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Rationale: Enteral nutrition is beneficial for stroke patients with oral intake
difficulties. However, it is time consuming and may interfere with routine
medical care. Therefore, there is a clinical benefit if enteral nutrition can be safely
administered in a short time. Although our retrospective study showed the
safety of rapid administration, it remains unclear whether rapid administration
of enteral nutrition is as safe as conventional administration.

Aim: The randomized study of Enteral Nutrition with Rapid versus conventional
administration in acute stroke patients (Rapid EN trial) aims to clarify the safety
of rapid feeding of enteral nutrition compared with conventional feeding.

Methods and design: This is an investigator-initiated, multicenter, prospective,
randomized, open-label, blinded end-point clinical trial. Eligible criteria
include acute stroke patients who have difficulty with oral intake defined as
severe altered consciousness (Japan Coma Scale 10-300) or modified water
swallowing test <4. The target enrollment is 700 patients, with 350 patients
receiving rapid enteral nutrition at a rate of 100 mL in 5min (Rapid EN group)
and 350 patients receiving conventional enteral nutrition at a rate of 100 mL in
30 min (Conventional EN group).

Study outcome: The primary outcome is the incidence of one or more
complications of vomiting or diarrhea or pneumonia within 7days would
be non-inferior in the rapid EN group compared to the conventional EN group.
Secondary outcomes were total time spent on enteral nutrition within 7 days
from enteral nutrition, the incidence of vomiting, diarrhea and pneumonia
within 3 or 7 days, and the rate of favorable clinical outcome.
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Discussion: Since no previous reports have focused on the speed of administration,
we felt it was necessary to prove the safety of rapid administration. If this study
shows positive results, it will not only benefit patients, but also reduce the burden
of medical care. We believe this study is novel and will be useful in clinical practice.

Clinical trial registration: https://rctportal.niph.go jp/s/detail/um?trial_
id=UMINO00046610 Identifier UMINOO0046610.
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1 Introduction

Malnutrition was observed in 6.1-62% of stroke patients.
Nutritional assessments of older patients in rehabilitation and
subacute hospitals after acute treatment revealed that 50.5% were
malnourished (1), and these patients with malnutrition at the time of
transfer had a lower rate of returning home (2, 3). Nutritional
interventions in the acute phase after a stroke may prevent the
increased infection risk associated with malnutrition and avoid
rehabilitation delays due to weight loss and muscle weakness. Studies
in the intensive care unit and on trauma patients during the acute
phase have reported that early initiation of enteral nutrition (EN)
reduces the incidence of infection and mortality (4, 5).

Early nutrition initiation effectively improves malnutrition, and
EN is beneficial for patients with difficulties in oral intake. According
to the most recent guidelines, in cases where severe dysphagia is
expected to last >7days, enteral tube feeding should be initiated
within the first 72 h after stroke onset (6, 7). However, early initiation
of EN is associated with risks, such as vomiting, diarrhea, and
aspiration pneumonia (8). The recommended slow and diluted
administration method to manage risk is time-consuming and may
interfere with routine medical care. In addition, the effectiveness of
slow and diluted administration is not clearly evident. The acute phase
of stroke management requires time to spend on intravenous drip
infusion, frequent imaging studies, and rehabilitation therapy;
prolonged EN may interfere with these treatments. Therefore, safe
administration of EN in a short time is clinically beneficial; conversely,
the complication rate associated with rapid administration should
be non-inferior to that of conventional administration.

Previous studies have demonstrated the potential for safe and
rapid EN administration (9). We hypothesized that rapid EN
administration is as safe as conventional administration. Therefore,
we planned a multicenter trial to test this hypothesis.

2 Methods
2.1 Design

This randomized study of rapid EN versus conventional
administration in acute stroke patients (Rapid EN Trial) is an
investigator-initiated, multicenter, prospective, randomized, open-
treatment clinical trial conducted between October 2020 and March
2024. The Institutional Review Board of each hospital approved this
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trial. All the enrolled patients and their relatives provided written
informed consent. This trial was registered as a UMIN Clinical Trial
(ID: 000046610). Figure 1 shows a flowchart of the trial design.

