; the
results showed that greater peak weight velocity and body mass index at adiposity peak were associated with lower
airway patency in relation to lung volume. A recent study by Voraphani N et al. €4, analyzed data from 652 participants
who had at least one set of spirometry data (obtained at ages 22, 26, 32, and 36 years); results showed that maternal
nutritional problems during pregnancy, being born small for gestational age, and being underweight in childhood were
independent predictors of spirometric restriction in adult life.

| 3. Caloric and Protein Needs of the Patient with Pulmonary Disease

Based on the nutritional support guidelines of ASPEN (American Society for Parenteral and Enteral Nutrition) (American
Society for Parenteral and Enteral Nutrition) and SCCM (Society of Critical Care Medicine), indirect calorimetry can be
used to determine the energy requirements of pediatric patients with acute respiratory failure . When indirect
calorimetry cannot be used, the use of formulas to estimate basal metabolism is recommended to determine the caloric
requirement for each patient [l In pediatric patients, the Schofield formula should be used. In addition, it is important to
emphasize the inappropriate use of correction factors during the acute phase of the disease as well as the possibility of
excessive caloric intake B2 Following the acute phase of the disease, the caloric intake should be estimated
based on the child’s nutritional status and age. Infants and young children will need more calories to maintain adequate
growth and development.



During the acute phase, protein intake is essential due to the increased degradation of proteins IZIZAZSIZAZSI76][77][78]
Age plays a crucial factor since infants and young children require a higher protein intake per kilogram of body weight.
According to ASPEN/SCCM, a minimum protein intake of 1.5 g/kg/day is recommended, and this amount should be
adjusted based on the levels of biomarkers, such as prealbumin and C-reactive protein L1,

The goals of nutritional support in the patient with lung disease include (1) adequate caloric intake, (2) adequate protein
intake to prevent muscle loss, (3) correction of the cause of respiratory failure, (4) avoidance of excess carbon dioxide
production, and (5) reversal of the nutritional-related sequelae of lung disease, which includes optimization of exercise
tolerance and normalization of growth, which are particularly relevant in infants and young children (22,

| 4. Use of Indirect Calorimetry for Optimization of Nutritional Support

Nutrient administration has effects at the level of the respiratory system through physiological and pharmacological
processes. An increase in dietary carbohydrate intake increases ventilatory demand secondary to an increase in carbon
dioxide production (VCO,) [BUIBLIE2] | inids can have an impact on the vascular tone and inflammatory response of the
pulmonary vascular system by serving as precursors of eicosanoid synthesis B3, Amino acids can increase oxygen
consumption (VO,) and stimulate ventilation through modifications of the respiratory drive B4l,

Indirect calorimetry (IC), which uses the gas exchange method, determines the caloric equivalent of VO, and VCO,. For
the measurement of energy expenditure in hospitalized patients, this method is considered the gold standard [ZIEIZ3]E5]86]
[B7]B8I[8II90] | allows for the calculation of the relative oxidation of the different substrates (carbohydrate, protein, and fat)
by obtaining the value of total nitrogen in urine and the use of the respiratory quotient (RQ). Depending on the type of
oxidation taking place, the RQ value can range from 0.71 for fatty acid oxidation to 1.0 for carbohydrate oxidation. A value
greater than 1.0 indicates a process of lipogenesis, while a value of 0.81 indicates protein oxidation.

Several studies have reported the importance of indirect calorimetry and RQ in caloric adjustment and diet composition in
relation to the amount of carbohydrate and fat [Z[21I921(93][94][95][9€] The results suggest that the use of IC is necessary for
individual adjustment of nutritional support of critically ill patients, particularly those suffering from pulmonary diseases. An
excess of carbohydrates will increase breathing effort due to increased carbon dioxide production, resulting in difficulty
weaning patients off ventilators.

