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Abstract
Background: Vasovagal reactions (VVRs) are important adverse events associated with blood donation and may result in dizziness,
presyncope, syncope, and donor injury. Preventive strategies include hydration, applied muscle tension, and modifications to
donor positioning. Automated calf muscle stimulation has emerged as a potential technology for supporting venous return and
reducing the risk of VVRs. However, its clinical effectiveness must be distinguished from evidence supporting manual muscle-
tension exercises and other mechanical interventions.
Objective: To systematically evaluate the available evidence on automated calf muscle stimulation for preventing VVRs in blood
donors, with particular emphasis on device characteristics, clinical effectiveness, safety, feasibility, and implementation
challenges.
Methods: A systematic literature review will be conducted using relevant biomedical and multidisciplinary databases. Eligible
studies will be identified using predefined inclusion and exclusion criteria focused on automated or electronically controlled calf
muscle stimulation in blood donors. Study selection and data extraction will follow a prespecified process. Extracted information
will include study design, donor population, device characteristics, comparator interventions, clinical outcomes, adverse events,
and methodological limitations. Risk of bias will be assessed using tools appropriate to the included study designs. Findings will
be synthesized narratively, with quantitative synthesis considered where sufficient comparable data are available.
Results: The results will summarize the number and characteristics of eligible studies, the technologies investigated, reported
clinical outcomes, and the quality of the available evidence. Direct evidence concerning automated calf muscle stimulation will
be distinguished from indirect evidence involving manual applied muscle tension, mechanical footrests, and other preventive
interventions.
Conclusion: This review will clarify the extent to which current evidence supports automated calf muscle stimulation for
preventing VVRs in blood donors and identify priorities for clinical validation, safety assessment, and implementation. Its
conclusions will be based on the quality and applicability of the available evidence.

Keywords: Blood donors; vasovagal reactions; automated calf muscle stimulation; blood donation; donor safety; systematic
review.

1. Introduction

Blood donation is an essential component of healthcare systems, supporting the treatment of patients with trauma,
surgical complications, haematological disorders, and other conditions requiring transfusion. Maintaining a safe and
sustainable blood supply depends not only on donor recruitment but also on donor safety, satisfaction, and retention.
Although whole-blood donation is generally considered safe, adverse reactions remain an important concern for
blood collection services. Vasovagal reactions (VVRs) are among the most frequently reported systemic adverse
events and can range from mild dizziness, nausea, pallor, and sweating to presyncope, syncope, and injuries
associated with falls (Amrein et al., 2012; Thijsen & Masser, 2019). These reactions may undermine donor confidence
and reduce the likelihood of subsequent donation, making their prevention an important component of donor-care
practice.

VVRs involve an autonomic response that can produce hypotension and, in some cases, bradycardia and transient
loss of consciousness. Their occurrence during blood donation is multifactorial, reflecting interactions between
physiological responses to blood collection, psychological distress, and individual donor characteristics. A systematic
review and meta-analysis by Wu et al. (2025), encompassing 71 studies and approximately 19 million donations,
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identified new-donor status, younger age, female sex, lower estimated blood volume, and._lower blood pressure
among factors associated with increased VVR risk. Donation-related fear and anxiety__were also implicated-in-the—
available evidence. These findings highlight the importance of preventive strategies that address both physiological
and behavioural contributors to donor reactions. However, identifying higher-risk donors alone may not prevent all
events, supporting continued investigation of practical interventions that can be incorporated into routine donation
procedures.

Conventional preventive approaches include pre-donation hydration, donor education, appropriate positioning,
observation after collection, and applied muscle tension (AMT). AMT involves voluntary contraction of selected
skeletal muscles during donation to support venous return and cardiovascular stability. Evidence from intervention
studies suggests that these measures may reduce some donation-related reactions, although the magnitude of
benefit varies according to intervention protocols, donor populations, and outcome definitions. In a cluster-
randomised trial involving 4,576 donors, Morand et al. (2016) reported that pre-donation water or isotonic drink
reduced presyncopal or syncopal events, while muscle-tensing exercises reduced syncopal-type reactions during
donation. Similarly, Thijsen et al. (2020) reported an 8% reduction in overall VVR rates following the national
implementation of water loading and AMT in Australia, although no significant reduction in syncope was observed.
These findings support the physiological rationale for muscle activation while illustrating the importance of
distinguishing presyncope from loss of consciousness when evaluating intervention effectiveness.

