1.0 The use of Enteral Nutrition vs. Parenteral Nutrition June 28th, 2005

Recommendation:
Based on one level 1 and 12 level 2 studies, when considering nutrition support for critically ill patients, we strongly recommend the use
of Enteral Nutrition over Parenteral Nutrition.

Discussion: The committee noted the homogenous results related to the effect of PN on infectious complications across several studies that when
aggregated, resulted in a large effect size with narrow confidence intervals. Safety, cost and feasibility considerations favoured the use of EN over
PN. The committee noted the results of the subgroup analysis of the studies in which the PN group received more calories and had higher blood
sugars than the EN group. The increase in mortality or infections could not be attributed to a higher calorie intake or hyperglycemia. The committee
also noted the paucity of data relating to malnourished, gastrointestinal compromised patients.

Values definition Score: 0, +, ++, +++
Effect size magnitude of the absolute risk reduction attributable to the intervention listed--a higher score indicates a larger effect size 3+
Confidence interval 95% confidence interval around the point estimate of the absolute risk reduction, or the pooled estimate (if more than one trial)--a higher score 3+

indicates a smaller confidence interval

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 of outcomes--a higher score indicates presence of more of these features in the trials

Validity appraised 2+
Homogeneity similar direction of findings among trials--a higher score indicates greater similarity of direction of findings among trials 3+
Safe estimated probability of avoiding any significant harm that may be associated with the intervention listed--a higher score indicates a lower 2+

probability of harm

Feasible ease of implementing the intervention listed--a higher score indicates greater ease of implementing the intervention in an average ICU 3+

Low cost estimated cost of implementing the intervention listed--a higher score indicates a lower cost to implement the intervention in an average ICU 3+

1-1




1.0 Enteral Nutrition vs. Parenteral Nutrition June 28t 2005

Question: Does enteral nutrition compared to parenteral nutrition result in better outcomes in the critically ill adult patient?

Summary of evidence: There were 12 level 2 studies and one level 1 study (Woodcock et al) that were reviewed and meta-analyzed. In the Woodcock study, data from ICU
patients only were abstracted and there were 11/38 patients that crossed over between EN and PN group after randomization. The data on mortality and infectious complications
from the Moore 1989 study was included in the Moore 1992 meta-analysis whereas data on calorie intake, blood sugars and non septic complications were not and hence appear
in the tables for the Moore 1989 study. Apriori, we considered that the harmful effect of PN may be associated with relative overfeeding and hyperglycemia. Accordingly, we
conducted a subgroup analysis to determine the effect of excess calories (PN compared to EN) and higher glucose levels (across groups).

Mortality: 12 studies reported on mortality and when these were aggregated, there was no difference in mortality between the groups receiving EN or PN (RR 1.08, 95 %
confidence interval 0.70, 1.65, p = 0.7) (See page 1-8). When the trials in which the PN group were fed more calories than the EN group were aggregated, EN was associated with
a trend towards excess mortality (RR 1.58, 95% CI 0.75, 3.35, p = 0.2). When the trials in which the PN and EN groups were fed isocalorically were aggregated, there was no
effect seen (RR 1.08, 95% CI 0.56, 2.06, p = 0.8). There was not statistical difference across these subgroups (p=0.34). Similarly, subgroup analysis comparing studies in which
the PN group had higher blood sugars than the EN group to studies in which there was no difference in blood sugars showed that increased mortality in the PN groups could not
be explained by hyperglycemia.

Infections: When the 7 studies which reported infectious complications were statistically aggregated, the meta-analysis showed that EN, compared to PN, was associated with a
significant reduction in the incidence of infectious complications (RR 0.64, 95 % confidence interval 0.47, 0.87 p =0.004) (see page 1-9). Subgroup analysis showed that the
increase in infections could not be attributed to higher calories or hyperglycemia.

LOS, Ventilator days: Data not aggregated statistically due to insufficient data. There was no difference found in LOS (Rapp, Adams, Kudsk, Moore 1992) or ventilator days
(Rapp, Adams Kudsk, Kalfarentzos) between the groups receiving EN or PN.