There have been mixed results when RQ has been used as an indicator of excessive or insufficient caloric intake in
critically ill pediatric patients 2HE2IB3N94196]  According to Mehta, NM et al. [28], RQ results were obtained for 14 pediatric
patients admitted to the PICU. The RQ in hypermetabolic patients [n = 7, 50 + 64 (SD) kg] was 0.85 + 0.03 with a caloric
intake of 1464 + 1008 kcal/day, while hypometabolic patients (n = 7, 45 £ 59 kg), had an RQ value of 0.94 + 0.06 with a
caloric intake of 935 + 559 kcal/day. The authors highlighted the importance of using IC for individualized guidance on
nutritional support. Three studies reported sensitivity and specificity values of RQ in pediatric patients as an indicator of
excess or lack of caloric intake. The study by Hulst, JM et al. 22 of 95 patients admitted to PICU showed sensitivity and
specificity for an RQ value < 0.85 (lack of caloric intake) of 63% and 89%, respectively, while sensitivity and specificity for
an RQ value > 1.0 (excess caloric intake) were 21% and 97%, respectively. The report by Dokken M. et al. 1 of 30
mechanically ventilated patients admitted to PICU, reported for an RQ value <0.85 a sensitivity and specificity of 27% and
87%, respectively, and for RQ value > 1.0 a sensitivity and specificity of 21% and 98%, respectively. Liusuwan RA et al.
(941 in 74 pediatric patients with burns of >20% body surface area reported: for an RQ value < 0.85, a sensitivity and
specificity of 40% and 77%, respectively; and for an RQ value > 1.0 a sensitivity and specificity of 23% and 85%,
respectively. The report by Kerklaan D et al. 23 of 78 mechanically ventilated pediatric patients concluded that the
identification of patients with an excess or lack of caloric intake using IC and RQ values depended on the definition used
to categorize the patients. Thus, it can be concluded that the RQ value identified as an excess or inadequate caloric
intake in critically ill pediatric patients has low sensitivity and adequate specificity.

References

1. Coss-Bu, J.A.; Hamilton-Reeves, J.; Patel, J.J.; Morris, C.R.; Hurt, R.T. Protein Requirements of the Critically Il
Pediatric Patient. Nutr. Clin. Pract. 2017, 32, 1285-141S.

2. Coss-Bu, J.A.; Klish, W.J.; Walding, D.; Stein, F.; Smith, E.O.; Jefferson, L.S. Energy metabolism, nitrogen balance,
and substrate utilization in critically ill children. Am. J. Clin. Nutr. 2001, 74, 664—669.



10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.
27.

. Coss-Bu, J.A.; Walding, D.L.; David, Y.B.; Jefferson, L.S. Dead space ventilation in critically ill children with lung injury.

Chest 2003, 123, 2050-2056.

. Kyle, U.G.; Coss Bu, J.A.; Kennedy, C.E.; Jefferson, L.S. Organ dysfunction is associated with hyperglycemia in

critically ill children. Intensive Care Med. 2010, 36, 312—-320.

. Kyle, U.G.; Jaimon, N.; Coss-Bu, J.A. Nutrition support in critically ill children: Underdelivery of energy and protein

compared with current recommendations. J. Acad. Nutr. Diet. 2012, 112, 1987-1992.

. Kyle, U.G.; Lucas, L.A.; Mackey, G.; Silva, J.C.; Lusk, J.; Orellana, R.; Shekerdemian, L.S.; Coss-Bu, J.A.

Implementation of Nutrition Support Guidelines May Affect Energy and Protein Intake in the Pediatric Intensive Care
Unit. J. Acad. Nutr. Diet. 2016, 116, 844—-851.e4.

. Kyle, U.G.; Shekerdemian, L.S.; Coss-Bu, J.A. Growth failure and nutrition considerations in chronic childhood wasting

diseases. Nutr. Clin. Pract. 2015, 30, 227-238.

. Kyle, U.G.; Spoede, E.T.; Mallory, G.B.; Orellana, R.; Shekerdemian, L.S.; Schecter, M.G.; Coss-Bu, J.A. Changes in

body composition after lung transplantation in children. J. Heart Lung Transplant. 2013, 32, 800—806.