2.2 Participants

Patients aged >20years who developed stroke within 7 days from
onset, had difficulty with oral intake and could raise their head more
than 30 degrees represented the target population in the Rapid EN
trial. Patients who had difficulty with oral intake were defined as
having severely altered consciousness (JCS 10-300), or modified water
swallowing test (MWST) (10) <4. Patients with obstructive
gastrointestinal tract disease unfit for enteral feeding were excluded.
Table 1 shows the inclusion and exclusion criteria.

2.3 Randomization

Eligible patients are randomized into a 1:1 ratio using a web-based
data management system to undergo either rapid administration
(rapid EN group) or conventional administration (conventional EN
group) of EN within 72h of admission. Using a minimization
algorithm, we balanced the number of patients in the two treatment
groups at each hospital.

Patients admission

Screening
» Acute stroke within 7 days from onset
« Difficulty with oral intake
« Clinical assessment for inclusion and exclusion criteria

l

| Informed consent/Randomization (n=700) I

| Rapid EN group | |Conventiona| EN group |

I 3, 7 days Presence or absence of complications I

| |

| 90 (£ 10) days modified Rankin Scale score |

FIGURE 1
Outline of the study.
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TABLE 1 Inclusion and exclusion criteria.

Inclusion criteria

o Age>18years at the time of giving informed consent.
« Clinical diagnosis of acute ischemic stroke within 7 days from onset.

« Patients who can be randomized within 72 h from admission.

10.3389/fneur.2024.1393345

« Patients who have difficulty with oral intake are defined as severely altered consciousness (JCS 10-300) or modified water swallowing test <4.

« Patients who can raise their head more than 30 degrees.

» Written informed consent by the patient or next of kin.
Exclusion criteria

« Obstructive diseases of the gastrointestinal tract.
» Pregnancy or possibility of pregnancy.

« patients with an expected life expectancy of 90 days or less.

« Patients who are deemed by the investigator or sub-investigator to be unsuitable for participation in this study.

JCS, Japan Coma Scale.

TABLE 2 Primary and secondary outcomes.

Primary outcome

« Incidence of vomiting or diarrhea or pneumonia within 7 days of initiation of enteral nutrition (non-inferiority).

Secondary outcomes

« Total time spent on enteral nutrition within 7 days of initiation of enteral nutrition (hours).

« Incidence of vomiting within 7 days of initiation of enteral nutrition.
« Incidence of diarrhea within 7 days of initiation of enteral nutrition.

« Incidence of pneumonia within 7 days of initiation of enteral nutrition.

« Incidence of vomiting or diarrhea or pneumonia within 3 days of initiation of enteral nutrition (non-inferiority).

« Incidence of vomiting within 3 days of initiation of enteral nutrition.
« Incidence of diarrhea within 3 days of initiation of enteral nutrition.

« Incidence of pneumonia within 3 days of initiation of enteral nutrition.

« Incidence of vomiting or diarrhea or pneumonia within 7 days of initiation of enteral nutrition in ischemic stroke patients (non-inferiority).

« Incidence of vomiting or diarrhea or pneumonia within 7 days of initiation of enteral nutrition in intracerebral hemorrhage and subarachnoid hemorrhage patients

(non-inferiority).
« Favorable outcome defined as mRS score 0-2 at 90 days after stroke onset.

mRS, modified Rankin Scale.

2.4 Treatment or intervention

All the patients received EN using dobhoff tube, NG tube or PEG
tube. The enteral feeding dose was 100 mL for the first 3 days and was
determined by each institution for each patient for 4-7 days. EN was
administered at a rate of 100mL in 5min for 7days in patients
randomized to the Rapid EN group and 100 mL in more than 30 min in
patients randomized to the Conventional EN group. The type of enteral
nutritional supplement is unspecified and freely chosen by each patient.

2.5 Clinical assessments

Performances at baseline, three complications of enteral nutrition,
including vomiting, diarrhea, and pneumonia, for 3-7 days from the
start of EN, location of stroke, the length of hospital stay and clinical
outcomes will be assessed by a third independent observer blinded to
the group assignment. Vomiting was defined as one or more episodes
associated with EN initiation. Diarrhea was defined as a score of 6 or
7 on the Bristol Stool Scale (11), persisting for more than 2 days.
Pneumonia was defined as physician-observed pneumonia based on
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imaging and clinical status. Clinical outcomes were assessed using the
modified Rankin scale (mRS) score (range, 0 [no symptoms] to 6
[death]) (12); favorable clinical outcomes were defined as an mRS
score of 0-2 at 90 days after stroke onset.

