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A B S T R A C T

Background

Head injury increases the body’s metabolic responses, and therefore nutritional demands. Provision of an adequate supply of nutrients

is associated with improved outcome. The best route for administering nutrition (parenterally (TPN) or enterally (EN)), and the best

timing of administration (for example, early versus late) of nutrients needs to be established.

Objectives

To quantify the effect on mortality and morbidity of alternative strategies of providing nutritional support following head injury.

Search methods

Trials were identified by computerised searches of the Cochrane Injuries Group specialised register, Cochrane Central Register of

Controlled Trials, MEDLINE, EMBASE, National Research Register, Web of Science and other electronic trials registers. Reference

lists of trials and review articles were checked. The searches were last updated in July 2006.

Selection criteria

Randomised controlled trials of timing or route of nutritional support following acute traumatic brain injury.

Data collection and analysis

Two authors independently abstracted data and assessed trial quality. Information was collected on death, disability, and incidence

of infection. If trial quality was unclear, or if there were missing outcome data, trialists were contacted in an attempt to get further

information.

Main results

A total of 11 trials were included. Seven trials addressed the timing of support (early versus delayed), data on mortality were obtained

for all seven trials (284 participants). The relative risk (RR) for death with early nutritional support was 0.67 (95% CI 0.41 to 1.07).

Data on disability were available for three trials. The RR for death or disability at the end of follow-up was 0.75 (95% CI 0.50 to 1.11).

Seven trials compared parenteral versus enteral nutrition. Because early support often involves parenteral nutrition, three of the trials

are also included in the previous analyses. Five trials (207 participants) reported mortality. The RR for mortality at the end of follow-

up period was 0.66 (0.41 to 1.07). Two trials provided data on death and disability. The RR was 0.69 (95% Cl 0.40 to 1.19). One trial

compared gastric versus jejunal enteral nutrition, there were no deaths and the RR was not estimable.
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Authors’ conclusions

This review suggests that early feeding may be associated with a trend towards better outcomes in terms of survival and disability.

Further trials are required. These trials should report not only nutritional outcomes but also the effect on death and disability.

P L A I N L A N G U A G E S U M M A R Y

Does the timing and route of nutritional support have an effect on survival and disability in head-injured patients?

After a moderate or severe head injury, patients use more energy as their body’s metabolism is working at a greater rate. This increases

the body’s nutritional requirements which may lead to malnutrition and other complications.

Patients are often unable to meet the increased requirements by oral feeding alone, even if oral feeding is possible, therefore other

methods are required. However, the method and timing of nutritional support can differ. Some can be started immediately following

head injury but others may be delayed until the digestive system is found to be functioning.

Enteral nutrition is provided by inserting a feeding tube via the nose or mouth, into the stomach or small intestine. The feeding tube

delivers a liquid formula containing the required nutrients. Total parenteral nutrition (TPN) provides an alternative to conventional

enteral feeding. Parenteral nutrition means feeding someone via their blood stream (intravenously). Total parenteral nutrition (TPN)

means that a patient is only fed intravenously. This method may carry risks of infectious complications.

It is unclear whether the timing and route of the administration of nutrition has an effect on mortality and morbidity of head-injured

patients. The authors of this a systematic review searched for all high quality trials to determine the best timing (early or delayed), and

route (enteral or parental) of nutritional support following head injury.

The authors identified 11 eligible trials that investigated the timing and route of nutritional support in head-injured patients. These

trials included a total of 534 patients. However, of the many of the trials had methodological weaknesses.

The authors found that early feeding may be associated with fewer infections and a trend towards better outcomes in terms of survival

and disability. However, the trials were small so any improvements detected were on a small scale. Also the focus of many of the trials

was on nutritional outcomes, and many did not report the effect on death and disability. The authors were unable to obtain data for

death and disability for all of the included trials so they feel there may be a possibility of bias. Further trials of nutritional support

following head injury are required. These trials should report death and disability as well nutritional outcomes. They should also be

large enough to detect clinically important treatment effects.

B A C K G R O U N D

Patients with moderate and severe head injury demonstrate hyper-

metabolism, increased energy expenditure, and increased protein

loss. Several reports demonstrate that following head injury en-

ergy requirements increase substantially (Deutsman 1986; Phillips

1988; Weekes 1996). Nitrogen excretion increases significantly

for up to four weeks leading to increased nitrogen requirements

(Clifton 1984). It has been argued that nutritional support can

prevent the loss of immune competence, and decrease morbidity,

mortality, and the length of hospital stay associated with head in-

jury (Young 1987).

Nutritional support for acutely head-injured patients is sometimes

delayed until gastrointestinal function has returned to normal in

the post injury period (Ott 1989; Norton 1987; Rapp 1983). In

particular, if enteral feeding is provided by a nasogastric tube, feed-

ing is often delayed until bowel sounds are heard. Total parenteral

nutrition (TPN) provides an alternative to conventional enteral

feeding particularly in the acute post head injury period. How-

ever, the advantages of TPN may be offset by the occurrence of

infectious complications such as septicaemia.

Early enteral nutrition may prevent malnutrition, intestinal mu-

cosal atrophy and also preserve normal gut flora (Maynard 1991).

