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Abstract

Background: Prone ventilation improves lung function in patients with acute respiratory dis-
tress syndrome by enhancing oxygenation; however, managing enteral nutrition during prone
ventilation is challenging due to body position changes.

Objective: The objective of the study was to assess the safety and efficacy of enteral nutrition
during prone ventilation. A meta-analysis was conducted to evaluate the efficacy and safety of
enteral nutrition in the prone position in critically ill ventilated patients.

Methods: By searching databases such as PubMed, Embase, Cochrane Library, Web of Science,
Cumulative Index of Nursing and Allied Health Literature, and WanFang Data, the relevant
literature was retrieved from their inception to 24 December 2024. The Newcastle-Ottawa
Scale was used to evaluate article quality. Egger’s test was used to check for publication bias, and
Review Manager 5.4 was used to conduct the analyses.

Results: Among 81 publications, five studies with a total sample size of 319 were included in this
study. Enteral nutrition in the prone position, compared with that in the supine position, was
associated with a lower energy achievement rate (mean difference: —0.88; 95% confidence inter-
val: —1.83 to 0.06; P <0.00001), no significant difference in mortality (odds ratio: I.11; 95%
confidence interval: 0.65 to 1.88; P =0.7), a greater incidence of ventilator-associated pneumonia
(odds ratio: 2.11; 95% confidence interval: 1.12 to 3.96; P =0.02), more frequent vomiting (odds
ratio: 2.38; 95% confidence interval: .61 to 3.50; P < 0.0001), a greater gastric residual volume
(odds ratio: 2.72; 95% confidence interval: 1.47 to 5.03; P=0.001), and increased interruptions
in enteral nutrition (odds ratio: 4.75; 95% confidence interval: 2.22 to 10.17; P <0.0001).
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The Egger’s test suggested no significant publication bias in the meta-analysis of mortality, gastric
residual volume, adequate enteral nutrition achievement, and ventilator-associated pneumonia.

Conclusion: A greater gastric residual volume, more frequent vomiting, and greater incidences
of ventilator-associated pneumonia and enteral feeding interruptions are linked to enteral nutri-
tion during prone ventilation. There was no statistically significant difference in mortality between
the prone and supine positions. However, the prone position showed a slight trend toward

reducing energy achievement rates, although this difference was not statistically significant.
Trial registration number: PROSPERO CRD: 42023441409.
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Introduction

Since the 1970 s, multiple studies have indi-
cated that prone positioning (PP) enhances
oxygenation in adults with acute respirato-
ry distress syndrome (ARDS), reducing
mortality and the duration of mechanical
ventilation.'® Prone ventilation (PV) was
widely used in intensive care units (ICUs)
during the coronavirus disease 2019
(COVID-19) pandemic to improve oxygen-
ation in critically ill patients with predomi-
nantly hypoxic respiratory failure.*?
Critically ill patients receiving PV have
increased metabolic demands.®” Therefore,
early nutritional support is essential.
Guidelines recommend that enteral
nutrition (EN) is currently the preferred
method for providing nutrition to critically
ill patients.®? EN promotes the recovery of
gastrointestinal motility and digestive
absorption function’ as well as inhibits
excessive immune responses by improving
intestinal  mucosal  barrier  function,
thereby reducing the risk of infection.'
Furthermore, early EN within 3 days of
mechanical ventilation initiation in real-
world practice has demonstrated improved
clinical and economic outcomes. !
Providing EN to patients undergoing PV
is associated with a range of complications,
such as delayed gastric emptying, high

gastric residual volume (GRYV), vomiting,
and reflux.'> However, there is no evidence
indicating that occasional mild elevations
under monitored conditions (such as PP)
lead to delayed gastric emptying. Reigner
et al.'? reported that patients treated in the
prone position showed very poor tolerance of
early EN compared with those treated in the
supine position. However, Savio et al.® con-
firmed that there was no significant difference
in these aspects between patients in the prone
position and those in the supine position. The
safety and efficacy of EN during PV is still
not fully understood, and results from differ-
ent studies have shown different trends; there-
fore, further research is needed.

Through a meta-analysis, we assessed the
safety and efficacy of EN in patients under-
going PV. We examined factors such as
high GRV, vomiting, ventilator-associated
pneumonia (VAP), EN interruption, energy
achievement rate, and mortality in patients
undergoing PV. The results provide
evidence-based insights into variations in
the safety and efficacy of EN across studies,
thus supporting clinical practice.

