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Efficacy and safety of transcutaneous auricular vagus 
nerve stimulation combined with conventional 
rehabilitation training in acute stroke patients:  
a randomized controlled trial conducted for 1 year 
involving 60 patients
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Abstract  
Transcutaneous auricular vagus nerve stimulation (ta-VNS) is a novel noninvasive treat-ment for stroke that directly stimulates the 
peripheral auricular branch of the vagus nerve. There have been recent reports that ta-VNS combined with conventional rehabilitation 
training promotes the recovery of neurological function of patients with acute stroke. However, these were small-sample-sized studies 
on the recovery of neurological function in patients after percutaneous vagus nerve stimulation in the subacute and chronic phases after 
stroke. This double-blinded randomized controlled trial involved 60 acute ischemic or hemorrhagic stroke patients aged 18–80 years who 
received treatment in the Second Affiliated Hospital of Chongqing Medical University. The subjects were randomly assigned to receive 
ta-VNS or sham ta-VNS combined with conventional rehabilitation training. The follow-up results over 1 year revealed that ta-VNS combined 
with conventional rehabilitation training greatly improved the recovery of motor and sensory functions and emotional responses compared 
with sham ta-VNS combined with conventional rehabilitation training. There were no obvious side effects. These findings suggest that 
ta-VNS combined with conventional rehabilitation training for the treatment of acute ischemic or hemorrhagic stroke patients is safe and 
effective. 
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Graphical Abstract Transcutaneous auricular vagus nerve stimulation (ta-VNS) combined 
with conventional rehabilitation therapy leads to great recovery of 
neurological function in acute stroke patients
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Introduction 
The purpose of rehabilitation training is to promote adaptive circuit 
changes, but often insufficient or inappropriate plasticity blocks 
neurofunctional recovery post-stroke (Furie, 2020; Le Danseur, 2020). 
The development of adjunctive treatment strategies broadly supports 

neuroplasticity to facilitate brain rehabilitation to improve stroke 
prognosis (Le Danseur, 2020; Stinear et al., 2020). Transcutaneous 
auricular vagus nerve stimulation (ta-VNS) is a recent non-invasive 
method of vagus nerve stimulation (VNS) by directly stimulating the 
peripheral auricular branch of the vagus nerve (Ay et al., 2015; Wu 
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et al., 2020), making it more accessible for treating stroke. However, 
there is only limited clinical evidence for its effectiveness (Yuan and 
Silberstein, 2016; Wu et al., 2020). The latter report showed that ta-
VNS promoted upper limb motor function recovery (Wu et al., 2020).

Researchers have pointed out that neural plasticity can be enhanced 
during the early stages post stroke (Coleman et al., 2017; Zeiler, 
2019; Yang et al., 2020; Hu et al., 2021; Wang et al., 2021), indicating 
that the earlier post-stroke rehabilitative strategies commence, the 
better the outcome. At present, most of the research has centered 
on subacute and chronic stroke patients (Capone et al., 2017; 
Wu et al., 2020). Although it was found that simple rehabilitation 
training can promote the recovery of neurological function after 
stroke (Khodaparast et al., 2016), the effect of rehabilitation 
training combined with electrical stimulation on the improvement 
of neurological function after stroke is still not clear. In addition, 
there have been very few trials to explore the safety and efficacy 
of electrical stimulation therapy on the overall motor and sensory 
functions and the emotional assessments in patients with acute 
stroke.

We propose that ta-VNS can enhance the benefit to the rehabilitation 
therapy on the recovery of motor and sensory functions and 
emotional response following acute ischemic or hemorrhagic stroke. 
This double-blind randomized placebo-controlled study would test 
this hypothesis. 
 
Subjects and Methods   
Study design
The study was a two-group, pragmatic, double-blinded, randomized 
controlled trial. Eligible acute stroke patients were enrolled and 
then randomly assigned (1:1) to one of two groups, ta-VNS group or 
control group, and were assessed periodically during the first year 
after intervention. The patients all signed informed consent forms 
(Additional file 1). The partici-pants and researchers were blinded 
to the therapy process of the entire research. This project was 
approved by the Ethics Committee of The Second Affiliated Hospital 
of Chongqing Medical University (approval No. 2018(216)) on May 7, 
2018 (Additional file 2) and retrospective registered in Chinese Clinical 
Trial Registry (registration No. ChiCTR1800018962) on October 19, 
2019. This study followed the CONsolidated Standards Of Reporting 
Trials (CONSORT) guidance (Schulz et al., 2010; Additional file 3).

