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4.1.c Composition of EN: Glutamine July 2013

There were no new randomized controlled trials since the 2009 update but a caution against the use of any glutamine
in patients with shock and MOF was added given the possibility of harm as demonstrated by the results of the
REDOXS study of combined enteral and parenteral glutamine.

Recommendation 2013: Based on 2 level 1 and 7 level 2 studies, enteral glutamine should be considered in burn and trauma patients.
There are insufficient data to support the routine use of enteral glutamine in other critically ill patients. In addition, we strongly
recommend that any glutamine NOT be used in critically ill patients with shock and multi-organ failure (refer to section 9.4 b Combined
Parenteral and Enteral Glutamine).

Discussion 2013: In examining the results of the meta-analysis of enteral glutamine supplementation, the committee noted the modest treatment
effect with wide confidence intervals and the presence of heterogeneity across the studies. The largest effect on mortality was attributable to one
study in burn patients with high internal validity (Garrel). On the other hand, a large well-designed trial in a heterogenous group of ICU patients
showed no beneficial effect with glutamine enriched EN (Hall). With respect to infectious complications, the committee noted that the largest
treatment effect was attributed to one study in burn patients (Zhou) and one large study in trauma patients (Houdijk). There was a large treatment
effect with respect to a reduced length in hospital stay however the data was quite skewed. Given that all studies were single centre trials, the
likelihood of results being replicated in other settings is low. The cost and feasibility considerations were favourable despite potential limitations in
acquiring the product. Given the results of the REDOXS study and harm associated with glutamine in patients with shock and multi-organ failure, we
considered it unsafe to administer even EN glutamine to burns/trauma patients with shock and multi-organ failure. It is not known what the optimal
dose of enteral glutamine supplementation is. In the studies reviewed, the dose of glutamine varied from 0.16-0.5 gm/kg/day (see table 1). The
committee decided that a dose of 0.3 to 0.5 gm/kg/day would be reasonable. The effect of parenteral glutamine is discussed separately (section 9-4).

Recommendation 2009: Based on 2 level 1 and 7 level 2 studies, enteral glutamine should be considered in burn and trauma patients.
There are insufficient data to support the routine use of enteral glutamine in other critically ill patients.
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Discussion 2009: In examining the results of the meta-analysis of enteral glutamine supplementation, the committee noted the modest treatment
effect with wide confidence intervals and the presence of heterogeneity across the studies. The largest effect on mortality was attributable to one
study in burn patients with high internal validity (Garrel). On the other hand, a large well-designed trial in a heterogenous group of ICU patients
showed no beneficial effect with glutamine enriched EN (Hall). With respect to infectious complications, the committee noted that the largest
treatment effect was attributed to one study in burn patients (Zhou) and one large study in trauma patients (Houdijk). There was a large treatment
effect with respect to a reduced length in hospital stay however the data was quite skewed. Given that all studies were single centre trials, the
likelihood of results being replicated in other settings is low. The safety, cost and feasibility considerations were favourable despite potential
limitations in acquiring the product. It is not known what the optimal dose of enteral glutamine supplementation is. In the studies reviewed, the dose
of glutamine varied from 0.16-0.5 gm/kg/day (see table 1). The committee decided that a dose of 0.3 to 0.5 gm/kg/day would be reasonable. The
effect of parenteral glutamine is discussed separately (section 9-4).
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Definition 2009 Score (0,1,2,3) 2013 Score (0,1,2,3)

Eff . Magnitude of the absolute risk reduction attributable to the intervention listed--a higher score 2 )

ect size indicates a larger effect size

95% confidence interval around the point estimate of the absolute risk reduction, or the pooled

Confidence interval estimate (if more than one trial)--a higher score indicates a smaller confidence interval 1 1
Refers to internal validity of the study (or studies) as measured by the presence of concealed

- randomization, blinded outcome adjudication, an intention to treat analysis, and an explicit definition

Validity ) o . ) . 2 2
of outcomes--a higher score indicates presence of more of these features in the trials appraised

Homogeneity or Similar direction of findings among trials--a higher score indicates greater similarity of direction of 1 1