Other complications: Of the 11 studies that reported on nutritional intake, 5 found that PN was associated with a higher calorie intake (Rapp, Young, Moore, Kudsk, Woodcock
{Blood sugar values in the Woodcock pertain to the entire group, not the ICU population}), the remaining 6 reported no significant difference in intakes between the groups
(Adams, Hadley, Cerra, Dunham, Borzotta, Kalfarantzos).
5 studies reported on hyperglycemia and in 3 of these, EN was associated with a lower incidences of hyperglycemia compared to PN (Adams p< 0.001), (Borzotta p < 0.05,
Kalfarentzos). Two studies showed no difference in blood sugars between the groups receiving EN and PN (Moore 1989, Rapp). Three studies showed that EN was associated
with an increase in diarrhea (Cerra p < 0.05, Young, Kudsk p < 0.01)) while one showed an association with EN and a reduction in diarrhea (Borzotta p < 0.05) and one study
showed no difference (Adam). EN was also associated with an increase in vomiting (Cerra p < 0.05) and a less favourable neurological outcome at 3 months (p =0.05) in brain
injured patients (Young p =0.05, this significance disappeared after 6months and 1 year. More overall nutrition related complications were noted in EN vs PN (Dunham).
Cost: Four studies reported a cost savings with the use of EN vs PN (Adams, Cerra, Borzotta and Kalfarentzos)
Conclusions:

1) The use of EN compared to PN is not associated with a reduction in mortality in critically ill patients.

2) The use of EN compared to PN is associated with a significant reduction in the number of infectious complications in the critically ill.

3) No difference found in ventilator days or LOS between groups receiving EN or PN.

4) Insufficient data to comment on other complications; hyperglycemia or higher calories not found to result in higher mortality of infections.

5) ENis associated with a cost savings when compared to PN.
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.



Table 1. Randomized studies evaluating EN vs PN in critically ill patients

Study Population Methods Intervention Mortality # (%)t Infections # (%)%
(score)
EN PN EN PN
C.Random: not sure ENvs PN 9/18 (50) 3/20 (15) NA NA
1) Rapp 1983 Head Injured patients ITT: no
n=38 Blinding: no
(<Ideal weight) @
Trauma patients C.Random: not sure
2) Adams 1986 undergoing laporotomy ITT: yes ENvs PN 1/23 (4) 3/23 (13) 15/23 (65) 17123 (74)
N= 46 Blinding: no
36/46 ICU patients (8)
3) Young 1987 C.Random: not sure ENvs PN 10/28 (36) 10/23 (43) 5/28 (18) 4123 (17)
Brain injured patients ITT: no
N =58 Blinding: no
6)
4) Peterson 1988 Critically ill patients with C.Random: not sure
abdominal trauma ITT: no ENvs PN NA NA 2/21 (10) 8/25 (32)
N =59 Blinding: no
©)
5) Cerra 1988 ICU patients post sepsis C.Random: not sure ENvs PN 7131 (22) ICU 8/35 (23) ICU 0 0
N=70 ITT: no
(hypermetabolic Blinding: no
patients) 2
6) Moore 1989 Abdominal trauma C.Random: yes ENvs PN 0 0 529 (17) 11/30 (37)
patients ITT: no
N=75 Blinding: no
(10)




Table 1. (continued) Randomized studies evaluating EN vs. PN in critically ill patients

Study

LOS days

EN

PN

Ventilator days
EN PN

EN

Cost
PN

Other
EN PN

1) Rapp 1983

49.4*

52.6*

10.3* 10.4*

NA

NA

Calorie intake (kcals)
685 1750
Nitrogen intake (gms)
4.0 10.2
hyperglycemia
no difference between groups

p=0.001

p=0.002

2) Adams 1986

13+£11(19) ICU
30 £ 21 (19) hospital

10+10 ICU
31+ 29 (17) hospital

12+11(17) 10+10(13)