The individual deidentified participant data will be shared; the 
additional, related documents will be available (such as study 
protocol and statistical analysis plan). The data will become available 
in the future of 5 years. Research colleagues can access the data 
through the China Clinical Trials Registry.

Subjects
Study participants were recruited from November 2018 to March 
2020 in The Second Affiliated Hospital of Chongqing Medical 
University. All eligible participants (aged 18–80 years) had a 
history of first-time symptomatic ischemic or hemorrhagic stroke, 
demonstrated by imaging, that had occurred within the previous 
month to be included in the trial (Table 1). Participants with any 
of the following symptoms were excluded from our study: (1) a 
progressive decline in cardiac, pulmonary, liver, kidney function; 
(2) apraxia; (3) resting heart rate (< 50 beats/min); (4) a previous 
operation on the vagus nerve; (5) alcohol or drug abuse; (6) 
participation in other clinical experiments; and (7) other diagnoses 
that might interfere with rehabilitation or outcome assessments. A 
CONSORT diagram is shown in Figure 1. Free treatment was provided 
for these patients throughout the clinical study. 

Randomization
Participants were enrolled by a third-party physiotherapist. 
Participants were randomized to receive active or sham ta-VNS in 
addition to conventional rehabilitation training by using a system of 
muddled sealed envelopes including a password for the stimulator. 
The electrical nerve stimulation instrument (Suzhou Medical supplies 
Factory Co., Ltd., Suzhou, China) was manipulated by a third party, to 
ensure that participants, physical therapists, and researchers are all 
blinded.

Intervention
All participants received a 4-week course of 20-minute therapy 
sessions five times per week in the hospital. Ta-VNS was delivered by 
an auricular transcutaneous electrical nerve stimulation apparatus 
(Suzhou Medical supplies Factory Co., Ltd.). Two carbon-impregnated 

Excluded: n = 145
• Did not meet age criteria (n = 33)
• Not stroke (n = 43)
• Previous history of symptomatic 
stroke (n = 61)
• Aphasia/confusion (n = 8)

205 patients with stroke screened

Randomized 
(n = 60)

30 assigned to 
active ta-VNS

30 assigned to 
control ta-VNS

0 withdrew
1 died

29 on study at 
3 mon

30 on study at 
3 mon

0 withdrew
0 died

1 withdrew
0 died

28 on study at 
6 mon

29 on study at 
6 mon

1 withdrew
0 died

0 withdrew
0 died

28 on study at 
1 yr

28 on study at 
1 yr

1 withdrew
0 died

Figure 1 ｜ A CONsolidated Standards Of Reporting Trials (CONSORT) 
diagram.
ta-VNS: Transcutaneous auricular vagus nerve stimulation.

silicone electrodes of the diameter of 4  mm were placed in the left 
auricular cavum conchae of the stroke patients and stimulation of 
the auricular concha innervated by afferent auricular branch of the 
vagus nerve was delivered via an electric stimulator. For ta-VNS, one 
electrode was clipped on the concha cavity and the other on the 
concha cymba. The stimulation parameters were as follows: 0.3-ms 
square pulses at 20 Hz for 30 seconds and repeated every 5 minutes. 
The intensity of the current was adjusted according to the tolerance 
of each patient. The electrical stimulation was given for 20 minutes 
a day for 20 working days (5 days a week for 4 weeks). The average 
current intensity was 1.71 ± 0.5 mA to the ta-VNS group. The same 
procedure was performed on the control group but with no current. 
Traditional rehabilitation therapy was used on the limbs and torso, 
depending on the capacity of the patient. Conventional rehabilitation 
therapy included postural control, neuromuscular facilitation and 
sensory integration exercises (Wu et al., 2020). Immediately after the 
active or control ta-VNS session finished, the rehabilitation therapy 
session began, lasting about 0.5 hours to standardize the intervention 
and strengthen the effect of the rehabilitation treatment. The 
apparatus was manipulated by a third party, to ensure that 
participants, physical therapists, and researchers were all blinded.

