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Abstract
Background:Whether combined parenteral nutrition (PN) and enteral nutrition (EN) is superior to EN alone remains controversial.

Objectives: This study aimed to evaluate the efficacy and safety of combined PN and EN versus EN alone for critically ill patients
based on published randomized controlled trials (RCTs).

Data sources: Studies designed as RCTs evaluating the treatment effectiveness of combined PN and EN versus EN alone for
critically ill patients were identified from PubMed, Embase, and the Cochrane Library from inception to April 2019.

Methods: The pooled relative risks andweightedmean differences with corresponding 95% confidence intervals were calculated using
the random-effects model. Twelve RCTs recruiting a total of 5609 adults and 1440 children were selected for the final meta-analysis.

Results: The summary relative risks indicated that combined PN and EN was not associated with the risk of all-cause mortality,
respiratory infection, urinary tract infection, and nutrition-related complications. Moreover, combined PN and ENwas associated with
longer hospital stay and higher albumin and prealbumin levels compared with EN alone. No significant differences were, however,
found between combined PN and EN and EN alone in terms of ventilatory support, intensive care unit stay, and transferrin and C-
reactive protein levels.

Conclusions: This study showed that combined PN and EN significantly increased hospital stay duration and albumin and
prealbumin levels compared with EN alone for critically ill patients. Large-scale RCTs should be conducted to compare the treatment
effectiveness of combined PN and EN versus EN alone for critically ill patients due to a specific cause.

Abbreviations: CI = confidence interval, CRP = C-reactive protein, EN = enteral nutrition, PN = parenteral nutrition, RCT =
randomized controlled trial, RR = relative risk, WMD = weighted mean difference.

Keywords: efficacy and safety, enteral nutrition, meta-analysis, parenteral nutrition
1. Introduction

The body’s nutritional requirements increase in situations such as
critical illnesses, stress, surgery, catabolic state, and negative
nitrogen balance. Moreover, prolonged bed rest and inactivity
can induce a negative nitrogen balance accentuated by exogenous
steroids.[1,2] Patients with critical illness, trauma, and sepsis are in
a hypermetabolic state, which, combined with bed rest and
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inactivity, result in the progression of malnutrition. Furthermore,
critically ill patients are always unconscious and unable to feed
themselves or receive oral nutritional support, leading to
increased susceptibility to malnutrition. Malnutrition can induce
mortality and morbidity besides susceptibility to infectious and
noninfectious complications.[3,4]

Total parenteral nutrition (PN) was widely used in the 1970s
and 1980s to counteract the metabolic problems caused by
illnesses.[5] Moreover, enteral nutrition (EN) was introduced as a
means to reduce mucosal atrophy and increase intestinal
permeability with a reduction in gut translocation and septic
complications.[6] Nowadays, the frequencies of PN and EN are
12% to 71% and 33% to 92%, respectively, in critically ill
patients needing nutritional support.[7–9] Several meta-analyses
compared the treatment effectiveness of PN with EN for patients
with a critical illness. Yao et al[10] conducted a meta-analysis of 5
randomized controlled trials (RCTs) and found that critically ill
patients with severe acute pancreatitis who received PN were
associated with a greater risk of all-cause mortality and multiple-
organ failure. Li et al found that the risk of all-cause mortality,
pancreatic infection and related complications, organ failure, and
surgical intervention significantly reduced in patients with severe
acute pancreatitis who received EN compared with those who
received PN. Moreover, EN was associated with shorter hospital
stay compared with PN.[11] Zhang et al conducted a meta-
analysis of 23 RCTs involving 6478 critically ill patients and
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found no significant differences between PN and EN in terms of
the risk of all-cause mortality and organ failure. Moreover, EN
was associated with lower bloodstream infections and shorter
hospital stay, and significantly increased the risk of gastrointesti-
nal complications.[12] Whether combined PN and EN was,
however, superior to EN alone for critically ill patients remained
controversial. Therefore, the current meta-analysis was con-
ducted to compare the treatment effectiveness of combined PN
and EN with EN alone for patients with a critical illness.
2. Methods