$ 1346.00/day

$3729.00/day

Calorie intake (kcals)
2088 2572 NS
Hyperglycemia (pt. Days)
241242 (10) 49/220 (22)
line problems
13/9 97
diarrhea
3.5 days/patient 3.8 days/patient

p<0.001

3) Young 1987

NA

NA

NA NA

NA

NA

Calories + BEE x 1.75
59 % 76 %
protein intake (gm/kg/day)
0.91+0.09 135+0.12 p=0.04
Favourable neurological outcome 3 months
17.9% 435 %

p=002

diarrhea
23/28 (82) 13/23 (57)

4) Peterson
1988

13.2+ 1.6 (21)
hospital

37+ 0.8(21)
ICU

14.6+1.9 (24)
hospital
46+1.0(25)
ICU

NA NA

NA

NA

Day 5 Calorie Intake (kcals)
2204 + 173 2548 + 85
Day 5 Nitrogen Intake (gms)

126+10 148+06

5) Cerra 1988

NA

NA

NA NA

$228+ 59
Iday

$330+ 61/day

Calorie intake
1684 + 573 2000 + 20 NS
MOSF
7131 (23) 7135 (20)
diarrhea
25/31 (81) 9/35 (26)
vomiting

10/31 (32) 10/35 (6)

6) Moore 1989

NA

NA

NA NA

NA

NA

Kcallkg/day
1847 +£123 2261+60 p=0.01
Blood sugars
No difference between the groups
Non septic complications
6/29 (21) 7/30 (23)
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Table 1. (continued) Randomized studies evaluating EN vs. PN in critically ill patients

Study Population Methods Intervention Mortality # (%)t Infections # (%)%
(score)
EN PN EN PN
7) Kudsk 1992 Abdominal trauma C.Random: not sure ENvs PN 1/51 ICU 1/45 1CU 9/51 (16) 18/45 (40)
N =98 ITT: no
Blinding: single
(10)
Meta-analysis C.Random: NA 6/118 (5) ICU 7/112 (6) ICU 19/118 (16) 39/112 (35)
8) Moore 1992 High risk surgical ITT:NA ENvs PN
patients Blinding: NA 8/118 (7) 30 day 11/112 (10) 30 day
N =230 (NA)
9) Dunham 1994 Blunt trauma C.Random: not sure ENvs PN 1/12 (7) 1/15 (8) NA NA
N=37 ITT: no
Blinding: no
&)
10) Borzotta 1994 Closed head injury C.Random: not sure ENvs PN 5/28 (18) 1/21 (5) 51/28 per group 39/21 per group
N =59 ITT: no
Blinding: no
6)
11) Hadfield 1995 C.Random: not sure ENvs PN 2/13 (15) ICU 6/11 (55) ICU NA NA
ICU patients, mainly ITT: no
cardiac bypass Blinding: no
N=24 )




Table 1. (continued). Randomized studies evaluating EN vs. PN in critically ill patients

Study LOS days Ventilator days Cost Other
EN PN EN PN EN PN EN PN
Calorie intake (Kcallkg/day)
7) Kudsk 1992 | 205+ 199 (51) | 196+ 188(45) | 2.8 + 4.9 (51) 3.2+ 6.7 (45) NA NA 157 +4.2 191433  p<0.05
Diarrhea
11/51 7145
17.0* hospital 22* hospital NA NA NA NA NA NA
8) Moore1992 | 0 oy 73¢ ICU
Calorie intake
9) Dunham NA NA NA NA NA NA No difference between the groups
Protein intake
1994 No difference between the groups
Nutrition related complications
3/12 (25) 2/15 (13)
Calorie intake
10) Borzotta 39+ 231 369 + 14 NA NA $121,941.00 $112,450.00 No difference between the groups
hospital hospital Placement complications
1994 3028 021
aspiration
3/28 0/21
hyperglycemia
12/28 (44) 16/21 (76)
diarrhea
30 % 62 %
11)Hadfie|d NA NA NA NA NA NA NA NA
1995
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Table 1. (continued). Randomized studies evaluating EN vs. PN in critically ill patients