. Mehta, N.M.; Compher, C. Clinical Guidelines: Nutrition support of the critically ill child. JPEN J. Parenter. Enter. Nutr.

2009, 33, 260-276.
Mehta, N.M.; Duggan, C.P. Nutritional deficiencies during critical iliness. Pediatr. Clin. N. Am. 2009, 56, 1143-1160.

Mehta, N.M.; Skillman, H.E.; Irving, S.Y.; Coss-Bu, J.A.; Vermilyea, S.; Farrington, E.A.; McKeever, L.; Hall, A.M.;
Goday, P.S.; Braunschweig, C. Guidelines for the Provision and Assessment of Nutrition Support Therapy in the
Pediatric Critically Ill Patient: Society of Critical Care Medicine and American Society for Parenteral and Enteral
Nutrition. Pediatr. Crit. Care Med. 2017, 18, 675-715.

Doekel, R.C., Jr.; Zwillich, C.W.; Scoggin, C.H.; Kryger, M.; Weil, J.V. Clinical semi-starvation: Depression of hypoxic
ventilatory response. N. Engl. J. Med. 1976, 295, 358-361.

Arora, N.S.; Rochester, D.F. Respiratory muscle strength and maximal voluntary ventilation in undernourished patients.
Am. Rev. Respir. Dis. 1982, 126, 5-8.

Sahebjami, H.; MacGee, J. Changes in connective tissue composition of the lung in starvation and refeeding. Am. Rev.
Respir. Dis. 1983, 128, 644—647.

McMurray, D.N.; Loomis, S.A.; Casazza, L.J.; Rey, H.; Miranda, R. Development of impaired cell-mediated immunity in
mild and moderate malnutrition. Am. J. Clin. Nutr. 1981, 34, 68-77.

Kyle, U.G.; Akcan-Arikan, A.; Orellana, R.A.; Coss-Bu, J.A. Nutrition support among critically ill children with AKI. Clin.
J. Am. Soc. Nephrol. 2013, 8, 568-574.

Kyle, U.G.; Akcan-Arikan, A.; Silva, J.C.; Goldsworthy, M.; Shekerdemian, L.S.; Coss-Bu, J.A. Protein Feeding in
Pediatric Acute Kidney Injury Is Not Associated With a Delay in Renal Recovery. J. Ren. Nutr. 2017, 27, 8-15.

Celli, B.R. Clinical and physiologic evaluation of respiratory muscle function. Clin. Chest Med. 1989, 10, 199-214.

Biesalski, H.K. Nutrition meets the microbiome: Micronutrients and the microbiota. Ann. N. Y. Acad. Sci. 2016, 1372,
53-64.

Gombart, A.F.; Pierre, A.; Maggini, S. A Review of Micronutrients and the Immune System-Working in Harmony to
Reduce the Risk of Infection. Nutrients 2020, 12, 236.

Amrein, K.; Zajic, P.; Schned|, C.; Waltensdorfer, A.; Fruhwald, S.; Holl, A.; Purkart, T.; Wiinsch, G.; Valentin, T.; Grisold,
A.; et al. Vitamin D status and its association with season, hospital and sepsis mortality in critical iliness. Crit. Care
2014, 18, R47.

Clairmont, A.; Tessman, D.; Stock, A.; Nicolai, S.; Stahl, W.; Sies, H. Induction of gap junctional intercellular
communication by vitamin D in human skin fibroblasts is dependent on the nuclear Induction of gap junctional
intercellular communication by vitamin D in human skin fibroblasts is dependent on the nuclear vitamin D receptor.
Carcinogenesis 1996, 17, 1389-1391.

Laaksi, I. Vitamin D and respiratory infection in adults. Proc. Nutr. Soc. 2012, 71, 90-97.

Lin, P.H.; Sermersheim, M.; Li, H.; Lee, P.H.U.; Steinberg, S.M.; Ma, J. Zinc in Wound Healing Modulation. Nutrients
2017, 10, 16.