All analyses were based on previous published studies; thus, no
ethical approval and patient consent are required.
2.1. Data sources, search strategy, and selection criteria

This meta-analysis was conducted and reported with reference to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.[13] Studies designed as RCTs comparing
combined PN and EN with EN alone for critically ill patients
were selected for inclusion in the present meta-analysis, and no
restrictions were placed on language or publication status
(published, in press, or in progress). Electronic searches were
carried out in PubMed, Embase, and the Cochrane Library from
their inception up to April 2019, and the following search terms
were used as combined Boolean operators, free text terms, and
thesaurus terms: “critical care” OR “intensive care” OR
“critically ill” AND “parenteral” AND “enteral” AND “ran-
domized controlled trials.” The reference lists of relevant review
and retrieved studies were searched through expert recommen-
dations and hand-searching of citations.
Two investigators independently reviewed the studies for

eligibility according to the predefined inclusion criteria, and any
conflict was settled by a discussion with an additional
investigator. Studies were eligible if they met the following
criteria: patients: patient with a critical illness in the intensive care
unit (ICU); intervention: combined PN and EN; control: EN;
outcomes: primary outcomes including all-cause mortality and
respiratory infection, and secondary outcomes including urinary
tract infection, nutrition-related complications, ventilatory
support, ICU stay, hospital stay, and albumin, prealbumin,
transferrin, and C-reactive protein (CRP) levels; and study
design: RCT design.
Figure 1. Flow diagram of the literature search and trial selection process. EN
= enteral nutrition, PN = parenteral nutrition.
2.2. Data collection and quality assessment

Data were abstracted into predefined tables by 2 investigators
and compared. Any disagreements were resolved by discussion
with an additional investigator. The collected data included first
authors’ surname, publication year, country, sample size,
population, male, Acute Physiology and Chronic Health
Evaluation II score, clinical setting, time of beginning nutritional
support, targets of the artificial nutrition, intervention, control,
duration, and investigated outcomes. The Jadad scale was used
for quality assessment based on randomization (1 or 0),
concealment of the treatment allocation (1 or 0), blinding (1
or 0), completeness of the follow-up (1 or 0), and use of intention-
to-treat analysis (1 or 0).[14] This scale for individual trials ranged
from 0 to 5. The quality assessment was conducted by 2
investigators, and conflicts were settled with the help of an
additional author referring to the original study.
2

2.3. Statistical analysis

The treatment effectiveness was compared between combined PN
and EN and EN alone for critically ill patients based on relative
risks (RRs) or weighted mean differences (WMDs) with
corresponding 95% confidence intervals (CIs) in individual
trials. The summary RRs and WMDs with corresponding 95%
CIs were calculated for categorical and continuous data using the
random-effects model.[15,16] Heterogeneity across included
studies was assessed using the I-square and Q statistics, and a
P value <.10 indicated significant heterogeneity.[17,18] Sensitivity
analyses were performed for outcomes reported in ≥5 studies to
assess the influence of a single trial on the overall analysis.[19]

Subgroup analyses were conducted for all-cause mortality and
respiratory infection based on publication year, sample size,
clinical setting, duration of intervention, and study quality.
Interaction tests were used to evaluate the difference between
the subgroups.[20] Publication biases for outcomes reported in
≥5 studies were assessed using funnel plots and Egger[21] and
Begg[22] test results. The inspection levels for pooled results
were 2 sided, and a P value <.05 indicated a statistically
significant difference. All statistical analyses were carried out
using Stata software (version 12.0; Stata Corporation, College
Station, TX).
3. Results