Early enteral feeding has also been shown to reduce septic compli-

cations (Moore 1991). Jejunal feeding has been used to overcome

poor gastric emptying.
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The relative effectiveness of the different nutritional strategies fol-

lowing head injury has been examined in a number of randomised

controlled trials. To determine the best timing (early or delayed),

and route (enteral or parenteral) of nutritional supplementation

following head injury, a systematic review of randomised con-

trolled trials was conducted.

O B J E C T I V E S

To quantify the effect on mortality and morbidity of alternative

strategies of providing nutritional support following head injury.

Specifically, the effect of the timing and route of administration.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We sought to identify all randomised controlled trials of timing

or route of nutritional support following acute traumatic brain

injury.

Types of participants

People of all ages with acute traumatic brain injury of any sever-

ity. Patients with multiple injuries were included if the injuries

included head injury.

Types of interventions

Randomised controlled trials comparing:

1. Early versus delayed nutritional support;

2. Parenteral versus enteral nutritional support;

3. Gastric versus jejunal enteral nutrition;

Mixed nutrition (enteral plus parenteral) was regarded as enteral

if the enteral calories exceeded 50% of calorie intake.

Types of outcome measures

• All-cause mortality at the end of follow-up.

• Death and disability at the end of follow-up. Disability was

assessed using the Glasgow Outcome Scale (Jennett 1975) which

includes the following categories: death, persistent vegetative

state, severely disabled, moderately disabled and good recovery.

For the purpose of this review the scale was dichotomised with

death, persistent vegetative state and severe disability denoting a

poor outcome, and moderate disability and good recovery

denoting a good outcome.

• Length of hospital stay.

• The frequency of infections.

Search methods for identification of studies

The searches were last updated in July 2006.

Electronic searches

We searched the following electronic databases;

• Cochrane Injuries Group specialised register

• Cochrane Central Register of Controlled Trials

(CENTRAL)

• MEDLINE

• EMBASE

• Web of Science (including Science Citation Index)

• CAB abstracts

• CINAHL

• National Research Register

• ZETOC

The search strategy can be found in Appendix 1.

Searching other resources

We also checked the reference lists of all identified trials and review

articles for relevant trials.

Data collection and analysis

Selection of studies

One author went through the search results and selected those

papers that met the inclusion criteria.

Data extraction and management

Two authors independently extracted the following information

from each trial:

• strategy for allocation concealment;

• number of randomised patients;

• duration of follow-up;

• number lost to follow-up.

The major outcome data sought were numbers of deaths and num-

bers of people disabled at the end of the study period. We also

extracted data on the incidence of infections.
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Assessment of risk of bias in included studies

Since there is evidence that the quality of allocation concealment

particularly affects the results of studies (Schulz1995), two authors

scored this quality on the scale used by Schulz (Schulz 1995) as

shown below, assigning C to poorest quality and A to best quality:

C = trials in which concealment was inadequate (such as alterna-

tion or reference to case record numbers or to dates of birth)

B = trials in which the authors either did not report an allocation

concealment approach at all or reported an approach that did not

fall into category A or C.

A = trials deemed to have taken adequate measures to conceal allo-

cation (i.e. central randomisation; numbered or coded bottles or

containers; drugs prepared by the pharmacy; serially numbered,

opaque, sealed envelopes; or other description that contained ele-

ments convincing of concealment).

Where the method used to conceal allocation was not clearly re-

ported, the authors were contacted, if possible, for clarification.

We then compared the scores allocated and resolved differences

by discussion.

Data synthesis

Relative risks and 95% confidence intervals for mortality were

calculated for each trial. Heterogeneity between trials was tested

using a Chi-squared test, where P less than or equal to 0.05 was

taken to indicate significant heterogeneity. As long as statistical

heterogeneity did not exist, for dichotomous data, relative risk

and 95% confidence intervals were calculated using a fixed effects

model. A funnel plot to detect publication bias was not attempted

as there were too few trials to detect asymmetry.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies.

We identified 11 randomised controlled trials that looked at the

timing and route of support in head-injured patients. These trials

include a total of 534 patients. Seven trials looked at timing of the

nutritional intervention (284 participants), and seven trials looked

at the route of nutritional support (222 participants). Three of

the trials (Hadley 1986, Rapp 1983, and Young 1987) are in both

comparisons as they address early versus late, and parenteral versus

enteral nutrition.

The timing of the nutritional intervention (early versus late) was

looked at in the following trials:

Grahm 1989 (early jejunal feeding versus gastric feeding when

bowel sounds returned)

Hadley 1986 (Early total parenteral nutrition (TPN) versus de-

layed nasogastric (NG) enteral feeding)

Minard 2000 (Early enteral feeding versus late enteral feeding)

Rapp 1983 (Early TPN versus traditional enteral nutrition (EN))

Sacks 1995 (Early TPN versus delayed TPN)

Taylor 1999 (Standard EN versus enhanced EN). This study was

included in the early versus late comparison as it was felt that the

comparison of standard EN versus enhanced EN meant in effect

that the patients in the enhanced EN group were getting more

enteral feed sooner than those in the standard EN group.

