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      Background

      
				Septic children cause a high protein degradation and inadequate
				nutritional intake would worsen the outcomes. In addition, there are conflicting results
				of association between tumor necrosis factor-α (TNFA)-308 polymorphism and poorer
				outcomes. This study was aimed to investigate the impact of high protein feeding in
				septic children and to examine the role of the TNFA-308 polymorphism in outcome of
				sepsis.			


       


      Methods

      
				In this randomized controlled trial, septic children were randomly assigned
				to receive either high protein feeding (amino acid of 4 g/kg of body weight [kgBW]/
				day) or standard nutrient (amino acid of 2 g/kgBW/day) for three days in the pediatric
				intensive care unit of four hospitals in Indonesia. The patient’s enrollment was done
				between April 2016 and May 2017. The primary outcome was the pediatric logistic organ
				dysfunction (PELOD) score. TNFA-308 polymorphism was investigated using restriction
				fragment length polymorphism method in both groups. PELOD score was analyzed as
				mean differences and gene polymorphism was analyzed with mortality in a subgroup.			


       


      Results

      
				There were 40 children in each group. PELOD score on day-1 (22.4 versus
				20.5, p = 0.429), day-2 (20.5 versus 19.8, p = 0.815), and day-3 (18.8 versus 19.8, p =
				0.772) were not lower in high protein feeding compared to standard feeding. TNFA-
				308 polymorphism had no role in mortality of both groups (high protein, p = 0.426;
				standard, p = 0.456).			


       


      Conclusions

      
				From this study, researchers concluded that a high protein intervention
				did not significantly decrease the PELOD score, length of stay, and duration of ventilator
				use in both groups.			
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				Sepsis is a global issue due to its high morbidity and
				mortality.1 The mortality reached 7% of total children
				mortality.2 The incidence of pediatric sepsis was high.1 It
				was found in 19.3% of patients admitted to the pediatric
				intensive care unit (PICU) at Cipto Mangunkusumo
				Hospital with mortality rate of 54%.3 A critically ill
				children prone to have changes in protein metabolism,
				including an increase of protein degradation, a negative
				nitrogen balance, and a reduction of body mass. Protein
				catabolism is exacerbated by a inadequate nutritional
				intake, resulting in energy deficit which leads to a
				protein-energy malnutrition. It was found in 16–24% of
				critically ill children, resulting in worse outcomes.4			


			
				To avoid a loss of muscle mass due to catabolic
				process, an absorption of amino acids from the blood
				need to be enhanced by giving either intravenous or
				enteral route. This can trigger protein synthesis to
				compensate for the protein breakdown and increased
				amino acid oxidation.5 Nutritional support is important
				to prevent metabolic complications and maintain lean
				body mass.6 The amount of protein needed in critically
				ill children is higher than in healthy children, but the
				exact amount of protein required for septic children
				may not be ascertained.7						


			
				Besides, genetics have been strongly influenced
				the outcomes of septic patients as seen in wide
				variations of individual responses to infection. Some
				identified gene candidates play role in the inflammatory
				response, i.e., tumor necrosis factor-α (TNFA) and
				tumor necrosis factor-β (TNFB) genes. Other gene
				candidates for sepsis and septic shock include an
				interleukin-1 receptor antagonist (ILRA), heat shock
				protein, IL-6, IL-10, CD14, toll-like receptor 4 (TLR4), and
				TLR2.8 TNFA-308 variance increases gene transcription
				compared with the wild-type allele, and will increase
				TNF-α macrophage secretion in vitro and is followed by
				an increase of TNF-α serum secretion in vivo. A study
				also found an allele that was associated with the worst
				outcomes from infectious diseases, including malaria,
				meningococcal disease, and celiac disease.9 In a
				multicenter study, patient with the TNF2 polymorphism
				(68%) had higher TNF-α serum concentrations than
				those of TNF1 (52%). TNF2 has a 3.7 times greater risk
				of death.10			


			
				Although nutritional support plays a significant role
				in the management of septic children, the requirement
				of protein in this condition remains unclear. Also, the
				role of TNFA-308 gene polymorphisms in sepsis and
				septic shock has been conflicted and not been widely
				studied in children. This study was aimed to investigate
				the impact of high protein feeding in septic children
				and to examine the role of TNFA-308 polymorphism
				in outcome of sepsis using the pediatric logistic organ
				dysfunction (PELOD) score.			



