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Abstract

Background: In traumatic brain injury (TBI), the appropriate timing and route of feeding, and the efficacy of immune-
enhancing formulae have not been well established. We performed this meta-analysis aiming to compare the effects of
different nutritional support modalities on clinical outcomes of TBI patients.

Methods: We systematically searched Pubmed, Embase, and the Cochrane Library until October, 2012. All randomized
controlled trials (RCTs) and non-randomized prospective studies (NPSs) that compared the effects of different routes,
timings, or formulae of feeding on outcomes in TBI patients were selected. The primary outcomes included mortality and
poor outcome. The secondary outcomes included the length of hospital stay, the length of ventilation days, and the rate of
infectious or feeding-related complications.

Findings: 13 RCTs and 3 NPSs were included. The pooled data demonstrated that, compared with delayed feeding, early
feeding was associated with a significant reduction in the rate of mortality (relative risk [RR]=0.35; 95% Cl, 0.24-0.50), poor
outcome (RR=0.70; 95% Cl, 0.54-0.91), and infectious complications (RR=0.77; 95% Cl, 0.59-0.99). Compared with enteral
nutrition, parenteral nutrition showed a slight trend of reduction in the rate of mortality (RR=0.61; 95% Cl, 0.34-1.09), poor
outcome (RR=0.73; 95% Cl, 0.51-1.04), and infectious complications (RR=0.89; 95% Cl, 0.66-1.22), whereas without
statistical significances. The immune-enhancing formula was associated with a significant reduction in infection rate
compared with the standard formula (RR = 0.54; 95% Cl, 0.35-0.82). Small-bowel feeding was found to be with a decreasing
rate of pneumonia compared with nasogastric feeding (RR=0.41; 95% Cl, 0.22-0.76).

Conclusion: After TBI, early initiation of nutrition is recommended. It appears that parenteral nutrition is superior to enteral
nutrition in improving outcomes. Our results lend support to the use of small-bowel feeding and immune-enhancing
formulae in reducing infectious complications.
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changes, aberrant cellular metabolism, and inflammatory cascade
[3]. The abnormal metabolic processes, mainly including hyper-
metabolism, hypercatabolism, and glucose intolerance, have been
recognized as incredibly essential elements of secondary injuries
[3-5]. Not only can they complicate the initial period of
hospitalization and stabilization, but also they may negatively
impact rehabilitative treatments [3]. Nutritional support, in
addition to providing daily calories, has been appreciated as an
important adjunctive therapy for metabolic disorders following
TBI [6].

Nutritional support constitutes an important issue in intensive
care for critically ill patients. However, it is generally neglected

Introduction

Traumatic brain injury (I'BI) remains a major worldwide health
and socioeconomic problem. It is the most common cause of death
and disability in people between 15 and 30 years of age [1]. The
weighted average mortality for severe TBI is 39%, and for
unfavorable outcome on the Glasgow Outcome Scale (GOS) is
60% [2].

TBI has a dynamic pathophysiology that evolves in time,
consisting of primary injury, followed by a combination of systemic
disorders (hypoxia, hypotension, and hypercarbia) and local
events, which together lead to secondary injury [2]. As brain is

the functional regulator for metabolic activities, a complex milieu
of metabolic alterations may occur in TBI, consisting of hormonal
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and underestimated in the subgroup of TBI population. In the
recent most Important trials in nutrition, Casaer et al. only
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included 0.6% of patients with neurological diseases [7].
Heidegger et al. incorporated 15% of neurological patients, and
only included those with functioning gastrointestinal tract [8].
Interestingly, disagreement on the role of early parenteral
nutrition even existed between the two trials. Currently,
nutritional support for TBI patients, especially the appropriate
timing, route, and formula of feeding, has not been well illustrated
yet. In the earlier Cochrane Review, a trend towards better
outcome with early nutritional support for TBI patients was
shown, but without any statistically significant result [6]. In
addition to not including updated studies, it had several flaws of its
own. Although the Brain Trauma Foundation has recommended
achieving full caloric replacement by day 7 following TBI, no
agreement has been reached in the optimal timing or route of
feeding [9]. In fact, nutritional support is frequently underesti-
mated in the clinical management of severe TBI patients. Given
insufficient previous evidence, as well as the introduction of recent
randomized controlled trials (RCTs), we perform this meta-
analysis and systematic review, aiming to compare the effects of
different timings and routes of feeding, and to explore the effect of
immune-enhancing formula on outcomes in TBI patients.

Methods
Search Strategy

The overview of this meta-analysis was conducted in accor-
dance with the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) statement (checklist S1) [10]. A
computerized bibliographic search for all relevant articles from
1980 to October 2012 was performed by Ovid Medline,
EMBASE, and the Cochran database. We used the following
search core terms: ‘“traumatic brain injury”, “craniocerebral
injury”, “head injury”, “head trauma”, “enteral nutrition”,
“enteral tube feeding”, “parenteral nutrition”, “gastrointestinal
intubation”, “nutritional support”, ‘“prospective cohort”, and
“randomized controlled trial”. The language was limited to
English. We also manually searched the references of selective
papers to identify additional potentially eligible studies.

Selection Criteria

Studies were selected into the meta-analysis if they: i) were
RCTs or non-randomized prospective studies (NPSs); ii.) investi-
gated TBI patients; iii.) compared the effect of different feeding
routes (enteral nutrition [EN] vs. parenteral nutrition [PN], or
nasogastric enteral feeding vs. non-nasogastric enteral feeding),
different feeding timings (early or delayed), or different immuno-
nutritional elements (such as probiotics, arginine, glutamine,
nucleotides, and ®-3 fatty acids), on the outcome variables; iv.)
reported the number of outcome events in different interventions.

Data Extraction

Two assessors (XW and YD) independently reviewed the full
manuscripts of eligible studies. Data were extracted in standard-
ized data-collection forms. Extracted data included first author’s
name; year of publication; sample size; patients’ characteristics
(mean age, gender); starting time of feeding; treatment arms;
outcome variables and the score of quality assessment. Any
discrepancy was resolved by discussion or a third author (CGH).
Selected RCTs were critically appraised using the Jadad scale,
which scores studies’ description of randomization (2 points),
blinding (2 points) and attrition information (I point) [11]. The
Newcastle-Ottawa scale (NOS) was used to evaluate the
methodological quality of prospective cohort studies, as recom-
mended by the Cochrane Non-Randomized Studies Methods
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Working Group [12]. The quality of a study was judged on the
selection of the study groups, the comparability of the groups, and
the ascertainment of the outcome of interest.

