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Background: Healthcare-associated infections are costly and are increasingly viewed as
an indicator of the quality of care. Although strategies to reduce infections have become
widespread, few studies have formally investigated the role of undernutrition on the
development of infection-related complications in children after surgery.
Aim: To perform a systematic review of the literature to determine if undernutrition is
prognostic of postoperative infection complications in children.
Methods: Electronic bibliographic and research databases were searched from 1950 to
2014. Inclusion criteria were studies in children (age <18 years) evaluating pre-operative
nutritional status and reporting postoperative infection complications. Quality assessment
was performed independently by two reviewers, with disagreements resolved by a third
reviewer. The quality of the evidence was judged to be low in the majority of studies.
Findings: Ten cohort and two caseecontrol studies met the inclusion criteria. Five studies
reported an outcome combining infection-related complications, with the remainder
reporting individual infection complications. Six studies reported surgical site infection
(SSI) alone or in combination with other infection complications. Direct comparison be-
tween studies was difficult due to clinical and diagnostic heterogeneity. Unadjusted an-
alyses (for patient or clinical variables) were suggestive of a relationship between
undernutrition and infection complications. In studies controlling for other variables, the
analyses did not remain significant for SSI.
Conclusion: There was low-quality evidence that undernutrition may be predictive of
postoperative infection complications in children, with the exception of SSI. However,
inconsistencies in nutritional and outcome assessments made it difficult to draw conclu-
sions. Larger, high-quality studies are warranted to further investigate a potential prog-
nostic relationship.
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Introduction searched in an attempt to identify relevant grey literature. Only
studies published in the English language were included.
Healthcare-associated infections (HCAIs) cost the National
Health Service (NHS) in excess of £700 million per year.1 In
addition, HCAI rates are increasingly being viewed as an indi-
cator of the quality of health care.2 Efforts to reduce the
incidence of HCAIs have become widespread, and include the
introduction of evidence-based clinical guidelines for reducing
surgical site infection (SSI) in the UK and USA.3,4 Few studies in
children have investigated nutritional status, particularly un-
dernutrition, as a risk factor for postoperative infection-
related complications. Undernutrition can be defined as an
imbalance between nutrient requirement and intake, resulting
in cumulative deficits of energy, protein or micronutrients,
that may have a negative effect on growth, development and
other outcomes.5 There is evidence that nutritional status
deteriorates in children following hospital admission,6,7 often
when associated with chronic or critical illness.8,9

Poor nutritional status (measured by lower weight-for-age z-
scores) has been associated with increased duration of me-
chanical ventilatory support, increased length of stay and
increased one-year mortality in neonates undergoing surgery
within an intensive care setting.10 A recent evidence-based
review of the literature found weak evidence of pre-
operative nutritional assessment being predictive of adverse
clinical outcomes in paediatric surgical patients.11 However,
this review only identified six studies in total, five of which
were undertaken in a paediatric cardiac surgical population,
limiting the validity of these findings to other surgical pop-
ulations. Moreover, only two of the included studies reported
infection-related outcomes.12,13

These observations indicate that the relationship between
undernutrition and postoperative infection complications in
children has not been fully delineated, justifying the need for a
systematic review of the existing research literature. The
subject area is important because nutritional status is a
potentially modifiable risk factor. Reduction in infection-
related complications after surgery can reduce the physical
and psychosocial impact on both the child and his/her family,
reduce the financial burden associated with medical or surgical
management, and avoid prolonged hospital stay or re-
admission. The costs associated with these adverse events
have not been evaluated to date in paediatric surgical
populations.
Methods