3.1. Literature search

The initial electronic searches from PubMed, Embase, and the
Cochrane Library yielded 265 records; 231 studies were excluded
due to duplication and irrelevant topics. The remaining 34 studies
were retrieved for further detailed evaluation, and again 22
studies were excluded due to varied reasons. The remaining 12
RCTs were selected for the final analysis.[23,24] No additional
study was identified through manual searches. The results of the
study selection process are presented in Figure 1.
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Figure 2. Effect of combined parenteral nutrition (PN) and enteral nutrition (EN) versus EN alone on the risk of all-cause mortality. CI = confidence interval.
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3.2. Study characteristics

Of the 12 RCTs, 11 trials included critically ill adult patients
[23–33] and 1 trial included children with a critical illness.[34]

These studies recruited a total of 5609 adults and 1440
children. The sample size ranged from 28 to 4640, and the
duration of intervention ranged from 4 to 20 days. Nine studies
recruited patients in the ICU, and the remaining 3 studies
recruited patients at other medical centers. The study quality
was assessed using the Jadad scale. Two trials had a score of 5,
5 had a score of 4, 4 had a score of 3, and the remaining 1 had
a score of 2 (Table 1).
Table 2

Subgroup analyses for all-cause mortality and respiratory infection.

Outcomes Variable Group
Number
of trials RR and

All-cause mortality Publication year Before 2010 4 1.02 (0.
2010 Or after 7 0.91 (0.

Sample size ≥100 5 0.98 (0.
<100 6 0.86 (0.

Clinical setting ICU 8 0.96 (0.
Non-ICU 3 0.91 (0.

Duration, day ≥10.0 3 0.74 (0.
<10.0 7 0.96 (0.

Study quality High 7 1.00 (0.
Low 4 0.64 (0.

Respiratory infection Publication
year

Before 2010 1 1.22 (0.

2010 or after 7 1.07 (0.
Sample size ≥100 5 1.18 (0.

<100 3 0.64 (0.
Clinical setting ICU 7 1.16 (0.

Non-ICU 1 0.42 (0.
Duration, day ≥10.0 1 0.71 (0.

<10.0 6 1.07 (0.
Study quality High 5 1.18 (0.

Low 3 0.64 (03

CI = confidence interval, ICU = intensive care unit, RR = relative risk.

4

3.3. Primary outcomes

Data for the effect of combined PN and EN versus EN alone on
the risk of all-cause mortality were available in 11 RCTs. Overall,
no significant difference was found between the groups in terms
of the risk of all-cause mortality (RR: 0.97; 95% CI: 0.81–1.15;
P= .694; Fig. 2) and unimportant heterogeneity among the
included trials. The sensitivity analysis indicated that the pooled
conclusion was not altered by sequentially excluding individual
trials Supplemental Digital Content (Figs. S1–S6, http://links.
lww.com/MD/D606). The results of subgroup analyses were
consistent with overall analyses in all subsets (Table 2). No
95% CI P
Heterogeneity

(%)
P value for

heterogeneity
P value between
the subgroups

68–1.51) .940 0.0 .966 .883
69–1.19) .480 46.4 .082
85–1.14) .834 3.4 .387 1.000
52–1.41) .546 34.7 .176
78–1.18) .690 26.7 .216 1.000
49–1.68) .758 8.0 .337
31–1.73) .486 55.8 .104 1.000
74–1.26) .790 15.0 .315
88–1.15) .963 0.0 .502 .446
30–1.38) .254 46.2 .134
80–1.85) .358 – – .800

82–1.39) .636 58.9 .024
95–1.46) .140 55.7 .060 .055
35–1.17) .149 0.0 .380
96–1.40) .133 39.1 .131 .028
17–1.04) .060 – –