Reproducibility findings among trials
Extent to which the control group represented standard of care (large dissimilarities = 1, minor

Adequacy of control S a
dissimilarities=2, usual care=3) 3 3

group
Consistent with understanding of mechanistic and previous clinical work (large inconsistencies =1,

Biological plausibility minimal inconsistencies =2, very consistent =3) 2 2
Likelihood of trial findings being replicated in other settings (low likelihood i.e. single centre =1,

- moderate likelihood i.e. multicentre with limited patient population or practice setting =2, high

Generalizability g . . . . , S 1 1
likelihood i.e. multicentre, heterogenous patients, diverse practice settings =3.
Estimated cost of implementing the intervention listed--a higher score indicates a lower cost to

Low cost implement the intervention in an average ICU 3 3
Ease of implementing the intervention listed--a higher score indicates greater ease of implementing

Feasible the intervention in an average ICU 3 3
Estimated probability of avoiding any significant harm that may be associated with the intervention

Safety listed--a higher score indicates a lower probability of harm 3 2
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Question:
Compared to standard care, does glutamine-supplemented enteral nutrition result in improved clinical outcomes in critically ill patients?

Summary of Evidence: There were 7 level 2 studies and 2 level 1 studies, 3 of which were in burn patients (Garrel 2003, Zhou 2003, Peng 2004), 3
in trauma patients (Houdijk 1998, Brantley 2000 and McQuiggan 2008) and the remaining 3 were in mixed ICU patients.

Mortality: When the data from all the 8 trials that reported on mortality were aggregated, there was no statistically significant difference in mortality
between the groups receiving glutamine supplemented EN or not. (RR = RR 0.81, 95% CI 0.48,1.34 p = 0.41) (figure 1). Subgroup analyses of the
3 studies of trauma patients showed that glutamine supplemented EN had no significant effect on mortality (RR=0.79, 95% CI 0.16, 3.92, p = 0.77,
some heterogeneity present, 21%) (figure 2). In the 2 studies of burn patients, patient deaths occurred in only one study (Garrel 2003) and these
were significantly lower than the control group (RR 0.19, 95% CI 0.57-0.76, p =0.02).

Infections: There were 3 level 2 studies that demonstrated a trend towards a reduction in infectious complications with glutamine supplemented EN
(RR 0.83, 95% CI 0.64-1.08, p = 0.16) (figure 3). In one study in burn patients (Zhou 2003), and one study in trauma patients (Houdijk 1998),
glutamine supplemented EN was associated with a significant reduction in infectious complications.

Length of Stay: There were 5 level 2 studies that demonstrated a significant reduction in length of hospital stay (WMD (weighted mean difference) -
4.50, 95% CI -7.29, -1.70, p= 0.002) (see figure 4). Two of these studied also reported on ICU LOS but there were no significant differences between
the two groups.

Conclusions:

1) Glutamine supplemented enteral nutrition may be associated with a reduction in mortality in burn patients, but inconclusive in other critically ill
patients.

2) Glutamine supplemented enteral nutrition may be associated with a reduction in infectious complications in burn and trauma patients.

3) Glutamine supplemented enteral nutrition is associated with a significant reduction in hospital length of stay in burn and trauma patients.

Level 1 study: if all of the following are fulfilled: concealed randomization, blinded outcome adjudication and an intention to treat analysis.
Level 2 study: If any one of the above characteristics are unfulfilled
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For overall effect of glutamine supplementation (enteral and parenteral), refer to pages 4.1(c)-6 and 4.1(c)-7.