Young 1987 (Early TPN versus delayed EN). The Young study

was reported in two papers, one with the first 58 patients and

the second with the total 96 patients. However, deaths were only

reported in the first paper with 58 patients and so this report was

used for the purpose of the meta-analysis.

The route of the nutritional intervention was looked at in the

following trials:

Borzotta 1994 (TPN versus jejunal EN)

Chiarelli 1996 (All patients received TPN then one group weaned

to total EN and one group had mixed TPN and EN. Because the

enteral calories did not exceed 50% of the total intake this group

was classified as TPN)

Hadley 1986 (TPN versus NG EN)

Nataloni 1999 (EN versus TPN)

Rapp 1983 (TPN versus EN)

Suchner 1996 (TPN versus EN - both started at the same time)

Young 1987 (TPN versus EN)

For a more detailed description of individual studies please see the

’Characteristics of Included Studies’ table.

Risk of bias in included studies

Of the 11 eligible randomised controlled trials, the quality of allo-

cation concealment was unclear in seven and inadequate in four.

Borzotta 1994

Allocation concealment (AC) = B

The study was a prospective, randomised, non blinded clinical

comparison. Randomisation was done using a computer-gener-

ated random number table but method of allocation concealment

is not described. Two patients in the TPN group and eight in the

EN group were lost to follow-up.

Chiarelli 1996

AC = B

The study was a randomised controlled trial. The methods of

randomisation and allocation concealment are not described.

Grahm 1989

AC = C

Patients were randomised according to their day of admission.

Patients admitted on odd days were entered into the control group

and those admitted on even days into the experimental group. To

balance the size of the group, four patients admitted on odd days

were placed into the experimental group. No loss to follow-up.
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Hadley 1986

AC = C

The study was described as a randomised controlled trial but al-

location was based on their date of admission. No loss to follow-

up.

Minard 2000

AC= B

The study is reported as randomised but the method of randomi-

sation and allocation concealment are not described. Patients were

followed up until discharge.

Nataloni 1999

AC = B

The study is reported as randomised but the method of randomi-

sation and allocation concealment are not described.

Rapp 1983

AC = B

The study is reported as randomised but the method of randomi-

sation and allocation concealment are not described. All patients

followed up until discharge, one patient in the TPN group was

lost to follow-up at one year.

Sacks 1995

AC = C

The study was a randomised, double-blind trial. Patients were

randomised using a table of random numbers read by someone

entering the patient into the trial (open list). Four patients in each

group did not complete the minimum of 14 days in the study and

were removed. Of these two in the early PN group and three in

the delayed PN group died.

Suchner 1996

AC = B

The study is a prospective, open-label trial with a randomisation

schedule established prior to the start of the trial. Fifteen patients

were lost to follow-up. Seven patients were excluded from the final

analysis.

Taylor 1999

AC = C

This is a randomised controlled trial. Patients were randomised

using a balanced six block sequence generated from a random

number table in a 1:1 ratio, to the control or intervention group

(Open list).

Young 1987

AC = B

The study is reported as randomised but the method of randomi-

sation and allocation concealment are unknown. Fifty-eight pa-

tients were originally enrolled into the study. Patients who were

brain dead within four days of entering the study or whose fami-

lies decided to withdraw them from the study within five days of

enrolment were excluded from analysis. Seven patients were ex-

cluded for the above reasons, leaving 51 patients for analysis. Of

those five were brain dead within four days (four TPN group, one

EN group).

Effects of interventions

1. The timing of support: early versus delayed

Of the seven trials addressing the timing of support, data on mor-

tality were obtained for all seven trials (284 participants). The rel-

ative risk (RR) for death with early nutritional support was 0.67

(95% CI 0.41 to 1.07).

Data on disability were available for three of the seven trials (

Hadley 1986; Rapp 1983; Taylor 1999). The RR for poor outcome

at the end of follow-up was 0.75 (95% CI 0.50 to 1.11).

One study (Taylor 1999) reported median number of days of

hospital stay and one study (Grahm 1989) reported length of stay

in the ICU. The study by Minard 2000 reported median length

of stay in ICU and in hospital.

2. The route of feeding: parenteral versus enteral

Seven trials were found which compared parenteral versus enteral

nutrition. Because early support often involves parenteral nutri-

tion, three of the seven trials are also included in the previous anal-

yses.

Five of the trials reported mortality (Borzotta 1994; Chiarelli

1996; Hadley 1986; Rapp 1983; Young 1987) (207 participants).

The RR for mortality at the end of follow-up period was 0.66

(95% CI 0.41 to 1.07). The RR for poor outcome was 0.69 (95%

Cl 0.40 to 1.19) from two of the five trials (Hadley 1986; Rapp

1983). Two trials (Borzotta 1994; Chiarelli 1996) reported the

length of hospital stay.

3. Enteral nutrition: jejunal versus gastric

There was one trial in this category. There were no deaths in this

trial and the relative risk is not estimable.

The data on incidence of infection was presented in a number

of different ways in different trials and we were therefore unable

to combine it in a meta-analysis. These data are presented in the

’Other Data’ table.

D I S C U S S I O N

This systematic review summarises the evidence from randomised

controlled trials of nutritional support following head injury.