2.6 Primary outcome

The primary outcome is the incidence of one or more
complications (vomiting, diarrhea, or pneumonia) within 7 days of EN
initiation for comparing non-inferiority in the rapid EN and
conventional EN groups.

2.7 Secondary outcomes

Secondary outcomes were total time spent on EN, incidence of
vomiting, diarrhea, and pneumonia within 3 and 7days of EN,
incidence of one or more of the three complications in patients with
ischemic or hemorrhagic stroke, and rate of favorable clinical
outcome. The efficacy and safety endpoints are presented in Table 2.
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2.8 Sample size estimates

A previous observational study (9) showed that the proportion
of patients with one or more complications, defined as vomiting,
diarrhea, or pneumonia, was 22/45 (48.9%) in the rapid EN group
and 14/26 (53.8%) in the conventional EN group. Based on
previous reports, the non-inferiority margin was defined as a
minimum clinically important difference (MCID) of 5% in the
outcome (13). According to those results, we estimated that 622
patients would need to be enrolled to detect non-inferiority of the
rapid EN group compared with the conventional EN group, based
on a 1-sided « level of 0.025 and a power of 0.80. In total, 700
patients (350 per intervention and control group) were recruited,
accounting for possible treatment failures, protocol violations,
and dropouts.

2.9 Data monitoring body

Data is monitored centrally by members of the central
coordinating center. Members occasionally visit collaborating
hospitals to review source materials according to an order from the
steering commiittee. Responsible authorities, related ethics committees,
and directors of collaborating hospitals have the right to review the
source material if necessary.

2.10 Data and safety monitoring board

An independent data and safety monitoring board (DSMB)
oversees the conduct of the trial. Any unexpected event is immediately
reported to the DSMB. All safety endpoints are analyzed after the
inclusion of 100 and 400 patients. In any case of concern regarding the
safety of the participants, the steering committee recommend
continuing, stopping, or modifying the trial.

2.11 Statistical analyses

An intention-to-treat (ITT) analysis will be applied according to
the consolidated standards of Reporting Trials (14). As needed, an
analysis will be performed on the per-protocol set as a sensitivity
analysis of the ITT results. Patient demographic data will be analyzed
descriptively. Categorical variables will be assessed using the
chi-square test or Fisher’s exact test. In contrast, continuous
variables will be assessed using Student’s t-test or Wilcoxon
rank-sum test, as appropriate. The primary outcome is the
proportion of patients with one or more complications at 7 days
between the rapid EN and conventional EN groups, as analyzed
using univariate logistic regression analysis. Multivariate logistic
regression analysis adjusted for potential confounders was
performed as a sensitivity analysis. The primary outcome’s odds
ratio (OR) will be calculated with the corresponding 95% confidence
interval (CI). This clinical trial aimed to demonstrate the
non-inferiority of Rapid EN over Conventional EN. If noninferiority
is statistically demonstrated for the primary endpoint and the
incidence in the rapid EN group is lower than that in the
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conventional EN group, superiority tests will be implemented. All
statistical tests are one-sided, and p<0.025 are considered
statistically significant.

2.12 Study organization and funding

The Rapid EN trial is organized by a central coordinating center
located at the Nippon Medical School and is conducted in
approximately 16 centers in Japan. The Rapid EN trial was funded by
JSPS Kakenhi Grants (Number 20K19651 to Kentaro Suzuki).

3 Discussion and conclusion

Enteral nutrition is widely used worldwide as a nutritional therapy
for patients who are unable to consume food orally. Recently, it has
been recommended that nutritional therapy be initiated as early as
possible in stroke patients (15). However, in actual clinical situations,
administering tube feedings three times a day is not only burdensome
for medical staff but can also cause psychological stress in acute stroke
patients. Therefore, it is reasonable to reduce administration time.
Although no previous reports have focused on the speed of
administration, most medical staff believe that the rapid
administration of enteral nutrition increases the risk of complications
such as vomiting, diarrhea, and pneumonia. Therefore, it is necessary
to confirm the safety of rapid administration. We believe this study is
novel and useful in clinical settings.