Methods

The prospective and retrospective studies
protocol comprising objectives, literature
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search strategies, inclusion and exclusion
criteria, outcome measurements, and statis-
tical analysis methods was prepared a priori
according to the Preferred Reporting Items
for Systematic Reviews and Meta-analysis
(PRISMA). We followed the PRISMA
2020 guidelines.'?

Publication search strategy

All relevant literature was retrieved from
PubMed, Embase, Cochrane Library, Web
of Science, Cumulative Index of Nursing
and Allied Health Literature, and
WanFang Data databases from their incep-
tion to 24 December 2024. Specific search
strategies can be found in the “text of
search strategy.” The studies were restricted
to those conducted on humans. To identify
potentially relevant studies, the abstracts and
titles of all publications were first screened to
select potentially suitable articles. Finally, the
full texts were read to verify whether they met
the inclusion criteria.

Exclusion and inclusion criteria

The following inclusion criteria were
applied: (a) studies with a control group,
including patients aged over 18 years who
were undergoing PV and receiving EN; the
experimental group received PV, whereas
the control group received supine or semi-
upright ventilation; (b) studies exploring
clinical data and prognosis; (c¢) studies pro-
viding sufficient data to calculate odds ratio
(OR); (d) studies reporting outcomes as
hazard ratio (HR) with 95% confidence
interval (CI); (e) studies for which full-text
articles were available; and (f) prospective
cohort studies. Furthermore, the exclusion
criteria were as follows: (a) cancer cell
studies, animal experiments, laboratory
research, comments, reviews, letters, sys-
tematic reviews, meta-analyses, and confer-
ence abstracts; (b) studies that lacked a
control group; and (c) studies providing

insufficient data or too little information
to obtain HR.

Data extraction

The data presented in this study included
the first author’s name, publication year,
research type, number of patients undergo-
ing PV and receiving EN as well as number
of patients in the control group, high GRV,
vomiting, VAP, incidence of EN interrup-
tion, energy achievement rate, and mortali-
ty rate.

Statistical analysis

Statistical analyses were performed using
Review Manager 5.4 and Stata 17. OR
(HR) with 95% CI were calculated to exam-
ine the relationships between PV, EN, clinical
outcomes, and complications. Heterogeneity
was assessed using I? value of >50% or Q
statistic ~ P-valueof <0.10; fixed-effects
models were used in case of absence of het-
erogeneity, otherwise random-effects models
were applied. Publication bias was evaluated
using the Egger’s test (P <0.05 indicating
significance).

Results

Search results and study characteristics

The process of study selection is visually
represented in Figure 1.

The flowchart outlines the identification
of 81 studies from multiple databases. After
removing 17 duplicate studies, 64 titles and
abstracts were screened, thereby excluding
39 studies. Full texts of 25 studies were
reviewed, and five studies were finally
included in the meta-analysis for quantita-
tive synthesis. Therefore, five articles with
319 patients were included, and the relevant
data were extracted.'>'*!7 The character-
istics and quality assessment of the included
studies are detailed in Table 1.
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Figure |. Flowchart of the selection of studies for inclusion in the study.

Table 1 summarizes seven studies that
explored the safety and efficacy of EN in
patients undergoing PV. The study partici-
pants included critically ill patients with
ARDS, COVID-19, and community-
acquired pneumonia, with sample sizes
ranging from 19 to 126 patients. Most
patients underwent PV in the ICU and
received nasogastric tube feeding, with
some of them also receiving gastrointestinal
prokinetic medications. The studies gener-
ally monitored GRYV, setting thresholds at
>0.15, >0.25, and >0.5L, and the feeding
was discontinued when these limits were
exceeded. EN doses were adjusted

according to the patient’s conditions, grad-
ually increasing from 30 kcal/kg per day.
Efficacy analysis showed no significant
difference in mortality between prone and
supine positions (OR: 1.11; 95% CI: 0.65 to
1.88; P=0.70) (Figure 2). Furthermore,
there was no heterogeneity between three
studies.'>'®!'7 After the analysis of four
studies,'>">"!" the prone position appeared
to slightly reduce the energy achievement
rates (mean difference: —0.88; 95% CI:
—1.83 to 0.06; P=0.07); however, the dif-
ference was not statistically significant. The
high heterogeneity (I°=94%) suggested
variability in study results. These findings
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prone position supine position
Study or Subgrou Mean SD Total Mean SD Total Weight