All studies assessing the pre-operative nutritional status of
children aged <18 years undergoing surgery and reporting
infection-related postoperative complications were eligible for
inclusion. Studies that also included participants aged>18 years
were excluded if outcome data for younger ages were not
available separately. Studies were identified by searching the
Cochrane Central Register of Controlled Trials (CENTRAL),
OvidSP MEDLINE (1950e2014), OvidSP EMBASE (1980e2014) and
NHS Evidence CINAHL (1982e2014). Index terms were exploded.
A search strategy sensitive to the identification of prognostic
studies was adopted.14,15 Studies were also identified by for-
ward and backward citation searching of all identified papers
and relevant review articles. OpenGrey and ETHos were
Please cite this article in press as: Hill R, et al., Is undernutrition progno
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The database search strategy resulted in 1067 citations with
28 duplicate titles. No further studies were identified by the
CENTRAL database or grey literature searching. Following an
independent review of the titles, 970 were discarded. A further
28 citations were identified by forward and backward citation
searching of the remaining 69 database citations, and 14 of
these were discarded following abstract screening. In total, 83
full-text articles were screened, with 30 discarded immedi-
ately following confirmation of the age of the participants. In
total, 53 articles progressed to full eligibility screening. Two
articles referring to the same study were identified.16,17 Data
from both papers were combined for data extraction purposes.
Finally, 10 cohort studies and two caseecontrol studies were
included in this review (Figure 1).

Data extraction was performed using forms specific to this
review and based on the Cochrane Collaboration template.18

When further clarity on content was required, the primary
authors were contacted. Where more than one published paper
reported results from the same study participants, all papers
were used to gain information relevant to this review.

The following data were extracted: study design and char-
acteristics; country of origin; type and length of surgery;
baseline participant data and eligibility criteria; nutritional
assessment method with stratification of nutritional status;
infection-related outcomes including definition, incidence and
size of effect; duration of follow-up; assessment of con-
founders; and authors’ conclusion.

For dichotomous infection outcomes, the appropriate rela-
tive risk or odds ratios were extracted or calculated, accom-
panied by 95% confidence intervals. Where more than one
analysis was presented in the published article, the most
adjusted analysis was extracted. Studies demonstrated signif-
icant clinical and methodological heterogeneity in terms of
participants and outcome reporting; therefore, meta-analysis
was not appropriate and a narrative synthesis was used to
explore the relationship between classification of nutritional
status and incidence of infection-related complications.
Quality assessment of included studies

The methodological quality of studies that met the inclusion
criteria was assessed independently. The Newcastle-Ottawa
Scale (NOS)19 has a version for both cohort and caseecontrol
studies, and so was used to assess study quality in three do-
mains: participant selection (representativeness), compara-
bility (due to design or analysis) and outcomes (assessment and
follow-up). All decisions regarding study quality were based
upon the information presented in the published paper. Studies
scoring the maximum score of 9 were considered to provide
high-quality evidence, studies scoring 7 or 8 were considered to
provide moderate-quality evidence, studies scoring 5 or 6 were
considered to provide low-quality evidence, and studies
scoring <4 were considered to provide very-low-quality
evidence.

Participants needed to reflect the ‘average’ paediatric sur-
gical population, and so were judged accordingly. Specialist,
homogenous surgical populations were downgraded for the
purposes of this review,20 and studies recruiting from voluntary
surgical databases were judged to be at unclear risk of bias.21
stic of infection complications in children undergoing surgery? A sys-
0.1016/j.jhin.2015.12.020



Full-text articles excluded, with reasons
(N=40)

No pre-operative nutritional assessment N=23

Infectious complications not reported N=6

Includes adult study population N=8

All participants categorized as undernourished N=1

Review papers N=2

Records identified through database searching
from inception to December 2013 (N=1067)

Additional citations identified
through backward+forward

citation searches
(N=28)

Records after 28 duplicates removed
(N=1039)

Titles and abstracts screened
(N=1039) Records excluded

(N=970)

Full-text articles assessed for
all eligibility criteria (N=53)

Studies included in qualitative
synthesis

[N=12 (13 papers)]

Cohort studies N=10
Case–control studies N=2

Records proceeding to full-text
screen for age of population (N=83)

Records excluded on abstract
screen (N=14)

Records excluded
(N=30)

Adult population

Figure 1. Flow diagram of results from search strategy and study selection.
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As body mass index (BMI) is not a valid indicator of under-
nutrition in children without being adjusted for age and sex,22

studies using BMI as their sole ascertainment of undernutrition
were downgraded accordingly.28 Where cut-offs for categories
of nutritional status were defined inadequately to make a
judgement, studies were judged to be at unclear risk of bias.24