An adequate swallowing assessment is important for identifying
patients eligible for enteral nutrition. The European Stroke
Organization found moderate-quality evidence to recommend
dysphagia screening in all stroke patients to prevent poststroke
pneumonia (16). Although many swallowing assessment scales exist,
the MWST (10) is used in daily practice and included as an eligibility
criterion for this study.

This study had several limitations. First, this study allows free
choice in the type of enteral nutrition, although this may affect the
rate of complications. Differences by type of enteral nutrition will
be clarified in a subanalysis. Second, it may be difficult to distinguish
vomiting due to brain injury and enteral nutrition. Third, this study
cannot examine differences in delivery methods, such as nasal tube
versus gastrostomy. Finally, diarrhea can occur secondary to
infection which might also be difficult to distinguish from
enteral nutrition.

If this trial shows positive results, it will benefit patients and
reduce the burden of medical care. Furthermore, this trial could
impact healthcare guidelines and costs. We may conduct a meta-
analysis of ongoing EN trials for enteral nutrition, including this Rapid
EN trial.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found in the article/supplementary
material.

frontiersin.org


https://doi.org/10.3389/fneur.2024.1393345
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Suzuki et al.

Ethics statement

The studies involving humans were approved by C-2021-031/
Nippon Medical School Hospital Drug Trial Review Committee. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

KS: Writing - original draft, Writing - review & editing. HO:
Data curation, Writing - review & editing. RSu: Data curation,
Writing - review & editing. SO: Data curation, Writing - review
& editing. NK: Data curation, Writing - review & editing. SKa:
Data curation, Writing - review & editing. RSe: Data curation,
Writing - review & editing. SF: Data curation, Writing - review &
editing. KN: Data curation, Writing - review & editing. TT: Data
curation, Writing - review & editing. IK: Data curation, Writing -
review & editing. HN: Data curation, Writing - review & editing.
TK: Data curation, Writing - review & editing. MO: Data curation,
Writing - review & editing. SKi: Data curation, Writing - review
& editing. SS: Data curation, Writing - review & editing. HK: Data
curation, Writing - review & editing. TO: Data curation, Writing -
review & editing. KK: Writing - original draft, Writing - review
& editing.

References

1. Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al. Frequency
of malnutrition in older adults: a multinational perspective using the mini nutritional
assessment. ] Am Geriatr Soc. (2010) 58:1734-8. doi: 10.1111/j.1532-5415.2010.03016.x

2. Visvanathan R, Penhall R, Chapman I. Nutritional screening of older people in a
sub-acute care facility in Australia and its relation to discharge outcomes. Age Ageing.
(2004) 33:260-5. doi: 10.1093/ageing/ath078

3. Thomas DR, Zdrowski CD, Wilson MM, Conright KC, Lewis C, Tariq S, et al.
Malnutrition in subacute care. Am J Clin Nutr. (2002) 75:308-13. doi: 10.1093/ajcn/75.2.308

4. Koretz RLLipman TO. The presence and effect of bias in trials of early enteral
nutrition in critical care. Clin Nutr. (2014) 33:240-5. doi: 10.1016/j.clnu.2013.06.006

5. Doig GS, Heighes PT, Simpson F, Sweetman EA. Early enteral nutrition reduces
mortality in trauma patients requiring intensive care: a meta-analysis of randomised
controlled trials. Injury. (2011) 42:50-6. doi: 10.1016/j.injury.2010.06.008

6. Scherbakov N, von Haehling S, Anker SD, Dirnagl U, Doehner W. Stroke induced
sarcopenia: muscle wasting and disability after stroke. Int J Cardiol. (2013) 170:89-94.
doi: 10.1016/j.ijcard.2013.10.031

7. Burgos R, Breton I, Cereda E, Desport JC, Dziewas R, Genton L, et al. Espen guideline
clinical nutrition in neurology. Clin Nutr. (2018) 37:354-96. doi: 10.1016/j.clnu.2017.09.003

8. Kanie J, Suzuki Y, Akatsu H, Kuzuya M, Iguchi A. Prevention of late complications
by half-solid enteral nutrients in percutaneous endoscopic gastrostomy tube feeding.
Gerontology. (2004) 50:417-9. doi: 10.1159/000080181

9. Suzuki K, Sugiyama R, Katano T, Shigehara H, Takagiwa T, Katafuchi I, et al. The
safety of rapid administration of enteral nutrition in acute stroke patients. ] Neurol Sci.
(2022) 437:120270. doi: 10.1016/j.jns.2022.120270

Frontiers in Neurology

05

10.3389/fneur.2024.1393345

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
funded by JSPS Kakenhi Grants (Number 20K19651 to KS).