Studied Outcomes

Primary outcomes of clinical importance included mortality and
functional outcome on GOS score. Secondary outcomes include
the length of stay (LOS) in hospital or ICU, and major
complications. Infectious complications and feeding-related com-
plications were assessed, respectively. We defined infectious
complications as pneumonia (ventilator or non-ventilator-associ-
ated pneumonia and other lower respiratory tract infections),
central nervous system (CNS) infection, bloodstream infection
(laboratory-confirmed-bloodstream infections and clinical sepsis),
or urinary tract infection. Feeding-related complications include
feeding intolerance, aspiration, diarrhea, constipation and vomit-
ing, and abdominal distention.

Statistical Analysis

Data relating to outcomes were combined from pertinent
studies. We used risk ratios (RR) and the associated 95%
confidence intervals (Cls) to pool binary outcomes, including
mortality, poor outcome and complications. Mean differences
(MDs) with 95% CIs were used for continuous outcomes, which
included the LOS in hospital or ICU, and the length of ventilator
days. Review Manager 5.1.7 (Cochrane Collaboration, 2012) was
used to process the meta-analysis. The Mantel-Haenszel method
was used to test the significance of treatment effect, and the
random-effects model was used to estimate the overall RRs.
Heterogeneity of treatment effects between studies was statistically
explored by the I? statistic. I? statistic of 0% 40% indicates
unimportant heterogeneity, 30%—-60% indicates moderate hetero-
geneity, 50%—-90% indicates substantial heterogeneity, and 75%—
100% indicates considerable heterogeneity [13]. Besides, we
performed subgroup analyses based on the following factors which
may contribute to the heterogeneity: study design, sample size,
publication year, staring time of early nutrition, and different route
of feeding. The sensitivity analyses were carried out by excluding
studies one by one, or by employing a fixed effect model. All
reported P values were two-sides, and P values less than 0.05 were
deemed as statistically significant. The publication bias was
examined visually by inspecting the funnel plots on Review
Manager 5.1.7, and statistically by using the Egger’s regression
model, calculated by Stata 12.0 (Stata Corporation, College
Station, TX, USA).

Results

709 articles were found in total from the initial search, of which
34 eligible articles were selected after screening of titles and
abstracts. Further, 10 studies were excluded, with 5 of non-English
language, 1 comparing combined EN and PN with PN [14], 1
comparing two different fat emulsions [15], 1 comparing essential
amino acid with placebo [16], 1 comparing intermittent EN with
continuous EN [17], and 1 compared different infusion speed of
EN [18]. In the remaining 24 studies included in qualitative
synthesis, 8 articles lacked sufficient data relating to our outcomes
[19-25]. Thus 16 studies were pooled into the meta-analysis,
including 13 randomized controlled trials [26-38], and 3 NPSs
[39-41]. The search flow diagram was shown in Figure 1 and
protocol S1. The characteristics of these studies were shown in
Table 1. Of the 13 RCTs, the mean Jadad score was 2, ranging
from 0 to 5. All NPSs have a high NOS score of 8.
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Records identified through database searching:
Ovid Medline (296)
Embase (384)
Cochrane Library (29)
(n=709)

Records after duplicates removed
(n=616)

A 4
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Records screened
(n=119)

v

Records excluded (n = 497)

A 4

-5 not English

10 full-text articles excluded:

Full-text articles
assessed for eligibility
(n=34)

-1 compared combined EN/PN with TPN
-1 compared two fat emulsions
-1 compared essential amino acid with placebo

A 4

-1 compared intermittent with continuous EN
-1 compared different infusion speeds of EN

Studies included in
qualitative synthesis

\ 4

8 without relevant outcomes

(n =24)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=16)

Figure 1. The flow diagram shows the selection of studies for the meta-analysis.

doi:10.1371/journal.pone.0058838.g001

Early VS Delayed

8 studies were available for the comparison of early nutrition
with delayed nutrition, including 5 RCTs [25,26,29,31,37], and
3 NPSs [39-41]. Research conducted by Grahm et al. compared
early jejunal feeding with delayed gastric feeding without data of
mortality or functional outcome, and thus was excluded from the
pooled analyses [29]. The pooling data of the other seven studies
indicated that early nutrition was associated with a significant
reduction of the mortality rate compared with delayed nutrition,
but with moderate heterogeneity (RR =0.35; 95% CI, 0.24-0.50;
P<0.05; I” = 44%) (Figure 2A).

The heterogeneity was explored by subgroup analyses accord-
ing to the sample size, publication year, study design, starting time
of early feeding, and the route of feeding. Most studies have a
small sample size below 100 except for two studies (Table 1). Five
studies initiated the early nutrition within 72 hours after injury
[26,28,31,37,40]. In two NPSs, mortality was compared in
patients who started feeding within/out of the first 7 days
postinjury. Three studies compared the early enteral nutrition
with delayed enteral nutrition [31,37,41]. Two trials compared
early PN with delayed EN [26,28]. The results of subgroup
analyses were shown in Table 2. Notably, the RCT subgroup, the
subgroup of publication year earlier than 2005, and the subgroup
that compared early PN with delayed EN were not found to be
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with statistical significances (RR =0.62 with 95% CI 0.32-1.22,
RR =0.54 with 95% CI 0.23-1.27, and RR =0.57 with 95% CI
0.19-1.76, respectively), demonstrating that these subset factors
might be the sources of heterogeneity. Meta-regression was not
further performed due to the limited number of available studies.

