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Abstract 
The severe trauma or bum patients required aggressive resuscitation, operation and metabolic 

support to reduce morbidity and motality. Nutrition is one of the most important treatment for these 
patients, improving body protein and immune function, reducing rate of infection and shortening hos­
pitalization. 

Method : To evaluate the metabolic and immune effects of dietary arginine, glutamine and 
omega-3 fatty acids (fish oil) supplementation, we performed a prospective study in patients age 15-60 
yrs after severe trauma (Injury Severity Scores (ISS) 15-30) or bum patients (body surface area (BSA) 
30-60%) in Siriraj Hospital. They were randomized to receive either Neomune or Traumacal. The naso­
gastric feeding was started in post-injury day 2 (PID2) with half of concentration at the rate of 30 ml/h. 
From PID3 to PID 10, the normal concentration was administered at the rate of 80-100 ml/h depending 
on optimal caloric requirement. All patients received 5 per cent dextrose in half or full strength saline 
solution as clinically indicated. No other oral nutrients apart from study formula were allowed during 
the study. Blood sample was with-drawn on PID2, PID6 and PID11 for measurements of CBC, coagulo­
gram, albumin, transferrin, CRP, LFT, BUN, Cr, CD

3
, CD

19
, CD

4
, CD

8
, C

3
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balance was calculated from UUN. Unpaired student t-test was applied to compare variables between 
the two groups. 

Results: 36 patients were selected (16 trauma and 20 bum), male= 29, mean age= 29.86 yrs. 
The patients were divided equally into two groups to receive Neomune or Traumacal. The data were com­
pared and showed significance on total protein on PID11 (Neomune = 6.52 ± 1.29, Traumacal = 5.59 ± 
1.21, p = 0.03) and serum triglycerides on PID11 (Neomune = 128.39 ± 53.45, Traumacal = 186.25 ± 
84.07, p = 0.02). The ICU stay was observed shorter in Neomune than in Traumacal group (3.41 and 
7.83 days) with no statistical significance. The wean-off respirator day was also shorter in Neomune 
than in Traumacal group (2.71 and 7.39 days). One patient in each group died. 
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Conclusions : The feeding of Neomune in critically injured patients was well tolerated as 
Traumacal and significant improvement was observed in serum protein. Shorten ICU stay and wean- off 
respirator day may benefit from using the immunonutrient formula. 
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Patients with severe trauma are in the some 
immunocompromised state as patients with cancer 
or post-operative patientsCl ). According to the severe 
stress state, inadequate nutrients intake during treat­
ment promotes protein catabolism and organ dysfunc­
tion(2). Some studies found some nutrients improved 
immunity in post-injury patients. Those nutrients 
include Arginine(3), Glutamine(4) and Omega-3 fatty 
acid(5) which have a direct effect on T lymphocytes 
and macrophage(6-8). Thus, tube feedings should have 
these nutrients added to complete the formula. This 
study focused on the comparison of Neomune®, 
immunonutrition formula enriched Arginine, Gluta­
mine and Omega-3 fatty acid, with Traumacal®, 
currently high-enriched enteral nutrition for trauma 
patients. 

MATERIAL AND METHOD 
This prospective and randomized study in 

Siriraj Hospital was approved by the Committee of 
Human Rights of the Faculty of Medicine, Siriraj 
Hospital. General trauma and bum patients aged 15-
60 years with Injury Severity Scores (ISS) between 15-
30 and bums over 30-60 per cent bum of the body 
surface area (BSA) were randomized. These patients 
were expected to have enteral feeding for at least 9 
days. The exclusion criteria were patients with dia-

betes mellitus, liver disease (hepatic dysfunction, 
serum bilirubin > 3.0 mg/dl), renal disease (serum 
creatinine> 2.5 mg/dl), infection and steroids treat­
ment both in pre and post study. The subjects weighed 
not more than 130 per cent of their ideal body weight. 
Informed written consent was obtained from the 
patients or the patients' relatives. 

Randomized patients were divided into 2 
groups: The control group with Traumacal®, Group A, 
and study group with Neomune®, Group B. The study 
was started on the 2nd day after injury (post-injury 
day 2 = PID2) after the patients had already been well 
resuscitated and operated on, and continuous feed­
ing through an NG tube with half strength 30 mllh of 
formula. On the PID3 through PID 11 the concen­
tration and volume of formula was increased to the 
requirement of the patients (calculated by Harris­
Benedict Equation). The rate of feeding was about 80-
100 mllh. Patients did not receive oral intake during 
the 9 days of the study period. 5 per cent Dextrose 
solution was supplemented as needed. 