Table 1. Randomized studies evaluating

glutamine (EN) in critically ill patients

Study Population Methods Intervention Mortality # (%)t Infections # (%)% Hospital stay (days)
(score) -Dose (gm/kg/day)
-Type of feeding Experimental Control Experimental Control Experimental Control
>0.25
i Critically ill C.Random: Yes Altira Q (glutamine 4]41(9.8) 3/39 (7.7) 20/35 (57.1) 26/37 (70.2) 32.7+/-17.1 (35) 33.0+/-23.8 (37)
1) Houdijk _ .
trauma ITT: No enriched formula) vs.
1998 N =280 Blinding: Yes isonitrogenous control
(10) (added amino acids)
Same volume of feeding
received in both groups
0.16
2) Jones Mixed ICU C.Random: Yes Protina MP + Glutamine 10/26 (38.5) 9/24 (37.5) NA NA ICU ICU
population ITT: No (10-15 gm Nitrogen/day) 11(4-54)* 16.5 (5-66)*
1999 N=78 Blinding: Yes | vs. Isonitrogenous Control
(8) (11-14 gm Nitrogen/day)
0.50
Critically ill trauma | C.Random: Notsure | Glutamine supplemented | 0/31 (0.0) 0/41 (0.0) NA NA 19.5+/-8.8 (31) 20.8+/-11.5 (41)
3) Brantley : .
N=72 ITT: No Enteral formula vs.
2000 Blinding: No standard formula
4 (Isonitrogenous)
Protein given 1.5gm/kg/d
4) Hall 027
Mixed ICU C.Random: yes Isocal + glutamine 27/179 (15) 30/184 (16) 38/179 (21) 43/184 (23) 25 (16-42)* 30 (19-45)*
2003 . : !
population ITT: Yes (66 gms protein/day) vs.
N =363 Blinding: Yes isonitrogenous formula,
(13) Isocal + glycine
(64 gms protein/day)
0.28
5) Garrel Burmns C.Random: yes Sandosource + glutamine B 3
N =45 ITT: ves (2.15 gm/kg/d protein) vs. | 2/21 (10) Positive blood Positive blood 33+17(16)* 29 + 17 (19) =
2003 iy f 12/24 (50)
Blinding: yes Sandosource + amino cultures cultures
(11) acids (isonitrogenous), 7119 (37) 10/22 (45)
1.97 gm/kg/day protein
Severe Burns C.Random: yes 0.35
TSBA 50-80 % ITT: no Ensure + glutamine vs. 0/20 0/20 2120 (10) 6/20 (30) 67 +4 (20) 7316 (20)
6) Zhou v N e
N=41 Blinding: double Ensure + amino acids
2003 8) (isonitrogenous)
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7) Peng Severe Burns C.Random: Notsure | 0.5
2004 TBSA>30 % ITT: yes oral glutamine granules NA NA NA NA 46.6 £12.9 (25) 55.7£17.4(23)
N =48 Blinding: no vs. placebo (isocaoric,
) isonitrogenous)
2.0 gm/kg/d protein
0.32
8) Luo Medical Surgical C.Random: not sure glutamine + 1V saline + 1/12 0/9 NA NA ICU ICU
2007%* N=44 ITT: no vs. Nutren + 15% Clinisol 8.1+0.4(12) 6.9+0.9 (9)
Blinding: double (placebo)
9) (isocaoric,
isonitrogenous)
1.7 gm/kg/d protein
g) Shock trauma C.Random: Notsure | 0.5 (actual 0.4)
McQuiggan patients ITT: yes Impact + glutasolve via 0/10 2/10 (20) NA NA Hospital Hospital
2008 N=20 Blinding: no NJ tube (1.3 gm/kg/day 32+136(10) 39.3+£33.6(10)
(10) protein), bolus with H20
vs. Impact + protein ICU ICU
supplements 14.8+ 6.7 (10) 10.4 £ 6.2 (10)
{isonitrogenous,isocaloric, R
0.85 gm/kg/day protein}

C.Random: concealed randomization median (range)
ITT: intent to treat
+ ():mean £ Standard deviation (number)