			 

      
        METHODS

      



			 

			
				A randomized controlled trial was done in PICUs
				at four hospitals (Cipto Mangunkusumo Hospital
				Jakarta, Adam Malik Hospital Medan, Haji Hospital
				Medan, and Universitas Sumatera Utara Hospital
				Medan) between April 2016 and May 2017. The eligible
				criteria were children aged between one month
				and two years and admission to PICU due to sepsis.
				Patients with liver disease, obesity, hyperuricemia,
				and septic shock that did not resolve within 24 hours
				were excluded. Subjects’ parents/guardians provided
				written informed consent for enrollment. This study
				was approved by the Ethics Committee of the Faculty
				of Medicine Universitas Indonesia (No: 1113/UN2.F1/ETIK/2015).			


			 

			
			Study groups and randomization
			

			
				Patients diagnosed with sepsis based on the
				International Pediatric Sepsis Consensus Conference
				criteria were recruited by consecutive sampling in
				PICU. Block randomization was used with a block
				size of four.7 Randomization was carried out by one
				of the researchers and the given intervention was
				not blinded. The subjects were randomized into two
				groups: the intervention group receiving high protein
				feeding (amino acid of 4 g/kilogram of body weight
				[kgBW]/day) and the control group receiving standard
				protein feeding (amino acid of 2 g/kgBW/day. The
				protein was given intravenously for three days using
				amino acid preparations (Aminosteril® 6% for age of
				<12 months and Aminofusin® Paed 5% for age of ≥12
				months). Patients who got fever during intervention
				was excluded for the analysis. Every patient got similar
				treatment based on their condition.			


			 

			
				Clinical procedure and laboratory investigation			

			
				All children with sepsis underwent history taking
				and physical examinations, including nutritional
				status assessment according to the World Health
				Organization growth (for age of <5 years), Centers
				for Disease Control and Prevention (CDC) (for age of
				>5–18 years) chart, and other basic anthropometry.
				TNF-α and IL-10 serum level was examined within 12–24
				hours of sepsis diagnosis. At the same time urine urea
				was also checked. The fluids and calories requirements
				were then calculated based on Holliday Segar and
				Schofield W formula.11 PELOD scores were measured on
				a numerical scale, including cardiovascular, respiratory,
				neurological, hematologic, hepatic, and renal systems.12
				Each organ failure received a score of 0 to 20, with a
				total PELOD score of 71. Weight monitoring, PELOD
				scoring, and nitrogen balance at 24 hours were done
				at the beginning of day-1 and were performed daily.
				Prealbumin level was only measured on day-1 and -3.
				Mortality was observed until the patient had been
				discharged from PICU.			


			 

			
				Examination of TNFA polymorphism
			

			
				All subjects had TNFA-308 polymorphism
				examination. Specimens for DNA extraction were
				drawn from venous blood. The DNA extraction was
				conducted following the Wizard® genomic DNA
				purification (Promega, USA) protocol.13 The TNFA-308 gene was amplified using the polymerase chain
				reaction (PCR) method. The forward primer was 5’-
				AGG CAA TAG GTT TTG AGG GCC AT -3’ and the reverse
				primer was 3’-TC TCC CTG CTC CGA TTC CG.14 The PCR
				product was then visualized using electrophoresis to
				ensure a band of 107 bp. It was then incubated with
				a restriction enzyme, Ncol to detect polymorphism
				TNFA-308.						


			 

			
				Study outcomes
			

			
				The primary outcome was the daily PELOD score,
				based on clinical and laboratory findings assessed by
				the attending physician.14 Secondary outcome were
				length of stay and duration of ventilator use. Potential
				risk factors of the PELOD score were also examined, e.g.
				age, nutritional status, sex, nutritional interventions,
				and TNFA-308 gene polymorphism.			


			 

			
				Statistical analysis
			

			
				Data were recorded daily and analyzed with
				SPSS software, version 20 (IBM Corp, USA). PELOD
				score, length of stay, and duration of ventilator use
				was compared between high and standard protein
				feeding group. Numerical data were compared using
				an independent student’s t-test or Mann–Whitney test.
				Risk factors of the PELOD score were also analyzed
				using those bivariate analysis, p<0.05 was considered
				statistically significant.			