The value of CBC, coagulogram, albumin, 
transferrin, CRP, LFT, BUN, Cr, CD3, CD19• CD4, 
CDg, C3, IgG, lgM, lgA and aminogram were com­
pared on PID2, PID6 and PID 11. The urine urea 
nitrogen in 24 hours urine was measured to calculate 
Nitrogen Balance (NB). Moreover, complications, 
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hospitalization, ICU day and wean-off respirator day 
were compared in both groups of patients by Student 
T Test at p < 0.05. 

The composition of formula is shown in 
Table 1. 

RESULT 
The characteristics of patients are shown in 

Table 2. 
Most of the patients tolerated the tube feed­

ing quite well. Gastrointestinal complications such 
as flatulence, dyspepsia and diarrhea were rare. This 
indicated that Neomune® could be used as well as 
other enteral feeding without severe complications. 

The results showed 28.78 ± 25.74 days of 
hospitalization in the Traumacal® group and 44.95 ± 
30.27 days in the Neomune® group, 7.83 ± 13.60 days 
of ICU day in the Traumacal® group and 3.41 ± 5.81 
days in the Neomune® group, 7.39 ± 13.54 days of 
wean-off respirator days in the Traumacal® group and 

Table 1. Composition of formula. 
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2.71 ± 5.21 days in the Neomune® group. There was 
no statistical difference in the results. The conclusion 
is illustrated in Fig. 1. 

The consequence of amino acids showed 
insignificant improvement of Glutamine in both groups 
of subjects. However, the level of Arginine and Omi­
tine was significantly higher in the Neomune® group 
on PIDll. 

Biochemistry results were not much diffe­
rent for both groups of patients as shown in Table 3. 

Immunological results were not significantly 
different as shown in Table 4. 

DISCUSSION 
Malnutrition and surgery have an effect on 

cellular and humoral immunity(9). It is believed that 
inflammation gives the direct action on the immunity 
via the function of macrophage and the response of 
lymphocyte proliferation. Nowadays, studies have 
concentrated on nutrients to stimulate the function 

Formula TraumacaJ® Neomune® 

Classification 

Protein (giL) 
Fat (giL) 
Carbohydrate (giL) 
NPC:N 
Osmolarity (mOsmiL) 
Protein source(%) 

Fat source(%) 

High stressed, lactose-free 
hypercaloric, high nitrogen 

83 
68 

143 
90: I 
490 

Casein 100% 

Soy oil 70% 
MCT 30% 

Table 2. The characteristics of patients. 

Traumacal® (A) 

No. of cases 18 
Male : Female 16:2 
Trauma: Burn (cases) 9:9 
Average ISS 24.5 
Average % burn 43.5 ± 10 
Average Age 30.89 ± 13.24 
Initial albumin (g/dl) 2.87 ±0.63 
Initial transferrin (giL) 1.27 ± 0.35 
Body weight (kg) 63.66±8.81 

Immuno-enriched, lactose-free 
normal caloric, high nitrogen 

Neomune® (B) 

18 
13: 5 
7: II 

24.83 
44.18±12 
28.83 ± 12.47 

2.81 ±0.57 
1.43 ± 0.9 

61.04 ± 8.32 

62.5 
28 

125 
75: I 
330 

Casein 70% 
Arginine 20% 
Glutamine 10% 
Corn oil 30% 
MCT 50% 
Fish oil 20% 

P-value 

NS 
NS 
NS 
NS 
NS 
NS 
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Fig. 1. Hospitalization, ICU days and wean-ofT respirator days. 
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of cellular immunity which affect macrophage and 
.., 
:::1 

OJ cncncncncncncncncn 
lymphocyte. These nutrients include arginine, gluta- > zzzzzzzzz 

c:.. 
mine and omega-3 fatty acid called immunonutri-
tionOO). 