EN:

enteral nutrition

TPN: Total parenteral nutrition

*median and range hence not included in meta analysis (Hall 2003 p = NS)
** data from a subgroup, hence not included in meta-analysis
*** data from PN glutamine group not shown here, appears in PN glutamine section

t hospital mortality unless otherwise stated

NA: not available
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Review:
Comparison: 01 Enteral Glutamine w= Control
Outcome: 03 Mortality
Study EM glutamine Control RR (random} Weight RR (random})
or sub-category /M niN B5% Cl % 85%. Cl Year
Houdijk 4/41 3/33 ! 10.76 1.27 [0.30, 5.31] 1338
Jones 10728 3/24 —L— Z9_as8 1.03 [0.50, 2.08] 1333
Brantley 0/31 0,41 Not estimakble 2000
Garrel 2721 12724 —— 1.48 0.1% [0.05, O.7§] 2003
Hall 2771739 30/184 —— 42 .70 0.93 [0.57, 1.49] 2003
Zhou 0/z0 a/20 Not estimable 2003
Luo 1/12 0/9 £ b z.83 Z.31 [0D.10, 50.85] 2008
McQuiggan o/10 z/10 4 z.54 0.20 [0.01, 3.70] 2008
Total (95% CI} 340 351 e Tg e 100._00 0.81 [0.48, 1.34]
Total events: 44 (EN glutamine), 56 (Control}
Test for heterogeneity: ChfF=6.73, df =5 (P=0.24), F=25.7T%
Test for overall effect: Z=0.83 (P=0.41)
01 0.2 0s 1 2 5 10
Favours EN glutamine  Fawvours control
Figure 2. Subgroup analysis of studies of Trauma patients
Reviewy: giutamine Meww review
Comparizon; M Enteral Glutamine vz Contral
Outcarne: 03 Martality
Stuchy EM glutamine Cartral RF (randam] Wieight RF (randam]
ot sub-category i il 95% Cl o 95% Cl “ear
Hocdijk: 4/41 a/29 B 7408 1.27 [0.20, 5.321] 1998
Brantley 031 0741 Not estimahle Z000
WcCiigoan 0/10 z/10 +—= ZE.9Z 0.0 [0.01, 3.70] Z00%2
Total (95% CI) gz a0 — e 100.00 0.79 [0.18, 2.82]
Total events: 4 (EN glutamine, 5 (Control)
Test far heterogeneity: Chi* =127 df =1 (P =0.26), F =21 4%
Test for overall effect: Z=029 (P =077)
o1 02 os 1 2 5 10

Favours EN glutamine

Fawours cantrol
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Review: glutamine Mewe review
Camparizan: 01 Enteral Glutamine vs Contral
Outoome: M Infectious complicstions
Stucly EM glutamine Cortrol ER (random) Wieight RE (random]
or sub-categary i it 95% Cl 95% Cl Year
Haill 387179 4371584 —J— 44 B2 0.91 [0.62, 1.33] 2003
Howdlijk: 20735 ZEF37 —- EZ.24 0.2l [0.E7, 1.1&] 1la3g
Zhou ZFZ0 ESZ0 4 o .04 0o.33 [0.08, 1.46] 2003
Tatal (95% CI) 34 741 . 3 100.04d 0.83 [0.&64, 1.08]
Tatal events: 60 (EM glutamine], 75 (Cantral)
Test for heterogenesity: Chif =169, df =2 (P =043), F = 0%
Test far averall effect: Z=1.41 (P =016)
o1 02 os 1 2 5 10
Favours EM glutamine  Favours control
Figure 4. Hospital LOS
Revieny: ghutamine Mesy reviesy (Version 01]
Compatizan: 01 Erteral Ghtamine vs Contral
Cutcame: 02 Haospital LOS
Study Erteral Glutamine Cartral WD (Fandom) Wigight WD (randam)
or sub-categary M Mean (500 il hdean (500 5% I % 95% Cl Year
Houdijk 35 32.70(17.10} 37 330002380} | g.1k -0.30 [-9.83, 9.23] 1238
Brantley 31 l9_Loig.g0) 41 Z0_20411. 500 — 28.87 -l.20 [-5.93, 2.39] zZ0oo
Thou z0 £7_00(4._00) zZ0 73.0006.00) —a— El_&3 -6.00 [-3.16, -Z.54] Z003
Peng 25 46 53 (12.928) ot EE.68(17.36) -——————— q_BE Q.09 [-17.8E, -0.36] Z004
MoGuiggan 10 22.00(13.60) 10 2020022 800 4 4 1_&32 -7.30 [-23.77, 1E.17] Zoog
Total (95% CI) 171 131 -erzife- 100,00 -4_50 [-7.2%, -1.701
Test for heterogenety: Chiz =451 di =4 (P =034),F=11.3%
Test for overall effect: £ =315 (P = 0.002)
-10 -5 a 5 10