Study Population Methods Intervention Mortality # (%)t Infections # (%)%
(score)
EN PN EN PN
12) Kalfarentzos Severe acute C.Random: not sure ENvs PN 1/18 (6) ICU 2/20 (10) ICU 5/18 (28) 10/20 (50)
pancreatitis ITT: no
1997 N=38 Blinding: single
©)
13) Woodcock Patients needing C.Random: yes ENvs PN 9/17 (53) 521 (24) 6/16 (38) 11/21 (52)
. nutrition support n =562 ITT: yes
2001 Blinding: single
ICU patients n =38 (12)
(all degrees of
malnutirition)
Study LOS days Ventilator days Cost Other
EN PN EN PN EN PN EN PN
Calorie intake (kcal/kg/day)
11 (5-21) * ICU 12 (5-24)* ICU 15 (6-16) * 11 (7-31)* Savings of NA 24.1 245 NS
12)Kalfarentzos 70 pounds/day Protein intake (gm/kg/day)
1997 40 ( 25-83) * hospital 39 (22-73) * hospital 143 145 NS
hyperglycemia
4/18 (22) 9/20 (45)
% target intake achieved
NA NA NA NA 54.1% 96.7 % p<0.001
13) VYSOdCOCk 33.2+43(16) 27.3+18.7(18)
2001 < 80% target intake
62.5 % 63%  p<0.001

C.Random: concealed randomization

* median/mean values, no standard deviation hence not included in meta-analysis
1 refers to the # of patients with infections unless specified
** data on ICU patients obtained directly from authors

ITT: intent to treat
NA: not available

t presumed hospital mortality unless otherwise specified

+ ():mean + Standard deviation (number)
reported data pertaining to ICU patients only

NS = not statistically significant
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Feviewy:

Enteral Mutrition vs Parenteral Mutrition

Camparison:
Outcome:
Study EM P RER (random) Wigight RR (random]
ar sub-category it it 95% Cl . 95% I Year
Adams 1/23 323 R 3.89 0.33 [D.04, 2.97] 1986
Borzotta Lrze 1/21 —_—t 4_ 28 a.75 [0.47, 29.7E5] 1994
Cerra T3l g8r35 — 14 74 0.9% [0.40, Z._41] 13238
Dunham 151z 1715 Z.72 1.2z5 [O.0%, 17.22] 1994
Hadfield zrlz /11 —_— g8_27 o.zg& [0O.07, 1.13] 1355
Kalfarertzoz 118 EFZ0 —_—— 3_EZ 0.E5& [0.0E, E.&E] 1397
Kudsk 1/51 lr45 z_.E3 o.88 [0.0&, 13.70] 133z
haore 1992 ars11e 117112 —u— 15._0% o.63 [0O.2%, 1.&E] 199z
Rapp arsls 32D — la.g8% 2.33 [1.07, 10.43] 13283
Wioodcock 9,17 - —a— 14._84 Z.22 [0.92, 5.40] 2001
“oung lo/z8 10/23 13.1% o.8z2 [0O.42, 1.5E] 1287
Tatal (95% CI) 2E7 248 t 100,00 L.0E [D.86&, 1.8E]
Total events: 54 (EN), 51 (PM)
Test for heterogeneity: Chi® =14.38, df =10 (P =0.1E), F = 30.5%
Test for overall effect £ =013 (P =0.83)

0.m 0.1 1 10 100

Favours EN  Fawaours PN
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Reviewy: Enteral Mutrition ws Parenteral Mutrition

Camparizon; 01 EM w= PN
Outcarme: 01 Infectious complications
Study ErM PR RF (randam] Wigight RF (randam]
or sub-categary i it 95% Cl % 5% Cl “ear
Adams 15723 17723 —J— Z9_Z23 0.s8 [0.60, 1.30] 1986
Kalfarertzos Erla logz0 —— lo.z27 0.8& [0.23, 1.32] 1937
Kudsk arEl 15745 —— 14 46 O_44 [0O_ZZ, 0O.88] 139z
haore 1992 1as11% 29,112 — 2312 o_4¢ [0O.Z%, 0.7E] 199z
Peterson 2/ezl aszk —_—e— 4 23 o.30 [O.07, 1.&E5] 1288
‘Wioodcock &r16E 11721 —& 1z.77 o.7z [0.34, 1.5E2] 2001
Y aung Lfzg 4,22 —_—— E_9z2 l.02 [O.21, 3.29] 1987
Total (35% CI) 275 269 ¥ 100,00 0.62 [0.45, 0.84]
Total events: &1 (EM), 107 (PM)
Test for heterogeneity: Chi? =822, Hf=6(F =022, F =27 9%
Test for averall effect: £ =303 (P =0.002)