Timing of nutritional support is strongly influenced by the type

of feeding used. Parenteral nutritional was usually started between

24 and 72 hours of the injury, but mostly within 48 hours of the

injury. In the case of enteral (nasogastric tube) feeding, nutritional

support typically started much later when bowel sounds could be

heard, usually between three and five days of injury. Jejunal en-

teral feeding, however, could be started earlier despite poor gastric
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emptying. This review addressed the timing and route of nutri-

tional support. There was a trend towards improved survival and

reduced disability with early support but the trials were small and

the precision of the point estimates was low.

The pooled results from trials comparing parenteral and enteral

nutrition suggested a trend towards better outcomes with par-

enteral nutrition, although again, the precision of the point es-

timates for mortality was low. In this comparison the trials by

Hadley 1986, Rapp 1983, and Young 1987 used nasogastric tube

feeding for the enteral arm of the trial, in which case the observed

effects may be explained by the timing rather than the route of

feeding. Two trials reported the effect of route of feeding on the

incidence of infection of any type, but both trials showed a trend

towards more infection with TPN than with EN. If valid, this

might reflect catheter related infection with TPN. Three trials re-

ported the effect of route of feeding on the occurrence of pneu-

monia, and there was a trend towards a reduction in incidence of

pneumonia in the TPN group.

The focus of many of the trials included in this review was on

nutritional outcomes, and many failed to report the effect of the

alternative feeding strategies on death and disability. We wrote to

all of the authors of the included trials in an attempt to obtain

any unpublished outcome data, but many of the trialists could

not be contacted. Because we were unable to obtain mortality and

disability data for all of the included trials we cannot exclude the

possibility of bias due to the selective publication of trial outcomes

showing stronger treatment effects. Also the length of follow-up

varied from two weeks to 12 months in those trials that did look

at disability.

It would appear from this review that there have been few trials

into nutritional support following head injury, which makes it

hard for the clinician to make an evidence-based decision about

nutritional support in head-injured patients. Overall the quality

of the trials was poor. All of the trials had either inadequate or

unclear allocation concealment and most had not attempted to do

an intention to treat analysis. Indeed in some of the studies they

admitted excluding from the final analysis patients who had died.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

The results of this review suggest that early feeding may be asso-

ciated with fewer infections and a trend towards better outcomes

in terms of survival and disability. However, the trials were small

and consequently the precision of the point estimates was low.

Implications for research

Further trials of nutritional support following head injury are re-

quired. These trials should report not only nutritional outcomes

but also outcomes such as death, disability, infectious complica-

tions and ICU and hospital length of stay. Trials should be large

enough to detect modest but nevertheless clinically important

treatment effects.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Borzotta 1994

Methods Randomised controlled trial (computer-generated random number table) non-blinded. Allocation con-

cealment not mentioned

Participants 59 patients with head injury (including multiple injuries); 18 to 60 years, Glasgow Coma Scale scores 8

or less persisting over 24 hours.

Patients with spinal cord injury, pre-existing metabolic disease, renal failure or inflammatory bowel disease,

were excluded

Interventions 1) Parenteral nutrition (TPN) n=21

2) Jejunal enteral nutrition (EN) n=28

Outcomes Death

LHS

Infection

MREE

Nitrogen excretion

Notes Patients were followed up until they took all nutrition orally or until discharge. Twenty-three patients

were enrolled into the TPN group and 36 into the ENT group; however 2 in the TPN group were lost

to follow-up and 8 in the EN group

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Chiarelli 1996

Methods Randomised controlled trial. Method of randomisation or allocation concealment is not described

Participants 24 patients requiring intensive care after major surgery or suffering from severe head injury or major

neurological impairment

Interventions All patients initially received total parenteral nutrition.

After 4 days they were weaned to

1) TEN (n=12)

2) Mixed EN and TPN (n=12). In this group 50% of calories came from EN and 50% from TPN

Outcomes Death

LHS

Bronchioaspiration

Nutritional parameters
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Chiarelli 1996 (Continued)

Diarrhoea

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Grahm 1989

Methods Patients were randomised based on their date of admission. Patients admitted on odd days were entered

into the control group and those admitted on even days into the experimental group

Participants 32 patients with severe head injury and a GCS of 10 or less persisting for 6 hours

Interventions 1) Early jejunal EN (under fluoroscopic, within 36 hr) n=17

2) EN (gastric feedings initiated after day 3 or when gastric function returned) n=15

Outcomes Deaths

LHS

Infection

Nitrogen balance

Notes Follow-up until discharge. No loss to follow-up. Four patients who should have been in the experimental

group were placed in the control group because they were unable to start early feeding. To balance the size

of the group four patients who should have been put in the control group were put into the experimental

group

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Hadley 1986

Methods Randomised controlled trial. Patients were randomised based on their date of admission

Participants 45 patients with isolated head injury GCS 10 or less at 6 hr. post injuries, age 16-61

Interventions Nutritional support within 48 hours as either:

1) TPN (8.5% amino acid, 25% glucose solution, 10% intralipid twice weekly) n=24

2) EN (nasogastric, Isocal HCN) n=21
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Hadley 1986 (Continued)

Outcomes Death

Disability (GCS 8 or less)

Infection (pneumonia and sepsis)

Notes Patients were followed up for 14 days or until their urinary nitrogen excretion fell below 14 g a day. No

loss to follow-up

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Minard 2000

Methods Randomised controlled trial. No details given on method of randomisation or allocation concealment

Participants 30 patients with severe head injury as defined by a glasgow coma score greater than 3 and less than 11

within 6 hours of injury

Interventions 1) Early feeding via nasogastric tube placed endoscopically, feeding within 60 hours of injury (n=12).