Favaurs EN Glutamine

Farvours contral
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Overall Glutamine Supplementation (studies of Enteral and Parenteral supplementation)

Reviewy: glutamine Meww reviewy (version 01)

Comparizon; 03 Glutamine ws Control

Outcarne: 01 martality

Stucly glutamine Cartral RFR (randam] Wieight RF (randam]

o sub-category i il 95% Cl % 95% Cl “ear
Griffiths 12r4z zErdz —— Z23.68 o.7z [0.47, 1.11] 1997
Howudijk 4,41 3,39 = z.13 1.z7 [O.30, 5_31] 13238
Jones 10726 9524 — 866 1.03 [0.50, Z.08] 1999
Powvel-Tuck 14783 20,85 —a—— 11.63 o_7eg [0.3%2, 1.32&] 1993
Brantley 031 0741 Not estimahle Z000
Wischineyer Zf1E Efle 4 = 1.99 0.43 [0.10, 1.88] Z00L1
Garrel Zizl 12724 —— z.30 0.1% [0.05, O.7&] 2003
Hall 275179 205184 —a— 1912 0.93 [O.E7, 1.49] 2003
Zhou asz0 asz0 Not estimahle 2003
Fuentes-Orazco 2517 3718 = 1.E3 0.63 [0.12, 3.28] 2004
wian-Li 0sz0 3FEL 4—= O_E5z o.1&5 [O.01, Z.732] 2004
Dechelotte 2006 Z/58 ZrE5E 1.1%8 o.97 [0.14, 6.6Z] 2008
Palmese EFdE gr4z —_—. 4 5L o.7E [O.zZ8, 1.27] 2008
Sahin Zi5z0 & /20 4 = z.00 0.33 [0.08, 1.45] zoa7w
Cai 17755 20755 —a— 1566 0.85 [0.50, 1.44] 2008
Duska 2510 as10 = 14 0.51 L.oo [O.27, SE2.6E] 2008
Estivariz 1732 E/31 +—= 1.03 o.1e [O.0Z, 1.Z7] Z008
Fuentes-Orozoo 2008 EFE2E Ef2E 4 = l.8¢ 0.40 [0.0%, 1.85] z00g
Luo 2005 1523 os3 4 b 14 045 1.25 [0O.0&, E8.15] z00sg
MCCigoan 0s10 Zs10 4 = 0.8l 0.0 [0.01, 3.70] Z008
Perez-Barcena ar1k os1E =) 0_53 7.00 [0.3%, 124.232] 2008
Total (95% CI) 78z ez L 100.00 0,75 [D.&l, 0.922]

Tatal events: 115 (glutamine), 159 (Control)

Test far heterogeneity: Chif =16.81, df =15 (P =0.54), F =0%

Test for overall effect: Z = 263 (P = 0.003)

01 0z 0s 1 2 3 10

Favours glutamine  Fawours control
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Reviewy: glutamine Mew reviewy (Yersion 01]

Comparison: 03 Glutamine vs Cortrol

Cutcome: 02 Infectious Complications

Study Glutamineg Control RR (random) Wigight RR: (random)

or sub-category nh nh 95% CI Yo 95% Cl Wear

Griffiths ZB/4E ZES4E —L— 17.1& 1.08 [0.7&8, 1.48] 1337

Haudijk Z0s3L5 ZES2T — 14.79 0.81 [0.57, 1.1&] 1998

Wizchmeyer TLLE 9714 —a— 6. 02 0.%31 [0.45, 1_&8] Z001

Hall 287179 437184 —a— 12,15 0.%31 [0.82, 1.33] Z003

Fhau ZfE0 EfED — 1.1& 0.33 [0.08, 1.48] Z003
Fuentes-Orozeo 4,17 12716 —_— 3.00 0.31 [0.13, 0.77] Z004