Outcome measures
The results evaluated were the Wolf Motor Function Test (WMFT) 
(Edwards et al., 2012), the upper limb section (FMA-U), the lower 
limb section (FMA-L), and the somatosensory section (FMA-S) of the 

Table 1 ｜ Baseline demographics for participants in ta-VNS and control 
groups

Characteristics ta-VNS (n = 30) Control (n = 30) P-value

Male 15(50) 14(47) 0.79
Age (yr) 69.2±12.3 68.3±12.1 0.48
Type of stroke (ischemic/
hemorrhagic)

27/3 28/2 0.64

Days post-stroke 10.8±7.7 10.4±6.9 0.90
Handedness (right/left/
ambidextrous)

27/2/1 29/0/1 0.35

Stroke hemisphere (right/left) 12/18 10/20 0.59
FMA-U 31.4±5.7 30.8±5.3 0.74
FMA-L 17.6±3.0 17.2±2.9 0.62
FMA-S 13.2±4.0 12.9±3.8 0.92
Stroke impact scale 143.1±57.2 129.7±53.2 0.06
HADS-A 10.9±1.9 11.3±2.0 0.05
HADS-D 8.3±1.4 8.5±1.5 0.43

Data are expressed as number (percentage) (male), number (type of stroke, 
handedness, stroke hemisphere) or mean ± SD (other data). Student’s 
t-test was used for continuous variables, and the Chi-square test was used 
for categorical variables. FMA-L: Fugl-Meyer assessment–lower extremity; 
FMA-S: Fugl-Meyer assessment–sensory; FMA-U: Fugl-Meyer assessment–
upper extremity; HADS-A: Hospital Anxiety and Depression Scale–Anxiety 
scale; HADS-D: Hospital Anxiety and Depression Scale–Depression scale.
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Fugl-Meyer Assessment (Bushnell et al., 2015), the Stroke Impact 
Scale (SIS) (English et al., 2017) and Hospital Anxiety and Depression 
Scale (HADS) (Mijajlović et al., 2017). These assessments were 
performed at baseline (on the day of enrollment) and 2 weeks, 1, 
3, 6 months, and 1 year from the beginning of ta-VNS treatment. 
The primary functional outcome was the stroke patients’ motor and 
sensory functions at a given time after the treatment, as evaluated 
by WMFT and FMA. WMFT score is ranged from 0 to 75 (Edwards et 
al., 2012), and FMA score (FMA-U: 0–66; FMA-L: 0–34; FMA-S: 0–24) 
ranged from 0 to 124 (Bushnell et al., 2015). The higher the WMFT 
and FMA scores the better the function. The secondary functional 
outcome was the stroke patients’ activities of daily living and 
emotional state measured by SIS, and HADS. SIS score is ranged from 
64 to 420: the higher the score the better the recovery (English et al., 
2017). HADS anxiety (HADS-A) and HADS depression scale (HADS-D) 
scores ranged from 0 to 21 (Mijajlović et al., 2017). The lower the 
HADS-A and HADS-D scores the less intense the symptoms.

The safety monitoring assessment was the number of side reactions 
associated with the equipment or treatment, these included 
adverse reactions of derma (e.g., ache, red spots on the skin), 
vocal cord palsy, nausea, and dysphagia. To test the tolerance to ta-
VNS treatment, participants were asked whether they experienced 
any bad feelings or other dis-comforts. Vital signs were carefully 
measured before and after each treatment session to monitor any 
cardiovascular risk.

Sample size
The sample size was measured to detect a between-group difference 
of 5 points on the FMA-U with 80% power at a two-tailed significance 
level of 0.05. The calculation used by the PASS 15 software (NCSS, 
LLC, Kaysville, UT, USA) was based on the mean scores and standard 
deviations of the sample studied in a randomized controlled 
clinical pilot study (Dawson et al., 2016). We planned to recruit 60 
participants, anticipating 20% attrition over the 12 months of the 
trial.

Statistical analysis
To contrast the baselines of each group, the Student’s t-test was 
used for continuous varia-bles, and the Chi-square test was used 
for categorical variables. A per-protocol analysis was conducted. 
Outcomes (physiological parameter, FMA-U, FMA-L, FMA-S, WMFT 
score, WMFT time, HADS and SIS) were analyzed using a two-way 
analysis of variance followed by Šidák’s post hoc multiple comparison 

test. All data were expressed as mean ± standard deviation (SD). To 
monitor the security of the electrical stimulations, we measured 
the BP and HR before and after each stimulation for 20 consecutive 
days. We performed a repeated-measures analysis of variance 
followed by Tukey’s post hoc multiple comparison test with pre-post-
treatment measurements, days as within-subject factors, and groups 
as between-subject factors. Statistical significance was accepted at P 
< 0.05. SPSS 23 software (IBM, Armonk, NY, USA) was used to analyze 
the data. The statistical methods of this study were reviewed by the 
epidemiologist of Chongqing Medical University, China.