Evidence syntheses have further examined these preventive approaches. Wang et al. (2022) included six studies in a
meta-analysis and reported a pooled relative risk of 0.52 (95% confidence interval [Cl], 0.40-0.67) for VVRs with AMT
compared with control conditions. A broader review by Williams et al. (2022) examined physical counter-pressure
manoeuvres for syncope prevention and highlighted limitations in the evidence supporting their effectiveness in real-
world settings. More recently, Van Remoortel et al. (2024) found that pre-donation water and isotonic drinks
probably reduce VVRs, while noting the need for further trials to strengthen the evidence for preventive
interventions. In a randomised trial involving 4,320 blood donors, Meher et al. (2024) observed VVR incidences of
2.5% in the control group and 0.9% in the combined water-ingestion and AMT group. Conversely, the large STRIDES
cluster-randomised trial involving more than 1.3 million donors found no clear benefit from the preventive
interventions it evaluated, including modified AMT, compared with standard practice (Kaptoge et al., 2026).
Collectively, these findings indicate that evidence from conventional preventive interventions is heterogeneous and
should not automatically be extrapolated to other technologies.

An emerging technological approach is automated calf muscle stimulation, designed to activate the lower-limb
skeletal muscle pump without requiring continuous voluntary effort from the donor. Contraction of the calf muscles
can facilitate venous return from the lower extremities, providing a physiological basis for investigating whether
controlled mechanical stimulation could contribute to cardiovascular stability during blood collection. Kumar and
Sahani (2021) described an electronic calf muscle massager incorporating a programmable circuit and vacuum pump
to inflate and deflate cuffs. The proposed device was intended to improve peripheral circulation, support venous
return, and reduce apprehension associated with blood donation. However, the publication primarily describes the
device concept and its proposed mechanism; the physiological rationale alone does not establish a reduction in
clinically observed VVRs.

Related research has also examined mechanical support for donor-performed muscle tension. Mukherjee et al.
(2025) investigated an adjustable, spring-fitted footrest incorporated into a donor couch in a cohort of 2,192 first-
time whole-blood donations. Their study provides clinically relevant evidence concerning muscle tension facilitated
by donor-couch design. Nevertheless, this intervention differs fundamentally from an electronically controlled
massager because the donor actively applies muscle tension rather than receiving automated stimulation.
Consequently, findings from mechanical footrests, voluntary AMT, and electronic calf stimulation should be
interpreted as distinct evidence categories rather than interchangeable demonstrations of effectiveness. The same
distinction applies to studies of general counter-pressure manoeuvres or hydration interventions (Thijsen & Masser,
2019; Williams et al., 2022).

Despite growing interest in donor-safety technologies, an important evidence gap remains between the proposed
physiological benefits of automated calf stimulation and its demonstrated clinical effectiveness. Device
characteristics, stimulation protocols, comparator interventions, outcome definitions, adverse-event monitoring, and
implementation requirements must be considered when evaluating the available evidence. Furthermore,
improvements in donor comfort or physiological parameters should not be interpreted as proof of reduced VVR
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incidence unless supported by appropriate clinical outcome data. Transparent synthesrs is therefore necessary to
determine what is known about the technology and what remains uncertain. . —
Accordingly, this systematic review aims to evaluate published evidence on automated or.electronically controlled
calf muscle stimulation for preventing VVRs in blood donors. Specifically, it examines device characteristics, clinical
effectiveness, safety, donor-related outcomes, and implementation challenges. Evidence from manual AMT and
mechanical footrest interventions will be considered separately to provide context without attributing their effects
directly to electronic devices. By distinguishing direct device evidence from indirect evidence and assessing the
methodological quality of the available studies, this review seeks to clarify the current state of knowledge, identify
research gaps, and establish priorities for future clinical validation and implementation.

2. Materials and methods

2.1. Review design and reporting guidelines

This study was designed as a systematic review to evaluate the available evidence on automated or electronically
controlled calf muscle stimulation for the prevention of vasovagal reactions (VVRs) in blood donors. The review
focuses on device characteristics, clinical effectiveness, safety, donor-related outcomes, and implementation
challenges. The review methodology and reporting structure will follow the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA 2020) guidelines to promote transparent reporting of the information sources,
study selection process, eligibility criteria, and evidence synthesis (Page et al., 2021). The completed review should
be accompanied by the PRISMA 2020 checklist and a flow diagram documenting the identification, screening,
eligibility assessment, and inclusion of studies.