       

      
        RESULTS

      


			 

			
				Among the 90 subjects, there were 5 subjects
				died, and only 85 subjects were allocated to both
				groups. Subjects with fever during intervention and
				fluid restriction was excluded, so that only 80 subjects
				continued until final analysis was performed, as shown
				in Figure 1. Table 1 shows baseline characteristics.
				Malnutrition was found in 15% of the standard protein
				group and 10% of the high protein group but mean
				of the body weights were similar between the two
				groups.						


				
				 

				
					
						
							Table 1.
						
						
							Characteristics of subjects in both
groups
						
					

				

				
					
					
					[image: 29-1-2104_Table 1.]
					
				

				 

				

				
				 

				
					
					
					[image: 29-1-2104_Figure 1.]
					
				

				
					
						
							Figure 1.
						
						
							Recruitment scheme. The intervention group receiving high protein feeding (amino acid of 4 g/kilogram of body weight
							[kgBW]/day) and the control group receiving standard protein feeding (amino acid of 2 g/kgBW/day. The protein was given
							intravenously for three days using amino acid preparations (Aminosteril® 6% for age of <12 months and Aminofusin® Paed 5% for
							age of ≥12 months)						
					

				

				 

				

			 

			
				Outcomes
			

			
				High protein feeding did not affect PELOD score
				in all three days. Prealbumin levels on day-3 was
				similar in both groups and only quantitative nitrogen
				balance which was higher in the high protein group
				of all three days. TNFA-308 polymorphism had
				different effect in both standard and high protein
				feeding groups. In the control group, TNFA-308
				polymorphism affected the PELOD score on day-2.
				Meanwhile in the intervention group, it affected IL-
				10 serum level, prealbumin level day-1, and duration
				of ventilator use. The trend of the PELOD score,
				nitrogen balance, and prealbumin level with the
				polymorphism was described on Figure 2.			
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							Figure 2.
						
						
							Outcomes of protein parenteral feeding groups
							based on TNFA-308 polymorphism in: (a) PELOD score
							(mean); (b) Nitrogen balance (median); (c) Prealbumin level
							(median). Standard=amino acid of 2 g/kgBW/day; high=amino acid of 4 g/kgBW/day; G=wild type TNFA allele; A=allele
							of TNFA-308 polymorphism						
					

				

				 

				

			
				Mortality rate in high protein feeding (22.5%) was
				not lower than standard protein feeding (25%) (p =
				1.000). Length of hospital stay in high protein feeding
				(7 [4–27] days) was not shorter than standard protein
				feeding (7 [3–19] days) (p = 0.873). Duration of ventilator
				use was higher in high protein feeding (5 [1–14] days)
				than in standard protein feeding (4 [1–27] days) (p =
				0.458). From the bivariate analysis, no factors needed
				to proceed to multivariate analysis (p>0.25).			


			
				All subjects with heterozygous TNFA-308
				polymorphism were survived. No subject was found
				having homozygous gene (A/A) allele for TNFA-308
				polymorphism (Figure 3). In both the standard and
				high protein feeding groups, TNF-α serum levels were
				not significantly higher in subjects with heterozygous
				TNFA-308 polymorphism than in wild type (Table 2).						


				
				 

				
					
						
							Table 2.
						
						
							Risk factors and outcomes in subgroup analysis based on TNFA-308 polymorphism
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							Figure 3.
						
						
							Restriction fragment length polymorphism (RFLP)
							of TNFA-308 polymorphism in all subjects. M=marker,
							P1=genotype G/G (wild type), P2=genotype G/A, (−)=negative
							control						
					

				

				 

				

			 

      
        DISCUSSION

      


			 

			
				The parenteral administration of high protein
				feeding in patients with sepsis is expected to create
				positive energy and nitrogen balance, control fluid and
				electrolytes homeostasis, maintain metabolic function,
				and deposit somatic and visceral proteins.11 In this
				study, high protein feeding did not improve PELOD
				score. Both groups had PELOD score <20 at day-3. It
				is considered important because PELOD score of ≥20
				possessed the risk of death 40.7 times, meanwhile
				PELOD score of 10–19 brought risk of death only 4.2
				times. No study in critically ill children was found to
				associate protein feeding with sepsis prognosis. PELOD
				score was used as a prognosis of sepsis because it has
				high sensitivity, specificity, and accuracy to predict
				prognosis.15			