Studies that excluded participants based on age, co-morbidity,
death and/or incomplete follow-up data were downgraded.
Lack of transparency regarding the number of participants
excluded from the studies was considered a potential source of
bias, especially when excluded populations accounted for 20%
Please cite this article in press as: Hill R, et al., Is undernutrition progno
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of the surgical cohort.23,24 Where participant numbers were
low for the given study period, studies were downgraded to
unclear risk of bias.13,25,26 Unclear or non-validated infection
definitions,25 or unclear or less than accepted durations of
follow-up made it difficult to assess exposure and/or case se-
lection; these studies were downgraded
accordingly.13,16,17,20,21,24,26

Any study that adjusted for age and/or case complexity met
the criteria for comparability.20,21,23,24 Studies that did not
provide details about adjustment, studies that reported ‘no
difference between groups’, and studies that undertook
stic of infection complications in children undergoing surgery? A sys-
.1016/j.jhin.2015.12.020
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unadjusted analysis alone were not considered to have met the
criteria for comparability.13,16,17,24,27

The results of quality assessment are presented in Table I.
Overall, two studies were rated as moderate quality and eight
studies were rated as low quality. The remaining cohort studies
were rated as very low quality.
Results

Search results

Twelve studies (13 papers) with a sum total of 92,386 par-
ticipants fulfilled the inclusion criteria for this review. The
effect estimates of the results for individual studies regarding
the relationship between nutritional status and infection
outcome are shown in Table II. All participants had some form
of nutritional assessment undertaken prior to their surgery,
classified within this table as the prognostic indicator.

Two studies included participants aged �18 years.25,28 As
both presented individual patient characteristics with related
outcome data, these participants were excluded from univar-
iate statistical analysis. Three papers excluded neonates:
Rojratsirikul et al. excluded infants aged less than two
months,27 whilst Secker and Jeejeebhoy and Stey et al.
excluded neonates aged <31 days and <28 days, respec-
tively.12,21 The remaining 10 studies were performed in chil-
dren with a minimum age of three days and overall median age
of 10.6 months.23

Four studies were undertaken in cardiac surgical pop-
ulations,13,20,21,29 and four studies were undertaken in general
surgical populations, mainly gastrointestinal/abdominal sur-
gery.16,17,26,27 Two studies were performed in spinal surgical
populations,25,29 and one study comprised of cardiac, neuro-
surgical and general surgical participants.24 Stey et al. re-
ported on all children undergoing any type of surgery with data
entered on to the American College of Surgeons National Sur-
gical Quality Improvement Program Pediatric Report Form.21
Methods of nutritional assessment

A variety of methods were used to assess nutritional status,
and 13,902 participantswere classified as undernourished, giving
a combined incidence of 15%. This incidence was>50% in four of
the included studies,12,13,23,26 and the lowest rate was found in
the largest cohort study which reported an incidence of 14.5%.21

A formula using height and/or weight parameters was most
commonly used to assess nutritional status. Five studies relied
on weight-for-age z-scores20,21,29 or BMI z-score calcula-
tions.23,28 Prospective studies were more likely to use Water-
low’s criteria based on expected values of height/weight for
age.13,16,17,26 Two studies used one of the above measures with
the addition of triceps skin fold; the latter was used to estimate
subcutaneous fat.13,26

Two studies included some element of laboratory
testing.13,26 One study used laboratory measures (serum albu-
min and haematocrit) alone to classify nutritional status.25 Two
studies compared a nutrition history questionnaire, the Sub-
jective Global Assessment, against anthropometric assess-
ments to assess the efficacy of the tool in identifying children
at risk of postoperative complications.12,27 The focus of these
studies was to identify and compare undernourished children
Please cite this article in press as: Hill R, et al., Is undernutrition progno
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with their well-nourished counterparts; outcome data were
extracted for both groups.
Relationship between undernutrition and infection

Six studies reported outcomes for SSI
(Table II).16,21,24,25,28,29 Definitions used for the identification
of this outcome were consistent across the three studies21,24,28

that used the criteria of the Centers for Disease Control and
Prevention.4 Bhattacharyya and Kosloske16 used an ASEPSIS
score >21, whilst Nateghian et al.29 used the National Noso-
comial Infections Surveillance criteria, both of which are
recognized criteria.30,31 The remaining study within a spinal
surgical population used an individualized definition, described
as wound breakdown with purulence, exposed instrumentation
or positive wound culture.25