1.1.1 Energy achievement rate

J. A. de Paula et al. 2022 0.762 0276 52 0.745 0.275 69 25.8%
Liu et al.2006 057 0.07 34 0.745 0.085 35 242%
Reignier et al. 2004 0.559 0.077 34 076 022 37  24.9%
Saez de la Fuente etal.2014  0.928 0.058 34 0.941 0.035 34 25.1%
Subtotal (95% CI) 154 175 100.0%

Heterogeneity: Tau? = 0.87; Chi? = 47.30, df = 3 (P < 0.00001); I* = 94%
Test for overall effect: Z = 1.83 (P = 0.07)

Test for subgroup differences: Not applicable

Std. Mean Difference

Std. Mean Difference

1V, Random, 95% C| IV, Random, 95% Cl
0.06 [-0.30, 0.42] -
222[-2.83,-161] —
-1.19 [-1.69, -0.68] —
-0.27 [0.75,0.21] —
-0.88 [1.83, 0.06] i
2 4 0 1 2

Favours [prone position]

Favours [supine position]

Figure 2. Prone vs. supine position with enteral nutrition: comparative analysis of energy achievement

rates in medical studies.

Prone position  Supine position Odds Ratio Odds Ratio
s s E T E T Nei M-H, Fi 95% C M-H, Fi 95% C
2.1.1 Vomit
Liu et al.2006 30 248 26 488 49.1% 245[1.41,4.24] —
Reignier et al. 2004 30 248 26 462  50.9% 2.31[1.33, 4.00] ———&—
Subtotal (95% Cl) 496 950 100.0%  2.38 [1.61, 3.50] ————
Total events 60 52
Heterogeneity: Chi? = 0.02, df = 1 (P = 0.88); 1> = 0%
Test for overall effect: Z = 4.36 (P < 0.0001)
2.1.2 Mortality
J. A. de Paula et al. 2022 34 52 49 69 55.7% 0.77[0.36, 1.67] L
Liu et al.2006 " 34 9 35 22.9% 1.38[0.49, 3.93] l >
Reignier et al. 2004 12 34 9 37 21.3% 1.70[0.61, 4.75] >
Subtotal (95% Cl) 120 141 100.0%  1.11[0.65,1.88] — ———
Total events 57 67
Heterogeneity: Chi? = 1.68, df = 2 (P = 0.43); I* = 0%
Test for overall effect: Z = 0.38 (P = 0.70)
213
J. A. de Paula et al. 2022 9 52 3 69 15.9% 4.60[1.18, 17.98] —*
Liu et al.2006 12 34 9 35 42.7% 1.58 [0.56, 4.43] - >
Reignier et al. 2004 12 34 9 37 415% 1.70[0.61, 4.75] e >
Subtotal (95% CI) 120 141 100.0%  2.11[1.12, 3.96] e —
Total events 33 21
Heterogeneity: Chi? = 1.74, df = 2 (P = 0.42); I? = 0%
Test for overall effect: Z =2.31 (P = 0.02)
2.1.4 Intestinal nutrition interruption
Liu et al.2006 27 34 16 35 51.6%  4.58[1.58, 13.28] .
Reignier et al. 2004 28 34 18 37 48.4% 4.93[1.65, 14.68] ——
Subtotal (95% CI) 68 72 100.0% 4.75[2.22,10.17] I
Total events 55 34
Heterogeneity: Chiz = 0.01, df = 1 (P = 0.93); I = 0%
Test for overall effect: Z = 4.01 (P < 0.0001)
2.1.5 High gastric residual volume
Liu et al.2006 24 34 15 35 35.2% 3.20[1.18, 8.67] e —
Reignier et al. 2004 24 34 15 37 34.2% 3.52[1.31,9.45] —
Van der Voort et al 2001 7 19 6 19  30.7% 1.26 [0.33, 4.84] - >
Subtotal (95% CI) 87 91 100.0%  2.72[1.47, 5.03] ———
Total events 55 36
Heterogeneity: Chiz = 1.61, df = 2 (P = 0.45); I = 0%
Test for overall effect: Z = 3.18 (P = 0.001)
+ + + +
0.5 0.7 1 1.5 2