25–2.06) .534 – – .586
75–1.52) .722 63.2 .018
95–1.46) .140 55.7 .060 .055
5–1.17) .149 0.0 .380
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Figure 3. Effect of combined parenteral nutrition (PN) and enteral nutrition (EN) versus EN alone on the risk of respiratory infection. CI = confidence interval.
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evidence of publication bias was detected for all-cause mortality
(P value for Egger: .232; P value for Begg: .350; Supplemental
Digital Content Figs. S7–S12, http://links.lww.com/MD/D607).
Data for the effect of combined PN and EN versus EN alone on

the risk of respiratory infection was available in 8 RCTs.
Combined PN and EN was not associated with the risk of
respiratory infection compared with EN (RR: 1.10; 95% CI:
0.88–1.37; P= .414; Fig. 3), and significant heterogeneity was
observed among the included trials. This conclusion was stable
and not affected by removing any particular trial Supplemental
Digital Content (Figs. S1–S6, http://links.lww.com/MD/D606).
The results of subgroup analyses indicated that sample size,
clinical setting, and study quality could affect the treatment effect
of combined PN and EN versus EN alone on the risk of
respiratory infection, which were consistent with the results of
overall analysis (Table 2). No significant publication bias was
observed for respiratory infection (P value for Egger: .439;
Figure 4. Effect of combined parenteral nutrition (PN) and enteral nutrition (EN) v

5

P value for Begg: .711; Supplemental Digital Content Figs. S7–
S12, http://links.lww.com/MD/D607).

3.4. Secondary outcomes

Data for the effect of combined PN and EN versus EN alone on
the risk of urinary tract infection were available in 5 RCTs, and
no significant difference was found between the groups in terms
of the risk of urinary tract infection (RR: 1.33; 95% CI: 0.81–
2.17; P= .261; Fig. 4). Moderate heterogeneity was observed
among the included trials. The results of the sensitivity analysis
indicated that the pooled conclusion was stable and not changed
by sequentially excluding specific trials Supplemental Digital
Content (Figs. S1–S6, http://links.lww.com/MD/D606). No
significant publication bias was detected (P value for Egger:
.328; P value for Begg: .221; Supplemental Digital Content Figs.
S7–S12, http://links.lww.com/MD/D607). Moreover, combined
ersus EN alone on the risk of urinary tract infection. CI = confidence interval.

http://links.lww.com/MD/D607
http://links.lww.com/MD/D606
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Figure 5. Effect of combined parenteral nutrition (PN) and enteral nutrition (EN) versus EN alone on the risk of nutrition-related complications. CI= confidence interval.
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PN and EN was not associated with the risk of nutrition-related
complications (RR: 1.04; 95% CI: 0.92–1.17; P= .513; Fig. 5).
Data for the effect of combined PN and EN versus EN alone on

the duration of ventilatory support were available in 8 RCTs.
Overall, no significant difference was found between combined
PN and EN and EN alone in terms of ventilatory support (WMD:
–0.05; 95% CI: –1.25–1.16; P= .938; Fig. 6), and significant
heterogeneity was observed among the included trials. The
sensitivity analysis indicated that the conclusion was not altered
by excluding any particular trial Supplemental Digital Content
(Figs. S1–S6, http://links.lww.com/MD/D606). No significant
publication bias for ventilatory support was observed (P value for
Egger: .539; P value for Begg: .536; Supplemental Digital Content
Figs. S7–S12, http://links.lww.com/MD/D607).
Data for the effect of combined PN and EN versus EN alone on

the duration of ICU stay were available in 8 RCTs. Combined PN
and EN was not associated with ICU stay compared with EN
Figure 6. Effect of combined parenteral nutrition (PN) and enteral nutrition

6

alone (WMD: 0.47; 95% CI: –0.63 to 1.57; P= .404; Fig. 7), and
significant heterogeneity was observed among the included trials.
The results of sensitivity analyses were stable and not altered by
sequential excluding individual trials Supplemental Digital
Content (Figs. S1–S6, http://links.lww.com/MD/D606). No
significant publication bias was detected for ICU stay (P value
for Egger: .261; P value for Begg: .266; Supplemental Digital
Content Figs. S7–S12, http://links.lww.com/MD/D607).
Data for the effect of combined PN and EN versus EN alone on

the duration of hospital stay were available in 8 RCTs. Combined
PN and EN was associated with longer hospital stay compared
with EN (WMD: 1.53; 95% CI: 0.02–3.04; P= .047; Fig. 8), and
significant heterogeneity was observed among the included trials.
The results of the sensitivity analysis indicated that the conclusion
was variable due to marginal 95% CI Supplemental Digital
Content (Figs. S1–S6, http://links.lww.com/MD/D606). No
significant publication bias was detected (P value for Egger:
(EN) versus EN alone on ventilatory support. CI = confidence interval.