2.2. Research question and PICO framework

The research question was formulated using the Population, Intervention, Comparator, and Outcome (PICO)
framework. The primary question was: Does automated or electronically controlled calf muscle stimulation reduce
the incidence of vasovagal reactions in blood donors compared with standard donation care or alternative preventive
interventions?. The population comprised individuals undergoing whole-blood or other eligible blood donations. The
intervention was automated or electronically controlled calf muscle stimulation delivered through a device,
massager, or integrated donor-couch system. Comparators included standard donation procedures, no additional
intervention, sham stimulation, or alternative preventive strategies. The primary outcome was the incidence of VVRs,
including presyncope and syncope where reported separately. Secondary outcomes included the severity of
reactions, donor comfort and satisfaction, device-related adverse events, feasibility, acceptability, and
implementation requirements. Repeat donation and cost-effectiveness were considered where relevant data were
available. Studies involving voluntary applied muscle tension, mechanical footrests, hydration, or other preventive
measures without automated calf muscle stimulation were not considered direct evidence of the target intervention.
Such studies could be used to contextualise the findings but were to be analysed separately from the core device
evidence.

2.3. Information sources

A comprehensive search should be conducted in PubMed/MEDLINE, Scopus, Web of Science, Embase, and the
Cochrane Central Register of Controlled Trials (CENTRAL), subject to database availability. These sources cover
biomedical research, clinical trials, multidisciplinary publications, and conference-related literature. Because the
development and preliminary evaluation of medical devices may be reported in conference proceedings, relevant
proceedings and reference lists of eligible publications should also be examined. Additional records may be identified
through backward citation searching of included articles and relevant review papers. Google Scholar may be used as
a supplementary source to identify potentially relevant publications not retrieved through the primary databases.
The final manuscript should specify the databases actually searched, their coverage, and the date on which each
search was performed.

2.4. Search strategy
The search strategy should combine controlled vocabulary, where available, with free-text terms relating to blood
donation, vasovagal reactions, calf muscle stimulation, and electronic or automated devices. Search terms should
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include variations of blood donor, blood donation, vasovagal reaction, vasovégair syncope;-presyncope, calf muscle
stimulation, electronic calf massager, automated stimulation, muscle pump, and don'or-cpuch. A preliminary-PubMed—
search strategy is provided below: ("Blood Donors"[Mesh] OR "blood donor*" OR "blood denation" OR "whole blood
donation") AND ("Vasovagal Reaction*" OR "vasovagal syncope" OR "vasovagal response" OR presyncope OR syncope
OR fainting) AND ("calf muscle stimulation" OR "calf massager" OR "electronic massager" OR "automated muscle
stimulation" OR "muscle pump" OR "donor couch" OR "donor chair"). The strategy should be adapted to the syntax
and indexing requirements of each database. A device-focused search should also be performed using combinations
of the device name, inventor names, and relevant technical terminology identified from preliminary searches. This is
important because publications describing novel devices may not consistently use standard clinical terminology.

Searches should not be restricted to a publication period without a methodological justification. The final search
date, any language restrictions, and any date limits must be reported explicitly. The complete database-specific
search strategies should be provided as supplementary material to support reproducibility (Rethlefsen et al., 2021).

2.5. Eligibility criteria

Studies were assessed against predefined inclusion and exclusion criteria. Eligible studies involved human blood
donors undergoing whole-blood or other eligible blood donation procedures and evaluated automated or
electronically controlled devices that directly stimulate the calf muscles. Clinical trials, observational studies,
feasibility studies, and device evaluations reporting relevant clinical outcomes, safety findings, or other prespecified
outcomes were considered, along with conference proceedings and full-text research reports containing sufficient
information to assess the intervention and its outcomes. Publications were eligible if they were available in languages
that could be reliably assessed by the review team. Studies investigating manual applied muscle tension, hydration,
mechanical footrests, or other interventions without automated calf muscle stimulation were excluded from the core
device-effectiveness synthesis. Studies involving populations unrelated to blood donation, editorials, opinion articles,
protocols without results, publications lacking sufficient intervention details, duplicate reports without additional
relevant data, animal studies, and laboratory investigations that did not provide evidence relevant to the prespecified
outcomes were also excluded. Studies reporting only physiological or engineering performance were distinguished
from clinical studies reporting vasovagal reaction (VVR) incidence or other donor outcomes, enabling the review to
assess technological development without interpreting device feasibility as evidence of clinical effectiveness.