Two of the six studies performed adjusted analyses con-
trolling for important clinical factors (age, case mix and co-
morbidity), and the results did not demonstrate an association
between undernutrition and SSI.21,24 The studies were well
powered, but both had significant participant exclusions. On
unadjusted results, only one paper reported a relative risk of
1,16 whilst the remaining studies presented relative risks
>1.25,28,29 However, only one study demonstrated confidence
intervals suggestive of statistical significance.25

Five studies reported an outcome for combined infection-
related complications;12,13,20,23,27 two of these reported sig-
nificant relative risks, indicating an association between un-
dernutrition and infection.12,20 This association persisted in the
study that undertook adjusted analysis.20 Two studies reported
no episodes of infection in the normally nourished groups;13,27

in one of these studies, there was a significantly increased risk
of infection in undernourished patients.13 The remaining study
did not find an association between nutrition status and the risk
of three infections (pneumonia, mediastinitis and septicae-
mia), but the very short duration of follow-up was unlikely to
have allowed ascertainment of all cases of infection.23

Outcome data for pneumonia were available from four
studies, all of which reported unadjusted risk esti-
mates.17,21,23,26 However, the direction of effect was not
consistent across studies, with only one study achieving sta-
tistical significance.21 Two studies did not provide sufficient
data to allow interpretation.17,26

Stey et al. presented unadjusted results of statistical sig-
nificance, demonstrating an association between undernutri-
tion and postoperative urinary tract infection; however, this
was not included in the adjusted analysis.21 Bhattacharrya and
Kosloske presented data for septicaemia, which also demon-
strated an association with undernutrition on univariate anal-
ysis.17 However, the confidence intervals were extremely wide.
Discussion

This systematic review shows that there is insufficient evi-
dence to assess any association between undernutrition and
the risks of SSI, pneumonia or septicaemia. There is, however,
tentative evidence of a relationship between undernutrition
and the risk of developing any infection-related complication.
There is also weak evidence to suggest an association between
undernutrition and postoperative urinary tract infection.
stic of infection complications in children undergoing surgery? A sys-
0.1016/j.jhin.2015.12.020



Table I

Summary of methodological quality of included studies: review authors’ judgements

Cohort studies Quality assessment criteria

Selection criteria Outcome criteria

Representativeness

of the exposed

cohort

Selection of

the non-exposed

cohort

Ascertainment

of exposure

Demonstration that

outcome not present

at start

Comparability

of cohorts

Assessment

of outcome

Duration of

follow-up

sufficient

Adequacy of

follow-up

Overall

quality of

the evidence

Al Bassam 1994 U * * * I * U U Very low
Anderson et al., 2011 U * * * ** * U * Moderate
Bhattacharyya et al., 1990, 1993 U * * U I * U U Very low
Hatlen et al., 2010 U * U * U * * * Low
Leite et al., 1995 U * * * I * U * Low
Porras-Hernandez et al., 2003 U * U * * * U * Low
Rojratsirikul et al., 2004 U * * * I * * * Low
Secker and Jeejeebhoy, 2007 U * * * U * * * Low
Stey et al., 2014 U * * * ** * U * Moderate
Vivanco-Munoz et al., 2010 I * U * * * I * Low

Caseecontrol

studies

Selection criteria Outcome criteria

Case definition

adequate

Representativeness

of the cases

Selection of

the controls

Definition

of controls

Comparability of

cases and controls

Ascertainment

of exposure

Same method

of ascertainment

of exposure

Non-response

rate

Overall

quality of

the evidence

Farley
et al., 2014

U * * * I I * * Low

Nateghian
et al., 2004

I * * * U * * * Low

*, criterion met; U, unclear; I, inadequate.
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Table II

Summary of findings, ordered by outcome and outcome effect

Study

(reference) and

location

Year Study aims Study design Study

quality

Participants Prognostic indicator Outcomes relevant to

this review

Results

RR or OR

(95% CI)

Anderson
et al.20

USA

2011 To identify specific
anthropometric and
cardiovascular variables
predicting lower weight-
for-age z-scores and
poorer short-term
surgical outcomes at
operation (completion of
Fontan)

