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Fig. 1. Enrollment, randomization and completion of study outcomes.

the SPN group at day 2 and day 5, but none of the differences was
statistically significant.

The evolution of HSP-70 levels (Table 2, and Figs. 2 and 3)
showed a similar pattern in both groups. From baseline to day 2,
HSP-70 levels increased to its maximum value and then decreased
from day 2 to day 5. At day 5, patients in the SPN + GIn group had
significantly higher levels of HSP-70 as compared with the group
with SPN (68.6 vs 5.4, p = 0.014).

Table 1
Demographic and clinical variables between groups at admission.

Factor SPN N = 49 SPN + GIn N =49 P value
Age in years (median, range) 5.27 (0.7-10.1)  4.21 (0.6-6.7) 0.282
Patients < 2 years old (%) 22 (44.8) 22 (44.8) 1.000
Weight in Kg (median, range) 18.72 (8.5-24.5) 19.39 (6.9-28.5) 0.826
Primary Diagnosis (%) 0332
Sepsis 30(61.2) 34 (69.4)

Post major surgery 19 (38.8) 15 (30.6)

PRISM II (median, range) 7.2 (3-12) 9.96 (3—15) 0.190
Need of inotropes (%) 22 (44.8) 27 (55.1) 0.156
Mechanical ventilation (%) 24 (48.9) 29(59.2) 0311
Nutritional parameters’, mean (SD)

Caloric intake (Kcal/Kg) 43.50 (5.62) 44.15 (5.66) 0.579
Proteins (g/Kg/day) 1.16 (0.3) 1.1(0.31) 0.287
Lipids (g/Kg/day) 1.01 (0.11) 1.02 (0.17) 0.769
Carbohydrates (g/Kg/day) 7.06 (1.79) 7.42 (1.31) 0.254

PRISM — Pediatric Risk of Mortality.

2 Average value of nutritional parameters from baseline to day 5. The exact
composition of parenteral nutrition according to patients’ age is showed in sup-
plemental digital content 1.

Proinflammatory IL-6 levels showed a remarkable descent over
time (Figs. 2 and 4). In both groups, the drop between baseline and
day 2 was statistically significant (SPN: 42.24 vs 9.39, p < 0.001;
SPN + Gln: 35.20 vs 13.80, p < 0.001) but only the treatment group
continued to show a statistically significant decrease between day 2
and day 5 (13.80 vs 10.55, p = 0.013). We found a significant
(p = 0.008) influence of GIn supplementation in the decrease of IL-6
values throughout the study (Fig. 4).

Levels of IL-10 did not vary among visits (Fig. 2) except for the
descent observed in the SPN between baseline and day 2 (9.55 vs
5.356, p < 0.001). A similar trend was observed for CD4/CD8 ratio
(Table 2).

Those variables that evaluated clinical response of patients
(Table 3) showed no significant differences between groups.

No adverse events were detected in any of the two groups
(Supplemental Digital Content Table2). Glutamate, a glutamine
metabolite with potential neurotoxic effect, was measured in all
patients and no alterations were detected.

4. Discussion

Given the controversial results about the role of glutamine
supplementation in critically ill patients [6—8] and the paucity of
studies in pediatrics [11,12], we have designed an interventional
clinical trial to define the relationships among glutamine, heat-
shock proteins (HSP-70) and inflammatory mediators (IL-6, IL-10)
in critically ill pediatric patients. As far as we know, this is the
first clinical trial including both heat shock proteins and
interleukines.
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Table 2
Primary outcomes between treatment groups among baseline, day 2 and day 5. Pspy
vs SPN + GIn — Probabilities of Mann—Whitney U test between treatment groups.

