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Effect of nutritional support on clinical outcomes in
perioperative malnourished patients: a meta-analysis
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Malnutrition is an independent risk factor for complications, mortality, wound healing, length of hospital stay,
and costs. Associations between nutritional support and surgical patients remain controversial. Databases, includ-
ing Pubmed, EMBASE, Web of Science, CNKI, VIP, and the Cochrane Library, were searched to find random-
ized controlled trials (RCTs) that assessed the effect of nutritional support on clinical outcomes in perioperative
malnourished patients. The methodological quality of each included trial was assessed. A meta-analysis was con-
ducted with Rev Man 5.2. Fifteen RCTs, involving 3831 patients, were included in this meta-analysis. Compared
with control group, results showed that nutritional support was more effective in decreasing the incidence of in-
fectious [relative risk (RR): 0.58; 95% CI: 0.50, 0.68; p<0.01] and non-infectious complications (RR: 0.74; 95%
CI: 0.63, 0.88; p<0.01), and shortening the length of hospital stay [weighted mean difference (WMD): -2.64; 95%
CI: -5.13, -0.16; p<0.05]. Moreover, the incidence of infectious complications in the immune nutrition group was
significantly lower than that in the standard nutrition group (RR: 0.75; 95% CI: 0.58, 0.97; p<0.05). However,
changes in hospital costs (WMD: 894; 95% CI: -1140, 2928; p>0.05) and postoperative mortality (RR: 0.77; 95%
CI: 0.41, 1.44; p>0.05) between the nutritional support group and control group were not significantly different.
In conclusion, perioperative nutritional support was superior in improving clinical outcomes in malnourished pa-
tients, which could significantly reduce the incidence of complications and effectively shorten the length of hos-

pital stay.
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INTRODUCTION

Malnutrition is a state of energy, protein, or other specific
nutrient deficiency that produces a measurable change in
body function. It is associated with poor outcomes from
illness, but reversible by nutritional support." Malnutri-
tion weakens the body’s immunity and stress resistance,
so it cannot be effectively compensated in stress, such as
trauma, infection, and major surgery.”” Previous studies
have demonstrated that malnutrition is an independent
risk factor for complications, mortality, wound healing,
length of hospital stay, and costs.*® Moreover, surgical
stress induces complex modifications in the hemodynam-
ic, metabolic, neurohormonal, and immune responses of
the individual,” which can cause inflammation, affect
wound healing, and even lead to death. Furthermore, the
restriction of postoperative oral intake can aggravate the
malnutrition of patients.'’ The European Society for Par-
enteral and Enteral Nutrition (ESPEN) guidelines on en-
teral nutrition reported that nutritional support should be
initiated without delay even in patients without obvious
undernutrition, if the patient is anticipated to be unable to
eat for more than 7 d perioperatively.!' Numerous stud-
ies'"® have shown that patients undergoing major ab-
dominal surgery with perioperative nutritional support
have lower incidence of postoperative mortality and mor-

bidity, particularly for preoperative malnourished patients.

'® However, associations between nutritional support and
malnourished surgical patients remain controversial.
Pacelli et al conducted a retrospective study, in which
they found that weight loss, hypoalbuminemia, and low
BMI were not associated with an increased risk of mortal-
ity and morbidity in patients who underwent surgery for
gastric cancer.!” Studies have reported that nutritional
support is not suitable for all malnourished patients; it has
a beneficial effect on clinical outcomes to moderate and
severely malnourished patients, but none to mildly mal-
nourished patients.'®! The American Gastroenterology
Association published a global meta-analysis of parenter-
al nutrition in 2001, which showed that perioperative par-
enteral nutrition results in more infections and costs to
patients not severely malnourished.?’ Three meta-
analyses®'® recently investigated the effect of im-
munonutrition on surgical outcomes, and similarly con-
cluded that preoperative immunonutrition can signifi-
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cantly decrease the total incidence of complications and
effectively shorten the length of hospital stay. However,
these meta-analyses all lacked preoperative malnutrition
assessment, and the patients were either well-nourished or
mildly malnourished. Therefore, our meta-analysis aimed
to review systematically all randomized controlled trials
(RCTs) that investigated the effects of nutritional support
on malnourished surgical patients published from 1966 to
October 2014. This study will provide further evidence
for the clinical application of nutritional support on mal-
nourished surgical patients.