2) Feeding initiated when gastroparesis resolved (n=15).

All patients received an immune-enhancing formula containing supplemental arginine, nucleic acids, fatty

acids and fiber

Outcomes Death

GCS scores

Number of days to a GCS of 14

Length of hospital stay

Infections

Feeding complications

Notes Patients were followed daily for 14 days, after which only data on infections, length of stay and mortality

were recorded.

3 patients were dropped from the analysis, two in the early group because a nasoenteric tube could not

be passed, and one in the delayed group who died 72 hours after injury

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Nataloni 1999

Methods Randomised controlled trial. No details given on method of randomisation or allocation concealment

Participants 30 patients with head injury who were expected to stay in the ICU for more than 3 days. Patients were

excluded if they had diabetes mellitus, renal or hepatic failure, pancreatitis, abdominal surgery or brain

death

Interventions 1) Enteral

2) Parenteral

In all patients feeding was initiated 2 days after ICU admission and continued until ICU discharge

Outcomes Plasma prealbumin

Retinol binding protein

Notes No information given on deaths or disability.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Rapp 1983

Methods Randomised controlled trial. No details given on method of randomisation or allocation concealment

Participants 38 head-injured patients. Patients with severe extracranial injuries that were expected to alter metabolic

demands or to delay use of standard enteral nutrition, such as abdominal organ injury, were excluded

from the study

Interventions 1) Total parenteral nutrition (TPN); within 48hr, 42.5g/l AA, 25% dextrose, 250-500 soybean oil (n=

20)

2) Standard enteral nutrition (SEN); nasogastric, Vital ( a high nitrogen product) (n= 18)

Outcomes Death

Disability

Assessment of nutritional status

Notes Nutritional data were collected on all patients until death or for 18 days of hospitalisation. Survival and

functional recovery in these patients was monitored for up to 1 year following admission to the study.

Disability was measured by a neurosurgeon blinded to the treatment regime and patients were graded

as good (resumed normal activities), moderately disabled (disabled but independent), severely disabled

(conscious but disabled and dependent), or vegetative (unresponsive and speechless). All patients followed

up until discharge, one patient in the TPN group was lost to follow-up at 1 year

Risk of bias

Item Authors’ judgement Description
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Rapp 1983 (Continued)

Allocation concealment? Unclear B - Unclear

Sacks 1995

Methods Randomised controlled trial. Patients were randomised using a table of random numbers. The list of

random numbers was read by someone entering the patient into the trial (open list)

Participants 9 patients with severe closed head injury, 18 to 65 years, GCS 3 to 12

Patients with hepatic dysfunction, hypertriglycemia, infection, or significant intra-abdominal injuries were

excluded

Interventions 1) Early PN at day 1 (n = 4)

2) Delayed PN at day 5 (n= 5)

Outcomes Death

Immunological parameters

Disability

Infection

Notes 17 patients were enrolled in the study but 8 patients (four in each group) did not complete a minimum

of 14 days of the study and were removed from the study. Of these 8 patients 3 patients (early PN=2,

delayed PN=3) died before receiving 7 days of PN.

Information on allocation concealment and disability and infection rates were obtained on contact with

the author. Follow-up was for 30 days

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Suchner 1996

Methods Prospective, open-label trial with a randomisation schedule established prior to the start of the trial

Participants 34 patients with traumatic head injury or spontaneous cerebral lesion undergoing an emergency cran-

iotomy (trauma 13, spontaneous cerebral lesion 21) with a GCS 10 or less (but 2 exceptions)

Patients with hepatic or renal failure, diabetes mellitus, hypermetabolic disease, or malnutrition were

excluded

Interventions Initiated on the first postoperative day as either:

1) TPN; glucose 10,20,40%, amino acid 10%, lipid 20% (half MCT) (n=17)

2) TEN; nasogastric, OSMOLITE (n=17)

Outcomes GCS

Haematology

Nutritional parameters
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Suchner 1996 (Continued)

Notes 49 patients were enrolled in the study, but only 34 completed it. Six patients (TEN 4, TPN 2) dropped

out of the study because of early recovery, extubation, and transfer to another ward. Four enterally and

five parenterally fed patients were withdrawn from the study due to hemodynamic instability and septic

complications

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Taylor 1999

Methods Randomised controlled trial. Patients were randomised, using a balanced six block sequence generated

from a random number table, in a 1:1 ratio, to the control or intervention group

Participants 82 patients with severe head injury necessitating mechanical ventilation, best GCS above 3, over 10 years

old were included in the trial.