om 01 1 10 100

Favours EN  Fawaours PM



Subgroup analysis EN vs PN

Mortality in non-isocaloric studies (where the PN group received more calories than the EN group)

Comparison: 01 EN vs PH
Outcome: 02 Montality

EH PH RR Weight RR.
Study nH nH (95%CI Random) ] (95%CI Bandom) Year
Kudsk 1151 1745 GG 0.58[0.06,13.70] 1932
¥ Moore 1953 0r29 0/30n 0.0 Mot Estimable 1839
Rapp 9118 /20 — = 243 3.33(1.07,10.43] 1983
Wiaodcock any ar21 —— 3.2 2.22[0.925.40] 2001
Young 10128 10123 M- 379 0.62[0.42,1 62] 1987
Total(35%C0 297143 197133 - 100.0 1 58[0.75,3.35]
Test for heterogeneity chi-square=5581 di=3 p=012
Test for overall effect z=1.20 p=0.2
a1 1 1 10 100
Fawvours EN Fawours PH
Mortality in isocaloric studies (where the PN group received similar calories to the EN group)
Feviewy: Enteral Mutrition vs Parenteral Mutrition
Camparison: 01 EM vz PN
Outcome: 02 Mortality
Study EM P RER (random) Wigight RR (random]
or sub-categary ikl it 95% Cl . 95% Cl Year
Adams 1/23 3/23 4 = 10.31 0.33 [D.04, 2.97] 1986
Borzotta Erza 1721 = b 11_E0 2.9E5 [O.47, 29.7E] 1994
Cerra T3l g8r35 —— 6Z._04 0.9% [0.40, Z._41] 13238
Dunham 1712 1715 4 = 14 £._94 1.2z5 [O.0%, 17.22] 1994
Kalfarertzos 1r1% zrED 4 bl .21 o_5& [0O.05, 5_&E] 13237
Tatal (95% <N 11z 114 —~eniiiiine-- 100,00 0.%% [0.4%, Z.00]
Total everts: 15 (EN), 15 (PN)
Test for heterogeneity: Chiz =282, df =4 (F=053), F=0%
Test for averall effect: £ =002 (P =085)

01 02 0s 1 2

3 10

Fawvours EM  Fawvours PN
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Mortality in studies with hyperglycemia (where the PN group had higher blood sugars than the EN group)

Comparison: 01 EN vs PN
Outcome: 02 Mortality

EH PH Weight RR
Study nH nH (95%.C1 Random) % (95%CI Random) Year
Adams 1025 3123 353 0.33[0.04 2.97] 1956
Borzotta 225 1821 36.0 37047 29.75] 1994
Kalfarentzos 17118 2720 N 307 0.56[0.05 5 62] 1997
Total 3521 TIE9 G /B4 100.0 0.93[0.21 4.15]

Test for heterogeneity chi-sguare=2.80 di=2 p=0.25

Test for overall effect z=-009 p=09
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Infections in non-isocaloric studies (where the PN group received more calories than the EN group)