Retrospective
case series
(cohort)

Moderate 55 paediatric patients
undergoing cardiac
surgery (completion of
Fontan)
Median age 47 months
(range 18e71 months)

Weight-for-age z-
score <�2.0

Combined infection-
related
complications
(unclear criteria)

RR 3.6
(1.17e11.05)

Secker and
Jeejeebhoy12

Canada

2007 To determine if
Subjective Global
Nutritional Assessment
can predict nutrition-
associated complications
and length of hospital
stay after surgery in
children

Prospective
cohort study

Low 175 children undergoing
non-emergency
abdominal or non-
cardiac thoracic surgery
Mean age 8.1 years,
standard deviation 6.1
years

Subjective Global
Nutritional
Assessment (Class B or
C); compared against
anthropometric
measurements

Combined infection-
related
complications (CDC
criteria)

RR 1.53
(1.02e2.32)

Leite et al.13

Brazil
1995 To evaluate poor

nutritional status as a
risk factor for
postoperative
complications in children
with congenital heart
disease

Prospective
cohort study

Low 50 children undergoing
cardiac surgery divided
into high-risk and low-
risk operations
Median age (high risk) 12
months (range 3e134
months); median age
(low risk) 42 months
(range 3e140 months)

Weight/height below
10th percentile; arm
circumference below
fifth percentile;
albumin; transferrin;
pre-albumin

Combined infection-
related
complications
(Buzby et al., 1998
criteria)

Infinity
P � 0.001
(no infection in
normally
nourished group)

Rojtatsirikul
et al.27

Thailand

2004 To evaluate the pre-
operative nutritional
status of paediatric
surgical patients and to
determine the validity of
Subjective Global
Assessment as a
screening tool

Prospective
cohort study

Low 78 children aged 2
monthse16 years
admitted consecutively
for mainly
gastrointestinal or
inguino-scrotal surgery
Median age 4.5 years

Subjective Global
Assessment (Class B or
C)

Combined infection-
related
complications (CDC
criteria)

Infinity
P ¼ 0.17 (no
infection in
normally
nourished group)

Vivanco-Munoz
et al.23

Mexico

2010 To determine the
incidence and risk
factors for nosocomial
infection in children
having open-heart
surgery

Retrospective
cohort study

Low 289 children requiring
cardiopulmonary bypass
surgery
Median age 10.6 months
(range 3 dayse36
months)

<90% of weight/age
at birth; body mass
index z-score <�2

Combined
pneumonia,
septicaemia,
mediastinitis;
pneumonia
(ventilation >48 h)

RR 0.86
(0.46e1.44);
RR 0.68
(0.32e1.18)
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Hatlen et al.25

USA
2010 To determine if poor

nutrition and/or positive
urinary cultures before
elective spinal surgery in
children with
meningomyelocele
increases the risk of
spinal infection

Retrospective
cohort study

Low 59 children with
mylomeningocele
undergoing surgery for
scoliosis
Median age 10 years 6
months (range 1.8e18
years)

Serum albumin level
<55 g/L or
haematocrit �33

Surgical site
infection (unclear
criteria)

RR 2.94
(1.38e6.26)

Farley et al.28

USA
2014 To identify risk factors

for the development of
deep surgical site
infection following spinal
surgery

Retrospective
caseecontrol
study

Low 70 children undergoing
scoliosis surgery for
spinal fusion, VEPTR
lengthening/
replacement, growing
rod lengthening
replacement); 20 cases
and 50 controls
Average age not reported

Body mass index
<18.5 kg/m2

Delayed deep
surgical site
infection (CDC
criteria)

OR 2 (0.58e6.86)

Stey et al.21

USA
2014 To determine if children

in extreme ranges of
weight percentiles have
higher rates of
postoperative
complications compared
with children not in the
extremes

Retrospective
cohort study

Moderate 90,392 children
undergoing surgical
procedures grouped into
low-, normal- or high-
weight percentiles
Mean age per weight
group: low, 6 years;
normal, 7 years; high, 10
years

Weight at or below
the fifth percentile of
national age and sex-
adjusted weight

Surgical site
infection
(CDC criteria)
urinary tract
infection;
pneumonia
(NSQIPP/CDC
criteria)