METHODS

Study selection

We systematically searched six databases [PubMed
(http://www.pubmed.com), EMBASE (http://www.em-
base.com), Web of Science (http://apps.weboftknowledge.
com), CNKI (http://www.cnki.net/), VIP (http://www.
cqvip.com/), and the Cochrane Library (http://www.
thecochranelibrary.com)] for all RCTs that investigated
the effects of nutritional support [“nutritional support,”
“nutrition supplement,” “enteral nutrition (EN),” “paren-
teral nutrition (PN),” “total parenteral nutrition (TPN),”
“immunonutrition,” “immune nutrition,” “immune nutri-
tion supplement,” and their variants] on perioperational
(“preoperative,” “pre-operation,” “perioperative,” “peri-
operation,” “postoperative,” “post operation,” “surgery,”
“operative,” “operation,” ‘resection,” “gastrectomy,”
“enterectomy,” and their variants) malnourished (“malnu-
trition,” “mal-nutrition,” “dystrophy,” and their variants)
patients published from 1966 to October 2014. Refer-
ences from the extracted articles and reviews were also
consulted to complete the data bank. When multiple arti-
cles for a single study were present, we used the latest
publication and supplemented it, if necessary, with data
from the most complete or updated publication.

LR NS LR NS

Studies were included if they met the following criteria:

1) they were RCTs with a parallel controlled design; 2)
the association of malnutrition with nutritional support
was specifically evaluated; 3) malnutrition assessment
technique was provided; 4) specific outcomes were men-
tioned, including length of hospital stay, hospital costs,
complication (infectious and non-infectious complica-
tions) (Table 1), and mortality; and 5) data related to sup-

plementation were available. We excluded studies if they
met the following criteria: 1) they were not randomized
designs; 2) they did not report an adequate data of specif-
ic outcomes; and 3) they were reviews or case reports.

Data extraction

From each study, we extracted information on the first
author, publication year, country of origin, sample size,
age, sex, type of diseases or surgeries, average study fol-
low-up time, number of subjects, malnutrition assessment
technique, type of nutritional support, duration of nutri-
tional support, disease outcome, method of outcome as-
certainment, unit of measurement, and corresponding
95% Cls, SES, or exact p values. Given that differences
in study populations and design may cause variations in
results, study quality scores were used for methodology
quality assessment.”* A study quality score ranging from
0 to 5 was calculated for each included trait. Studies were
categorized into those with a high study quality score (3-5
points) and those with a low study quality score (1-2
points), and no RCTs (0 point).

Data analysis

Data pooling was performed using a classical meta-
analytical method via RevMan 5.2 (The Nordic Cochrane
Centre, The Cochrane Collaboration; http://ims.cochrane.
org/revman/). Statistical significance was set at p<0.05.
Data were extracted from the text, tables, and figures of
the original published papers. To include data from as
many trials as possible, missing SD data for one trial were
imputed from the SD data from all other trials using the
same measure.”> When estimating the analysis indexes,
relative risk (RR) or OR was used as the effect size of the
categorical variable, whereas the weighted mean differ-
ence (WMD) was used as the effect size for continuous
variables. Subsequently, 95% CIs were calculated for
each investigation and for each outcome variable. Before
calculating the standardized mean effect for all trials, sta-
tistical heterogeneity was evaluated using the I° statistic
(a=0.05), which assessed the appropriateness of pooling
the individual study results. The I value provided an es-
timate of the amount of variance across studies because of
heterogeneity rather than chance.” The I° values of 25%,
50%, and 75% corresponded to low, moderate, and high

Table 1. Classification of complications in the included trials

Infectious complications

Non-infectious complications

Pneumonia
Abdominal abscess
Fasciitis

Bacteremia

Septic shock

Septic coagulopathy
Wound infections
Urinary tract infections

Anastomotic leak
Wound dehiscence
Gastrointestinal bleeding
Gastrointestinal perforation, obstruction, and ischemia
Pancreatitis