Maggini, S. Feeding the immune system: The role of micronutrients in restoring resistance to infections. Cab. Rev.
Perspect. Agric. Vet. Sci. Nutr. Nat. Resour. 2010, 3, 1-21.

Kelsen, S.G. The effects of undernutrition on the respiratory muscles. Clin. Chest Med. 1986, 7, 101-110.

Lewis, M.I.; Belman, M.J. Nutrition and the respiratory muscles. Clin. Chest Med. 1988, 9, 337-348.



28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Rochester, D.F. Malnutrition and the respiratory muscles. Clin. Chest Med. 1986, 7, 91-99.

Gayan-Ramirez, G.; Decramer, M. Effects of mechanical ventilation on diaphragm function and biology. Eur. Respir. J.
2002, 20, 1579-1586.

Haitsma, J.J. Diaphragmatic dysfunction in mechanical ventilation. Curr. Opin. Anaesthesiol. 2011, 24, 214-218.

Jaber, S.; Jung, B.; Matecki, S.; Petrof, B.J. Clinical review: Ventilator-induced diaphragmatic dysfunction--human
studies confirm animal model findings! Crit. Care 2011, 15, 206.

Crulli, B.; Kawaguchi, A.; Praud, J.P.; Petrof, B.J.; Harrington, K.; Emeriaud, G. Evolution of inspiratory muscle function
in children during mechanical ventilation. Crit. Care 2021, 25, 229.

Dionisio, M.T.; Rebelo, A.; Pinto, C.; Carvalho, L.; Neves, J.F. Ultrasound Assessment of Ventilator-induced
Diaphragmatic Dysfunction in Paediatrics. Acta Med. Port. 2019, 32, 520-528.

Glau, C.L.; Conlon, T.W.; Himebauch, A.S.; Yehya, N.; Weiss, S.L.; Berg, R.A.; Nishisaki, A. Progressive Diaphragm
Atrophy in Pediatric Acute Respiratory Failure. Pediatr. Crit. Care Med. 2018, 19, 406—411.

Johnson, R.W.; Ng, K.W.P.; Dietz, A.R.; Hartman, M.E.; Baty, J.D.; Hasan, N.; Zaidman, C.M.; Shoykhet, M. Muscle
atrophy in mechanically-ventilated critically ill children. PLoS ONE 2018, 13, e0207720.

Mistri, S.; Dhochak, N.; Jana, M.; Jat, K.R.; Sankar, J.; Kabra, S.K.; Lodha, R. Diaphragmatic atrophy and dysfunction
in critically ill mechanically ventilated children. Pediatr. Pulmonol. 2020, 55, 3457-3464.

Ng, K.W.P,; Dietz, A.R.; Johnson, R.; Shoykhet, M.; Zaidman, C.M. Reliability of bedside ultrasound of limb and
diaphragm muscle thickness in critically ill children. Muscle Nerve 2019, 59, 88-94.

Zambon, M.; Greco, M.; Bocchino, S.; Cabrini, L.; Beccaria, P.F.; Zangrillo, A. Assessment of diaphragmatic dysfunction
in the critically ill patient with ultrasound: A systematic review. Intensive Care Med. 2017, 43, 29-38.

Mehta, N.M.; Bechard, L.J.; Zurakowski, D.; Duggan, C.P.; Heyland, D.K. Adequate enteral protein intake is inversely
associated with 60-d mortality in critically ill children: A multicenter, prospective, cohort study. Am. J. Clin. Nutr. 2015,
102, 199-206.

Dias, C.M.; Passaro, C.P.; Antunes, M.A.; Cagido, V.R.; Einicker-Lamas, M.; Lowe, J.; Negri, E.M.; Damaceno-
Rodrigues, N.R.; Soncini, R.; Capelozzi, V.L.; et al. Effects of different nutritional support on lung mechanics and
remodelling in undernourished rats. Respir. Physiol. Neurobiol. 2008, 160, 54—64.