Fhou 2004 3118 47158 —_— 1.46 0.75 [0.z0, E2.73] Z004

Dechelotte 2006 23758 32756 —& 12.87 0.6% [0.47, 1.03] Z00e

Palmesze Z/4Z Bf4Z +—— 1.07 0.33 [0.07, l.8g] Z00e

Estivariz 13730 le/z3 — .99 0.72 [0.45, 1.33] Zoog
Fuertes-Crozco 2008 FFEE 16/2E B 7.0& 0.E5& [D.3E, 0.33] z00g
Perez-Barcena 11718 13/1E —a— 14. 28 0.88 [0.8%, 1.Z2Z) Z008

Tatal (95% Ch 487 497 -» 100.00 0.79 [0.68, 0.93]

Total events: 160 (Glutaming), 209 (Control)

Test for heterogeneity: Chi* =134, df =11 (P=028), F=16.3%

Test for overall effect: 7 = 251 (P =0.005)

o1 02 o5 1 2 5 10
Fawours glutamine  Favours contral

Reviewy: glutamine Mew: review (Yersion 01)

Comparizon: 03 Glutamine vs Control

Cutcome: 03 Length of Stay

Study Glutamine Contral WD (random) Wieight WD (ranciom)

of sub-category I Mean (S0 I Mean (S0 95% Cl % a5% Cl Year
Hoadijk: 35 3Z.70(17.100 37 3F_00(23.80) z.83 -0.30 [-2.83, 9.23] 1398
Povvell-Tuck =3 43.40(34.10) 35 48_30(38.40) + z.z6 -5_E0 [-15.48, 5.48] 1399
Erartley 31 19 E0(8.80) 41 Z0.80(11.50) — 5.87 -1.20 [-5.39, 2.39] zooo
wischmeyer 1z 40.00(10.00) 14 40.00(3.00) 4.1z 0.00 [-7.36, 7.36] zooL
Zhou Z0 £7.00(4_00) Z0 TE.00(6.00) 9.14 -&.00 [-3.1&, -Z.84] Z003
Fuertes-Crozco 17 1. E0(8.90) 1e 16.70(7.00) —_— 5.93 -0.20 [-5.85, 5.25] z004
Peng z5 46_53(1Z.98) z3 55_63(17.36) — 3.24 -3.0%9 [-17.82, -0.36] z004
Zhou 2004 15 4Z.00(7.00) 15 46.00(6.60) —_—r .64 -4.00 [-5.87, 0.87] z004
Palmese 4z 1z.00(4.60) 4z 13.00(3.40) —=r 11.32 -1.00 [-Z.73, 0.73] zoo&
Sahin 0] 14.20(4.40) z0 16.40(3.90) r 10.07 -z.z0 [-4.78, 0.38] zoo7?
Cai 55 Z2z.10(4.90) 55 23 80(5.10) —= 11.13 -1.70 [-3.57, 0.17] zoos
Estivariz 15 Z0.00¢(Z2_00) 12 20.00(6.00) — 2.54 -l0.00 [-12.54, -&.468] Z00%2
Fuertes-Crozco 2008 zz 30.181(10.42) zz ZE_53(13.30) —_—]—=—}% 4.36 3.59 [-3.47, 10.65] zoos
Luo 2005 1l T.e0{0.70) 2 g.2040.50) = 1z.36 0.70 [-0.0Z, l.42] Z00%
McEwigyan 10 3Z.00(13.60) 10 39_30(36.30) 4 » 0.55 -7.30 [-31.33, 16.73] zoos
Perez-Barcena 15 3E.E0(33.60) 15 4Z_30(28.80) 4 »  0.83 -7.40 [-Z%.80, 15.00] zoos

Total (95% CI) 4z8 436 - 100.00 -2.56 [-4.39, -0.74]

Test for heterogeneity: Chi® = 6215, df =15 (P = 0.00001), F = 75.9%

Test for overall effect: £ = 2.76 (P = 0.008)

-10 -5 o 5 10
Favoursgiutaming  Favours contral
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