			
				No effect of high protein feeding on sepsis prognosis
				may be caused by some reasons. In premature infants,
				nutritional support with amino acids can improve
				nitrogen balance and growth, with increased protein
				synthesis.16 Several studies assessed the benefits of
				high protein intake (more than the recommended
				daily requirements) in surgical neonates (2.5 g/kgBW/
				day),17 and cystic fibrosis (5 g/kgBW/day).18 In this study,
				the estimation of a high protein of 4 g/kgBW/day was
				based on a reference value of protein requirement 2–3
				g/kgBW/day for ages one month to 2 years and then
				added with the estimation of percentage of protein
				degradation. However, this estimation was not very
				accurate. Currently, a tracer method with isotopes is
				used to determine the balance of whole-body proteins
				for infants, children, and adults. This technique is very
				accurate for measuring protein kinetics but requires
				special equipment and expertise to perform.19 The
				tracer method with isotopes should be conducted for
				future research.			


			
				Higher amounts of protein were administered to
				reach protein target could be achieved earlier, and the
				negative impacts from the negative nitrogen balance
				could be avoided. On the other hand, the nitrogen
				balance was also higher in the high dose group. This
				implied that a high protein intake might reduce protein
				catabolism in critically ill children. The study mentioned
				the optimal time for measuring the PELOD score was
				on day-1, 2, 5, 8, 12, 16, and 18 of the PICU stay,20 while
				this study calculated the PELOD score on day-1, -2,
				and -3 during the intervention. This might be one of
				the reasons that measuring the PELOD score on day-3 is not an optimal time, despite that the condition of
				the subject upon arrival at the PICU was different in
				severity and illness.			


			
				Stressful condition increases protein breakdown
				exceeding protein synthesis, resulting in a negative
				nitrogen balance.19 If this imbalance was continued,
				it would cause a loss of body mass and it would
				furtherly cause growth failure, malnutrition, and poor
				outcomes.21 In this study, nitrogen balance could be
				used to determine the protein requirements. It was
				seen that on the first day the nitrogen balance was
				significantly higher in high protein group and followed
				by clinical improvement. These results support previous
				studies where the high protein administration targeting
				nitrogen balance was achieved. On the other hand,
				our study failed to show a significantly lower mortality
				case on high protein group. Higher protein intake was
				not shown as an independent prognostic factor for
				children with sepsis. Another possible explanation is
				that the amount of protein administered was still less
				than the protein demand of the children with sepsis.						


			
				In this study, side effects of the high protein
				nutrient were not found; only one subject in the high
				protein group reported fever after one day of the
				intervention because of fluid limitation (the patient
				diagnosed with burns). There was also no report on
				adverse effect of central venous catheter insertion.
				This is in line with other studies that there were no
				adverse effects of high protein administration.22 The
				administration of a high protein nutrient is safe and has
				minimal side effects.			


			
				TNF-α plays an important role in aggravating the
				inflammatory process that manifests as hypotension,
				increased pulmonary capillary permeability, and
				disturbances of intestinal blood flow in sepsis,23 along
				with protein breakdown.22 TNFA-308 polymorphism
				affects the production of TNF-α, thus altering the
				inflammatory process.10 Study in adults revealed that
				the mortality rate of patients with multiple organ
				dysfunction syndrome was influenced by TNFA-308
				polymorphism.13			


			
				Study on TNFA-308 polymorphisms in septic
				patients is limited, especially in children. A study of
				89 adults with multiple organ dysfunction syndrome
				reported that TNFA-308 gene polymorphisms were
				35.2% A/A with median plasma TNF-α of 10.6 pg/ml
				(4–252.8 pg/ml); 5.7% G/A with levels of TNF-α were not
				detected.; and 59.1% G/G with median plasma TNF-α of
				15.1 pg/ml (1.7–74.9 pg/ml). The mortality rate was A/A
				32%, G/A 20%, and G/G 38%.24 In contrast to this study,
				only 7.5% with G/A or heterozygous alleles were found
				and all were survived. The median level of TNF-α in G/A
				subjects was slightly higher than in G/G subjects, both
				in the standard and high protein groups, but there was
				no difference between heterozygous and homozygous
				subjects. This is important because none of our subjects
				were homozygous TNF-α-308 A/A. In previous studies,
				subjects with A/A or TNF2 had higher TNF-α levels and a
				higher risk of death.13			


			
				In the standard protein group, PELOD score was
				significantly lower in G/A than G/G groups on day 2. The
				average PELOD score of the G/A subjects decreased
				dramatically from day 1 to 3, from 16.3 to 8.3 and to
				6, meanwhile there was no significant PELOD scores
				improvement in subjects with G/G. In the high protein
				group, PELOD scores of G/A subjects showed clinical
				improvement with 24.7 to 17.3 and to 13.3, but there is
				no difference from G/G subjects.			