Patients with a gunshot head wound, presence of organ failure, potentially fatal disease pre-head injury,

or moribund state immediately post-head injury were excluded

Interventions 1) Enhanced EN (n=41)

2) Standard EN (n=41)

Enteral nutrition was started from day 1 in both groups of patients. In the intervention group (enhanced

EN) patients were started at the feed rate that would meet their full estimated requirements from day 1.

Control patients received EN via orogastric or nasogastric tubes and intervention patients received EN

via intestinal feeding (although where this was not possible they received gastric feeding)

Outcomes Death

LHS

Infection

GCS

Enteral feeding and drug cost

Notes Neurological outcome was assessed at six and 12 months by a telephone interview with the patient’s closest

relative. There was a trend towards improved outcome at 3 months (61% intervention vs 39% control),

which disappeared by 6 months (68% intervention vs 61% control)

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate
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Young 1987

Methods Randomised controlled trial. Method of randomisation not described. Allocation concealment not men-

tioned

Participants Fifty-one brain-injured patients with peak 24hr, GCS of 4 to 10

Interventions 1) TPN within 48hr (n=23)

2) EN via nasogastric or nasoduodenal routes, Ensure Plus or TraumaCal (n =28)

Outcomes Death

Disability (using GCS score)

Infection

Notes Fifty-eight patients were originally enrolled into the study. Patients who were brain dead within 4 days of

entering the study or whose families decided to withdraw them from the study within 5 days of enrolment

were excluded from analysis. Seven patients were excluded for the above reasons, leaving 51 patients for

analysis. Of those, 5 were brain dead within 4 days (4 TPN group, 1 EN group).

Length of follow-up was for 1 year post injury. The neurosurgeon who determined outcome was blinded

to the patient’s group.

In the final report of 96 patients deaths were not reported, so for this review the report on 58 patients was

used

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

EN = Enteral nutrition

GCS = Glasgow coma scale

GOS = Glasgow outcome score

LHS = Length of hospital stay

LCT = Long chain triglyceride emulsions

MCT = Medium chain triglyceride

MREE = Measure of resting energy expenditure

TPN = Total parenteral nutrition

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Hausmann 1985 The trial looked at a combined enteral/parenteral regimen compared to total parenteral nutrition. The combined

regimen did not state what percentage of calories was provided by which method. It did appear however that

over 50% was provided by TPN which according to the reviews inclusion criteria would have classified it as TPN

thereby making the comparison TPN versus TPN
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D A T A A N D A N A L Y S E S

Comparison 1. Timing of intervention: early versus delayed

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Mortality at the end of follow-up 7 284 Risk Ratio (M-H, Fixed, 95% CI) 0.67 [0.41, 1.07]

2 Poor outcome at the end of

follow-up

3 165 Risk Ratio (M-H, Fixed, 95% CI) 0.75 [0.50, 1.11]

3 Length of hospital stay Other data No numeric data

4 Infections Other data No numeric data

Comparison 2. Route of intervention: parenteral versus enteral

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Mortality at the end of follow-up 5 207 Risk Ratio (M-H, Fixed, 95% CI) 0.66 [0.41, 1.07]

2 Poor outcome at the end of

follow-up

2 83 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.40, 1.19]

3 Length of hospital stay Other data No numeric data

4 Infections Other data No numeric data

Comparison 3. Enteral nutrition: jejunal versus gastric

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Mortality at the end of follow-up 1 32 Risk Ratio (M-H, Fixed, 95% CI) Not estimable

2 Infections Other data No numeric data
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Analysis 1.1. Comparison 1 Timing of intervention: early versus delayed, Outcome 1 Mortality at the end of

follow-up.

Review: Nutritional support for head-injured patients

Comparison: 1 Timing of intervention: early versus delayed

Outcome: 1 Mortality at the end of follow-up

Study or subgroup early delayed Risk Ratio Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Grahm 1989 0/17 0/15 0.0 [ 0.0, 0.0 ]

Hadley 1986 2/24 3/21 0.58 [ 0.11, 3.16 ]

Minard 2000 1/12 4/15 0.31 [ 0.04, 2.44 ]

Rapp 1983 3/20 9/18 0.30 [ 0.10, 0.94 ]

Sacks 1995 0/4 0/5 0.0 [ 0.0, 0.0 ]

Taylor 1999 4/41 6/41 0.67 [ 0.20, 2.19 ]

Young 1987 10/23 10/28 1.22 [ 0.62, 2.41 ]

Total (95% CI) 141 143 0.67 [ 0.41, 1.07 ]

Total events: 20 (early), 32 (delayed)

Heterogeneity: Chi2 = 5.43, df = 4 (P = 0.25); I2 =26%

Test for overall effect: Z = 1.67 (P = 0.095)

0.1 0.2 0.5 1 2 5 10

Favours early Favours delayed
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Analysis 1.2. Comparison 1 Timing of intervention: early versus delayed, Outcome 2 Poor outcome at the

end of follow-up.