http://links.lww.com/MD/D606
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http://links.lww.com/MD/D607
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Figure 7. Effect of combined parenteral nutrition (PN) and enteral nutrition (EN) versus EN alone on intensive care unit (ICU) stay. CI = confidence interval.

Luo and Qian Medicine (2020) 99:3 www.md-journal.com
.090; P value for Begg: .266; Supplemental Digital Content Figs.
S7–S12, http://links.lww.com/MD/D607).
Three RCTs reported the effect of combined PN and EN on

albumin levels; combined PN and EN was associated with high
albumin levels compared with EN (WMD: 2.04; 95% CI: 0.53–
3.55; P= .008; without evidence of heterogeneity; Fig. 9).
Moreover, 4 trials investigated the effect of combined PN and
EN on prealbumin levels; combined PN and EN significantly
increased prealbumin levels compared with EN (WMD: 0.02;
95% CI: 0.00–0.04; P= .036; Fig. 10). Significant heterogeneity
was noted among the included trials. Furthermore, 3 trials
reported the effect of combined PN and EN on transferrin levels;
no significant difference was found between the groups in terms
of transferrin levels (WMD: 0.44; 95% CI: –0.46–1.34; P= .336;
Fig. 11), and significant heterogeneity was observed among the
included trials. Finally, 3 trials evaluated the effect of combined
PN and EN on CRP levels; no significant difference was found
Figure 8. Effect of combined parenteral nutrition (PN) and enteral nutri

7

between the groups in terms of CRP levels (WMD: 17.58; 95%
CI: –18.73–53.90; P= .343; Fig. 12), and significant heterogene-
ity was observed among the included trials.

4. Discussion

This study included 12 RCTs involving a total of 5609 adults and
1440 children with a critical illness. The results indicated that
combined PN and EN was associated with longer hospital stay
and higher albumin and prealbumin levels compared with EN.
No significant differences were, however, found between
combined PN and EN and EN alone in terms of all-cause
mortality, respiratory infection, urinary tract infection, nutrition-
related complications, ventilatory support, ICU stay, and
transferrin and CRP levels. Moreover, the effect of combined
PN and EN versus EN alone on respiratory infection was
influenced by sample size, clinical setting, and study quality.
tion (EN) versus EN alone on hospital stay. CI = confidence interval.

http://links.lww.com/MD/D607
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Figure 9. Effect of combined parenteral nutrition (PN) and enteral nutrition (EN) versus EN alone on albumin levels. CI = confidence interval.

Luo and Qian Medicine (2020) 99:3 Medicine
A previous meta-analysis conducted byWan et al[35] contained
5 RCTs and found early PN, irrespective of whether combined
with EN, was not associated with all-cause mortality, whereas it
was associated with shorter ventilation duration, and longer
hospital stay. This study focused on the whether uses of early PN
and the combined with PN and EN versus EN were not
addressed. Moreover, Shi et al[36] conducted a meta-analysis of 8
RCTs including 5360 adult patients found that combined PN and
EN was associated with increased respiratory infections and
longer hospital stay compared with EN alone, whereas no
significant differences in hospital mortality, ICU stay, duration of
ventilatory support, and albumin and prealbumin levels were
found between the groups. Several important studies were,
however, not included in this study. [28,32–34] Furthermore, this
study just provided the summary results, and the source of
heterogeneity was not explored by subgroup analyses. In
addition, several important indexes, including urinary tract
Figure 10. Effect of combined parenteral nutrition (PN) and enteral nutritio
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infection, nutrition-related complications, and transferrin and
CRP levels between combined PN with EN and EN alone were
not calculated. Therefore, the present updated meta-analysis was
conducted to systematically compare the treatment effectiveness
of combined PN and EN with EN alone for critically ill patients.
Moreover, subgroup analyses for all-cause mortality and
respiratory infection were conducted to evaluate the treatment
effectiveness of combined PN and EN versus EN lone in critically
ill patients with specific characteristics.
No significant differences in the risk of all-cause mortality and