Baseline Day 2 Day 5 P2 Py s

GIn levels in mmol/ml

SPN 360 462 517 0.002 0.139
(280-520) (365—620) (415-671)

SPN + GIn 364 516 613 <0.001 0.266
(253-488) (384—668) (453-686)

Pspn vs spN + Gin 0.672 0.352 0.299

HSP-70 in ng/ml

SPN 266 (0-84)  354(0-94) 52(0-73) 0361 0.151

SPN + GIn 63.0 (7-31.3) 95.3(20-609) 68.6 (6—265) 0.052  0.021

PspN vs SN + Gin  0.093 0.084 0014

IL-6 in pg/ml

SPN 42.20 9.39 5.30 <0.001 0.223
(9.47—131.00) (4.16-22.87) (2.12—42.25)

SPN + GIn 35.20 13.80 10.55 <0.001 0.013
(12.10-809.00) (3.54—41.15) (3.63—23.00)

Pspn vs spN + Gin 0.263 0.994 0.899

IL-10 in pg/ml

SPN 9.55 535 5.00 <0.001 0.118
(5.00-2020)  (5.00-8.48)  (5.00—7.09)

SPN + GIn 5.85 5.73 536 0.025™ 0.893
(5.00-25.45)  (5.00-14.10) (5.00—11.30)

Pspn vs sPN + Gin 0.865 0.927 0.599

CD4/CD8

SPN 1.85 1.98 1.92 0.875 0.926
(1.31-2.60)  (1.30-2.61)  (1.50—2.56)

SPN + GIn 1.88 1.77 2.09 0.670 0.845
(142-2.69)  (1.46-3.06) (1.58—2.81)

Pspn vs PN + Gin 0.785 0.689 0375

Pg_» — Probabilities of Wilcoxon signed ranks test for paired samples at baseline vs
day 2.

P,_s — Probabilities of Wilcoxon signed ranks test for paired samples at day 2 vs day
5.

NS non-significant after Bonferroni correction levels are indicated as median (1Q25-
75).
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Fig. 3. Logyo of HSP-70 in children receiving GIn supplementation compared to SPN.*
Statistically significant differences between groups after Bonferroni correction.

We have observed a significant increase of glutamine levels in
both treatment groups (Fig. 2). The lack of significant differences
between groups could be explained by the fact that whereas the
increase of glutamine in one group of patients was due to our
supplementation, glutamine efflux from skeletal muscle was
probably responsible for the observed increase in patients in the
SPN group. The fact that our pediatric patients, despite of being in
critical circumstances, were in general good physical conditions
could explain the relatively high endogenous production of gluta-
mine in this last group. Studies conducted in adult critically ill
patients [22,23] reported that patients without a clear glutamine
deficiency were able to maintain adequate glutamine supply to the
immune cells.

In both groups HSP-70 levels increased from baseline to day 2
(Figs. 2 and 3). This increase has been described in critically-ill
children as compared with convalescent or control subjects
[12,24] as a response to the high oxidative stress of their septic
conditions, helping to protect cell/tissue injuries. A similar finding
was also described in a clinical trial of critically-adults, with 3.7-
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Fig. 2. Evolution of the median values of GIn, HSP-70, 11-6 and IL-10 throughout the study. Dark (SPN + GIn) or dotted (SPN) segments represents statistically significant differences
between visits within each group. Double arrow represents significant differences between treatment groups at a given time.
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Fig. 4. Logy of inflammatory mediator IL-6 in children receiving GIn supplementation
compared to SPN. * Statistically significant differences between groups throughout the
study.

fold serum HSP-70 concentrations than control subjects [17]. HSP-
70 expression shows detectable levels in plasma in the first hours
post-insult, with peaks between day 2 and day 6 [25]. We have
observed an increase of HSP-70 levels from baseline to day 2 in our
two groups of patients. However, at day 5, the supplemented group
maintained remarkably higher levels of HSP-70 as compared with
the sharp decline observed in the SPN group (68.6 vs 5.4, p = 0.014).
The increased levels of GIn in supplemented and non-
supplemented patients could explain the increase of HSP-70 in
both groups, at least from baseline to day 2, and the higher levels of
HSP-70 at day 5 in the supplemented group. The high inter-
individual variability of Gln levels could also explain the high
values of HSP-70 detected in some patients. A direct effect of Gln in
the expression of HSP has been reported in both in vitro and in vivo
studies [4,26], however there are no other data in pediatric studies
to compare the relationship of Gln and HSP-70 levels.