Myocardial infarction
Cardiogenic shock
Cardiopulmonary arrest
Stroke

Pulmonary embolus
Hemoperitoneum
Pulmonary failure

Renal failure

Pleural effusion

Hepatic dysfunction
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levels of heterogeneity, respectively. If p>0.05, heteroge-
neity was not substantial; that is, low heterogeneity was
found between the trials. Thus, a fixed-effects model was
used, with the Mantel-Haenszel method weighting for
combined statistics. However, if p<0.05, heterogeneity
was considered substantial; that is, high heterogeneity
was present between the trials. In this situation, subgroup
analysis was performed. If subgroup analysis could not
remove the heterogeneity, combined results were con-
ducted with a random-effects model, which was inversed
variance weighting or DerSimonian-Laird method based
on the fixed-effects model. A priori potential source of
heterogeneity was publication bias. Possible publication
bias was investigated by drawing a funnel plot to look for
funnel plot asymmetry and meta-regression based on
study size.”’

RESULTS

Characteristics of the studies

The initial search yielded 721 potentially relevant refer-
ences. After removing duplicates, reviews, animal trials,
and papers that were less related according to the titles
and abstracts, 53 studies remained. Upon reading the full
text of these studies and excluding those that were less
related, 15 trials™®** met the inclusion criteria and were
selected as appropriate for inclusion in this meta-analysis
(Figure 1). The included trials were published between
1966 to October 2014. The characteristics of the selected
trials are presented in Table 2. The sample size varied
from 20 to 1782, reaching a total of 3831. Among the 15
studies that evaluated surgical patients with malnutrition
in many countries and regions, ten trials’***** investigat-
ed the effect of nutritional support with gastroenteric can-
cer surgeries, three trials®>*** with mixed surgery, one
trial with cardiac surgery,”™ and one trial with head and
neck cancer surgery.’' In addition to comparing the
standard nutritional support group with the control group,
we also conducted specific analyses between standard

nutritional support and immune nutritional support.*"*>**
41

Complications

Infectious complications

Eight studies,”®*****7 which involved 3821 subjects,
evaluated the effect of nutritional support on infectious
complications, including wound infections, abdominal
abscess, pneumonia, urinary tract infections, and bacte-
remia. The results suggested that nutritional support was
more effective in decreasing the incidence of infectious
complications than immune support (RR: 0.58; 95% CI:
0.50, 0.68; p<0.01). The heterogeneity of infectious com-
plications (I’=34%; p=0.14; Chi’=13.6) was acceptable;
therefore, we used the fixed-effects model to analyze the
data (Figure 2). Moreover, differences between the stand-
ard nutritional support and immune nutritional support
groups were determined. The incidence of infectious
complications in the immune nutritional support group
was significantly lower than that in the standard nutri-
tional support group (RR: 0.75; 95% CI. 0.58, 0.97;
p<0.05), indicating that immune support was superior in
reducing the incidence of infectious complications (Fig-
ure 3).

Non-infectious complications

A total of 3549 participants from seven studies
were enrolled to evaluate the incidence of non-infectious
complications, including wound dehiscence, anastomotic
leak, intestinal, gastrointestinal bleeding, and hemoperi-
toneum. The heterogeneity of these studies was accepta-
ble (I’=21%; p=0.25; Chi’=11.4), so the fixed-effects
model was used. A statistically significant difference was
found between the nutrition and control groups (RR: 0.74;
95% CI: 0.63, 0.88; p<0.01), suggesting that nutritional
support was more effective in reducing the incidence of
non-infectious complications (Figure 4). However, no
statistically significant difference was observed between
the standard nutrition and immune nutrition groups (RR:
0.80; 95% CI: 0.63, 1.03; p>0.05). This finding suggests
that immune nutrition may be no more different from
standard nutrition in changing the incidence of non-
infectious complications (Figure 5).

28,30-33,35,36

Postoperative mortality

In the analysis of postoperative mortality, five studies
3236 with 1296 subjects were included. The fixed-effects
model was used because of acceptable heterogeneity
(P=0%; p=0.50; Chi’=6.34). No statistically significant
difference was found between the nutrition and control
groups (RR: 0.77; 95% CI: 0.41, 1.44; p>0.05) (Figure 6).

28,30-

Length of hospital stay

Six studies™***!'?*3¢ with 3055 subjects mentioned the
length of hospital stay. The I value between studies was
96% (p<0.01; Chi2=l99); thus, a random-effects model
was used. Nutritional support was more effective in
shortening the length of hospital stay than immune sup-
port (WMD: -2.64; 95% CI: -5.13, -0.16; p<0.05) (Figure
7). Moreover, the asymmetry funnel plot suggested possi-
ble publication bias between studies that reported changes
in the length of hospital stay (Figure 8).