2.6. Study selection

All retrieved records should be imported into reference-management or systematic-review software, and duplicate
records should be removed before screening. Titles and abstracts should then be screened against the eligibility
criteria, followed by full-text assessment of potentially relevant publications. Wherever feasible, two reviewers
should independently perform the screening process, resolve disagreements through discussion, and consult a third
reviewer when consensus cannot be reached. Reasons for excluding full-text articles should be recorded and
reported in the PRISMA flow diagram. The diagram should present the actual numbers of records identified,
duplicates removed, records screened, full texts assessed, and studies included. Reports originating from the same
underlying study should be linked to avoid double-counting participants. If only one reviewer performs the screening,
this should be acknowledged as a methodological limitation.

2.7. Data extraction

A standardised data-extraction form should be developed and piloted before full extraction. The following
information should be collected from each eligible report: author and publication year, country, study setting, study
design, sample size, donor characteristics, device name and configuration, stimulation mechanism, stimulation
intensity and duration, timing of intervention, comparator, follow-up period, outcome definitions, and reported
findings. Clinical outcome data should include the number of donors experiencing VVRs, presyncope, syncope, or
other adverse events, together with effect estimates and confidence intervals where reported. Information on donor
comfort, acceptability, equipment requirements, maintenance, cleaning, cost, and implementation feasibility should
also be extracted when available. Missing information should be recorded as unreported rather than inferred. Where
multiple publications describe the same device or study, findings should be cross-referenced and consolidated
without duplicating participants or outcomes.
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2.8. Risk-of-bias assessment ~_ —

The methodological quality of eligible studies should be assessed using tools appr.g_priate to their design.-The
Cochrane Risk of Bias 2 (RoB 2) tool should be used for randomised trials, whereas the Risk Of Bias In Non-randomized
Studies of Interventions (ROBINS-I) tool may be used for eligible non-randomised intervention-studies (Sterne et al.,
2016, 2019). Device feasibility studies and engineering evaluations that do not use conventional comparative clinical
designs should be appraised using criteria appropriate to their study objectives and limitations. The assessment
should consider randomisation and confounding, deviations from intended interventions, missing outcome data,
outcome measurement, and selective reporting, as applicable. Risk-of-bias judgements should be reported
transparently, with supporting explanations. Where possible, two reviewers should independently assess risk of bias
and resolve disagreements by consensus. The findings should inform interpretation of the results rather than serve
as a substitute for evaluating the clinical relevance of each study.

2.9. Data synthesis

A structured narrative synthesis should be undertaken to describe the available evidence on automated calf muscle
stimulation. Studies should be grouped according to device type, study design, intervention protocol, comparator,
and outcome domain. Direct evidence from automated devices should be presented separately from indirect
evidence involving manual muscle tension, mechanical footrests, hydration, or other preventive strategies. Where
comparable studies report the same clinical outcomes using sufficiently similar definitions and follow-up periods, a
guantitative synthesis may be considered. Dichotomous outcomes may be summarised using risk ratios or odds ratios
with 95% confidence intervals, while continuous outcomes may be summarised using mean differences or
standardised mean differences, as appropriate. Statistical heterogeneity should be assessed using relevant measures,
including the 12 statistic, when meta-analysis is appropriate. A meta-analysis should not be performed when the
number of studies, clinical diversity, or reporting quality makes pooled estimates misleading. If the available evidence
is too limited or heterogeneous for quantitative synthesis, the findings should be presented descriptively, with explicit
consideration of study limitations, risk of bias, and the distinction between physiological plausibility and
demonstrated clinical benefit. Conclusions about the effectiveness and safety of automated calf muscle stimulation
should be proportionate to the quality, quantity, and directness of the available evidence.