With regard to inflammatory mediators, we have detected a
significant influence of GIn supplementation in the evolution of IL-
6 levels (Figs. 2 and 4) but not in IL-10 levels. In both groups, IL-6
showed high levels at baseline, as it has been already described
[12]in critically-ill children. IL-6 levels rapidly decreased in the first
2 days, and then showed a slight decline until day 5. However,
contrary to what we expected, the supplemented group showed a
smoother decline as compared with the SPN group. The effect of
glutamine supplementation on IL-6 values has shown discordant
results. Whereas some studies reported a decrease of IL-6 levels as
we have also noticed [27], other failed to show any influence [28] or
even a non-statistically significant increase [29]. These

Table 3
Secondary outcomes between treatment groups.

Secondary outcomes SPN N = 49 SPN + GInN =49 P
Nosocomial infection (%) 13 (26.5%) 18 (36.7%) 0.270
Duration of inotropes in hours, 52.17 (0—-60) 56.04 (0—-90) 0.870

median (1Q25-1Q75)
Duration of mechanical ventilation 133.96 (0—216) 135.77 (0—206) 0.980
in hours, median (1Q25-1Q75)

Length of stay at PICU in days, 14.28 (4-19) 10.38 (4-16) 0.062
median (1Q25-1Q75)

Length of hospitalization in days, 16.74 (8—22) 14.33 (6—18) 0.089
median (IQ25-1Q75)

In-hospital mortality (%) 2 (4.1%) 3(6.1%) 0310

discrepancies could be explained by differences in patients' base-
line pathologies accounting for differential systemic inflammatory
responses. In our study, we have included patients with the same
baseline pathology to precisely avoid this heterogeneity, thus the
unexpected high IL-6 values in the supplemented group could be
due to inter-individual variation in IL-6 levels, and as we have
commented for the high inter-individual variability of HSP-70,
there are no comparable data in other pediatric series.

Among the limitations of the study we would like to underline
the sample size. In order to reduce heterogeneity due to the route of
administration we have considered only those cases with exclu-
sively parenteral nutrition, reducing the target of available children.
Although this size was sufficient to detect significant differences in
the interim analysis we conducted, the observed high inter-
individual variation within both groups may contribute to explain
the final results. The lack of similar studies in pediatric patients
prevents any comparison.

Concerning the adverse events, as Struiis et al. showed in their
trial, the administration of glutamine supplemented parenteral
nutrition is as safe as non-supplemented nutrition [30]. The
possible harmful effect of glutamine supplementation described in
adult ICU patients [6,8,31] associated to doses higher than 0.5 g/kg/
day is not applicable to our pediatric patients because all of them
received a recommended dose of 0.33 g/kg/day of glutamine [8].
Parenteral feeding avoided problems of gastrointestinal dysfunc-
tion. Among the main possible adverse events, we expected alter-
ations in the renal and liver function. However, we have not
detected any adverse event associated with glutamine supple-
mentation. No alterations of glutamate, a glutamine metabolite
with potential neurotoxic effect, were detected.

5. Conclusions

Glutamine supplementation in critically-ill children contributed
to maintain HSP-70 levels for longer (day 5). Gln supplementation
had no adverse events. In this way, our results suggest that
critically-ill children with more than 2 days of parenteral nutrition
would be benefited of glutamine supplementation, maintaining
their HSP-70 levels high enough to improve their inflammatory
response. With regard to inflammatory mediators, glutamine sup-
plementation had no influence on IL-10 and failed to show a sig-
nificant reduction of IL-6 levels.
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