Four studies reported the functional outcome on GOS. There
was a significant lower risk of poor outcome in patients who
received early nutrition compared with those who received
delayed nutrition (RR=0.70; 95% CI, 0.54-0.91; P<<0.05)
(Figure 2B). Four studies investigated the occurrence of infectious
complications in both groups, in terms of pneumonia, CNS
infection, bloodstream infection, and urinary tract infection.
Generally, early nutrition was significantly associated with a lower
risk of infectious complications compared with delayed nutrition
RR=0.77; 95% CI, 0.59-0.99; P<0.05). In the subgroup
analyses, however, no similar statistical significance was observed
(Figure 3). Three studies reported the rate of feeding complica-
tions, including diarrhea and feeding intolerance. However, no
statistical significance was revealed (figure S1). Two studies
reported the mean value and standard deviation (SD) of length of
stay (LOS) in intensive care unit (ICU) [31,41], whereas no
significant difference was observed between early and delayed
groups (P=0.68) (figure S2).

March 2013 | Volume 8 | Issue 3 | e58838



Nutritional Support in Traumatic Brain Injury

Ayjjeuow

‘lendsoy pue nDJ ul Aeis
40 y1bua| ‘suonedidwod

uolssiwpe

(¥S) Buipasy
21seD s (0S)

(0102)

March 2013 | Volume 8 | Issue 3 | e58838

Z=1vodly 131P JO SWINJOA SnodedI] 19 ‘dVA o 9duapidu| 9 ueapy J31e INOY T 111 dY3 UIYUM Buipasy duojkdsues] 98 8¢ $0L  Ouequds3-eIsody
(02) N3 Butuieruod
ndI ul uonesado jusLINUOUNWW|
S=1vzaad SI9A3] OL-11 pue 97| SO1 2184 uonedldwod 0L-§ Jaye unoy ¢ 1sily ayy Ulyum SA (07) N3 plepueis 08 (34 or (6002) eueioyy
(t47}
Ainfunsod sAep / 1a)e :pakejop uonunu pake|dq sa
8=2020%5 VN Ayjevop 8-¢€ “Kinfunsod skep £ uiyum :Apez (§52) uonnnu Ajreg VN L= L6L (8002) |MeH
Aijenow
!UOIIE[IIUSA [eDjURYIBW JO (02) eInwiioy
9dueleq uaboniu y1bus)| ‘507 ‘suondspul Jenbay s (0z) 1IP
y=1v192 !SUOI1RJIUDIUOD SBUIOILD |eIWOD0SOU JO 91y 7'9 US|\ UOISSIWPE JO SINOY Z1 UIYUM BuidpueyUS duNWW| VN oL o  (9007) sinosseug
Ayjeyow
‘UOIIB|IIUDA [edlueydaW
Jo uoneinp ‘nJ| ui Keis jo (L2) aqn1 oseboseN
¢=1vodly VN y1bu3) ‘dyA Jo 3duspdU| 9> uoneqniul o sinoy £z Ulyum sA (07) Awolsonsen 8/ Ly Ly (S007) ewipeisoy
uone|uAA (01) sonoigoid pue
ayejul uoad |edtueydaw jo pouad sujweln|b yum N3
¢=1vodly ‘@eul duojed ‘aduejeq usboniN ‘NDI Ul SOT ‘2184 uond3ju| L :uespy uolssiwpe jo sinoy 8 UIyiMm Aje3 sa (01) N3 Aje3 S6 LT (114 (#002) ued|eyq
91eJ uoned|dwod ‘skep panjosal
J01e[13UBA ‘eudsoy pue sisaiedouiseb ayy uaym :pakejop (S1) N3 pafejag
¢=1v0dly xeyul dlojed ndl Ul SoT* L1-€ ‘Ainfur jo sinoy 09 uyum :Ajre3 SA (Z1) N3 Ape3 0L €€ a4 (0007) pleuiy
uondIdX3d uonuINU
‘9duejeq usbonu ‘ainypuadxs (82) N3 Apre3
L=0v0dLY ABisus Bunsai painsesy a1el uonedljdwo) 8-¢€ Ainfur jo sinoy gz uiyum SA (L2) Nd Aj1e3 918 V4 6y  (v661) enoziog
pauinial uonduny dlIseb usaym (S1)
9yejul usaboaiu Keis nDJ Jo yibus| ¢ Kep Jaye Diseb ‘uoissiwpe ouiseb pakeldg sa
0=0v04d04 ‘ayelul duofed ‘duejeq usboilN ‘3184 UONDBU| o= JO SINoY 9¢ ulyum :eunfafosen (£1) 1eunfaf Apeg 906 [T 43 (6861) wWyeio
S|9A9] ulwingje uondNS |[em Moj
‘s3unod 21£00ydwA| ‘axeur usboiiu 91eJ uonedljdwod JO uoneuIwIS) a3yl || :pakeap (82) N3 pakeja@
Z=1vodly ‘adue|eq dlo|ed ‘dduejeq usboslIN ‘Ayjeyow ‘0o oLt ‘Ainfunsod sinoy g uiyum :Ajieg SA (£2) Nd Ape3 '8 €€ 15 (£861) Bunop
$SO| JYBIOM S|9A3] UlWINg[e WiNISS
‘uo3dIdXd usboau ‘dduejeq usbolyu Ayjeyow 85 (L2) N3 Ape3
L = 1v0dg04 ‘@ejur usboayu sso| uaboaIN ‘SDD ‘1.l UoNd3JU| uesw) OL= uolssiwpe Jo sinoy 8y UIYIM SA (¥7) Nd Alre3 6'88 8T St (9861) A3|peH
s|aA9| 9s0on|b
wnJas Qunod 9140ydwiA| ‘sanjea INoy/jw Q0L UBY) SSI| SEM SWN|OA
ULU3JSUBI] WINJSS {|9AS] UIWING|e WNJSS |enpisai du1seb ay) pue juasaid
‘uonaXa usaboullu ‘dxeul dlojed 2J9M SpPUNOS [9MOq 3yl |1} :pakejap (81) N3 pakeja@
Z=1vodly ‘ayeiul usbouiu ‘aduejeq usboiN SOD ‘AN[eMO  G'/ (UBS\  ‘UOISSILPE JS)e SINOY 8 UIYIM :Alie] SA (07) Nd Ae3 VN o 8¢ (€861) ddey
424035 Ayend S3W023no [euoniinNN sawod3no Atewld SDD |eniu] uonINu jo bunJieys ('ON) 9% ‘x3s K ‘abe azis (1eak) Joyany
03 Ainful/uoissiwpe woly bujwil suwue juswieal ) alenw ueay 3jdwes

