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Abstract

Background: Burnpatients characteristically have increased energy, glucose, and pro-
tein requirements. Glutamine supplementation is strongly recommended during early-
phase treatment and is associated with improved immunity, wound healing, and
reduced mortality. This study evaluated if early burn exudative losses might contribute
to higher supplementation needs.

Methods: Patients admitted to the burn intensive care unit (ICU) had exudate col-
lection from tight bandages applied to arms or legs during the first week (exudate
aliquot twice daily). Seven amino acids (alanine, arginine, cystEine, glutamine, leucine,
lysine, and methionine) were quantified by liquid chromatography-mass spectrome-
try. Descriptive analysis of all results is provided as median and interquartile range or
in value ranges.

Results: Eleven patients aged 19-77 years, presenting with burns on 18%-70% of the
body surface, with a median simplified acute physiology score Il of 33 (range, 16-56)
were included during the study period. The highest amino acid losses were observed
during the first 3 days with an important interpatient and intrapatient variability. Glu-
tamine and alanine losses were highest, followed by leucine and lysine in all patients;
amino acid exudate concentrations were in the range of normal plasma concentrations
and were stable over time. Total glutamine losses were correlated to the burned sur-
face (r? =0.552, P = .012), but not to enteral glutamine supplements.

Conclusions: The study shows significant exudative losses during early-stage burn
recovery and particularly for glutamine and alanine. Glutamine loss generally
decreased with wound closure, the subsequent decline of exudation, and the evolving

size of burn surfaces.
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CLINICAL RELEVANCY STATEMENT

Randomized studies have confirmed glutamine supplementation bene-
fits after a major burn injury. The present study shows substantial burn
wound exudative losses that may explain the higher glutamine needs
observed in major burn patients.

INTRODUCTION

Burn injury represents a significant public health problem
worldwide.n2 In recent decades, burn resuscitation and associ-
ated patient survival has enhanced the need for efficient roles of
metabolic management,® surgical technique innovation with associ-
ated cell therapies, and long-term rehabilitation. Overall, nutrition
status is essential for recovery after major burns. Furthermore,
intense endocrine changes and inflammatory responses, immune
defense depression, and increased nutrition needs represent major
challenges.>* Decreased immune response, which begins within the
first 12 h postinjury and persists for months,®> is associated with
increased infection risk, organ failure risk, and mortality.>¢ Energy,
protein, and micronutrient requirements are increased much beyond
the needs of other critically ill patients. Following burn injury, protein
needs are as high as 2 g/kg/day in adults and 3 g/kg/day in children.”8

Since the 1990s, low blood glutamine (GLN) concentrations have
been associated with low immunity and poor outcome in critically ill
patients. Supplements providing doses 0.2-0.3 g/kg/day have been
shown to improve outcomes by enhancing immune system func-
tion, antioxidant status, glucose metabolism, and heat shock protein
responses.”'0 Thus, “conditionally essential” amino acid supplemen-
tation during critical illness has been proven particularly important in
major burns. Persistent low-GLN blood levels in major burns may result
either from insufficient synthesis or excessive consumption. Alterna-
tively, it might also be lost simply by passive excretion. GLN is a sub-
strate for rapidly proliferating cells and for maintenance of an adequate
immune function, providing fuel for rapidly multiplying cells, including
intestinal mucosa, immune-related, and all cell types involved in wound
healing.!? In burns, enteral supplementation with either GLN12-1>
or its precursor, ornithine alpha-ketoglutarate,'® has been shown to
improve clinical outcome. Enteral GLN in doses 0.3-0.5 g/kg/day’’ has
been associated with significant reductions of infectious complications
and mortality.*18 Hence, the European nutrition recommendations for
major burns have recommended delivering enteral GLN with an evi-
dence level Ato B.”