Potentially relevant
references identified: N = 721
PubMed: 340

EMBASE: 113

‘Web of Science: 69

Cochrane Library: 39

CNKI: 121
Excluded: N = 668
VIP: 39
Duplicates
Reviews

Animal trials

Not relevant

Clinical trials retrieved for

further evaluation : N= 33 e e

Not RCTs: 18

No specific outcomes: 9

No malnutrition assessment: 6

Not relevant: 5
Included studies: N =15

Figure 1. Flow diagram of trial selection process resulting from
systematic search
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Figure 2. Forest plot of infectious complications between nutritional support and control groups. fixed-effects model. M-H: Mantel-
Haenszel test.
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Figure 3. Forest plot of infectious complications between immune nutrition and standard nutrition groups. fixed-effects model. M-H:
Mantel-Haenszel test.
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Figure 4. Forest plot of non-infectious complications between nutritional support and control groups. fixed-effects model. M-H: Mantel-
Haenszel test.



Nutritional support & surgery: a meta-analysis

371

IMN SN

Study or Subaroup Events Total BEvents Total Weight M-H. Fixed. 95% Cl

Risk Ratio Risk Ratio

M-H. Fixed. 95% Cl

Braga et al 2002 10 50 B 50 B.3% 167 [0.BE, 4.24]

Klek etal 2010 47 152 7 153 F01%  0.71[0.52, 0.95]

Klek etal 2011:EN 24 4 43 41%  052[0.10,2.71] — 1

Klek etal 2011:PN 5 42 T4 TA%  0F0[0.24,2.07 —T

Liu et al 2011 2 53 2853 21%  1.00[0.15, 6.84] R E—

Liu etal 2012 1 56 2 56  21%  0.501[0.0%, 5.36]

Schueren et al 2001 1m0 17 715  F8%  1.26[0.B4, 2.47] o

Total (95% Cl) 411 411 100.0%  0.80 [0.63, 1.03] 4

Total events Tr 95

Heterogeneity, Chi*= 5.33, df= 6 (P = 0.50); F= 0% In o n=1 j 1=n 1nn=

Testfor averall effect: £=1.72 (P = 0.08)

Favours [IMM]  Favours [SK]

Figure 5. Forest plot of non-infectious complications between immune nutrition and standard nutrition groups. fixed-effects model. M-H:

Mantel-Haenszel test.
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Figure 6. Forest plot of post operation mortality between nutrit
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Figure 7. Forest plot of length of hospital stay between nutritional

Hospital costs

Three studies”™**** with 255 subjects described changes
in hospital costs (USD) between the nutrition and control
groups, but the heterogeneity among them was significant
(P=95%; p<0.01; Chi’=40.5). Therefore, we used a
random-effects model to analyze the data. No statistically
significant difference was detected between the nutrition
and control groups (WMD: 894; 95% CI: -1140, 2928,
p>0.05), indicating that the relative data were insufficient

Favours [nutrition]  Favours [control]

support and control groups: random-effects model.

to draw a conclusion. Moreover, according to the
exchange rate, the hospital costs were translated into a
unified unit (USD) (Figure 9).

DISCUSSION

Malnutrition can induce weight loss, muscle catabolism,
extracellular fluid volume expansion, and lower tolerance
of salt and water overload, which can further delay
wound healing and increase the incidence of mortality
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Figure 8. Funnel plot of studies mentioned change of length of hospital stay between nutritional support and control groups. Dotted lines
are pseudo 95% Cls. The asymmetry funnel plot suggested possible publication bias existed between studies mentioned change of length
of hospital stay, which was associated with the significant heterogeneity.
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Figure 9. Forest plot of hospital costs between nutritional support and control groups: random-effects model.