Review: Nutritional support for head-injured patients

Comparison: 1 Timing of intervention: early versus delayed

Outcome: 2 Poor outcome at the end of follow-up

Study or subgroup early delayed Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Hadley 1986 7/24 7/21 21.3 % 0.88 [ 0.37, 2.09 ]

Rapp 1983 7/20 11/18 33.0 % 0.57 [ 0.28, 1.16 ]

Taylor 1999 13/41 16/41 45.7 % 0.81 [ 0.45, 1.47 ]

Total (95% CI) 85 80 100.0 % 0.75 [ 0.50, 1.11 ]

Total events: 27 (early), 34 (delayed)

Heterogeneity: Chi2 = 0.76, df = 2 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 1.43 (P = 0.15)

0.1 0.2 0.5 1 2 5 10

Favours early Favours delayed

Analysis 1.3. Comparison 1 Timing of intervention: early versus delayed, Outcome 3 Length of hospital stay.

Length of hospital stay

Study

Grahm 1989 The median length of ICU stay was 7 days (range 4 to 19 days) for the early group and 10 days for the control group

Minard 2000 The average length of ICU stay was 18.5 in the early group and 11.3 in the late group. when deaths were excluded

the average length of stay was 19.3 in the early group and 11.7 in the late group

Taylor 1999 The early enhanced enteral nutrition group achieved discharge more quickly (median days to discharge 30 versus 46

for the control group)

Analysis 1.4. Comparison 1 Timing of intervention: early versus delayed, Outcome 4 Infections.

Infections

Study

Grahm 1989 In the early jejunal EN group (n= 17) 3 patients had an infection of some sort (2 had pneumonia and 1 had bronchitis)

. In the delayed EN group (n=15) there was a total of 14 infections in 10 patients reported (3 pneumonia, 10

bronchitis, 1 ventriculitis)

Hadley 1986 In the TPN group (n=24) there was a total of 17 bacterial infections. In the NG group (n=21) there was a total of 15

bacterial infections. These infections occured in 25 patients however it is not reported how many of those patients

were in each group. Only the total number of infections for each group is reported
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Infections (Continued)

Minard 2000 In the early nutrition group 6 patients developed pneumonia and in the late group 7 patients developed pneumonia

Sacks 1995 In the early TPN group (n=4) 3 patients developed an infection. In the delayed TPN group (n=5) four patients

developed an infection. This information was obtained on contact with the author

Taylor 1999 One patient in each group suffered aspiration pneumonia (confirmed by tracheal aspiration of feed). Pneumonia

from all causes occured in 63% of the delayed group and 44% of the early group

Young 1987 The incidence of infections was recorded as percentages. In the TPN group (n=23), no patients had sepsis, 26.1% got

a urinary tract infection, and 26.1% had pneumonia. In the EN group (n=28) 10.7% had sepsis, 25% had a urinary

tract infection and 32.1% had pneumonia. Septicemia was defined by fever, increased WBC count, and positive

blood cultures

Analysis 2.1. Comparison 2 Route of intervention: parenteral versus enteral, Outcome 1 Mortality at the

end of follow-up.

Review: Nutritional support for head-injured patients

Comparison: 2 Route of intervention: parenteral versus enteral

Outcome: 1 Mortality at the end of follow-up

Study or subgroup parenteral enteral Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Borzotta 1994 1/21 5/28 14.3 % 0.27 [ 0.03, 2.12 ]

Chiarelli 1996 3/12 4/12 13.3 % 0.75 [ 0.21, 2.66 ]

Hadley 1986 2/24 3/21 10.7 % 0.58 [ 0.11, 3.16 ]

Rapp 1983 3/20 9/18 31.6 % 0.30 [ 0.10, 0.94 ]

Young 1987 10/23 10/28 30.1 % 1.22 [ 0.62, 2.41 ]

Total (95% CI) 100 107 100.0 % 0.66 [ 0.41, 1.07 ]

Total events: 19 (parenteral), 31 (enteral)

Heterogeneity: Chi2 = 5.72, df = 4 (P = 0.22); I2 =30%

Test for overall effect: Z = 1.68 (P = 0.093)

0.1 0.2 0.5 1 2 5 10

Favours parenteral Favours enteral
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Analysis 2.2. Comparison 2 Route of intervention: parenteral versus enteral, Outcome 2 Poor outcome at

the end of follow-up.

Review: Nutritional support for head-injured patients

Comparison: 2 Route of intervention: parenteral versus enteral

Outcome: 2 Poor outcome at the end of follow-up

Study or subgroup parenteral enteral Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Hadley 1986 7/24 7/21 39.2 % 0.88 [ 0.37, 2.09 ]

Rapp 1983 7/20 11/18 60.8 % 0.57 [ 0.28, 1.16 ]

Total (95% CI) 44 39 100.0 % 0.69 [ 0.40, 1.19 ]

Total events: 14 (parenteral), 18 (enteral)

Heterogeneity: Chi2 = 0.56, df = 1 (P = 0.45); I2 =0.0%

Test for overall effect: Z = 1.33 (P = 0.18)

0.1 0.2 0.5 1 2 5 10

Favours parenteral Favours enteral

Analysis 2.3. Comparison 2 Route of intervention: parenteral versus enteral, Outcome 3 Length of hospital

stay.