‘sisk|eue-e3awW JO SAIPNIS PapN[dUL JO SdfIsIIRRIEYD *L el

PLOS ONE | www.plosone.org



Nutritional Support in Traumatic Brain Injury

‘dVA\ ‘SNSI9A ‘SA ‘UO|

L00¥'8€88500°3u0d [ewinof/L Z€1°0L:10p
‘eluowinaud pPaje|dosse-101e[1uUdA
1Inu jeidiualed ‘Nd ‘buipaay duaseboseu ‘DN Buipasy duiseboseu-uou ‘ONN ‘d]ge|ieae Jou ‘yN ‘Aels Jo yibua| ‘5O ‘21035 awodinQ Mobse|n ‘SOD ‘9]eds ewod) Mobse|D ‘S0 {UoNLINU [BJ9Ud ‘NI :SUOleIARIqqY

*(€-00) @w021Nn0 ‘(Z-0D) \Au___o_m\_mQEOu ‘(-0S) UO0I11D3|9s :S3IPNIS 1I0YOD 10J (SON) 3|25 emell0-3|3sedMaN ‘(L-0Y) uolewsojul uoilile pue (z-09) @C_UC__Q ‘(Z-0Y) uoneziwopuel :s]DY 10} 3100S _om_umﬂi

"saipnls aAndadsoid paziwopues-UuoN,

8=C0¢O¥S

8=1¢07D%S

¢=1v0dly

¢=1vodly

uonuINUjeW JO dUIPIUI

!S|9A9] duluneald Aleuln !S|PA3|
ulwuNge wWnJds {(ssauydiyl pjoj umpjs
sdad1} ‘9DUBIBJWINDIID WiIe-piw)
sjusWIaINseaw duRwodoiyiuy

VN

S|9A3| 9U0J]S0ISA) pue
‘los1u0d ‘p14 ‘€14 ‘HSL
ulwnqe ‘dgyD ‘@sodn|b

wnias ‘sso| usaboaiu Areuun

‘a>uejeq uaboanu ‘exeiul
uabouu ‘ayelul sauojed

Nob] 8-

N2l ul SOT “Anjeuow ‘SO0H 8-

N>l Ul SO7 ‘a8l
uonedijdwod ‘a1es Aljeuon 6=

NDI Ul SO *e3ed
uoned|dwod ‘Aijeuo -6

Ainfunsod sAep / 1aye

:pakejaqg ‘Ainfunsod
skep £ ulyum :Ajieg

sAep / 10y

pappe ejnwioy Huipssy
ou :pakejap ‘Ainfunsod
sinoy gy ulyum :Ajieg

(PS-Y 8¥) pPaAjosal
sisaiedoiiseb ayy

usaym :pakejap ‘Ainful Jaye
sinoy gy—t¢ UIYUM :Alie3

3|qels Ajjediweulpowsy
usym uolssiwpe Jaye Ajueg

(1€) N3 pafepp@
SA (¥9) N3 Aje3

(¢S1) N3-uoN
SA (St71) N3

(S2) N3 pafeleq
SA (7€) N3 Ale3

(T1) N3 Ae3
SA (0L) Nd Alie3

VN

VL

606

56 ,(107) luedepueyg

4(¢1o7) bueyd

65 ,(L10T) spepanoyd

(LLo)
3|13 03sn[

424103s Ayend

SBWO0d3)N0 |eUoINN

sawodno Atewnd SDD |eniu]

uonnu jo Hunaeys
0} Ainfui/uoissiwpe woJj buiwip

(*oN)
swe Jusweas]

% ‘X3S
slen

(1eak) Joyany

0D L ’qel

March 2013 | Volume 8 | Issue 3 | e58838

PLOS ONE | www.plosone.org



Nutritional Support in Traumatic Brain Injury

A Early nutrition  Delayed nutrition Risk Ratio Risk Ratio
r I Death Total Death _ Total Weight M-H, Random. 95% CI M-H. Random. 95% CI
1RCT
Chourdakis 2011 3 34 2 25  4.0% 1.10[0.20, 6.12] "
Minard 2000 1 12 4 15  2.9% 0.31[0.04, 2.44] *
Rapp 1983 3 20 9 18  8.1% 0.30[0.10,0.94] €
Young 1987 7 23 9 28 13.1% 0.95[0.42, 2.15] -
Subtotal (95% ClI) 89 86 28.1% 0.62 [0.32, 1.22] -
Total events 14 24
Heterogeneity: Tau? = 0.07; Chi? = 3.47, df =3 (P = 0.32); I? = 14%
Test for overall effect: Z=1.38 (P =0.17)
2 NPS
Chiang 2012 39 145 140 152 31.8% 0.29[0.22, 0.38] =
Dhandapani 2012 10 64 15 31 16.6% 0.32[0.16, 0.63] -
Hartl 2008 64 755 15 42  23.6% 0.24 [0.15, 0.38] -
Subtotal (95% CI) 964 225 71.9% 0.28 [0.23, 0.35] <
Total events 113 170
Heterogeneity: Tau? = 0.00; Chi? = 0.76, df =2 (P = 0.68); I? = 0%
Test for overall effect: Z=11.17 (P < 0.00001)
Total (95% ClI) 1053 311 100.0% 0.35[0.24, 0.50] <o
Total events 127 194
Heterogeneity: Tau? = 0.09; Chi* = 10.79, df =6 (P = 0.10); I> = 44% =0.1 sz 0?5 1 é é 10’

Test for overall effect: Z = 5.66 (P < 0.00001)