Reynolds01) found arginine activated T cell ""~oo'<t 
o-§o-: 

proliferation after stimulation by mitogen and cyto- .., . 'QOV)0\00--
'1:> "'"<tOONOOV'>'<t c ~~~Nc)c:)li")O.....: 

kines. Additionally, arginine improved lymphocyte 
:::1 
E +I +I +I +I +I +I +I +I +I 

blastogenesis02) in post-operative patients. Which 
0 

~~2:8"!:::::~~~ .., 
z .\C) .• - •• 0 • 

r-V)\ON -::!;-N 
study showed Neomune® increased the level of Argi- Nr--r---..., .,., "" 
nine more than Traumacal®. -

Glutamine( 13), a conditional-essential amino 
0 
cs:: 

acid, plays a crucial role in enterocytes. This nutrient -~~r-("'j 
('f")lnON 

improves cellular activity and protects bacterial per- OJ V"l ' ' • N N ~ N 

~ '-O .. ~~~O':V:t"!~~ 

meability. The decline level of glutamine in a criti- E -\O('f")-.::t'OOV"''O-

:::1 +I +I +I +I +I +I +I +I +I 
~ 0-0000N<o::t\Or-N 

cally ill state means more consumption of glutamine ... 
~r;~~~~v)-:~ ,.... f'QO('f')t"f') ____ ("C""'j 

by enterocytes. Adding 0.1-0.57 g/kg/day of gluta-
ONOt-
...,; o. r-"' 

mine in tube feeding or parenteral nutrition has no 
disadvantage04). From the present study, the amount '<t 

N 
of glutamine was not significantly increased which • N 

('f')t.noor-
t"f''. • 'V'IN("f')t-('f') 

may be due to timing of sample collection causing the 
.., "l'<t'l:>O\'l:>V'>O\'l:>O c -~~~oo~o....: :::1 