A previous study conducted in the Lausanne Burn Intensive Care
Unit (ICU), which aimed at defining the chemical composition of burn
wound exudates,’? found unexpected high GLN concentrations that
were higher than the GLN concentrations observed in blood.?? The
present study aimed at quantifying and measuring the kinetics of
GLN and other amino acid losses in burn wound exudates collected
over time with a novel system in patients immediately following burn

injury.20

METHODS

The study was designed as a prospective, noninterventional observa-
tional quality study using waste material. After approval by the State
Ethics Commission (Commission Cantonale d’éthique de la recherche
sur I'étre humain; CER-VD Ethics # 488/2013), the study was con-
ducted with individual post hoc consent.

Patients

ICU admission to the Lausanne Burn ICU between February 2014 and
April 2015, age >18 years, and burns exceeding 10% of total body
surface area (BSA) involving at least one arm or leg were the inclu-
sion criteria for the study and are related to management of pain, air-
way monitoring (not necessarily intubation), and subsequent surgical
management. Exclusion criteria were age <18 years; the presence of a
comorbidity, such as local wound infection, diabetes, or HIV; and burns
that did not involve the arms or legs. Severity of clinical condition was
assessed by the simplified acute physiology score Il (SAPS Il) score and
burn scores (Ryan score, abbreviated burn severity index score, and

modified Baux score).2!

Clinical management

The Parkland formula (2-4 ml/kg/% BSA, depending on burn <50%
BSA or >50% BSA) was oriented for fluid resuscitation in burns >20%
BSA, with subsequent adaptation based on hemodynamic patient
response. The room temperatures were maintained at 28 °C.

By standardized protocol, enteral nutrition (EN) was initiated in
mechanically ventilated patients within 12 h postinjury (Promote Fiber
Plus, Abbott, Baar, Switzerland). In patients burned on >20% BSA,
an enteral GLN-containing product (30 g GLN, 300 mcg selenium
(Se), 20 mg zinc (Zn), 1500 mg vitamin C; Intestamin, Fresenius Kabi,
Stanz, Switzerland) was initiated with EN and delivered for 10 days
(20%-60% BSA) or 30 days (>60% BSA). The total protein goal was
1.5-2.0 g/kg/day. Trace elements were provided as a combination
of one vial Decan (Laboratoires Aguettant, Lyon, France), an intra-
venous additional dose of copper-Se-Zn and enteral Intestamin.?223
Indirect calorimetry or the Toronto equation guided the energy goals.
For patients receiving Intestamin, the daily GLN dose delivered to
the patient was extracted from the ICU clinical information system
(MetaVision, iMDsoft, Tel Aviv, Israel).

Burn wound exudate and blood collection

The exudate was collected from second-degree superficial or deep
burns on the arms or legs on surfaces ranging between 4% and
12% BSA each. Sample collection began with the initiation of wound

treatment upon admission to the burn center, using a negative
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pressure dressing that collected the fluid into a reservoir bottle as
described previously (Figure 5S1)2° and visualized at http://links.lww.
com/PRSGO/A285. Exudate sampleswere collected twice daily (morn-
ing and evening) during the first week after trauma by changing the
reservoir bottle. All samples were prepared in aliquots in sterile tubes
and kept at —80 °C until analysis. Sample collection was discontinued
upon grafting of the wound site or natural arrest of exudation. There
was no GLN blood sampling during the first week.