Acknowledgments

We would like to thank the participants, caregivers, and investigators.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

10. Tohara H, Saitoh E, Mays KA, Kuhlemeier K, Palmer JB. Three tests for predicting
aspiration without videofluorography. Dysphagia. (2003) 18:126-34. doi: 10.1007/
500455-002-0095-y

11. O'Donnell L], Virjee ], Heaton KW. Detection of pseudodiarrhoea by simple
clinical assessment of intestinal transit rate. BMJ. (1990) 300:439-40. doi: 10.1136/
bmj.300.6722.439

12. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Interobserver
agreement for the assessment of handicap in stroke patients. Stroke. (1988) 19:604-7.
doi: 10.1161/01.STR.19.5.604

13. Lin CJ, Saver JL. Noninferiority margins in trials of thrombectomy devices for
acute ischemic stroke: is the bar being set too low? Stroke. (2019) 50:3519-26. doi:
10.1161/STROKEAHA.119.026717

14. Hollis S, Campbell FE. What is meant by intention to treat analysis? Survey of
published randomised controlled trials. BMJ. (1999) 319:670-4. doi: 10.1136/
bmj.319.7211.670

15. Nishioka S, Wakabayashi H, Nishioka E, Yoshida T, Mori N, Watanabe R.
Nutritional improvement correlates with recovery of activities of daily
living among malnourished elderly stroke patients in the convalescent stage: a
cross-sectional study. J Acad Nutr Diet. (2016) 116:837-43. doi: 10.1016/j.jand.
2015.09.014

16. Dziewas R, Michou E, Trapl-Grundschober M, Lal A, Arsava EM,
Bath PM, et al. European stroke organisation and european society for
swallowing disorders guideline for the diagnosis and treatment of post-
stroke dysphagia. Eur Stroke J. (2021) 6:LXXXIX-CXV. doi: 10.1177/
23969873211039721

frontiersin.org


https://doi.org/10.3389/fneur.2024.1393345
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1111/j.1532-5415.2010.03016.x
https://doi.org/10.1093/ageing/afh078
https://doi.org/10.1093/ajcn/75.2.308
https://doi.org/10.1016/j.clnu.2013.06.006
https://doi.org/10.1016/j.injury.2010.06.008
https://doi.org/10.1016/j.ijcard.2013.10.031
https://doi.org/10.1016/j.clnu.2017.09.003
https://doi.org/10.1159/000080181
https://doi.org/10.1016/j.jns.2022.120270
https://doi.org/10.1007/s00455-002-0095-y
https://doi.org/10.1007/s00455-002-0095-y
https://doi.org/10.1136/bmj.300.6722.439
https://doi.org/10.1136/bmj.300.6722.439
https://doi.org/10.1161/01.STR.19.5.604
https://doi.org/10.1161/STROKEAHA.119.026717
https://doi.org/10.1136/bmj.319.7211.670
https://doi.org/10.1136/bmj.319.7211.670
https://doi.org/10.1016/j.jand.2015.09.014
https://doi.org/10.1016/j.jand.2015.09.014
https://doi.org/10.1177/23969873211039721
https://doi.org/10.1177/23969873211039721

	The randomized study of enteral nutrition with rapid versus conventional administration in acute stroke patients; the protocol of rapid EN trial
	1 Introduction
	2 Methods
	2.1 Design
	2.2 Participants
	2.3 Randomization
	2.4 Treatment or intervention
	2.5 Clinical assessments
	2.6 Primary outcome
	2.7 Secondary outcomes
	2.8 Sample size estimates
	2.9 Data monitoring body
	2.10 Data and safety monitoring board
	2.11 Statistical analyses
	2.12 Study organization and funding

	3 Discussion and conclusion
	Data availability statement
	Ethics statement
	Author contributions

	 References