glutamine to be degraded. Furthermore, the level of E +I +I +I +I +I +I +I +I +I 
0 
~~~~~~~~~ .., 

glutamine could not be directly measured in the cell. z 
0\0\'l:l~ -<">-

Thus, the value was inaccurate05). ~-~ ~ -
Omega-3 fatty acid directly affects the func-

-a 
0 

tion of monocyte by membrane characteristic altera-
cs:: 

00 
""'; N('f") 

tion, prostaglandin E2 synthesis that has the action of -0'1('1"")\0-

70 0'-C>.q:~r:!~~V)$ 
macrophage phagocytosis, IL-l and superoxide syn- u .. - ('t"1 0\ ..... 

~ -V"'Ir-r-OOC'f"'-0 
E +I +I +I +I +I +I +I +I +I 

thesis. Moreover, omega-3 fatty acid reduces cellular :::1 -r--.o-f"")-('l'j-r-~ 

~ 
NV"'OOr-VNVVN 

immune response reaction by compete arachidonic N....:o\oe....:....:o....:N 

acid resulting in less inflammation. The ratio of omega-
~$~~ -

6 fatty acid by omega-3 fatty acid was 5 : l. Never-
theless, this was not confirmed. r-

Also, medium chain triglycerides (MCT)(l6) 00~00 .., or-o--a 

diminishes the amount of arachinodic acid. There are 
c O~oON~::;:;~~~ 
:::1 r- .-co- ..... 
E V"l-NN00\000 

studies which clearly support that the mixture ofMCT 0 +I +I +I +I +I +I +I +I +I .., 
N-\OV')N\O('f")-r-z oor-O'l:>'<tO"<'<tO'<OO 

and long chain triglycerides (LCT) can protect the N....;~~....;o....;o....: 
\ONr-r- -

problem of immunosuppression07,18). So, proper 
00 00 ('I") ('l'j 

N 

composition( 19) of Neomune® with MCT, omega-3 0 

~ 
s: 

and essential fatty acid benefits anti-inflammatory -o-('f") 

patients and decreases immune disorder. t o-.-Noo 
OJ ~==:!~~tq~~~ u 

To date, a lot of studies in immunonutri- ~ 00V)('f")N00N-O 
'a E +I +I +I +I +I +I +I +I +I 

tion have shown the result of immunoenhancing and 
... :::1 -V""'OI.I""l-NOO<""'lOO 'Q ~ ~"'?ari\C!~~OC?~-: 

improved treatmem(20-23). The subjects of the pre- ~ 
-\OOOV"'I-00'-.-N 
V)Nf"''i'.O 

= 0\ .,., ""' 

sent comparative study were similar in severity of = 
disease, age and weight. The compared nutrients were ~ -Traumacal®, currently used in severe trauma patients. 

00 

Traumacal® contains higher protein and energy than ..; 0 
~ 

u 
Neomune®; however, the amount of nutrients was :c 0\ .. 

825ooo"""::E< 
adjusted to the requirement of each patient. ~ uuuuuu~~~ 
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Clinical outcome in both groups of patients 
were different. Group B (Neomune®) had longer hos­
pitalization than group A. Besides, this outcome could 
not be considered as depending on several factors; 
no relatives to respond to patients or the problem of 
self care, problems which a lot of burn patients have. 
Data of ICU day and wean-off respiratory day should 
be used. Neomune® gave a good result in patient 
recovering except it was not statistically significant. 

Total protein in the Neomune® group was 
significantly higher; though, the amount of protein in 
Traumacal® was more than Neomune®. This showed 
protein utilization in Neomune® was better than in 
Traumacal®. Nitrogen balance at the beginning of 
both groups were negative. On the gth day of nutri­
tion support, nitrogen balance turned to positive, and 
the difference of nitrogen balance from the begin­
ning of Neomune® was greater than of Traumacal®. 
Briefly, Neomune® yielded protein utilization. In 
theory, trauma and infection cause a lot of nitrogen 
loss. Nutrition support alone cannot improve nitrogen. 
Infection protection, growth hormone or IGF-1 treat-

ment can improve retention of nitrogen; which takes 
weeks to resolve. 

Biochemistry results in the present study 
indicated no difference in kidney or liver function 
tests and blood sugar level. This showed Neomune® 
yields no disadvantage and can be used in place of 
Traumacal® except that Neomune® had a signifi­
cantly better result of triglycerides than Traumacal®. 
Furthermore, Neomune® consists of a lower amount 
of fat; as a result, this formula should be advised for 