GLN and other amino acid analysis

Free amino acids in exudate samples were derivatized according to a
modified protocol of the (Waters Corp, Milford, MA, USA) AccQ Tag
derivatization kit and analyzed by liquid chromatography-mass spec-
trometry (LC-MS) on a Waters Quadrupole Dalton mass spectrome-
ter coupled with an H-class ultraperformance liquid chromatography
(UPLC) system. In brief, exudate samples were protein precipitated via
the addition of a 10% m/v sulfosalicylic acid solution containing 20 13C
and, for most of them, also 1°N isotopically labeled amino acids as inter-
nal standards. After centrifugation, supernatants were mixed with an
alkaline borate buffer (AccQ Tag Ultra Borate buffer, Waters) and the
reaction buffer (AccQ Tag Ultra Reagent, Waters, according to the man-
ufacturer preparation protocol) and incubated at 55 °C for 10 min.
Two microliters of the obtained solution were injected on the LC-MS
system, using an auto-addition of 10 pl of analytical-grade water. Sep-
aration of amino acids was performed in 12 min on a Cortex UPLC
C18 (1.6-um particle size, 2.1 x 150 mm) column (Waters Corp), main-
tained at 55 °C, with a 0.1% formic acid containing Water: Acetoni-
trile mobile-phase gradient. Data acquisition was performed by elec-
trospray ionization in positive mode using time-constrained selected
ion recording functions for derivatized amino acids as well as their
corresponding internal standards. Quantitation was performed with
TargetLynx (Waters Corp). Seven amino acids were analyzed: alanine
(ALA), arginine (ARG), cystEine (CYS), GLN, leucine (LEU), lysine (LYS),
and methionine (MET).

Calculations

Total amino acid loss during a 24-h period was extrapolated as the
measured concentration x 24-h exudate volume x % BSA/% surface

collection.

Statistical analysis

Data are presented as median and interquartile range (IQR, 25-75).
Two-way analysis of variance was used to analyze the changes over
time according to enteral GLN supplements (or not) or burn size below
or superior to 20% BSA. Pearson correlation coefficients were calcu-
lated between amino acid losses and burn size. A value of P < .05 was
considered significant. Statistical package utilized was JMP V14.2 (SAS
Institute, Cary, NC, USA).

RESULTS
Patients

There were a total of 44 patients admitted to the burn center ICU dur-
ing the study period. Of these patients, 20 who met the inclusion cri-
teria were enrolled in the study. A total of 15 patients completed the
study, and only 11 patients provided enough exudate for amino acid
analysis over the appropriate time periods. The patients’ age was 19
to 77 years (10 men, 1 woman) and burned surface ranged from 18%
to 70% BSA (Table 1). The three patients with the lowest percentage
of burn surface were not intubated and received one multimicronutri-
ent table daily. Their ICU stay was also shorter (3.9, 1.6, and 9.6 days
total, respectively). There was no wound infection during the study nor
any episode of fever >39 °C. Eight out of 11 patients received a median
dose of 30 g enteral GLN supplement per day. GLN from standard feeds
was not calculated.

Exudative losses

The total median volume of exudate collection was 42 (25-70) ml/day
with a high intrapatient and interpatient variability. Exudation was
highest during the first 3 days, and declining thereafter. No correlation
was found with fluid resuscitation.

The median amino acid concentrations in the exudate fluid were
(umol/L) ALA, 34 (263-458); ARG, 18 (8-35); CYS, 55 (41-65); GLN,
468 (408-584); LYS, 187 (146-231); and LEU, 151 (124-215). The
exudate concentrations were in the range of normal plasma values
in our laboratory (Table A1) and generally corresponded to normal
plasma concentrations, except for GLN and LEU being in the upper
ranges. The calculated amino acid losses were highest during the first 3
days, declining thereafter but persisting in several patients; individual
patterns are shown in Figure 1 and the mean daily losses in Figure 2.
The GLN losses were the most important in all patients, followed by
ALA, LEU, and LYS, and ARG, CYS, MET having lower recorded losses.
The highest cumulated GLN losses were observed in the largest burns
(r2 = 0.522, P = .012) (Figure 3). The amino acid concentrations were
not correlated to the exudate volume (R2 < 0.01). The GLN losses were
similar both in concentrations and in calculated amounts in patients

whether they had or had not received supplemental enteral GLN.