FEnieny: Enteral Mutrition ws Parenteral Mutrition
Comparison: 01 EM ws PR
Outcome: 01 Infectious complications
Sty ER PR RR (random) Wieight RR (random)
or sub-category bl it 95% Cl Y 95% Cl Year
Kudsk arEl 15745 —a— z4_E1 O_44 [0O_ZE2, O.8E8] 133z
Moore 193932 19/118 395117 —E— 49 _E6 0.4& [0.29, 0.75] 1997
Peterson z/21 B/E2E 4 = E.E3 0.20 [0.07, 1.25] 1922
Winodcock ar1G 11721 —a—— 0. &0 o.7g [0.34, 1.5E] z001
Total (35% I zog bdufe: -l 100.00 0.43 [0.35, 0.69]
Tatal events: 56 (EM), 7E (PM)
Test for heterogeneity: Chif =161, df =3 (F = 0.66), F = 0%
Test for overall effect; Z =413 (P = 0.0001)
o1 02 os A 2 g 10
Favours EM  Fawvours PN
Infections in isocaloric studies (where the PN group received similar calories to the EN group)
Fenienny: Enteral Mutrition ws Parenteral Mutrition
Comparizon; 01 EM w= PN
Outcarme: 01 Infectious complications
Study ErM PR RF (randam] Wizight RF (randam]
or sub-category bl it 93% I ) 95% I “ear
Adams 154253 17723 —i— al.7% 0.8% [0.60, 1.30] 1986
Kalfarentzos £fle 10420 —a— lg.z22 0.5g [0.23, 1.3Z2] 1997
Total (35% CI) 41 43 - 100,00 0.81 [0.86, 1.18]
Tatal events: 20 (EM), 27 (PM)
Test for heterogeneity: Chif=1.05, df =1 (P =0.30), F = 5.0%
Test for overall effect Z=110(FP =027
o1 02 os A 2 3 10

Favours EN  Fawaours PN



Infections in studies with hyperglycemia (where the PN group had higher blood sugars than the EN group)

Comparison: 01 EN vs PN
Outcome: 01 Infectious complications

1-12

EH PH RR Weight RR
Study n/H n'H (95%CI Randomy) % (95%CI Randomy) Year
Addams 15723 17123 g1.8 0.538[0.60,1.30] 1956
Kalfarentzos 5018 10420 182 0.56[0.23,1.32] 1997
Tatal95%Ch 20741 27143 100.0 0.81[0.56,1.18]

Test for heterogeneity chi-sguare=1.05 di=1 p=0.3
Test for overall effect z=-1.10 p=03

a1 1
Favours EM

10 100
Fawours PM
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TOPIC: Enteral Nutrition vs. Parenteral Nutrition (EN vs. PN)

( Reviewers: Jaime Pinilla and Leah Gramlich)

Article inclusion log
Criteria for study selection

Type of study: RCT or Meta-analysis

Population: critically ill, ventilated patients (no elective surgical patients)

Intervention :TPN and /or EN

Outcomes: mortality, LOS, QOL, functional recovery, complications, cost. Exclude studies
with only biochemical, metabolic or nutritional outcomes.

ID # Author Journal I E why rejected
10. 1. Borzotta J Trauma 1994 \/
12. 3. Hadfield Am J Resp CCM ‘95 \/
13. 4. Hadley Neurosurgery 1986 \/
14. 5. Kudsk Annals Sx. 1992 v
16. 7. Moore J Trauma 1989 \/
17. 8. Woodcock Nutrition 2001 \/
18. 9. Dunham J Trauma 1994 \/
19. 10. Adams J Trauma 1986 \/
20. 11. Rapp J Neurosurgery 1983 \/
21. 12. Young J Neurosurgery 1987 \/
Excluded Apr_il 2002 as not
42, 14 | Seri Ital J Surg Sci 1984 y | ey patents
Not all ICU patients, ICU
. ; studies from this article
15| Braunschweig Am J Clin Nutr 2001 V| included.
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ID # Author Journal E why rejected
16. Hamaoui JPEN 1990 N Elective surgery pts.
17. Bower Archives Surgery ‘86 N, Elective surgery pts
18. Kudsk Gut 1994 \/ Duplicate study of # 5
19. Pacelli Arch Surgery 2001 J Elective surgery pts.
20. | suchner Nutrition 1996 y | Nosignificant outcomes
21. Huang Clinical Nutrition 2000 v | not reT
22. Braga CCMedicine 2001 \/ Elective surgery patients
23. Bozetti Lancet 2001 \/ Elective surgery patients
24, von Meyenfeldt Clinical Nutrition 1992 \/ Elective surgery patients
25. Fletcher Surgery 1986 \/ Surgery patients
26. Wicks Lancet 1994 \/ Elective surgery patients
21. Windsor Gut 1998 ¢ Not ICU pts.
28. Braga CCMedicine 1998 \/ Elective surgery patients
29. Hernandez-Aranda Nutr Hosp 1996 \/ Not RCT, not ICU patients
30. Peterson Surgery 1988 \/ No significant outcomes
3L Young J Neurosurgery 1987 \/ No significant outcomes

| =included, E = excluded
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10.