OR 0.89
(0.77e1.02);
RR 1.84
(1.51e2.23);
RR 2.69
(2.13e3.41)

Nateghian
et al.29

Canada

2004 To determine rates and
risk factors for surgical
site infection following
paediatric cardiac
surgery

Prospective
nested
casee control
study

Low 38 children undergoing
major paediatric cardiac
surgery who developed
surgical site infection,
with 38 matched controls

Weight less than two
standard deviations
below norm for age

Surgical site
infection (NNIS
criteria applied up
to postoperative day
14)

OR 2.1
(0.65e6.84)

Bhattacharya
et al.16,17

USA

1990,
1993

To determine the
incidence of wound
infection and other
hospital-acquired
infections

Prospective
cohort study

Very low 608 patients undergoing
676 general operative
procedures (mainly
gastrointestinal)
requiring skin incision
137 neonates; 197
infants; 342 children

Waterlow’s weight-
for-height <80%
expected (moderate
malnutrition)

Surgical site
infection (ASEPSIS
score >21);
pneumonia;
septicaemia

RR 1.06
(0.38e2.95);
RR 10.14
(2.17e47.27);
RR 6.34
(2.01e19.94)

(continued on next page)

R
.
H
ill

e
t
a
l.

/
Jo

u
rn
a
l
o
f
H
o
sp
ita

l
In
fe
ctio

n
xxx

(2016)
1
e
10

7

P
le
a
se

cite
th
is

a
rticle

in
p
re
ss

a
s:

H
ill

R
,
e
t
a
l.,

Is
u
n
d
e
rn
u
tritio

n
p
ro
gn

o
stic

o
f
in
fe
ctio

n
co

m
p
lica

tio
n
s
in

ch
ild

re
n
u
n
d
e
rgo

in
g
su
rge

ry?
A
sys-

te
m
a
tic

re
vie

w
,
Jo

u
rn
a
l
o
f
H
o
sp
ita

l
In
fe
ctio

n
(2016),

h
ttp

://d
x.d

o
i.o

rg/10.1016/j.jh
in
.2015.12.020



T
a
b
le

II
(c
o
n
ti
n
u
e
d
)

St
u
d
y

(r
e
fe
re
n
ce

)
a
n
d

lo
ca

ti
o
n

Y
e
a
r

St
u
d
y
a
im

s
St
u
d
y
d
e
si
gn

St
u
d
y

q
u
a
li
ty

P
a
rt
ic
ip
a
n
ts

P
ro
gn

o
st
ic

in
d
ic
a
to
r

O
u
tc
o
m
e
s
re
le
va

n
t
to

th
is
re
vi
e
w

R
e
su
lt
s

R
R
o
r
O
R

(9
5%

C
I)

P
o
rr
a
s-

H
e
rn
a
n
d
e
z

e
t
a
l.
2
4

M
e
xi
co

20
03

T
o
d
e
te
rm

in
e
th
e

in
ci
d
e
n
ce

o
f
su
rg
ic
a
l
si
te

in
fe
ct
io
n
,
a
n
d
to

id
e
n
ti
fy

p
o
te
n
ti
a
l
ri
sk

fa
ct
o
rs

P
ro
sp
e
ct
iv
e

co
h
o
rt

st
u
d
y

Lo
w

42
8
ch

il
d
re
n
u
n
d
e
rg
o
in
g

ge
n
e
ra
l,
ca

rd
ia
c
a
n
d

n
e
u
ro
su
rg
e
ry

M
e
d
ia
n
a
ge

27
.5

m
o
n
th
s

G
o
m
e
z
a
n
d

W
a
te
rl
o
w
’s

cl
a
ss
ifi
ca

ti
o
n
s
<
90

%
e
xp

e
ct
e
d
(m

il
d

m
a
ln
u
tr
it
io
n
)

Su
rg
ic
a
l
si
te

in
fe
ct
io
n

(C
D
C
cr
it
e
ri
a
)

R
R
0.
7
(0
.4
e
1.
02

)