3. Results

3.1. Study Selection

The study-selection process identified 80 records potentially relevant to vasovagal reactions (VVRs) among blood
donors. Of these, 30 records were excluded because they lacked relevant information on VVRs, leaving 50 records
for further assessment. A further 10 records were excluded because they contained inadequate information about
blood donors, resulting in 40 records. Subsequently, 10 records were excluded because their full texts were
unavailable, leaving 30 records. Finally, 20 records were excluded based on publication date, resulting in 10
publications being retained for the review. The study-selection process and the number of records retained at each
stage are illustrated in Figure 1. The included publications comprised observational studies, a case—control study,
systematic reviews and meta-analyses, a randomised controlled trial, a trial-design paper, and a descriptive review.
The literature primarily addressed preventive strategies for donor-related VVRs, including applied muscle tension,
counterpressure manoeuvres, hydration, donor-related risk factors, and blood-collection practices.

Figure 1. Flow diagram illustrating the identification, screening, eligibility assessment, and inclusion of studies in

the review. Source: Authors' own preparation, adapted from the PRISMA 2020 reporting guidelines (Page et al.,
2021).
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3.2. Characteristics of Included Studies

The ten included publications investigated several approaches to reducing vasovagal reactions (VVRs) during whole-
blood donation. Thijsen et al. (2020) examined the implementation of applied muscle tension and water loading
among Australian whole-blood donors. Cheung (2021) investigated preventive approaches to donor-related VVRs,
while Wang et al. (2022) and Williams et al. (2022) synthesised evidence on applied muscle tension and physical
counterpressure manoeuvres, respectively. Shivhare et al. (2022) investigated factors associated with VVRs using a
case—control design, whereas Singh et al. (2022) discussed standardised blood-collection practices and donor safety.
McMahon et al. (2023) described the rationale and design of a large cluster-randomised trial evaluating preventive
interventions. Van Remoortel et al. (2024) evaluated drinking interventions through a systematic review and meta-
analysis, while Meher et al. (2024) compared four preventive strategies in a randomised controlled trial. Kaptoge et
al. (2026) reported findings from a large cluster-randomised trial evaluating preventive interventions across blood-
donation sites in England. Across these publications, the principal outcomes included VVR incidence, fainting or
dizziness, associations between donor characteristics and reactions, and the potential contribution of preventive
interventions to donor safety. The studies differed in design, population, intervention, and outcome assessment;
therefore, their findings should be interpreted according to the nature and strength of the evidence provided by each
publication. Importantly, the included publications predominantly investigated general preventive interventions
rather than an automated electronic calf muscle massager integrated into a donor couch. Consequently, their
findings provide contextual evidence but do not directly establish the clinical effectiveness of the target device. The
study designs, principal findings, limitations, and relevance of these publications to the present review are
summarised in Table 1.

Table 1. Characteristics and principal findings of studies relevant to vasovagal reaction prevention in blood donors
No. | Author Study design and focus Main findings reported Limitations and
(year) relevance to this review
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Thijsen et

Observational study

The study examined

Observational design

al. (2020) evaluating the changes in VVR incidence ‘ limits causal inference. |
implementation of applied following the The findings provide
muscle tension (AMT) and implementation of AMT and | indirect evidence for
water loading among water loading. automated calf muscle
Australian whole-blood stimulation.
donors.
Cheung Quantitative investigation of | The supplied summary Limited follow-up and
(2021) preventive approaches to reports that muscle tension | potentially incomplete
VVRs among healthy adults | was associated with ascertainment of adverse
at a blood donation centre reductions in fainting events outside the
in Hong Kong; the supplied episodes and dizziness. donation centre. The
table reports 170 findings do not directly
participants. evaluate an automated
device.
Kaptoge et | Large cluster-randomised, The trial evaluated multiple | Conducted in England,
al. (2026) stepped-wedge trial preventive strategies. The which may limit
evaluating preventive primary outcome of VVR generalisability to other
interventions across 73 involving loss of settings. It did not directly
blood-donation sites in consciousness showed no evaluate the target
England. clear benefit compared with | electronic calf massager.
standard practice.
Wang et al. | Systematic review and Reported a pooled relative Differences among
(2022) meta-analysis of applied risk of 0.52 (95% Cl: 0.40- included studies may
muscle tension for 0.67) for AMT. affect the applicability of
preventing blood donation- the pooled estimate. This
related VVRs; six studies is evidence for voluntary
were included. AMT, not automated
stimulation.
Shivhare et | Single-centre case—control Examined associations Single-centre design and
al. (2022) study investigating factors between donor limited sample size may
associated with VVRs characteristics and VVR restrict generalisability.
among blood donors; the occurrence, including The study informs donor
supplied table reports 178 psychological factors such risk assessment rather
donors. as anxiety. than device effectiveness.
Singh et al. | Descriptive review of blood- | Discussed standardised Descriptive evidence
(2022) bank collection protocols, procedures and preventive without direct empirical
including donor screening, practices intended to validation of the
phlebotomy, monitoring, support donor safety. effectiveness of an
and post-donation care. automated calf
stimulation device.
Williams et | Semi-systematic review and | Evaluated manoeuvres such | Variation in study designs
al. (2022) meta-analysis of physical as leg crossing, arm tensing, | and populations limits
counterpressure and squatting. direct extrapolation to
manoeuvres for syncope blood donation and
prevention. automated calf
stimulation.
McMahon Trial-design publication Presented the design for This is a trial-design
et al. describing the rationale and | evaluating preventive paper and should not be
(2023) methodology of the STRIDES | interventions, including treated as a report of