Length of hospital stay

Study

Borzotta 1994 In the TPN group the mean length of hospital stay in days was 39.9 (SD 14) and in the EN group the mean length

of stay in days was 39.1 (SD23.1)

Chiarelli 1996 The median number of days for hospital stay was given. For the EN group the number was 41 (SD 23) and for the

mixed nutrition group the median number of days was 37 (SD 13)

Analysis 2.4. Comparison 2 Route of intervention: parenteral versus enteral, Outcome 4 Infections.

Infections

Study

Borzotta 1994 In the TPN group (n=21) there was a total of 39 infections (sinusitis 6, bronchitis 6, pneumonia 9, peritonitis 1,

wound infection 1, clostridium difficile 4, UTI 6, intravascular device 2, bacteremia 4). This was a total of 1.86

infections per patient.

In the ENT group (n=28), there was a total of 51 infections (meningitis 2, sinusitis 3, bronchitis 6, pneumonia 15,

wound infection 6, clostridium difficile 2, UTI 6, intravascular device 3, bacteremia 8). This was a total of 1.89

infections per patient

Chiarelli 1996 In the group weaned to TEN (n=12) there were 6 cases of bronchoaspiration and in the group weaned to a mixture

of TEN and TPN there were 7 cases of bronchoaspiration
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Infections (Continued)

Hadley 1986 In the TPN group (n=24) there was a total of 17 infections (9 pneumonia, 3 sepsis, 1 wound infection, 2 meningitis

and 2 urinary tract). In the NG group (n=21) there was a total of 15 infections (10 pneumonia, 1 sepsis, 2 wound

infections, 1 meningitis and 1 urinary tract). These infections occured in 25 patients; however it is not reported

how many of those patients were in each group. Only the total number of infections for each group is reported.

NB these are the same data that are in the early vs late comparison

Young 1987 The incidence of infections was recorded as percentages. In the TPN group (n=23), no patients had sepsis, 26.1%

got a urinary tract infection, and 26.1% had pneumonia. In the EN group (n=28) 10.7% had sepsis, 25% had a

urinary tract infection and 32.1% had pneumonia.

NB these are the same data that are in the early vs late comparison

Analysis 3.1. Comparison 3 Enteral nutrition: jejunal versus gastric, Outcome 1 Mortality at the end of

follow-up.

Review: Nutritional support for head-injured patients

Comparison: 3 Enteral nutrition: jejunal versus gastric

Outcome: 1 Mortality at the end of follow-up

Study or subgroup Treatment Control Risk Ratio Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Grahm 1989 0/17 0/15 0.0 [ 0.0, 0.0 ]

Total (95% CI) 17 15 0.0 [ 0.0, 0.0 ]

Total events: 0 (Treatment), 0 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P < 0.00001)

0.1 0.2 0.5 1 2 5 10

Favours Treatment Favours Control
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A P P E N D I C E S

Appendix 1. Search strategy

The searches were based on the following MEDLINE search strategy, adapted as appropriate to the specifications of each database;

MEDLINE

1. exp CRANIOCEREBRAL TRAUMA/

2. exp BRAIN EDEMA/

3. exp GLASGOW COMA SCALE/

4. exp GLASGOW OUTCOME SCALE/

5. exp UNCONSCIOUSNESS/

6. Diffuse axonal injur$.ab,ti.

7. Rancho Los Amigos Scale.ab,ti.

8. ((head or crani$ or cerebr$ or capitis or brain$ or forebrain$ or skull$ or hemispher$ or intra-cran$ or inter-cran$) adj3 (injur$ or

trauma$ or lesion$ or damag$ or wound$ or destruction$ or oedema$ or edema$ or fracture$ or contusion$ or concus$ or commotion$

or pressur$)).ab,ti.

9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8

10. exp Enteral Nutrition/

11. exp Parenteral Nutrition/

12. (enteral adj3 (feed$ or nutrition$)).ab,ti.

13. (parenteral adj3 (feed$ or nutrition$)).ab,ti.

14. nutritional support.ab,ti.

15. 10 or 11 or 12 or 13 or 14

16. 9 and 15

17. clinical trial.pt.

18. randomized.ti,ab.

19. placebo.ti,ab.

20. drug therapy.fs.

21. randomly.ti,ab.

22. trial.ti,ab.

23. groups.ti,ab.

24. 17 or 18 or 19 or 20 or 21 or 22 or 23

25. exp animals/

26. exp humans/

27. 25 not (25 and 26)

28. 24 not 27

29. 16 and 28

The RCT search filter used was developed by (Glanville 2006).
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Last assessed as up-to-date: 1 August 2006.

Date Event Description

11 July 2008 Amended Converted to new review format.
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Review first published: Issue 2, 2000

Date Event Description

2 August 2006 New search has been performed July 2006

The searches were updated in July 2006; no new trials for inclusion were ideni-

tified.

Pablo Perel has taken over as contact author.

C O N T R I B U T I O N S O F A U T H O R S

PP updated the review and has taken over as contact author. TY designed the protocol, screened citations for eligibility, extracted data,

entered data into RevMan and helped to write the original review. FB screened citations for eligibility, extracted data, contacted authors

and helped to write the original review. IR helped to design the protocol and write the review. RW designed and ran the searches. AP

commented on the protocol and the review.
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Trials as Topic; Time Factors; Treatment Outcome
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