Dias, C.M.; Passaro, C.P.; Cagido, V.R.; Einicker-Lamas, M.; Lowe, J.; Negri, E.M.; Capelozzi, V.L.; Zin, W.A.; Rocco,
P.R. Effects of undernutrition on respiratory mechanics and lung parenchyma remodeling. J. Appl. Physiol. (1985)
2004, 97, 1888-1896.

Kelsen, S.G.; Ference, M.; Kapoor, S. Effects of prolonged undernutrition on structure and function of the diaphragm. J.
Appl. Physiol. (1985) 1985, 58, 1354-1359.

Balaji, S.; Kunovsky, P.; Sullivan, I. Ultrasound in the diagnosis of diaphragmatic paralysis after operation for congenital
heart disease. Br. Heart J. 1990, 64, 20-22.

Fivez, T.; Hendrickx, A.; Van Herpe, T.; Vlasselaers, D.; Desmet, L.; Van den Berghe, G.; Mesotten, D. An Analysis of
Reliability and Accuracy of Muscle Thickness Ultrasonography in Critically Ill Children and Adults. JPEN J. Parenter.
Enter. Nutr. 2016, 40, 944-949.

Koskelo, E.K.; Kivisaari, L.M.; Saarinen, U.M.; Siimes, M.A. Quantitation of muscles and fat by ultrasonography: A
useful method in the assessment of malnutrition in children. Acta Paediatr. Scand. 1991, 80, 682—-687.

Ong, C.; Lee, J.H.; Leow, M.K.S.; Puthucheary, Z.A. Skeletal Muscle Ultrasonography in Nutrition and Functional
Outcome Assessment of Critically Ill Children: Experience and Insights From Pediatric Disease and Adult Critical Care
Studies . JPEN J. Parenter. Enter. Nutr. 2017, 41, 1091-1099.

Sanchez de Toledo, J.; Munoz, R.; Landsittel, D.; Shiderly, D.; Yoshida, M.; Komarlu, R.; Wearden, P.; Morell, V.O.;
Chrysostomou, C. Diagnosis of abnormal diaphragm motion after cardiothoracic surgery: Ultrasound performed by a
cardiac intensivist vs. fluoroscopy. Congenit. Heart Dis. 2010, 5, 565-572.

Urvoas, E.; Pariente, D.; Fausser, C.; Lipsich, J.; Taleb, R.; Devictor, D. Diaphragmatic paralysis in children: Diagnosis
by TM-mode ultrasound. Pediatr. Radiol. 1994, 24, 564-568.

Glngor, S.; Dogan, A. Diaphragm thickness by ultrasound in pediatric patients with primary malnutrition. Eur. J. Pediatr.
2023, 182, 3347-3354.

Bakker, W. Nutritional state and lung disease in cystic fibrosis. J. Med. 1992, 41, 130-136.

Borowitz, D. The interrelationship of nutrition and pulmonary function in patients with cystic fibrosis. Curr. Opin. Pulm.
Med. 1996, 2, 457-461.



52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Davis, P.B.; Drumm, M.; Konstan, M.W. Cystic fibrosis. Am. J. Respir. Crit. Care Med. 1996, 154, 1229-1256.

Shepherd, R.; Cooksley, W.G.; Cooke, W.D. Improved growth and clinical, nutritional, and respiratory changes in
response to nutritional therapy in cystic fibrosis. J. Pediatr. 1980, 97, 351-357.

Thomson, M.A.; Quirk, P.; Swanson, C.E.; Thomas, B.J.; Holt, T.L.; Francis, P.J.; Shepherd, R.W. Nutritional growth
retardation is associated with defective lung growth in cystic fibrosis: A preventable determinant of progressive
pulmonary dysfunction. Nutrition 1995, 11, 350-354.

Zemel, B.S.; Kawchak, D.A.; Cnaan, A.; Zhao, H.; Scanlin, T.F,; Stallings, V.A. Prospective evaluation of resting energy
expenditure, nutritional status, pulmonary function, and genotype in children with cystic fibrosis. Pediatr. Res. 1996, 40,
578-586.