Favours early Favours delayed

Test for subaroup differences: Chiz = 4.92. df =1 (P = 0.03). 1> =79.7%

B Early nutrition  Delayed nutrition Risk Ratio Risk Ratio

Study or Subgroup PO Total PO Total Weight M- 9 - om.95%Cl
1RCT

Rapp 1983 7 20 11 18 10.7% 0.57 [0.28, 1.16] - T

Young 1987 12 23 19 28 19.2% 0.77 [0.48, 1.23] B

Subtotal (95% CI) 43 46  29.9% 0.70 [0.48, 1.04] 4

Total events 19 30

Heterogeneity: Tau? = 0.00; Chi* = 0.48, df = 1 (P = 0.49); I? = 0%

Test for overall effect: Z = 1.78 (P = 0.07)
2NPS

Chiang 2012 113 145 146 152  48.8% 0.81[0.74, 0.89] u

Dhandapani 2012 14 32 18 21 21.3% 0.51[0.33, 0.78] =

Subtotal (95% CI) 177 173 70.1% 0.67 [0.42, 1.07] P

Total events 127 164

Heterogeneity: Tau? = 0.09; Chi? = 4.69, df =1 (P = 0.03); I? =79%

Test for overall effect: Z = 1.66 (P = 0.10)

Total (95% Cl) 220 219 100.0% 0.70 [0.54, 0.91] L 4

Total events 146 194

Heterogeneity: Tau? = 0.03; Chi2 = 5.87, df = 3 (P = 0.12); I = 49% 0? ] sz 0?5 ] 2 5 1‘0

Test for overall effect: Z = 2.70 (P = 0.007)

Favours early Favours delayed

Test for subaroup differences: Chi? = 0.02. df =1 (P = 0.89). 12 = 0%

Figure 2. Comparison of the effect of early feeding and delayed feeding on outcomes in patients with TBI. (A) Forest plot illustrates the
different effects on mortality. (B) Forest plot shows the different effects on poor outcome. PO, poor outcome.

doi:10.1371/journal.pone.0058838.g002

The funnel plots of data relating to mortality were found to be
symmetrical, suggesting a low likelihood of having publication bias
(Figure 4A). No publication bias was revealed by Egger test either
(P=0.239).
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EN VS PN

Five RCTs involving a total of 215 patients evaluated delivery
route of nutrition support (EN vs PN) in TBI patients (Table 1).
As it showed before, two trials compared early PN with delayed
EN [25,26]. In the other three trials, both PN and EN were started
early after admission [27,30,38].
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Table 2. Subgroup analyses for studies evaluating the effects
of early nutrition and delayed nutrition on mortality.

Heterogeneity
Subgroups N RR (95% ClI) ()

Total 7 0.35(0.24, 0.50)  44%
Sample size
<100 5

>100 2

0.49 (0.27, 0.87)  30%
0.28 (0.22,035) 0
Publication year

<2005 3 0.54(0.23,1.27) 35%
>2005 4 0.29 (0.23, 0.37) 6%
Study design

RCT 4

NPS 3

0.62 (0.32, 1.22) 14%
0.28 (0.23,035) 0
Starting time of early nutrition
<72 h 5 045(0.24,087) 56%
<7d 2 026(0.18,039) 0

Compared route

Early PN vs. delayed EN 2 057 (0.19, 1.76) 62%
Early EN vs. delayed EN 3 037(021,068 O
Early EN vs. no feeding 1 029 (0.22,038) -
Unknown 1 0.24(0.15,038) -

Abbreviations: EN, enteral nutrition; N, number of studies; NPS, non-randomized
prospective study; PN, parenteral nutrition; RCT, randomized controlled trial; RR,
relative risk.

doi:10.1371/journal.pone.0058838.t002

Aggregating data of the five studies demonstrated a trend
toward a lower mortality rate associated with PN (RR =0.61; 95%
CI, 0.34-1.09; I? = 8). Nevertheless, statistical significance was not
revealed (P =0.09) (Figure 5A). In order to investigate the impact
of different starting time on the results, the subgroup analysis was
performed. However, no statistically significant result was revealed
in any subgroup (P>0.05) (Table 3). It is similar when
subanalyzing the impact of publication year (Table 3). The low
heterogeneity may justify the application of a fixed-effect model. In
sensitivity analyses by using this model, a marginal statistical
significance was revealed (RR=0.56; 95% CI, 0.32-0.99;
P=0.05). Further, only by excluding the study by Young et al.
[28], a statistical significance without heterogeneity was demon-
strated (RR =0.35; 95% CI 0.15-0.83; P=0.02; I’ =0).

Three of the five studies reported the functional outcome on
GOS. Pooling data revealed a trend toward reducing the rate of
poor outcome in PN groups (RR=0.73; 95% CI, 0.51-1.04).
Nevertheless, statistical significance was not observed in the overall
analysis or in any subgroup analysis according to the timing of
nutrition (P>0.05) (Figure 5B). The fixed effect model also failed
to show any significant alteration. The reported infectious
complications mainly included pneumonia, central nervous system
(CNS) infection, bloodstream infection, and urinary tract infection.
Pooling data suggested that PN patients may have a slight trend of
lower rate of infection complications compared with EN patients
RR 0.89; 95% CI, 0.66-1.22), especially in reducing the
occurrence of pneumonia, whereas statistical significance was
not revealed (P=0.48) (Figure 6). The heterogeneity was at an
unimportant level across our pooled analyses.

The funnel plots of data relating to mortality were found to be
symmetrical, suggesting a low likelihood of having publication bias
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(Figure 4B). No publication bias was revealed by Egger test either
(P=0.621).

Standard Formula VS Immune-enhancing Formula

Three trials compared the immune-enhancing formula (argi-
nine, glutamine, probiotics, and ®-3 fatty acids et al.) with the
standard formula of EN in TBI patients [32,34,35]. Infection rate
was reported in all trials, and the aggregating data revealed that
immune-modulating formula was associated with a statistical
significant reduction in infection rate in contrast with the standard

formula (RR =0.54; 95% CI, 0.35-0.82; P<<0.05) (figure S3).