A
l
B
a
ss
a
m

2
6

Sa
u
d
i
A
ra
b
ia

19
94

T
o
e
va

lu
a
te

th
e

p
re
va

le
n
ce

o
f
p
ro
te
in

ca
lo
ri
e
m
a
ln
u
tr
it
io
n
a
n
d

th
e
co

rr
e
la
ti
o
n
o
f
p
re
-

o
p
e
ra
ti
ve

n
u
tr
it
io
n
a
l

st
a
tu
s
w
it
h
p
o
st
o
p
e
ra
ti
ve

m
o
rb
id
it
y
a
n
d
m
o
rt
a
li
ty

P
ro
sp
e
ct
iv
e

co
h
o
rt

st
u
d
y

V
e
ry

lo
w

62
p
a
e
d
ia
tr
ic

p
a
ti
e
n
ts

u
n
d
e
rg
o
in
g
m
a
jo
r
a
n
d

in
te
rm

e
d
ia
te

ge
n
e
ra
l

su
rg
ic
a
l
p
ro
ce

d
u
re
s

M
e
a
n
a
ge

4.
1
ye

a
rs

(r
a
n
ge

37
d
a
ys
e
15

ye
a
rs
)

W
e
ig
h
t
fo
r
h
e
ig
h
t

<
90

%
;
w
e
ig
h
t
fo
r

a
ge

<
95

%
;

tr
ic
e
p
s
sk
in

fo
ld

<
35

%
;
a
lb
u
m
in
;

h
a
e
m
o
gl
o
b
in

P
n
e
u
m
o
n
ia

(u
n
cl
e
a
r
cr
it
e
ri
a
)

In
fi
n
it
y

P
¼

0.
36

(n
o
in
fe
ct
io
n
in

n
o
rm

a
ll
y

n
o
u
ri
sh
e
d
gr
o
u
p
)

C
D
C
,
C
e
n
te
rs

fo
r
D
is
e
a
se

C
o
n
tr
o
l
a
n
d
P
re
ve

n
ti
o
n
;
N
SQ

IP
P
,
N
at
io
n
a
l
Su

rg
ic
a
l
Q
u
a
li
ty

Im
p
ro
ve

m
e
n
t
P
ro
gr
a
m

P
e
d
ia
tr
ic

D
at
a
b
a
se
;
N
N
IS
,
N
at
io
n
a
l
N
o
so
co

m
ia
l
In
fe
ct
io
n
s
Su

rv
e
il
la
n
ce

;
V
E
P
T
R
,

ve
rt
ic
a
l
e
xp

a
n
d
a
b
le

p
ro
st
h
e
ti
c
ti
ta
n
iu
m

ri
b
;
R
R
,
re
la
ti
ve

ri
sk
;
O
R
,
o
d
d
s
ra
ti
o
;
C
I,
co

n
fi
d
e
n
ce

in
te
rv
a
l.

R. Hill et al. / Journal of Hospital Infection xxx (2016) 1e108

Please cite this article in press as: Hill R, et al., Is undernutrition progno
tematic review, Journal of Hospital Infection (2016), http://dx.doi.org/1
No studies were judged to provide high-quality evidence, and
only two studies were judged to be of moderate quality.20,21

Downgrading the level of evidence for the remaining studies
was mainly due to the study design (cohort studies had signif-
icant participant exclusions prior to study entry), inadequate
definitions of exposure or outcome, or because of the lack of
reported information with which to make a clear judgement
regarding methodological quality.

Both moderate-quality studies demonstrated an initial as-
sociation between undernutrition and postoperative infectious
complications. However, following adjusted analysis, the di-
rection of effect in the largest heterogeneous study did not
support a relationship between SSI and undernutrition,21 whilst
this relationship persisted in the smaller, homogeneous popu-
lation.20 Lower-quality studies also demonstrated this initial
association with significant confidence intervals,12,16 but were
equally split in terms of direction of effect, with none able to
demonstrate significance.

Anthropometric variables were used to assess nutritional
status in all but one study,25 although varying thresholds for
defining undernutrition were used. Due to significant hetero-
geneity, direct comparison across studies was complicated,
and formal pooling of results for estimating effect was not
appropriate. Weight-based assessments were the most com-
mon variable; this was not unexpected as this forms part of
routine pre-operative assessment. Studies published prior to
the year 2000 were more likely to use Waterlow’s criteria to
classify weight, whereas those published after 2000 were more
likely to use z-scores, reflecting the recommendations of the
World Health Organization.32 This wide variation in assessment
method is likely to reflect the retrospective design of most
studies, and the need to use weight-based data in addition to
the technique most favoured during the study era.