Zemel, B.S.; Jawad, A.F,; FitzSimmons, S.; Stallings, V.A. Longitudinal relationship among growth, nutritional status,
and pulmonary function in children with cystic fibrosis: Analysis of the Cystic Fibrosis Foundation National CF Patient
Registry. J. Pediatr. 2000, 137, 374-380.

Konstan, M.W.; Butler, S.M.; Wohl, M.E.; Stoddard, M.; Matousek, R.; Wagener, J.S.; Johnson, C.A.; Morgan, W.J.
Growth and nutritional indexes in early life predict pulmonary function in cystic fibrosis. J. Pediatr. 2003, 142, 624—630.

Hart, N.; Tounian, P.; Clément, A.; Boulé, M.; Polkey, M.1.; Lofaso, F.; Fauroux, B. Nutritional status is an important
predictor of diaphragm strength in young patients with cystic fibrosis. Am. J. Clin. Nutr. 2004, 80, 1201-1206.

Hauschild, D.B.; Rosa, A.F.; Ventura, J.C.; Barbosa, E.; Moreira, E.A.M.; Ludwig Neto, N.; Moreno, Y.M.F. Association
of nutritional status with lung function and morbidity in children and adolescents with cystic fibrosis: A 36-month cohort
study. Rev. Paul. Pediatr. 2018, 36, 8.

Duijts, L. Growing large and fast: Is infant growth relevant for the early origins of childhood asthma? Thorax 2016, 71,
1071-1072.

Rodriguez, L.; Cervantes, E.; Ortiz, R. Malnutrition and gastrointestinal and respiratory infections in children: A public
health problem. Int. J. Environ. Res. Public Health 2011, 8, 1174-1205.

Brostrom, E.B.; Akre, O.; Katz-Salamon, M.; Jaraj, D.; Kaijser, M. Obstructive pulmonary disease in old age among
individuals born preterm. Eur. J. Epidemiol. 2013, 28, 79-85.

Hawlader, M.D.; Noguchi, E.; El Arifeen, S.; Persson, L.; Moore, S.E.; Raqgib, R.; Wagatsuma, Y. Nutritional status and
childhood wheezing in rural Bangladesh. Public Health Nutr. 2014, 17, 1570-1577.

Ferdous, F.; Ragib, R.; Ahmed, S.; Faruque, A.; Chisti, M.J.; Ekstrom, E.C.; Wagatsuma, Y. Early childhood malnutrition
trajectory and lung function at preadolescence. Public Health Nutr. 2021, 24, 1009-1020.

Casas, M.; den Dekker, H.T.; Kruithof, C.J.; Reiss, I.K.; Vrijheid, M.; Sunyer, J.; de Jongste, J.C.; Jaddoe, V.W.V;
Duijts, L. The effect of early growth patterns and lung function on the development of childhood asthma: A population
based study. Thorax 2018, 73, 1137-1145.

den Dekker, H.T.; Sonnenschein-van der Voort, A.M.M.; de Jongste, J.C.; Anessi-Maesano, |.; Arshad, S.H.; Barros, H.;
Beardsmore, C.S.; Bisgaard, H.; Phar, S.C.; Craig, L.; et al. Early growth characteristics and the risk of reduced lung
function and asthma: A meta-analysis of 25,000 children. J. Allergy Clin. Immunol. 2016, 137, 1026—1035.

Voraphani, N.; Stern, D.A.; Zhai, J.; Wright, A.L.; Halonen, M.; Sherrill, D.L.; Hallberg, J.; Kull, I.; Bergstrom, A.; Murray,
C.S.; et al. The role of growth and nutrition in the early origins of spirometric restriction in adult life: A longitudinal,
multicohort, population-based study. Lancet Respir. Med. 2022, 10, 59-71.

Schofield, W.N. Predicting basal metabolic rate, new standards and review of previous work. Hum. Nutr. Clin. Nutr.
1985, 39 (Suppl. S1), 5-41.