			
				Overall, subjects with TNFA-308 G/A gene
				polymorphisms had better outcomes, regarding
				nitrogen balance, PELOD score, length of stay, and
				duration of ventilator use. These results differ from
				previous studies that found the TNF-α-308A alleles
				to be associated with poor outcomes from infectious
				and inflammatory diseases, including malaria,
				meningococcal disease, and celiac disease.23 A study
				in Thailand found no association between the TNFA
				gene polymorphism with sepsis or septic shock. This
				result may be due to the absence of differences in the
				frequency of the TNFA gene polymorphism occurrences
				between the case and control groups because of the
				small number of samples.14			


			
				This is the first study that reported a description of the
				TNFA-308 gene polymorphism in Indonesia. Limitations
				might be because of the small number of subjects and
				lack of diversity in the population. Researchers gave a
				high protein nutrient for only three days and observed
				the effects. The short administration period might be
				the cause of the insignificant association between
				the protein intake and PELOD scores in this study.
				Researchers suggested conducting a similar study by
				considering the ratio of nonprotein calories and protein
				calories by using indirect calorimetry for caloric needs
				calculations. Further research implementing longer
				administration of the high protein nutrient may also
				be needed to determine the time-effect relationship.
				Genetic studies of sepsis require diverse populations
				and should include control subjects.			


			
				From this study, researchers concluded that a high
				protein intervention did not significantly decrease
				the PELOD score, length of stay, and duration of
				ventilator use in both groups. In addition, the TNFA-
				308 gene polymorphism showed only the decreasing
				PELOD score on days 2 to 3 in the control group. In
				the intervention group, it was only associated with the
				decreasing duration of ventilator use.			
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OEBPS/Images/29-1-2104-Table-1.jpg
Protein feeding

Characteristics Standard High
(N = 40) (N = 40)

Age (month), mean (SD) 9.6 (6.2) 10.2 (6.8)
Male sex, n (%) 25 (63.0) 28 (70.0)
Nutritional status, n (%)

Normal 34 (85.0) 36 (90.0)

Moderate malnutrition 5(12.5) 3(7.5)

Severe malnutrition 1(2.5) 1(2.5)
Body weight (kg), mean (SD) 8.3(2.9) 8.2 (2.9)
TNF-a level (pg/ml), median (min—max) 6.9 (3.2-43.7) 5.7 (3-52.1)
IL-10 level (pg/ml), median (min—max) 13.1(1.4-80.1) 10 (2.8-62.7)
TNF-a polymorphism, n (%)

Heterozygous 3(7.5) 3(7.5)

Normal 37 (92.5) 37 (92.5)

SD=standard deviation; TNF-a=tumor necrosis factor-a; IL-10=interleukin 10
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Protein nutrition intervention

Standard High
Parameter
Median (min—max) Median (min—max)
G/G (N =37) G/A (N =3) 4 G/G (N =37) G/A (N =3) e

TNF-a 4.1(3.9-43.7) 6.9 (3.2-32) 0.456 5.7 (3-52.1) 6.9 (5.3-8.1) 0.426
IL-10 13.2 (1.4-80.1) 10.1(9.3-21.8) 0.939  9.5(2.8-62.7)  34.9(16.2-39.5)  0.048
Length of stay (days) 7 (3-19) 5 (5-10) 0.337 8 (4-27) 6 (5-7) 0.277
Duration of ventilator use (days) 5(1-14) 4 (2-6) 0.533 4 (1-27) 1(1-3) 0.039
Mortality, n (%) 10 (27.0) 0(0.0) 0.411 9(24.3) 0(0.0) 0.455

TNF-a=tumor necrosis factor-alpha; IL=interleukin; G=wild type TNFA allele; A=allele of TNFA-308 polymorphism
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