A variety of definitions and classification systems were
used for infection-related outcomes. The criteria of the
Centers for Disease Control and Prevention were cited most
commonly,4 but variable or unclear durations of follow-up
made it difficult to determine if studies were treating par-
ticipants comparably. Sample sizes were <100 in the majority
of included studies.13,20,25e29 Studies were generally under-
powered to detect important clinical differences, with only
one study providing an a-priori power calculation, having an
80% chance of detecting an odds ratio of 2.1, or a 50% chance
at 1.5.28 Studies that were specific to a surgical specialty
were underpowered to detect differences, in view of the
event rate of infection-related complications of 16% across
all studies, with a range between 2% and 42%.21,25 Studies
that included multiple surgical specialties increased clinical
heterogeneity significantly, especially when no attempt was
made to control for surgical complexity. This heterogeneity
increased the likelihood that any true effect of undernutri-
tion on the incidence of infectious complications would not
be uncovered.

Although attempts were made to identify unpublished
literature, no studies were found. Using a search filter sensitive
to the identification of studies regarding prognosis would not
have excluded the identification of controlled trials of nutri-
tional intervention in which control groups may have been
eligible for inclusion, although none were identified. Despite
an a-priori decision to exclude papers published in any lan-
guage other than English, none were found that met the
eligibility criteria of the review.
stic of infection complications in children undergoing surgery? A sys-
0.1016/j.jhin.2015.12.020
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The nature of the review question created complex search
strings crossing many diagnostic fields, which may have
contributed to the number of articles identified by backward
and forward citation searching. Also, inconsistencies in subject
heading terminology within the bibliographic databases
searched, and variation between databases in how articles
regarding prognosis are indexed, may have compounded this
further.

The NOS was chosen as the preferred tool for quality
assessment as both caseecontrol and cohort studies were
included.19 However, as the nature of the review question
related to prognosis, the authors deviated from the protocol to
enable the method of quality assessment to be adapted. The
authors continued to assess quality using the NOS categories of
selection, comparability and outcome or exposure (dependent
on cohort or caseecontrol methodology), but also incorporated
the domains included in the framework developed by Hayden
et al. specifically for studies considering prognosis.33 This
adaptation was felt to enable more rigorous assessment of the
quality of each included study in addressing the heterogeneity
of both exposure and outcome measures. As observational
studies are susceptible to uncontrolled confounding factors
and bias, mainly in the selection of study participants, careful
evaluation was undertaken to judge the reliability of the evi-
dence provided. However, the reproducibility of this technique
has not been tested.

The applicability of the findings is likely to be of relevance
to the surgical specialties included in this review. As the higher-
quality studies did not include neonates, evidence is severely
lacking with respect to children aged <28 days. In addition,
future research needs to make a distinction between viewing
undernutrition as a potential prognostic factor for infection, or
exploring it as a potential risk factor for infection-related
complications. In this way, studies will be adequately pow-
ered to detect clinical and statistical significance, with nutri-
tional status being included in multi-variate analysis of
potential confounders on outcome.

The review question remains unanswered. However, it re-
mains an important question, particularly to those patient
populations with chronic disease where growth failure has
already been recognized and who will require surgical inter-
vention as part of their management.8,34 Especially pertinent
are those surgical specialties where patients will be critically ill
postoperatively, and it is anticipated that they will require a
proportion of their recovery time within an intensive care
environment. These patient populations are known to be most
vulnerable to postoperative morbidity, and are most vulnerable
to further nutritional depletion during their inpatient stay.6,9,10

There is a need for large, adequately powered prospective
studies incorporating a gold-standard method for nutritional
assessment, with robust and consistently applied definitions of
undernutrition and infectious complications. If undernutrition
is a risk factor for infection, aspects of pre- and postoperative
feeding practices could be modified in order to reduce the
physical, psychosocial and financial burdens associated with
HCAIs in children.
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