Coss-Bu, J.A.; Mehta, N.M. Energy Metabolism. In The Encyclopedia of Food and Health; Caballero, B., Finglas, P.,
Toldra, F., Eds.; Academic Press: Oxford, UK, 2016; Volume 2, pp. 503-510.

Orellana, R.A.; Coss-Bu, J.A. Energy and macronutrient requirements in the critically ill child. In Pediatric Critical Care
Nutrition, 1st ed.; Goday, P.S., Mehta, N.M., Eds.; McGraw-Hill Education Medical: New York, NY, USA, 2015; pp. 33—
58.

Orellana, R.A.; Coss-Bu, J.A. Nutrition and Gastrointestinal Emergencies. In Pediatric Intensive Care; Watson, R.S.,
Thompson, A.E., Eds.; Oxford University Press: New York, NY, USA, 2017; pp. 193—-207.

Orellana, R.A.; Kyle, U.G.; Coss-Bu, J.A. Nutritional Assessment and Feeding in the ICU. In Comprehensive Critical
Care: Pediatric; Stockwell, J.A., Preissig, C.M., Eds.; Society of Critical Care Medicine: Mount Porspect, IL, USA, 2012;
pp. 931-948.

Coss-Bu, J.A.; Jefferson, L.S.; Walding, D.; David, Y.; Smith, E.O.; Klish, W.J. Resting energy expenditure and nitrogen
balance in critically ill pediatric patients on mechanical ventilation. Nutrition 1998, 14, 649—652.



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Moreno, Y.M.F.; Hauschild, D.B.; Martins, M.D.; Bechard, L.J.; Mehta, N.M. Feasibility of Enteral Protein
Supplementation in Critically Ill Children. JPEN J. Parenter. Enter. Nutr. 2018, 42, 61-70.

Paddon-Jones, D.; Coss-Bu, J.A.; Morris, C.R.; Phillips, S.M.; Wernerman, J. Variation in Protein Origin and Utilization:
Research and Clinical Application. Nutr. Clin. Pract. 2017, 32, 48S-57S.

Toole, B.J.; Toole, L.E.; Kyle, U.G.; Cabrera, A.G.; Orellana, R.A.; Coss-Bu, J.A. Perioperative nutritional support and
malnutrition in infants and children with congenital heart disease. Congenit. Heart Dis. 2014, 9, 15-25.

Verbruggen, S.C.; Coss-Bu, J.; Wu, M.; Schierbeek, H.; Joosten, K.F.; Dhar, A.; van Goudoever, J.B.; Castillo, L.
Current recommended parenteral protein intakes do not support protein synthesis in critically ill septic, insulin-resistant
adolescents with tight glucose control. Crit. Care Med. 2011, 39, 2518-2525.

Verbruggen, S.C.; Schierbeek, H.; Coss-Bu, J.; Joosten, K.F,; Castillo, L.; van Goudoever, J.B. Albumin synthesis rates
in post-surgical infants and septic adolescents; influence of amino acids, energy, and insulin. Clin. Nutr. 2011, 30, 469—
477.

Wilson, B.; Typpo, K. Nutrition: A Primary Therapy in Pediatric Acute Respiratory Distress Syndrome. Front. Pediatr.
2016, 4, 108.

Askanazi, J.; Elwyn, D.H.; Silverberg, P.A.; Rosenbaum, S.H.; Kinney, J.M. Respiratory distress secondary to a high
carbohydrate load: A case report. Surgery 1980, 87, 596-598.

Askanazi, J.; Nordenstrom, J.; Rosenbaum, S.H.; Elwyn, D.H.; Hyman, A.l.; Carpentier, Y.A.; Kinney, J.M. Nutrition for
the patient with respiratory failure: Glucose vs. fat. Anesthesiology 1981, 54, 373-377.

Askanazi, J.; Rosenbaum, S.H.; Hyman, A.l.; Silverberg, P.A.; Milic-Emili, J.; Kinney, J.M. Respiratory changes induced
by the large glucose loads of total parenteral nutrition. JAMA 1980, 243, 1444-1447.