patients with dyslipidemia. 

SUMMARY 
The present study concentrated on the com­

parison of immunoenhancing nutrition and current 
nutrition. The result shows immunoenhancing for­
mula has no disadvantage and can be used as nutri­
tion support. Moreover, during the first 9 days of 
immunoenhancing nutrition elevated some important 
amino acids, amount of protein, nitrogen balance and 
did not promote triglycerides level. Finally, Neomune® 
shortened ICU days and wean-off respirator days. 

(Received for publication on September 7, 2002) 
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u-~,uut u~J1t~Y1't.i'i'um"L~UlULL 1-Q 

~il'-l~fl''i ~~'IJY!fff]N, WIJ*, NJU(1J ~NtiJJ'-l, WIJ*, 

qnBw~wi N71::N'-!IJ1i, wv**, ['lff'l-itJ if(11(1J::Zwh~i, wv***, 

·r~u7 tt'tJ-n~lJ7, WIJ***, ~jE/7 ['lff'lj·r~'IJIU'lf, WEJIJ*, il1flJJ(O[iJ '1J't.l't.l7f'l, WtJIJ* 

~thm~tt~fUfJU1iL l1(;jil~1~1'UU "l~~n~t:J~nTm11fnt-J1il~1~1111lL 11 vf~m1~1!1yf'U~'Uii!W nl"lr.J1llil1l nl"l~LLI'lL 'U 

~1'UL~I111UD~iil~ul'l::11l'Jrutnul1l LuuYlvD~fuu;1-l1 m11~LI1'lf'UtllUI1lLU'Un11fm~n-Yl~1f'lqp.h::m"ll1i1~ Yl<l::~1!11'll111111:-: 
't'1WLI1'lf'U1nl'i J'D~rl'Un11Lnl111111::11ijfl~rl'UYlill<l<l::l'l\1l'N Ul'l::l'll1lfl11111n11Lni111111::LL't'11n.;il'U fl'U<l::Yn1~L11'l1Yle-7J1!1il~ . " " " " 

1 :: "t • 
'U ICU N'UI'l~ Ul'l::fl\1l'i1nl"lil~ "l~W!JlU11'l'Uil!JI'l~ 

'5Bm,;tn1!t1 : 1~vnm"l~nt;1LLUU Prospective Lviil~tJtJI'l'IJil~n1'i1~TI1'lf'UtllU111~1!1illl111Ll11'l1~11l'iLyj~-':iij~~nu 
( Neomune) ~~L uu~l1l'i1"VI~~m1L Yi~N11m;jl111~u. m1~uu ul'l::ml111 'IJ~utb::Ln't'l Tm~n1N1~ 1 umm1ffi ~m~N1!1m~ 
vnm"l~m-n1u~J1vill£i"l::l1-l1~ 15-60 il Yl~1fum1fmnYlb~wmu1l'l~111'lf ~~1~i'UfJU~Ll1(;jYli71'111~1'UU"l~ll11~1!1 

. . ..r ..J • • ' ' 
Injury Severity Score (ISS) 1::m1~ 15-30 l1~t:Ji71vJI'l1nL't'llrlU 30-60% '1Jil~W'U't'ltj1nl!J t:jtl1!1CJnLLU~LLUU'!~LU'U 2 

n~~ n~~ A 1~fumm1LU'U Traumacal n~~ B 1;fu Neomune L111VL~~~'UL~N1'iilll111'1'11~N1!1!11~ (NG tube) £~LL~ 
l'UYl 2 l1~~nl'lU111lL~U L~~L~N11illl1111'111~L,j~,j'UI'I~~l1,j~ ~1'U1'U 30 ~R~il'lf~ Ul'l::Lvi~;f'ULU'UI'I11~L,j~,j''UtJn~ £~u~ 
l'U.yi 3 n~l'U.yi 11 "VI~~n11U1111L~U <l::Lvi~tJ1~1CULU'U~1~U<l'ULri1nUI'Il1~~il~nl"l'IJil~~J1v tl1::~1cu 80-100 ~R~il'lf~ 
Ylln1111111<ll11 CBC, coagulogram, albumin, transferrin, CRP, LFT, BUN, Cr, CD , CD , CD , CD , CD , lgG, lgM, lgA 

3 19 4 8 3 

ul'l::tl1~1CUn111lil::ijlu lui'uYl 2, 6 Ul'l:: 11 "VI~~n11U1111L~U Ylln11Lt11!1ULYi!Ju.Vil);JI'l'IJil~tJI'ln1'ifm~1'i1~vf~~1 Nitrogen 

Balance '!Jil~~J1!1J~Nt:J~n~~TI1lv1'!i Student t-test 
v. L ~ 

~nm,;tn'Wl : ":!tl1v 36 nv (fJU~Ll1(;j'l'll1t1 16 11!1, 1vJI'l1n 20 11!1) LU'U'lfl!J 29 11v illQLOI'l!J 29.86 il 
tJnUU~ilQL'Un~~ A (TraumacaJ) 18 'ilV n~~ B (Neomune) 18 11v . .;il);JI'lffi;fuwu-l1 n~~ B i7t11~1tuLtl'i~'U~~;fu 
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!:l~l~ihJtJ~lrl'l!LtJltJYi 11 Vl~~nl11Jll'IL~1J (Neomune = 6.52 ± 1.29, Traumacal - 5.59 ± 1.21, p - 0.03) u.~::iJ 
positive nitrogen balance Yi~nll~ltl, L\JltJYi 11 Vl~~nl11Jll'IL~1J c.J~'!J!:l~ Triglycerides L\Jn~).l B ~lnll!:lVl~iJutJ~ll'i'l! 
'Yll~~ii~ (Neomune = 128.39 ± 53.45, Traumacal ~ 186.25 ± 84.07, p • 0.02), altJoUm;j~c.J~mfm;l W1Jlln~).l 

I I I " ... I " I I 

B l1~1\Jl\JltJL\Jnl'l1:l~ ICU L'Yilrl1J 3.41 l\J, n~).l A- 7.83 l\J u.~:::m1L"'fLf'l11:l~"'fltJVI1VhtJvtlnll (n~).l B - 2.71 l\J, 

n~~ A = 7.39 ltJ) LL~1~iJ'l!'tJ~ll'iru'Yil~~ii~ l1~JlmNv;i'il'ln~).l~::; 1 11v .. ... " . 
ftCtJ : mm'i~l'l'iL ~~I:J~~~n~tJ ( Neomune) ~l~l1n1,ln1J~thvffi~f1J1Jll'IL~1J''i\JLL 1~ 1~LYiln1J1:llVIl'it.h:::Lfl'YI 

Yi1~EJ~1tJU"l"jU\J 1l'ltJ1~l1ml:::LL'YI'ln'lfvtJ 1tJ'!Jru:::L~VlrltJ1:l1VIl1'3l'I1L~).II:J~~).Irl\Jtl~~lm~).ltli).llruttl'i~tJ1tJ~l~mv ~ltl~l'l 
Dl'l'ilnl'iv~ ICU u.~:::m,1'1i'Lf'l~1:l~~lVVIlV1"l1~~.v 

'l£lJ.Iim iu'YiftfJft, ft'rllfl ~ftl'l'l'lJ.I, '!"'ft-w'un «l'l::ft'J.I1J'l, LLft::flt~~:: 
'lfi\'IJ.Il!JL\'I')m~LLW'Yiri "1 2546; 86: 552-561 
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