Test for subgroup differences: Chiz = 10.98, df = 4 (P = 0.03), I = 63.6%

Favours [Prone position] Favours [Supine position]

Figure 3. Prone vs. supine position with enteral nutrition: comparative analysis of clinical outcomes across

multiple medical studies.

imply that although the prone position may
be necessary for certain clinical conditions,
its impact on EN efficacy remains inconclu-
sive and warrants further investigation.
Furthermore, safety analysis revealed
that the prone position significantly

increased the risk of high GRV (OR: 2.72;
95% CI: 1.47 to 5.03; P=0.001) (Figure 3).
Two studies'®!” used GRV >0.15L as the
criterion for high GRYV, whereas one
study'? used GRV > 0.25 L as the criterion.
There was no heterogeneity between studies
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(P=0.45, 1’=0%), and a fixed-effects
model was used for analysis. Two stud-
ies'>!” reported the effect of EN on vomit-
ing or intestinal nutrition interruption in
patients during prone and supine position-
ing for ventilation. The heterogeneity test
revealed that there was no heterogeneity
between studies (I>=0), and a fixed-effects
model was used for analysis. The results
showed that EN in the prone position
increased the risk of vomiting (OR:2.38;
95% CI: 1.61 to 3.50; P < 0.0001) and intes-
tinal nutrition interruption (OR:4.75; 95%
CI: 2.22 t0 10.17; P < 0.0001). These results
suggest that EN in the prone position is
associated with a higher risk of gastrointes-
tinal complications than that in the supine
position.

Three studies reported the effect of
EN on the incidence of VAP during venti-
lation in prone and supine positions. The
heterogeneity test showed no heterogeneity
between studies, and a fixed-effects model
was used for analysis. The results indicated
that EN in the prone position increased the
risk of VAP (OR:2.11; 95% CI: 1.12 to
3.96; P=0.02).

12,16,17

Publication bias

For the included articles presented in
Figure 4, we analyzed publication bias for
all clinical characteristics using Egger’s test.
The findings suggested that there was no
significant publication bias in the meta-
analysis of mortality, GRV, VAP, and ade-
quate EN achievement.

Discussion

Study quality and methodological
limitations

This study included five prospective con-
trolled trials. As the intervention involved
position changes, blinding of both partici-
pants and researchers was not possible.

However, as the outcome measures were
all objective, the impact of blinding on the
results was minimal. Additionally, the study
compared the duration of prone and supine
positioning within the same participants,
making randomization unfeasible. All studies
clearly defined the inclusion criteria for par-
ticipants, ensuring comparability between
groups. Comparing prone and supine posi-
tioning within the same individuals also
helped reduce heterogeneity. The five studies
had NOS scores of 7-8, indicating good evi-
dence quality. However, we found that there
were relatively few studies included in our
research, and none of them addressed the
type of EN management that can reduce
the risks associated with EN during PV.
The results should be interpreted with cau-
tion, and we hope that more high-quality
clinical studies with larger sample sizes will
be conducted in the future.

Efficacy of EN during PV and safety
concerns

Expert consensus and societal guidelines rec-
ommend PP for the management of patients
with severe ARDS.'"® The COVID-19 pan-
demic has led to PP being at the forefront
of medicine, widely implemented in the
management of severe ARDS and acute
hypoxemic respiratory failure.'”” Moreover,
guidelines strongly recommend early EN
support for patients undergoing PV.*°
Although our study shows no significant dif-
ference in mortality regarding the efficacy of
EN during PV, we hypothesize that although
PP improves oxygenation, its effect on mor-
tality can be influenced by various other clin-
ical factors. The impact of EN on mortality
in critically ill patients may be limited due to
factors such as multiorgan dysfunction and
intestinal dysfunction. Additionally, our
study indicated that EN during PV slightly
reduces energy absorption, which may be
related to the slower infusion rate of EN
when in the prone position.
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Mortality
Number of studies = 3 Root MSE = .3284
Std_Eff | Coefficient Std. err. t P>|t] [95% conf. interval]
slope -2.246354 .6218752 -3.61 ©.172 -10.14803 5.65532
bias 5.849117 1.323388 3.82 e.163 -11.76612 21.86435
Test of H@: no small-study effects P = 0,163
Gastric residual volume
Number of studies = 3 Root MSE = .099
Std_Eff | Coefficient Std. err. t P>|t| [95% conf. interval]
slope 3.973157 .2342333 16.96 0.e37 .9969404 6.949373
bias -5.457486 .426363 -12.80 @©.050 -10.8749%4 -.840031
Test of H@: no small-study effects P = 9.050