Results
Study participants
All randomized participants attended the therapeutic process. Four 
participants left the study before it finished (two withdrew because 
of improvement in symptoms about 3 months after the stimulus 
began and no longer wished to carry on). One participant in the 
control group had another stroke between 6 months and 1 year 
after the study had begun and was excluded after the 6-month 
assessment. One participant in the ta-VNS group died of serious lung 
infection between the 1- and 3-month monitorings and was excluded 
after the 1-month assessment. In total, 28 participants in each group 
were included in the per-protocol analysis (Figure 1). Participant 
characteristics are listed in Table 1. At the start, ta-VNS and control 
groups were similar in functional assessments.

Physiological parameter
No statistically significant difference was found within each group 
for heart rate, systolic blood pressure, and diastolic blood pressure 
before and after treatment (P > 0.05; Figure 2).

Functional outcomes
There were no significant differences in WMFT (time and score), 
FMA-U, FMA-L, and FMA-S between the ta-VNS and control 
groups at the start (P > 0.05). Surprisingly, a significant, continuous 
improvement trend in neurofunctional recovery was found 
from the baseline to the 1-year assessment in both groups. The 
improvements in WMFT (time and score), FMA-U, FMA-L, and 
FMA-S in the ta-VNS group were significantly higher than those in 
the control group at each follow-up time point after the 20 sessions 
of treatment (Figure 3).

Figure 2 ｜ The effects of ta-VNS on cardiovascular measurements in acute stroke patients.
Measurements were taken every day for the 20 days of the experimental therapy. (A) HR, (B) SBP and (C) DBP. Data are expressed as mean ± SD and were 
analyzed by repeated-measures analysis of variance. DBP: Diastolic blood pressure; HR: heart rate; post: post-treatment; pre: pre-treatment; SBP: systolic blood 
pressure; ta-VNS: transcutaneous auricular vagus nerve stimulation.

Figure 3 ｜ Changes in neurological function 
scores of acute stroke patients over the year 
after ta-VNS treatment. 
(A–E) WMFT score, WMFT time, FMA-U, FMA-L, 
and FMA-S. Data are expressed as mean ± SD 
(n = 28). *P < 0.05, vs. control group (repeated-
measures analysis of variance). FMA-L: Fugl-
Meyer assessment–lower extremity; FMA-S: 
Fugl-Meyer assessment–sensory; FMA-U: Fugl-
Meyer assessment–upper extremity; WMFT: 
Wolf Motor Function Test.
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Figure 4 ｜ Changes in self-assessment 
results of acute stroke patients during 1 year 
after ta-VNS treatment.
(A–C) HADS-A, HADS-D, and SIS. Data are 
expressed as mean ± SD (n = 28). *P < 0.05, 
vs. control group (repeated-measures analysis 
of variance). HADS-A: Hospital Anxiety and 
Depression Scale—Anxiety scale; HADS-D: 
Hospital Anxiety and Depression Scale—
Depression scale; SIS: stroke impact scale.
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Self-assessment outcome
The HADS and SIS revealed remarkable results of “treatment time” 
and “time-by-treatment”. The HADS-A and HADS-D in the ta-VNS 
group were lower than those in the control group from the first month 
onwards. Participants also reported higher SIS in the ta-VNS group 
from the third month compared with the control group (Figure 4).

Safety
No major side effects or bad experiences were found in the study. 
Only two participants (both in the ta-VNS group) reported skin 
redness. But after adjusting the current, the red-ness quickly and 
completely subsided. These findings are similar to those reported in 
the previous studies (Zeiler, 2019; Wu et al., 2020).

Discussion
The aim of our study was to research the efficacy and safety of ta-
VNS on functional movement, sensory outcomes, and emotional 
response through the first year of their recov-ery in both acute 
ischemic and hemorrhagic stroke patients. The primary finding of our 
re-search is that ta-VNS is safe and, in combination with conventional 
rehabilitation therapy, significantly improved the neurofunctional 
outcomes of stroke patients. The measurements of motor function 
impairment of upper and lower limbs (FMA-U, WMFT, and FMA-L), 
sensory disturbance rating (FMA-S), emotional state (HADS), and 
quality of life (SIS) all improved for at least a year after intervention. 
Our research showed that ta-VNS was well tolerated, none of the 
participants asked to stop the treatment. Two cases of side effects 
were found that related to the contact of the ear electrodes. The 
results are consistent with the recent literature in the field (Wu et al., 
2020). Vagal control is crucial for myocardial function (Murray et al., 
2016), therefore, we checked heart rate and blood pressure during 
the therapeutic process to assess cardiovascular risks. Baseline 
differences in general vital signs existed between the two groups. 
In theory, this does not affect the comparison of efficacy outcomes. 
This study revealed that there were no significant clinical changes in 
physiological parameters during the therapeutic process. In sum, ta-
VNS combined with conventional rehabilitation therapy is effective 
and well-tolerated.