and morbidity.* Malnutrition is an important factor in
increasing postoperative infection and mortality,
particularly to malnourished surgical patients.*
Nutritional support provides comprehensive nutrients for
patients through the enteral or parenteral route. Studies
suggested that perioperative nutritional support or
immune nutrition regulates intestinal flora, reduces
bacterial translocation, and maintains normal cell
metabolism.* In this meta-analysis, data on the effects of
nutritional support on malnourished surgical patients
were extracted and analyzed, including the incidence of
infectious and noninfectious complications, postoperative
mortality, length of hospital stay, and hospital costs. A
retrospective  study’® demonstrated that preoperative
nutritional supplementation with TPN for severely
malnourished  patients decreased  postoperative
noninfectious complications from 42.9% to 5.3%. Our
results showed that nutritional support significantly
reduced the incidence of infectious and noninfectious
complications and shortened the length of hospital stay.
However, changes in hospital costs between the
nutritional support and control groups were not
significant. Heterogeneity analysis showed significant
heterogeneity among the included trials. Such
heterogeneity may be attributed to the differences in

national medical standards and the medical insurance
system between various countries, which need further
verification with more large-sample, multicenter RCTs.
In addition, the insignificant change in postoperative
mortality was mainly attributed to an impressive
improvement of anesthetic and surgical techniques, as
well as amelioration of postoperative patient management
in the last three decades.***

Malnutrition plays a major role in the immune dysfunc-
tion of cancer patients. As reported in the literature, the
sensitivity of lymphocyte response to phytohemagglutinin
stimulation and macrophage migration inhibitory factor
release in such patients declined.” These changes were
strongly associated with low cell renewal rate, decreased
protein synthesis, thymic atrophy, or enhanced blood
mononuclear cells.’®”! Therefore, aside from standard
nutritional support or traditional treatment, the concept of
immunonutrition was proposed. Immune-enhancing for-
mulas usually add some pharmacologically active com-
ponents (e.g., L-arginine, glutamine, omega-3 fatty acids,
RNAs, and antioxidant vitamins) to standard formulas,
which can improve surgical outcomes by immune regula-
tion, anti-inflammation, and tissue protection.’*> In the
present meta-analysis, we evaluated the effects of nutri-
tional support on malnourished surgical patients, and de-
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Table 2. Characteristics of the trials included in the meta-analysis, by year of publication’
Author Year Country Type of disease ~ Age Sex No. of subjects Malnutrition assessment Type of Duration Design Study-quality
or surgery y) (M/F) (treatment/ control)  technique nutrition  (d) score
support
Abel et al®® 1976  USA Cardiac surgery  57-64 14/30 44 (20/24) Recent weight loss exceeding 4.5 PN 7 PC, R 3
kg within the past 12 months, an
absolute weight of less than 15%
below ideal as predicted from life
insurance charts, or a clinical
impression of malnutrition on the
basis of initial physical examina-
tion
Beattie etal”® 2000 UK Mixed surgery ~ 18-80 60/41 101 (52/49) BMI <20 kg/m?, anthropometric =~ EN 70 PC,R 3
measurements <15th percentile on
admission, or initiation of oral
diet postoperatively and/or a
weight loss of 5% or more during
the operative period
Bozzetti et al®® 2000  Italy Gastric or colo-  >18 45/45 90 (43/47) Weight loss >10% within 6 TPN 19 PC,R 3
rectal surgery months
Schueren et al*' 2001 Netherlands Head and neck ~ 45-71 30/19 49 (15SN/ Preoperative weight loss >10% of  EN 7~9 B, PC,R 4
cancer 17IMN/17) body weight over the previous 6
months
Bragaetal > 2002  Italy Mixed surgery ~ >18 84/66 150 (50IMN/ Weight loss >10% EN,IMN 7 DB,PC,R 5
50EN/50)
Wu et al*? 2004  China Mixed surgery ~ 35+17 959/823 1782 (545/ 1237) SGA EN,PN >7 PC,R 3
Barker etal® 2013 Australia  Gastrointestinal ~ 64.5+15.3 - 20 (11/9) SGA EN B, PC,R 4
surgery
Yao et al”® 2005  China Crohn’s disease  18-73 19/13 32 (16/16) BMI <15 kg/m* PN 21 PC,R
Wu et al*® 2007 China Gastroenteric 62.5+12.2  366/280 646 (215PN/ SGA EN, PN PN:7.2432 PC,R
cancer 215EN/216) EN: 7.6+4.0
Zhengetal” 2010  China Gastrectomy >18 18/18 36 (18/18) NRS >3 EN, TPN 7 PC,R
Klek et al*® 2010  Poland Resection for 60.8 182/123 305 (152IMEN/ Unintentional weight loss by at EN,IMN 14 DB, PC,R
pancreatic or 153SEN) least 10% or BMI <18