DISCUSSION

The present study is the first, to our knowledge, to analyze the amino
acid losses in the exudates of burn patients. The volumes collected from
arms and legs were highly variable, ranging between 4 and 230 ml.
The largest losses were observed during the first 3 days, but proba-
bly persisted beyond day 8 in patients with larger burns. Amino acids
could be measured in all available exudate samples. GLN and other

amino acids were found in significant quantities, but the GLN and ALA
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TABLE 1 Patient characteristics
Baux
Age, Preadm BMI, Burned  Surface Enteral Ryan modified ABSI LengthICU
No. years Gender SAPSIl weight,kg kg/m? BSA,% collected,% GLN score score score stay,days Outcome
3 39 M 37 71 219 60 10 Yes 2 115 10 1138 Alive
4 86 M 56 110 34.0 42 6 Yes 2 128 11 4.9 Dead
5 40 M 40 73 238 60 12 Yes 2 123 11 36.8 Alive
6 19 M 26 132 38.9 40 9 Yes 2 76 7 39.8 Alive
7 57 M 50 86 29.8 25 4 Yes 1 99 8 18.7 Alive
9 24 M 16 67 219 35 8 Yes 0 76 8 19.8 Alive
11 55 M 19 68 235 18 4 No 0 75 6 3.8 Alive
12 52 M 25 90 26.9 27 5 Yes 0 95 8 7.9 Alive
18 77 M 20 70 242 18 9 No 0 39 4 1.6 Alive
20 24 F 33 75 26.0 20 5 No 1 86 8 9.6 Alive
22 24 M 45 83 24.8 70 5 Yes 2 112 11 614 Alive
Median 40 33 75 248 35 8 1 95 8 18.7
Count 10/1 8/3 10/1
IQR 24,57 20,45 70,90 235, 20,60 59 2,2 75,115 7,11 49,398
29.8

Note: Reported IQR values are presented as the 25th and 75th percentiles.

Abbreviations: ABSI, abbreviated burn severity index; BMI, body mass index; BSA, body surface area; F, female; GLN, glutamine; ICU, intensive care unit; IQR,
interquartile range; M, male; Preadm, preadmission; SAPS Il, simplified acute physiology score Il.

losses were the most abundant. There was no relationship between the
exudative losses and the enteral GLNsupplementation. This absence of
relationship may indicate that the quantities in the exudate resulted
from plasma extravasation or from a local wound-healing process.
The comparison of the different amino acids does confirm the initial
observation?? that GLN losses were the largest among amino acids
analyzed in the wound exudates.

The lostquantity is not impressive when compared with the nutri-
tion doses (0.2-0.3 g/kg/day). Such a difference between the dose
(g) required to maintain blood concentrations and the blood concen-
tration (umol) are well known in metabolic diseases. The focus on
these seven amino acids was motivated by their special involvement
in immunity, wound healing, and protein metabolism. LEU, GLN, and
MET have been shown to exert direct regulatory properties in body
protein turnover.2* ARG regulates interorgan metabolism of energy
substrates and the function of multiple organs and has been shown
to improve wound healing.2> Cysteine is one of the two key sulfur-
containing amino acids with important functions in redox homeostasis,
protein functionality, and metabolism.2%

Veterinary medicine studies show that when one amino acid is not
provided in adequate quantities, protein synthesis is limited to the rate
at which the specific deficient amino acid is available, which takes a
role as the limiting amino acid.?” One might hypothesize that with the
exudative GLN losses, a local deficit may occur that would compromise
wound healing but could be restored by high protein and additional
doses of GLN. The development of the dipeptide GLN-ALA by First and
Stehle in the 1980s provided the possibility that GLN was finally avail-
able for parenteral nutrition.?8 This intravenous form enabled the test-

ing of the specific effects of GLN. In critically ill patients, GLN adminis-
tration by the parenteral route has been shown to be safe and benefi-
cial: three systematic reviews and a meta-analysis have provided signif-
icant evidence on this point,2?-31 and studies in major burns provided
even stronger positive results.'8

EN generally contains 8%-12% of the amino acids as GLN,3? which
corresponds to the normal proportion of GLN in omnivore food.3® With
higher needs caused by enhanced metabolism and specific losses, such
as shown here, this proportion of GLN may not be sufficient for major
burns, which would explain why additional GLN has proven benefi-
cial.Based on actual data, blood GLN is monitored by protocol in our
center after 3weeks in patients with burns >50% BSA to determine the
necessity of continuing, or not, the administration of additional GLN
whenever the GLN concentrations are <400 pmol/L.