Non-nasogastric (NNG) Feeding VS NG Feeding

Five trials compared NNG feeding with NG feeding in EN
support. Taylor et al. compared a mixed group (intestinal or
gastric) with a standard gastric group, and thus was excluded [18].
Minard et al. compared early nasoenteric feeding with delayed
NG feeding [31]. Grahm et al. compared nasojejunal feeding with
NG feeding [29]. Kostadima et al. compared percutaneous
endoscopic gastrostomy with standard EN in the occurrence of
ventilator-associated pneumonia [33]. Escribano et al. random-
ized patients to receive transpyloric feeding or gastric feeding [36].
The pooling data of 4 trials showed a significant reduction in the
occurrence of pneumonia in patients receiving NNG feeding
compared with those receiving NG feeding (RR =0.62; 95% CI,
0.40-0.96; P=0.03). The NNG group was associated with a trend
to reduce mortality rate and shorten ventilator day, whereas failing
to show statistical significances. Three trials additionally reported
the LOS in ICU, and the aggregated results revealed no statistical
significance in the two arms (figure S4).

Discussion

We carried out a comprehensive literature search to detect
prospective studies, including RCTs and NPSs, to compare the
effects of different routes, timings and formulae of nutritional
support on clinical outcomes in TBI patients. Explicit criteria were
utilized for study selection and methodological quality assessment.

In comparison of different timing for nutritional support, our
meta-analysis demonstrated beneficial effects of early nutrition on
reducing mortality, improving functional outcome, and decreasing
infectious complications. Although a trend was indicated for early
nutrition in lowering the risk of stratified specific infections, no
statistical significance was revealed. There was also no significant
difference in feeding-related complications between the two arms.
Notably, opposite to pooled data of NPSs, the data of RCT's failed
to demonstrate statistical significance in mortality. The RCTs
were largely carried out in early years with smaller sample sizes
and limited nutritional support approaches, which might contrib-
ute to this discrepancy. Similar concern may also explain the
heterogeneity from publication year. The earlier Cochrane review
also suggested a trend toward using early nutrition to reduce
mortality and improve functional outcome by analyzing fewer
studies, whereas without statistical significance [42]. Furthermore,
several queries were concerned. For study by Hadley et al., the PN
and EN were both started within 48 hours after admission, and
thus it may not be reliable for considering it as the comparison of
early nutrition with delayed nutrition [27,42]. Additionally, they
included one study that compared different infusion speeds of EN
[18]. In light of the simultaneous initiation of EN in both groups, it
is not likely to be justified to consider this trial as the comparison of
nutritional timings, and thus we excluded it. The Brain Trauma
Foundation has cautiously recommended achieving full caloric
replacement by day 7 following TBI based on limited evidence [9].
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Early Delayed Risk Ratio Risk Ratio
Study or Subgroup Infection Total Infection Total Weight M-H, Random, 95% CI M-H. Random.95%Cl
1 Pneumonia
Chourdakis 2011 20 34 20 25 56.5% 0.74 [0.52, 1.04] -
Grahm 1989 2 17 3 15  24% 0.59 [0.11, 3.06] =
Minard 2000 6 12 7 15 10.8% 1.07 [0.49, 2.34] =t
Young 1987 6 23 9 28  8.7% 0.81[0.34, 1.94] =
Subtotal (95% CI) 86 83 78.5% 0.78 [0.58, 1.04] <&
Total events 34 39
Heterogeneity: Tau? = 0.00; Chi? = 0.88, df = 3 (P = 0.83); I? = 0%
Test for overall effect: Z = 1.69 (P = 0.09)
2 CNS infection
Chourdakis 2011 2 34 2 25  1.9% 0.74 [0.11, 4.87] =
Grahm 1989 17 1 15  0.7% 0.30 [0.01,6.77] * 2
Young 1987 1 23 0 28  0.7% 3.63[0.15, 84.98] " ’
Subtotal (95% ClI) 74 68 3.2% 0.85 [0.20, 3.57] e ——
Total events 3 3

Heterogeneity: Tau?=0.00; Chiz=1.27, df =2 (P = 0.53); I?= 0%

Test for overall effect: Z = 0.23 (P =0.82)

3 Bloodstream infection

Chourdakis 2011 3 34 4 25 34%
Young 1987 3 23 8 28 46%
Subtotal (95% CI) 57 53 7.9%
Total events 6 12

Heterogeneity: Tau? = 0.00; Chi*=0.04, df =1 (P =0.84); I?= 0%

Test for overall effect: Z=1.51 (P =0.13)

4 Urinary system infection

Chourdakis 2011 3 34 3 25 2.9%
Young 1987 6 23 7 28 7.5%
Subtotal (95% Cl) 57 53 10.4%
Total events 9 10

Heterogeneity: Tau? = 0.00; Chi* = 0.15,df =1 (P = 0.70); I = 0%

Test for overall effect: Z =0.13 (P = 0.89)

274
52

Total (95% CI)

Total events 64

Heterogeneity: Tau? = 0.00; Chi* = 3.50, df = 10 (P = 0.97); I = 0%

Test for overall effect: Z = 2.01 (P = 0.04)

257 100.0%

0.55 [0.14, 2.25]
0.46 [0.14, 1.53]
0.49 [0.20, 1.24]
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1.04 [0.41, 2.67)
0.95 [0.43, 2.10]

<&
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Figure 3. Comparison of the effect of early feeding and delayed feeding on infectious complications in patients with TBI.

doi:10.1371/journal.pone.0058838.g003

Taken together, our results reinforced the inclination of early
nutrition for TBI patients.

When compared with EN, our results showed that there might
be a trend toward using PN to reduce mortality and improve
functional outcome, whereas statistical significance was only
marginally revealed when the fixed effect model was used. In
the subgroup analyses based on timing of feeding and publication
year, no statistical significant findings were revealed. Moreover,
significant difference in the rate of complications was not
recognized in any subgroup analysis between the two arms. In
fact, EN and PN show unique advantages, respectively. The use of
EN is superior to PN in patients with functioning gastrointestinal
tracts [43]. Compared with PN, EN formulae may conveniently
make use of more effective substrates to support cell and organ
function, have a lower risk of hyperglycemia or hyperosmolarity,