gastric cancer

SN: standard nutrition; IMN: immune nutrition; SEN: standard enteral nutrition; IMEN: immune modulating enteral nutrition; SPN: standard parenteral nutrition; IMPN: immune modulating parenteral nutrition;
BMI: body mass index (BMI=weight (kg)/height(m)2); SGA: subjective global assessment; NRS: nutrition risk screening; EN: enteral nutrition; PN: parenteral nutrition; TPN: total parenteral nutrition; B: blind; DB:
double-blind; PC: Parallel-controlled; R: randomized.
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Table 2. Characteristics of the trials included in the meta-analysis, by year of publication’ (cont.)

Author Year Country  Type of disease Age Sex No. of subjects Malnutrition assessment Type of Duration Design  Study-quality
or surgery y) (M/F) (treatment/ control) technique nutrition (d) score
support
Klek et al”’ 2011 Poland  Gastrectomy or pancreati- 61.4 91/76 167 (43SEN/ Weight loss >10%-15% EN, PN, 14 PC,R 3
coduodenectomy due to 41IMEN/ 41SPN/ within 6 months, BMI <18 IMN
malignancy 42IMPN) kg/m?, subjective global

assessment, Grade C, or
serum albumin <30 g/L

Liu et al* 2011 China Gastrointestinal malignancy ~ 18-70 61/45 106 (53IMEN/53SEN)  SGA EN, IMN 7 PC,R

Liu et al*! 2012 China Gastrointestinal malignancy ~ 27-69 64/48 112 (56/56) SGA EN, IMN 7 PC,R

Barkeretal® 2013 Australia Gastrointestinal surgery 64.5£153 - 20 (11/9) SGA EN 5 B,PC, 4
R

SN: standard nutrition; IMN: immune nutrition; SEN: standard enteral nutrition; IMEN: immune modulating enteral nutrition; SPN: standard parenteral nutrition; IMPN: immune modulating parenteral nutrition;
BMI: body mass index (BMI=weight (kg)/height(m)2); SGA: subjective global assessment; NRS: nutrition risk screening; EN: enteral nutrition; PN: parenteral nutrition; TPN: total parenteral nutrition; B: blind; DB:
double-blind; PC: Parallel-controlled; R: randomized.



Nutritional support & surgery: a meta-analysis 375

termined the differences between standard nutritional
support and immune nutritional support. Our results
showed that immune support was superior in terms of
reducing the incidence of infectious complications.

A randomized clinical trial conducted by the Veterans
Affairs Total Parenteral Nutrition Cooperative Study
Group™ showed that severely malnourished patients who
received TPN had fewer infectious complications than
controls, whereas patients categorized as either borderline
or mildly malnourished had more infectious complica-
tions in the TPN group than in the controls. Thus, malnu-
trition assessment is critical to perioperative nutritional
support. It can maximize the effect of perioperative nutri-
tional support and reduce adverse clinical outcomes. Fur-
thermore, in the policy of cost minimization, it prevents
unnecessary nutritional supplements and hospital costs.
Moreover, according to the recommendations of ESPEN,
>3 nutritional support is encouraged to be used on patients
with malnutrition assessment. In this meta-analysis, pre-
operative malnutrition assessment was conducted on all
the included trials to overcome deficiencies of previous
analyses. However, this meta-analysis also had some
limitations. First, the 15 included trials mentioned ran-
domization and parallel control, but did not discuss blind-
ing, which affected the quality score of the included trials.
Second, the study quality score of Wu et al®® was 3 but
the number of enrolled subjects was large, which will
bring uncertainty biases to the final result of this meta-
analysis. Third, the included studies described minimal
changes in serum albumin, and this finding should be
verified by multicenter RCTs with a large sample size in
the future. Finally, the variety of malnutrition assessment
technique, type, duration of nutritional support, and dos-
age of nutritional support could also affect the final re-
sults.

In conclusion, perioperative nutritional support was su-
perior in improving malnourished surgical patients prog-
nosis to some degree, which could significantly decrease
the incidence of complications and effectively shorten the
length of hospital stay.
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