VNS is currently used to treat epilepsy (Wheless et al., 2018), 
traumatic brain injury (Neren et al., 2016), Parkinson’s disease 
(Farrand et al., 2017), stroke, and other neurological dis-orders. The 
potential side effects of VNS therapy, including vocal cord palsy and 
dysphagia, have been reported after device implantation (Dawson et 
al., 2016). The damage may be caused by surgical operation or vagus 
nerve direct stimulation. A second operation had to be performed 
in approximately 50% of cases. The most common reason is battery 
replacement, followed by surgical complications. Recently, ta-VNS 
has been shown to influence afferent vagal networks in animal stroke 
models (Ay et al., 2015) and the postcentral gyrus, bilateral insula, 
frontal cortex, and cerebellum in normal adults (Kraus et al., 2007). 
The data revealed that ta-VNS may activate similar pathways as 
VNS. ta-VNS therapy that stimulates the external ear is efficient and 
effective, as confirmed by functional imaging assessments (Yakunina 
et al., 2017). This new, noninvasive technique of ta-VNS holds 
promise for treatment after stroke (Redgrave et al., 2018).

Although both the ta-VNS and control groups advanced after the 
treatment the improve-ment in functional and sensory outcomes 
was significantly higher for the ta-VNS group. The addition of 
electrical stimulation therapy provides significantly greater benefits 
than rehabilitative therapy alone. Our data support the view that 
the conjunction effect of VNS with rehabilitation is dependent on 
neural plasticity, a time-dependent phenomenon, and that the effect 
persisted for a year, even after the stimulus stopped. In this trial, 
comprehensive rehabilitation therapy was carried out immediately 
after electrical stimulation therapy. Previously, an animal study 
demonstrated that the combination of electrical stimulation 
and rehabilitation together was necessary to obtain the best 
improvement. VNS alone had no effect on the injury area and had 
little effect when electrical stimulation therapy was performed after 
the rehabilitation training had finished (Khodaparast et al., 2016). 
This research supports the idea confirming that ta-VNS delivered 

before rehabilitation training can ameliorate neurological function. 
The cumulative effect of ta-VNS sessions in the stroke patient has 
previously been described (Capone et al., 2017; Wu et al., 2020), 
but did not include acute stroke, and the follow-up was never for as 
long as a year. Other studies have explored the role of ta-VNS in the 
subacute phase of ischemic stroke (Wu et al., 2020), who discovered 
a difference of about 46% (at 3 months) in the recovery of FMA-U 
after 16 consecutive days of ta-VNS. Another study found that after 
10 sessions there was a difference of about 28% in the chronic 
phase of stroke (Capone et al., 2017). In our acute stroke study, after 
20 consecutive days of ta-VNS the degree of improvements at 3 
months was extremely encouraging, not only in functional (FMA-U: 
52%/FMA-L: 62%) but also in sensory outcomes (FMA-S: 72%). The 
underlining mechanisms of VNS are not necessarily the same as they 
may depend on the different phases of stroke recovery and these 
need to be clarified. In the chronic phase of stroke, VNS is thought 
not to reduce lesion size but rather improve recovery after brain 
injury by enhancing neural plasticity thereby supporting the benefits 
of rehabilitative therapy (Khodaparast et al., 2016). In the acute 
stage of stroke, neural protection, nerve regeneration, angiogenesis, 
and neural plasticity were seen as the underlying mechanisms of 
VNS action (Jiang et al., 2015; Zhang et al., 2017; Li et al., 2020a, 
b). A noticeable improvement of FMA-U, FMA-L, FMA-S, and WMFT 
scores was significant in the ta-VNS group compared with the control 
group from the second week onwards. In addition, we found that 
the cumulative improvement in limb function did not begin to affect 
the overall quality of life until the third month. These data reveal 
that early rehabilitative strategies are effective for stroke patients. It 
is worth noting that the somatosensory results in the ta-VNS group 
remained stable after 1 month. This may be be-cause of the ceiling 
effect, or that the somatosensory function was completely restored.