cluster-randomised trial

hydration and modified
AMT.

completed effectiveness
outcomes.
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across 73 blood-donation
sites in England.

Variation in intervention

4,320 whole-blood donors,
according to the supplied
table, comparing preventive

2.5% in the control group
and 0.9% in the combined-
intervention group.

9 Van Systematic review and Synthesised evidence
Remoortel meta-analysis evaluating concerning hydration and protocols and donor
et al. drinking interventions to related drinking populations may affect
(2024) reduce VVRs in blood interventions before, consistency and
donors. during, or after donation. generalisability. The
findings do not establish
automated-device
effectiveness.
10 | Meher et Four-arm randomised The supplied summary Verify the intervention
al. (2024) controlled trial involving reports VVR incidences of arms, denominators,

outcome definitions, and
statistical comparisons
against the original paper.

The reported results
concern preventive
strategies, not the
automated device.

strategies.

Abbreviations: AMT, applied muscle tension; Cl, confidence interval; VVR, vasovagal reaction.

Note: The ten publications primarily concern indirect evidence from behavioural, hydration-based, and other
preventive strategies. They should not be interpreted as ten clinical evaluations of the electronic calf muscle
massager-integrated donor couch. Device-specific effectiveness must be assessed separately using eligible studies
that directly evaluate the technology.

3.3. Characteristics of Automated Calf Stimulation Devices

The ten-study evidence table did not provide sufficient technical or clinical information to characterise an automated
calf muscle massager-integrated donor couch comprehensively. In particular, the included studies did not provide a
consistent description of device specifications, stimulation cycles, pressure settings, operating duration, or the timing
of stimulation relative to blood collection. An electronic calf muscle massager is conceptually intended to stimulate
calf-muscle activity and may be designed to support venous return during blood donation. However, the proposed
physiological mechanism should not be treated as proof of clinical effectiveness. Device-specific characteristics,
including the method of stimulation, intensity, frequency, duration, safety controls, and compatibility with routine
blood-collection procedures, need to be extracted from the original device publication or clinical evaluation. The
current evidence table therefore does not establish whether the automated device provides a clinically meaningful
advantage over a standard donor couch or donor-performed applied muscle tension.

3.4. Direct Clinical Evidence for Automated Devices

Direct clinical evidence is essential for determining whether an electronic calf muscle massager-integrated donor
couch reduces vasovagal reactions (VVRs). The ten publications summarised in Table 1 primarily evaluated manual
muscle tension, counterpressure manoeuvres, hydration, donor risk factors, or broader preventive practices. They
do not provide a clearly identified comparative clinical estimate for the specific automated device. A related device-
development publication by Kumar and Sahani (2021), titled A device to reduce vasovagal syncope in blood donors,
describes an electronic calf muscle massager incorporating a programmable circuit and a pneumatic system for
inflating and deflating cuffs. This publication provides relevant technical context for automated calf stimulation.
However, the device description alone does not establish a reduction in VVR incidence, improved donor satisfaction,
increased repeat donation, or cost-effectiveness. The available evidence must therefore be distinguished according
to whether it describes device development, evaluates related preventive interventions, or directly assesses clinical
effectiveness. This evidence classification and its implications for the primary research question are summarised in
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Table 2. Unless comparative clinical studies provide appropriate outcome daté',"th_ej efféctivene§§ of the automated
massager-integrated couch remains undetermined. - =

-

"