The proportion of GLN in food is variable. A study using gene
sequencing found similar proportions of GLN in protein from meat
and casein-based formulas,®3 and the proportion of GLN was found to
be 4.8 vs 4.4%. By protocol, feeding is progressed to energy and pro-
tein goals (1.5 g/kg) over 3-4 days, reaching 100-110 g/day of pro-
tein on day 4 in patients weighing 75 kg. The ICU feeding solution
(Promote Energy/Fiber, Abbott) contains protein from casein and soy;,
which delivers 8%-14% of amino acids as GLN/glutamic acid, which is
the usual indication on feeding products. GLN is then formed in the
body from ammonia and glutamic acid.®* We could reasonably assume
that the feeding provided 8-17 g GLN/day (normal nutrition intake)
on full feeding, which is additive (in patients with burns >20% BSA) to
the 30 g from the 500 ml Intestamin solution (which is always entirely
delivered).
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FIGURE 1 Individual amino acid losses in mg/day (smallest burns on the top, largest at the bottom) showing that GLN and ALA are the amino

acids with the largest losses. Days with no values result from the absence of samples. ALA, alanine; ARG, arginine; BSA, body surface area; CYS,
cysteine; GLN, glutamine; ICU, intensive care unit; LEU, leucine; LYS, lysine; MET, methionine
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The ongoing RE-ENERGIZE study®® will be the first major interna-
tional, multicenter study testing the role of additional GLN in burns; it
is likely to have positive results and provide data as to the monitoring
of blood concentrations.

The very low comparative exudative losses of ARG might reflect
its more limited role in wound healing, compared with its immune-
enhancing effects.3¢ However, trials have provided indecisive results,
and enteral ARG supplementation does not improve wound healing of

skin donor sites in rodents.3”
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FIGURE 3 Cumulated glutamine loss during the study period
related to burned surface area

Limitations

The study includes a small number of patients with variable burn sever-
ity, but this is characteristic of burn studies. Further, the high inter-
day variability volume of the exudate collected reflects an important
limitation of the collection method in severe burn patients. Indeed, to
achieve a tight bandage, the suction device was placed on limbs (either
arms or legs), which tend to have less exudation than the trunk. There-

fore, the calculated loss is likely to be an underestimation, particularly
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in the severe burn patient. The different volumes collected resulted in
highly variable amino acid quantities on days with low volume, despite
a similar concentration. Further, the amino acid losses were extrapo-
lated as the measured concentration multiplied by the 24-h exudate
volume and the total BSA, which is an oversimplification because we
assumed that the entire burned surface produces exudation in a simi-
lar manner. Finally, no blood samples were collected, as the study was
based on the exclusive use of noninvasive samples and the least inter-
ference with routine nursing care. Therefore, exudates (a waste mate-
rial) were eligible for multiple collection time points within the study.
Therefore, no comparison between blood and exudate concentrations

could be accomplished.

In conclusion

This study shows that exudative GLN losses probably contribute to
the increased GLN requirements after major burns, as this amino
acid is lost in significant amounts in the exudates derived from the
burn injury. The amino acid losses decline over time with the subse-
guent decrease of the exudate but persist in burn injuries with larger

surfaces.
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APPENDIX

TABLE A1 Local Lausanne University Hospital blood reference
ranges of the study amino acids

Plasmatic reference intervals in
adults, pmol/L

Amino acid Female Male
Alanine 200-550 240-600
Arginine 25-125 35-140
Cysteine 30-80 40-75
Glutamine 440-810 550-830
Leucine 75-170 105-215
Lysine 115-250 135-260
Methionine 20-40 20-45