Ventilator-associated pneumonia

Number of studies = 3 Root MSE = .1211

Std_Eff | Coefficient Std. err. t P>|t| [95% conf. interval]

slope -2.734081  .3216412 -8.5¢ ©.075 -6.820919 1.352758
bias 6.130498  .5660569 10.83 @.e59 -1.061937 13.32293

Test of H8: no small-study effects P = 0.059

Achieving adequate enteral nutrition

Number of studies = 4 Root MSE = 1.856
Std_Eff | Coefficient Std. err. t P>t [95% conf. interval]
slope 3.31544 1.152285 2.88 8.1e3 -1.642099 8.272978
bias -16.9693 4.884943 -3.47 e0.074 -37.98751 4.048913

Test of H@: no small-study effects P = 0.074

Figure 4. Egger’s tests for mortality, gastric residual volume, ventilator-associated pneumonia, and
achieving adequate enteral nutrition.

Increased GRV is an important factor = (HGR) during supine ventilation and PV.
affecting EN in critically ill patients.?! However, the thresholds for GRV varied,
Three articles in this study reported the  and the criteria for assessing HGR differed
impact of EN on high gastric residuals across studies. The findings showed that



Jianzhen et al.

EN during PV increases the incidence of
HGR. Another research showed that exces-
sively HGR increases the risk of aspiration,
secondary infections, and mortality.”> GRV
helps assess EN tolerance and enables rapid
formula adjustments.?® In mechanically ven-
tilated patients, measuring the GRV can also
prevent medical complications such as vom-
iting.”* Additionally, our study suggested
that EN during PV increases the incidence
of vomiting and EN interruptions. Our
research highlights the need for further
investigation into the safe management of
EN in prone-ventilated patients as well as
individual risk factors for patients in the
prone position.”!?3

Another aspect of safety in our study is
related to infections. EN during PV
increases the risk of aspiration pneumonia.
There have also been some previous studies
on aspiration pneumonia. One study found
no increased VAP risk in the prone posi-
tion, possibly due to improved clearance
of respiratory secretions.”® However, EN
may increase VAP risk through reflux aspi-
ration. A previous study showed that a high
GRV is associated with aspiration.”’
A GRYV over 0.2 L increases aspiration risk
to 40%, with aspiration pneumonia being a
common result.”*? Therefore, monitoring
GRYV and managing risk factors are essential
to minimize aspiration pneumonia in criti-
cally ill patients receiving PV and EN.

Comparison with previous studies and
future research needs

Several previous reviews have also explored
the safety and efficacy of EN in patients
undergoing PV. A review by Bruni et al.*°
revealed that patients in both positions had
similar rates of VAP and mortality and a
similar length of stay in ICU. However, a
higher number of cases of EN cessation and
vomiting occur during PP. No meta-
analysis has yet been conducted on these
findings. Therefore, we conducted a meta-

analysis of five articles to further explore
the safety and efficacy of EN during PV.
Zhu et al.*! analyzed five retrospective stud-
ies including children. There was an error in
classifying observational studies as random-
ized controlled trials, and each study had
different experimental and control groups,
Notably, one study used the duration of
prone and supine positioning as the sample
size, which significantly differed from other
studies that used the number of patients as
the sample size. Yong et al.*? concluded that
post-pyloric feeding is better tolerated and
safer than gastric feeding in patients under-
going PV. However, they did not analyze the
efficacy and safety of EN in prone-ventilated
patients compared with those receiving EN
in the supine position.

Compared with previous studies, our
research provides the latest cohort study
data, and the five analyzed studies cover
different populations such as patients with
ARDS and COVID-19. All studies have
focused on adults, and the articles have
been rigorously selected, resulting in high
quality and low heterogeneity.

Conclusion

Our meta-analysis provides evidence that
PV combined with EN does not significant-
ly affect mortality. Moreover, PV combined
with EN is associated with an increased
incidence of high GRV, vomiting, EN inter-
ruption, and VAP. However, the overall
impact on patient outcomes remains
unclear. Future research is warranted to
optimize EN management in prone-
ventilated patients and minimize risks such
as aspiration and feeding interruptions.
Large-scale, high-quality studies are
needed to confirm these findings.
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