Skeie, B.; Askanazi, J.; Rothkopf, M.M.; Rosenbaum, S.H.; Kvetan, V.; Thomashow, B. Intravenous fat emulsions and
lung function: A review. Crit. Care Med. 1988, 16, 183-194.

Takala, J.; Askanazi, J.; Weissman, C.; Lasala, P.A.; Milic-Emili, J.; Elwyn, D.H.; Kinney, J.M. Changes in respiratory
control induced by amino acid infusions. Crit. Care Med. 1988, 16, 465—-469.

Coss-Bu, J.A,; Jefferson, L.S.; Walding, D.; David, Y.; Smith, E.O.; Klish, W.J. Resting energy expenditure in children in
a pediatric intensive care unit: Comparison of Harris-Benedict and Talbot predictions with indirect calorimetry values.
Am. J. Clin. Nutr. 1998, 67, 74-80.

da Rocha, E.E.; Alves, V.G.; da Fonseca, R.B. Indirect calorimetry: Methodology, instruments and clinical application.
Curr. Opin. Clin. Nutr. Metab. Care 2006, 9, 247—-256.

Kyle, U.G.; Arriaza, A.; Esposito, M.; Coss-Bu, J.A. Is indirect calorimetry a necessity or a luxury in the pediatric
intensive care unit? JPEN J. Parenter. Enter. Nutr. 2012, 36, 177-182.

Lev, S.; Cohen, J.; Singer, P. Indirect calorimetry measurements in the ventilated critically ill patient: Facts and
controversies--the heat is on. Crit. Care Clin. 2010, 26, e1—€9.

Pinheiro Volp, A.C.; Esteves de Oliveira, F.C.; Duarte Moreira Alves, R.; Esteves, E.A.; Bressan, J. Energy expenditure:
Components and evaluation methods. Nutr. Hosp. 2011, 26, 430-440.

Sion-Sarid, R.; Cohen, J.; Houri, Z.; Singer, P. Indirect calorimetry: A guide for optimizing nutritional support in the
critically ill child. Nutrition 2013, 29, 1094—-1099.

Dokken, M.; Rustgen, T.; Stubhaug, A. Indirect calorimetry reveals that better monitoring of nutrition therapy in pediatric
intensive care is needed. JPEN J. Parenter. Enter. Nutr. 2015, 39, 344-352.

Hulst, J.M.; van Goudoever, J.B.; Zimmermann, L.J.; Hop, W.C.; Biller, H.A.; Tibboel, D.; Joosten, K.F. Adequate
feeding and the usefulness of the respiratory quotient in critically ill children. Nutrition 2005, 21, 192—-198.

Kerklaan, D.; Hulst, J.M.; Verhoeven, J.J.; Verbruggen, S.C.; Joosten, K.F. Use of Indirect Calorimetry to Detect
Overfeeding in Critically Ill Children: Finding the Appropriate Definition. J. Pediatr. Gastroenterol. Nutr. 2016, 63, 445—
450.

Liusuwan Manotok, R.A.; Palmieri, T.L.; Greenhalgh, D.G. The respiratory quotient has little value in evaluating the
state of feeding in burn patients. J. Burn Care Res. Off. Publ. Am. Burn. Assoc. 2008, 29, 655-659.

McClave, S.A.; Lowen, C.C.; Kleber, M.J.; McConnell, J.W.; Jung, L.Y.; Goldsmith, L.J. Clinical use of the respiratory
quotient obtained from indirect calorimetry. JPEN J. Parenter. Enter. Nutr. 2003, 27, 21-26.

Mehta, N.M.; Bechard, L.J.; Leavitt, K.; Duggan, C. Cumulative energy imbalance in the pediatric intensive care unit:
Role of targeted indirect calorimetry. JPEN J. Parenter. Enter. Nutr. 2009, 33, 336—344.



Retrieved from https://encyclopedia.pub/entry/history/show/113531