11.

12.

13.

14.

15.

16.

Enteral Nutrition Vs. Parenteral Nutrition
Reference List

Adams S, Dellinger EP, Wertz MJ. Enteral versus parenteral nutritional support following laparotomy
for trauma: A randomized prospective trial. Journal of Trauma, Vol 26(10) (pp 882-891), 1986.

Borzotta AP, Pennings J, Papasadero B et al. Enteral versus parenteral nutrition after severe closed
head injury. Journal of Trauma, Vol 37(3) (pp 459-468), 1994.

Bower RH, Talamini MA, Sax HC. Postoperative enteral vs parenteral nutrition: A randomized
controlled trial. Archives of Surgery 1986;121:1040-5.

Bozzetti F, Braga M, Gianotti L, Gavazzi C, Mariani L. Postoperative enteral versus parenteral
nutrition in malnourished patients with gastrointestinal cancer: A randomised multicentre trial. Lancet
2001;358:1487-92.

Braga M, Gianotti L, Vignali A, Cestari A, Bisagni P, Di C, V. Artificial nutrition after major abdominal
surgery: Impact of route of administration and composition of the diet. Critical Care Medicine
1998;26:24-30.

Braga M, Gianotti L, Gentilini O, Parisi V, Salis C, Di C, V. Early postoperative enteral nutrition
improves gut oxygenation and reduces costs compared with total parenteral nutrition. Critical Care
Medicine 2001;29:242-8.

Braunschweig CL, Levy P, Sheean PM, Wang X. Enteral compared with parenteral nutrition: A meta-
analysis. American Journal of Clinical Nutrition 2001;74:534-42.

Cerra FB, McPherson JP, Konstantinides FN, Konstantinides NN, Teasley KM. Enteral nutrition does
not prevent multiple organ failure syndrome (MOFS) after sepsis. Surgery 1988;104:727-33.

Dunham CM, Frankenfield D, Belzberg H, Wiles C, Cushing B, Grant Z. Gut failure-predictor of or
contributor to mortality in mechanically ventilated blunt trauma patients? Journal of Trauma, Vol 37(1)
(pp 30-34), 1994.

Fletcher JP, Little JIM. A comparison of parenteral nutrition and early postoperative enteral feeding on
the nitrogen balance after major surgery. Surgery 1986;100:21-4.

Hadfield RJ, Sinclair DG, Houldsworth PE, Evans TW. Effects of enteral and parenteral nutrition on
gut mucosal permeability in the critically ill. American Journal of Respiratory & Critical Care Medicine
1995;152:1545-8.

Hadley MN, Grahm TW, Harrington T. Nutritional support and neurotrauma: A critical review of early
nutrition in forty-five acute head injury patients. Neurosurgery 1986;19:367-73.

Hamaoui E, Lefkowitz R, Olender L et al. Enteral nutrition in the early postoperative period: A new
semi-elemental formula versus total parenteral nutrition. Jpen: Journal of Parenteral & Enteral
Nutrition 1990;14:501-7.

Hernandez-Aranda JC, Gallo-Chico B, Ramirez-Barba EJ. Nutritional support in severe acute
pancreatitis. Controlled clinical trial. Nutr Hosp 1996;11:160-6.

Huang YC, Yen CE, Cheng CH, Jih KS, Kan MN. Nutritional status of mechanically ventilated critically
ill patients: comparison of different types of nutritional support. Clinical Nutrition 2002;19:101-7.