respiratory infection were observed between the groups; these 2
results were stable and not altered by excluding any specific trial.
The conclusions of most included trials were similar to those of
the overall analyses; however, several trials reported inconsistent
results. Fan et al[30] recruited 80 patients with severe traumatic
brain injury and found that early combined PN and EN could
promote the recovery of immune function, enhance nutritional
n (EN) versus EN alone on prealbumin levels. CI = confidence interval.



Figure 11. Effect of combined parenteral nutrition (PN) and EN versus EN alone on transferrin levels. CI = confidence interval.
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status, reduce complications, and improve the clinical outcomes.
The all-cause mortality reported by this trial was, however, 2.4%
compared with the value in the overall analysis, thus not affecting
the summary results. The study conducted by Casaer et al[27]

based on 4640 critically ill adult patients found that combined
PN and EN was associated with increased risk of respiratory
infection compared with EN. They pointed out that early
administration of PN led to increased rates of infection and
delayed recovery from organ failure due to the suppression of
autophagy, which was associated with inadequate clearance of
cell damage and microorganisms.[37–39] Moreover, the study
conducted by Fivez et al involving 1440 critically ill children
reported that early PN induced a greater risk of respiratory
infection. This was probably because early PN was associated
with elevated plasma CRP levels, which induced an increased risk
of respiratory infection.[40,41] In addition, subgroup analyses
Figure 12. Effect of combined parenteral nutrition (PN) and enteral nutrition (EN)
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indicated that the risk of all-cause mortality and respiratory
infection was stable and not changed based on the predefined
factors. Finally, no significant differences in the risk of urinary
tract infection and nutrition-related complications were found
between combined PN and EN and EN alone. These results might
change and hence need further large-scale RCTs for verification.
The results of this study indicated that combined PN and EN

was associated with longer hospital stay and high albumin and
prealbumin levels compared with EN alone. Two of the included
trials indicated that combined PN and EN was related to longer
hospital stay compared with EN alone.[27,34] They pointed out
that the depletion of lean tissue and underweight patients could
affect the length of hospital stay.[42] Moreover, this study showed
that combined PN and ENwas associated with high albumin and
prealbumin levels. The nutritional support treatment should be
used according to the actual condition of patients. EN should be
versus EN alone on C-reactive protein (CRP) levels. CI = confidence interval.
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used as the first choice under the premise of reaching the
nutritional goal, and if EN does not reach the target of nutrition,
EN should be employed combined with PN.
Several limitations of this study should be highlighted: it

recruited patients under various disease conditions and clinical
settings, which affected the prognosis of critically ill patients;
most characteristics of patients were not available, which
restricted performing more detailed stratified analyses; the source
of heterogeneity was not fully interpreted, and the pooled results
were unstable; publication bias was inevitable because the
analysis was performed based on published RCTs; and the
analysis of this study was based on pooled data, which restricted
conducting a more detail analysis.
In conclusion, combined PN and EN was associated with

longer hospital stay and higher albumin and prealbumin levels
compared with EN alone, whereas no significant differences in
all-cause mortality, respiratory infection, urinary tract infection,
nutrition-related complication, ventilatory support, ICU stay,
transferrin, and CRP levels were observed between the groups.
Furthermore, large-scale RCTs should be conducted to compare
the treatment effectiveness of combined PN and EN with EN
alone for critically ill patients due to a specific cause.
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