The regions of the brain in connection with the vagus nerve include 
the locus coeruleus, hippocampus, orbito-frontal cortex, amygdala, 
and insular cortex that are also responsible for coping with the 
psycho-somatic components of depression and anxiety (Kar and 
Sarkar, 2016; Carreno and Frazer, 2017). Post-stroke depression 
and anxiety have an adverse im-pact on the rehabilitation recovery 
of motor and cognitive impairments after stroke and sig-nificantly 
increase the risk of the recurrence of cerebrovascular disease (Das 
and G, 2018). Not surprisingly, this is supported by the obvious 
impact of ta-VNS on the HADS scale from the first month until 
the final evaluation, which is accompanied by the recovery of 
neurological function. Alternatively, it is possible that the recovery 
of neurological function also contributes to the improvement of 
depression and anxiety, and the two are mutually causal.

Not only were the effects of ta-VNS objectively assessed by 
researchers, but each patient’s self-reported results were also 
significantly influenced by ta-VNS. The SIS is an appraisal of life 
quality designed specifically for stroke patients. The results reached 
statistical significance after 3 months post-onset, and the differences 
persisted through to the end of the trial. The results indicate that ta-
VNS has a promoting effect on the overall neurofunctional recovery 
in acute stroke patients.

In this study, we recorded quite large standard deviations in most 
of the tests. In part, this could result from the heterogeneity of the 
site of brain injury and stroke types, but could also arise from the 
individual differences in response to ta-VNS. However, the difference 
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diminishes with time, suggesting a ceiling effect.

There are several advantages to this study. The study was 
randomized, reducing the risk of selection bias. The double-blind 
experimental design reduces the influence of subjective factors. 
We had 93% follow-up, and all participants completed the therapy 
protocol. The control group received intense rehabilitation, the 
same as that in the ta-VNS group, rather than the typical standard 
of clinical care. There are also limitations to consider. The potential 
complexity of self-functional recovery and individual differences 
were more obvious in acute stroke patients; therefore, a future 
multicentric study involving more participants may be required for 
further studies. Furthermore, the lack of an active stimulation control 
group means any effects of treatment could potentially be attributed 
to effects of placebo, and no activation of vagal nerve fibers. Finally, 
the parameters of electrical stimulation could influence the final 
therapeutic effect. The initiation of electrical stimulation therapy time 
and many optimal therapeutic parameters, stimulation electrode, 
and waveform setting have not been identified. It is essential to 
explore these therapeutic parameters in future research.

We succeeded in our first aim to demonstrate the clinical effect 
and safety of ta-VNS. Our findings indicate that ta-VNS combined 
with conventional rehabilitation training can promote better 
neurofunctional outcomes in acute stroke patients.
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CONSORT 2010 checklist of information to include when reporting a randomised trial*

Section/Topic

It
em
No Checklist item

Reported
on page No

Title and abstract
1a Identification as a randomised trial in the title 1
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 1

Background and
objectives

2a Scientific background and explanation of rationale 2
2b Specific objectives or hypotheses 2

Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 3
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons None

Participants 4a Eligibility criteria for participants 3
4b Settings and locations where the data were collected 4

Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were
actually administered

4

Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they
were assessed

5

6b Any changes to trial outcomes after the trial commenced, with reasons None
Sample size 7a 5

7b When applicable, explanation of any interim analyses and stopping guidelines None
Randomisation:
 Sequence

generation
8a Method used to generate the random allocation sequence 4
8b Type of randomisation; details of any restriction (such as blocking and block size) 4

 Allocation
concealment
mechanism

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers),
describing any steps taken to conceal the sequence until interventions were assigned

4

 Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to
interventions

4
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Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those
assessing outcomes) and how

4

11b If relevant, description of the similarity of interventions 4

Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes 6

12b Methods for additional analyses, such as subgroup analyses and adjusted analyses 6

Results
Participant flow (a
diagram is strongly
recommended)

13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and
were analysed for the primary outcome

17

13b For each group, losses and exclusions after randomisation, together with reasons 6
Recruitment 14a Dates defining the periods of recruitment and follow-up 3

14b Why the trial ended or was stopped 6
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 17
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was

by original assigned groups
6

Outcomes and
estimation

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its precision
(such as 95% confidence interval)

6-7

17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended 6-7
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing

pre-specified from exploratory
6-7

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) 7

Discussion
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 11
Generalisability 21 Generalisability (external validity, applicability) of the trial findings 10-11
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 8-11

Other information
Registration 23 Registration number and name of trial registry 1
Protocol 24 Where the full trial protocol can be accessed, if available None
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders 12



CONSORT 2010 checklist Page 3

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also
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