PLOS ONE | www.plosone.org 8

be administered at lower rates to avoid overfeeding, and better
support the gut mass and barrier function. However, the use of
enteral feeding in patients with gastrointestinal intolerance is
associated with underfeeding and consequent malnutrition
[43,44]. Less than 70% of patients receive an adequate enteral
caloric intake even in the most experienced and motivated ICUs
[45]. In comparison, PN patients have benefits in obtaining more
dependable nutrient bioavailability, getting nutrition effects in a
shorter period, requiring no functional GT tract, and staying away
from satiety, abdominal distention or other enteral feeding
complications [43]. However, overfeeding (the administration of
excess dextrose, fat, or calories) and refeeding syndrome (rapid
feeding of patients with preexisting malnutrition) may occur, and
thus induce a variety of metabolic complications, including
hyperglycemia, hypertriglyceridemia, thiamine deficiency, hyper-
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Figure 4. Funnel plots for the detection of publication bias. (A) Funnel plot of studies evaluating the effects of feeding timings on mortality,
which is approximately symmetric. (B) Funnel plot of studies evaluating the effects of feeding routes on mortality, which appears to be symmetric.

doi:10.1371/journal.pone.0058838.9004

volemic, and hypercapnia [44]. In our pooled studies, enrolled
patients unanimously experienced moderate or severe TBI, mostly
with GCS lower than eight [25-27,30,38]. They are always
comatose, intubated or mechanically ventilated, with malfunc-

A PN EN
udy o sbgroup Death
1 early PN vs delayed EN
Rapp 1983 3 20 9 18 25.7%
Young 1987 7 23 9 28 49.9%
Subtotal (95% CI) 43 46 75.7%
Total events 10 18

Heterogeneity: Tau? = 0.41; Chi*=2.61,df =1 (P =0.11); I? = 62%

Test for overall effect: Z = 0.97 (P = 0.33)

2 early PN vs early EN

Borzotta 1994 1 21 5 28 7.8%
Hadley 1986 2 24 3 21 11.7%
Justo Meirelles 2011 1 10 1 12 4.8%
Subtotal (95% CI) 55 61 24.3%
Total events 4 9

Heterogeneity: Tau? = 0.00; Chi? = 0.82, df = 2 (P = 0.67); I> = 0%

Test for overall effect: Z=1.08 (P = 0.28)

Total (95% Cl) 98
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107 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 3.53, df =4 (P = 0.47); I? = 0%

Test for overall effect: Z = 1.68 (P = 0.09)

tioning parasympathetic and sympathetic system, disturbed
hypothalamic-pituitary axis, elevated intracranial pressure (ICP),
increasing endogenous opioids and endorphins, and widespread
prescription of narcotics. All of these unfavorable factors may

Ratio
om,95%Cl

Risk Ratio Risk

ndna

0.30 [0.10, 0.94]
0.95 [0.42, 2.15]
0.57 [0.19, 1.76]

4

0.27[0.03, 2.12] * -
0.58 [0.11, 3.16] .

1.20[0.09, 16.84]
‘

0.52[0.16, 1.69]

o

1 1 Il Il 1 1
T T T

0102 051 2 5
Favours PN Favours EN

0.61[0.34, 1.09]

Test for subaroup differences: Chi2=0.01.df =1 (P =0.91). 2= 0%

B PN EN

Study or Subgroup PO Total PO Total Weight
1 early PN vs delayed EN

Rapp 1983 7 20 11 18 25.6%

Young 1987 12 23 19 28 57.7%

Subtotal (95% CI) 43 46 83.3%

Total events 19 30
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Figure 5. Comparison of the effect of enteral feeding and parenteral feeding on outcomes in patients with TBI. (A) Forest plot
illustrates the different effect on mortality. (B) Forest plot shows the different effect on poor outcome. PO, poor outcome.

doi:10.1371/journal.pone.0058838.g005
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Table 3. Subgroup analyses for studies evaluating the effects
of parenteral nutrition and enteral nutrition on mortality.

Subgroups N RR (95% ClI) Heterogeneity (1?)

Total 5 0.61 (0.34, 1.09) 0
Publication year
<1990 3

>1990 2

0.60 (0.29, 1.27) 24%
0.47 (0.09, 2.41) 0
Compared timing

Early PN vs. delayed EN 2 0.57 (0.19, 1.76) 62%

Early PN vs. early EN 3 0.52(0.16, 1.69) 0

Abbreviations: EN, enteral nutrition; N, number of studies; PN, parenteral
nutrition; RR, relative risk.
doi:10.1371/journal.pone.0058838.t003

contribute to impaired G'T function, delayed gastric emptying, and
increased risk of EN intolerance [3]. In this context, PN might be
superior to EN for initial life saving nutritional support. Notably,
PN was unanimously initiated early after admission in related
studies. Thus, our result should not be misunderstood as
opposition to the suggestion that EN is preferable whenever
possible with functional gastrointestinal tracts [46]. However, data
of feeding related complications, especially the data of hypergly-
cemia were insufficient across included studies, and further
persuasive evidence is warranted.

Given the prevalence of inconveniences for routine nasogastric
EN, other alternative EN routes have been attempted, including
nasojejunal feeding, percutaneous endoscopic gastrotomy feeding,
and transpyloric feeding [29,33,36]. Pneumonia rate was shown to
be significantly reduced by NNG, which may be associated with
the prevention of aspiration by NNG feeding. There was also a
trend toward reducing mortality rate and decreasing ventilator
days, but failed to demonstrate statistical significances. It has been
evaluated that at least 20% of TBI patients don’t tolerate enteral
alimentation at all in the first week [29]. By using NNG route,
patients will probably tolerate enteral feeding as well as avoid the
hyperalimentation brought about by PN. Although data on
feeding complications were scant, in light of its well tolerance
and prevention of pneumonia, we are inclined to side with ESPEN
guidelines, which suggested that when jejunal feeding can be
carried out easily, it should be given [47].