Kalfarentzos F, Kehagias J, Mead N, Kokkinis K, Gogos CA. Enteral nutrition is superior to parenteral
nutrition in severe acute pancreatitis: Results of a randomized prospective trial. British Journal of
Surgery 1997,84:1665-9.

1-16



17. Kudsk KA, Croce MA, Fabian TC et al. Enteral versus parenteral feeding: Effects on septic morbidity
after blunt and penetrating abdominal trauma. Annals of Surgery 1992;215:503-13.

18. Kudsk KA. Gut mucosal nutritional support - Enteral nutrition as primary therapy after multiple system
trauma. Gut 1994;35:S52-S54.

19. Moore FA, Moore EE, Jones TN, McCroskey BL, Peterson VM. TEN versus TPN following major
abdominal trauma - Reduced septic morbidity. Journal of Trauma, Vol 29(7) (pp 916-923), 1989.

20. Moore FA, Feliciano DV, Andrassy RJ et al. Early enteral feeding, compared with parenteral, reduces
postoperative septic complications: The results of a meta-analysis. Annals of Surgery 1992;216:172-
83.

21.Pacelli F, Bossola M, Papa V et al. Enteral vs parenteral nutrition after major abdominal surgery: An
even match. Archives of Surgery 2001;136:933-6.

22.Peterson VM, Moore EE, Jones TN, Rundus C, Emmett M, Moore FA, McCroskey BL, Haddix T,
Parsons PE. Total enteral nutrition versus total parenteral nutrition after major torso injury: attenuation
of hepatic protein reprioritization. Surgery 1988 Aug;104(2):199-207.

23. Rapp RP, Young DB, Twyman D. The favorable effect of early parenteral feeding on survival in head-
injured patients. Journal of Neurosurgery 1983;58:906-12.

24. Seri S, Aquilio E. Effects of early nutritional support in patients with abdominal trauma. Italian Journal
of Surgical Sciences 1984;14:223-7.

25. Suchner U, Senftleben U, Eckart T et al. Enteral versus parenteral nutrition: Effects on
gastrointestinal function and metabolism. Nutrition 1996;12:13-22.

26. Von Meyenfeldt MF, Meijerink WJHJ, Rouflart MMJ, Buil-Maassen MTHJ, Soeters PB. Perioperative
nutritional support: A randomised clinical trial. Clinical Nutrition 1992;11:180-6.

27. Wicks C, Somasundaram S, Bjarnason | et al. Comparison of enteral feeding and total parenteral
nutrition after liver transplantation. Lancet 2002;344:837-40.

28. Windsor ACJ, Kanwar S, Li AGK et al. Compared with parenteral nutrition, enteral feeding attenuates
the acute phase response and improves disease severity in acute pancreatitis. Gut 1998;42:431-5.

29. Woodcock NP, Zeigler D, Palmer MD, Buckley P, Mitchell CJ, Macfie J. Enteral versus parenteral
nutrition: A pragmatic study. Nutrition 2001;17:1-12.

30. Young B, Ott L, Haack D. Effect of total parenteral nutrition upon intracranial pressure in severe head
injury. Journal of Neurosurgery 1987;67:76-80.

31.Young B, Ott L, Twyman D et al. The effect of nutritional support on outcome from severe head injury.
Journal of Neurosurgery 1987;67:668-76.

1-17



	1.0 The use of Enteral Nutrition vs. Parenteral Nutrition       June 28th, 2005 
	 
	Based on one level 1 and 12 level 2 studies, when considering nutrition support for critically ill patients, we strongly recommend the use of Enteral Nutrition over Parenteral Nutrition.  
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	Table 1.  (continued). Randomized studies evaluating EN vs. PN in critically ill patients
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	Subgroup analysis EN vs PN 
	Mortality in isocaloric studies (where the PN group received similar calories to the EN group) 
	Mortality in studies with hyperglycemia (where the PN group had higher blood sugars than the EN group) 
	Infections in isocaloric studies (where the PN group received similar calories to the EN group) 
	Infections in studies with hyperglycemia (where the PN group had higher blood sugars than the EN group) 
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