Furthermore, our results showed that immune-enhanced
formulae were associated with a significant reduction in infectious
complications compared with standard formulae. Although a
growing number of studies emphasized the importance of nutrition
content of foods on post-injury recovery, studies relating to TBI
are scant, especially according to our criteria of study design. In
fact, the effect of immune-enhanced formulae has been widely
investigated in general population, but with confusing and
undefined conclusions for critically ill patients [48]. The ESPEN
guideline has recommended that immune-modulating formulae,
enriched with arginine, nucleotides, and ®-3 fatty acids, are
superior to standard enteral formulae in trauma patients [47]. In
contrast, the updated guidelines from the Canadian Practice
Group in 2009 and the American Dietetic Association evidence
analysis library did not recommend the routine use of immune-
modulating diets in critically ill patients [48]. The most prominent
controversy was the effect of immune-modulating diet on mortality
and functional outcomes. For example, the use of arginine-
contained formulae has shown greater mortality, and it is
hypothesized that arginine may be converted to nitric oxide and
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thus contributed to hemodynamic instability [4]. Our results could
only suggest the benefits of immune-modulating diet for TBI
patients in reducing infectious complications. The effects on
mortality or functional outcome could not be elucidated by the few
studies, and further studies are warranted to investigate the effects
of particular diets on the outcome of TBI.

We are aware of the limitations of this meta-analysis. Trials with
statistically significant results may be more likely to be published
and cited, and are preferentially published in English language
journals [49]. We included only studies written in English
language and therefore, may have missed relevant studies
published in non-English language journals. Besides, several
studies (e.g. Rapp et al. and Young et al.) are included in 2 or
more of the reported analyses; this has a potential risk of
overemphasizing positive results. Although results from Egger’s
tests and funnel plots did not show evidence of publication bias,
their capacities to detect bias was limited by the small number of
studies [49]. The studies included were of relatively poor quality,
with most of RCTs having a Jadad score of <3 (13/15). Only a
few trials described the method of randomization [34,35]. Blinded
design was only described in two trials on immune-enhanced
formulae [34,35]. Although it seems difficult to conceal the route
of nutritional support, studies with inadequate or unclear
concealment of allocation may overestimate the intervention
effect. The sample sizes were relatively small across included
studies, especially in the RC'T's. Small sample size might contribute
to the failure of randomization and imbalance between clinical
variables, and thus failed to detect the statistically significant
effects. In fact, the compared different arms were not well-
controlled. For example, the comparison of route for nutritional
support would be more convinced if started simultancously.
However, it is commonly seen that EN was initiated late until the
recovery of gastroparesis [26,27]. In fact, in subgroup analyses of
timing of feeding, two studies that compared early PN with late
EN were both revealed to be the potential source of heterogeneity.
Question may be raised that whether the effects found were
related to the parenteral nutrition or perhaps more due to the
early onset of nutrition versusing delayed onset. The impossibility
to differentiate here was a substantial confounding factor in the
interpretation of results. In the sensitivity analyses of route of
feeding, the exclusion of study by Young et al. has led to a
significant change of results. Notably, only this study initiated the
EN support until the termination of low wall suction, which was
non-conventionally performed and might contribute to the
heterogeneity [28]. Furthermore, our meta-analysis was absent
of aggregating various nutrition indexes, such as caloric intake,
nitrogen intake, and nitrogen balance. In previous systematic
reviews, it has been revealed that the measurement methods,
definitions of metabolic abnormalities, and energy expenditure
following TBI varied greatly, which may restrict the incorporation
[50,51]. Additionally, the included studies utilized different criteria
for inclusion and exclusion. Especially, the differences in severity
of disease across studies may explain some of the heterogeneity.
For example, a number of studies specifically investigated patients
with mechanical ventilation [32-34,36-38]. All of these limitations
restrict the strength of conclusions drawn from our meta-analysis.

Though disputes of optimal nutritional support would continue,
we postulate that the optimal clinical decision in nutritional
support should be personalized, in terms of the individual profile,
including nutritional status, severity, complications, feeding
tolerance, and day-to-day changes in clinical conditions. Last
but not least, greater multidisciplinary efforts from nutritionists
and clinicians are required for better management of the
nutritional support for TBI patients.
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PN EN Risk Ratio Risk Ratio

Study or Subgroup _Infection Total Infection Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

1 Pneumonia
Borzotta 1994 9 21 15 28 26.3% 0.80 [0.44, 1.46]) .
Hadley 1986 9 24 10 21 20.4% 0.79 [0.40, 1.56) .
Justo Meirelles 2011 2 10 2 12 3.0% 1.20 [0.20, 7.05) -
Young 1987 6 23 9 28 12.5% 0.81[0.34, 1.94] -
Subtotal (95% CI) 78 89 62.1% 0.81 [0.55, 1.20] L 2
Total events 26 36
Heterogeneity: Tau? = 0.00; Chi* = 0.20, df = 3 (P = 0.98); I = 0%
Test for overall effect: Z = 1.03 (P = 0.30)

2 CNS infection
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Hadley 1986 2 24 1 21 1.8% 1.75[0.17, 17.95]
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Total events 3 3
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Figure 6. Comparison of the effect of enteral feeding and parenteral feeding on infectious complications in patients with TBI.

doi:10.1371/journal.pone.0058838.g006

Conclusions

Our meta-analysis lends support to early initiation of nutritional
support for TBI patients, which can decrease mortality, reduce
complications and facilitate recovery. PN appears to be superior to
EN in reducing mortality and improving outcome in the acute gut-
intolerant phase of TBI. Immune-modulating formulae seem to be
superior to standard formulae in reducing infectious complica-
tions. Small-bowel feeding was recommended if possible. Howev-
er, our results should be interpreted with caution given the various
limitations. Further well-designed RCT’s are expected to clarify the
optimal nutritional strategies for TBI patients.
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Supporting Information

Figure S1 Forest plot shows the effect of early nutrition
and delayed nutrition on feeding compliations. (A) Forest
plot illustrates the effect on diarrhea. (B) Forest plot illustrates the
effect on feeding intolerance. I, intolerance.

(TTEF)

Figure S2 Forest plot shows the effect of early nutrition
and delayed nutrition on length of stay in the intensive
care unit.

(TTEF)
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Figure 83 Forest plot shows the effect of standard and
immuno-modulated nutritional formulae on infectious
complications.

(TIF)

Figure S4 Forest plot shows the effect of non-nasogas-
tric and nasogastric enteral feeding on outcomes in
patients with TBI. (A) Forest plot illustrates the effect on
pneumonia. (B) Forest plot shows the effect on mortality. (C) Forest
plot shows the effect on ventilator days. (D) Forest plot shows the
effect on length of stay in the intensive care unit. Pneumo,
pneumonia.

(TIF)
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