Table 2. Classification of evidence relevant to automated calf muscle stimulation for preve-r"i'tiqg vasovagal
reactions in blood donors

No. | Evidence category | Relevant Intervention or Contribution to Implications for
publication(s) evidence examined | the review device
effectiveness
1 Device- Kumar and Electronic calf Describes the Provides technical
development Sahani (2021) muscle massager device concept context but does
evidence using a and proposed not, from the
programmable mechanism of device description
circuit and automated calf alone, establish
pneumatic cuff stimulation clinical
system effectiveness
2 Applied muscle Thijsen et al. Voluntary muscle Provides Findings cannot be
tension (2020); Wang et | contraction and evidence directly attributed
al. (2022) implementation of concerning to automated calf
applied muscle behavioural muscle stimulation
tension muscle-based
prevention
strategies
3 Physical Williams et al. Physical manoeuvres | Provides Does not establish
counterpressure (2022) intended to support | contextual the effectiveness
manoeuvres circulatory stability evidence on non- | of an electronic
device physical massager-
interventions integrated couch
4 Hydration and Van Remoortel Drinking Informs the wider | Findings apply to
combined et al. (2024); interventions and evidence on the interventions
preventive Meher et al. combinations of donor-reaction actually studied
strategies (2024) preventive measures | prevention and cannot
automatically be
extrapolated to
the device
5 Donor-related risk | Shivhare et al. Factors associated Helps Does not directly
factors (2022) with vasovagal contextualise assess device
reactions among donor risk and effectiveness
blood donors potential
confounding
factors
6 Trial-design McMahon et al. | Design of the Describes the A trial-design
evidence (2023) STRIDES cluster- planned publication does
randomised trial evaluation of not provide
preventive independent
interventions evidence of
completed clinical
effectiveness
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7 Large-scale Kaptoge et al. Multiple preventive Provides. . Does not establish
clinical evidence (2026) interventions evidence dn'th_e the effectiveness
for related compared with evaluated | of the specific
interventions standard practice in | preventive “automated calf

a large cluster- strategies in muscle massager
randomised trial blood-donation
settings

8 Direct No comparative | Automated calf The current Clinical
comparative study identified | muscle massager- evidence effectiveness
clinical evidence in the current integrated donor summary does remains
for the target evidence couch compared not provide a undetermined
device summary with standard care verifiable device- | from the evidence

or another specific summarised in this
comparator comparative review
effect estimate

Abbreviations: STRIDES, the trial of preventive interventions for vasovagal reactions in whole-blood donors; VVR,
vasovagal reaction.

Note: This table classifies the evidence discussed in the current manuscript. The classification should be updated if
examination of the original device publication or additional eligible studies identifies direct comparative clinical
outcome data.

3.5. Evidence from Related Mechanical and Behavioural Interventions

Although direct evidence for automated calf stimulation was limited in the supplied evidence table, several
publications evaluated related interventions that may inform the physiological rationale for the device. Wang et al.
(2022) conducted a meta-analysis of six studies examining applied muscle tension to prevent blood donation-related
VVRs. The review reported a pooled relative risk of 0.52, with a 95% confidence interval of 0.40-0.67. This finding
suggests a reduction in VVR risk associated with applied muscle tension in the studies included in that meta-analysis.
Nevertheless, applied muscle tension performed voluntarily by donors is not equivalent to automated stimulation
delivered by a device. The pooled estimate should therefore not be used as an effect estimate for the electronic
massager.

Williams et al. (2022) reviewed counterpressure manoeuvres, including techniques involving leg crossing, arm
tensing, and squatting. Their findings provide broader contextual evidence concerning physical manoeuvres intended
to support circulatory stability. However, differences between the interventions, settings, and populations limit direct
extrapolation to an automated calf stimulation system used during blood donation. Thijsen et al. (2020) examined
the implementation of applied muscle tension and water loading among Australian whole-blood donors. Van
Remoortel et al. (2024) subsequently assessed drinking interventions through a systematic review and meta-analysis.
These publications provide contextual evidence for behavioural and hydration-based approaches to donor-reaction
prevention, but they do not independently demonstrate the effectiveness of an electronic calf massager.

Meher et al. (2024) compared four preventive strategies in a randomised controlled trial involving 4,320 whole-blood
donors. The supplied table reports VVR incidences of 2.5% in the control group and 0.9% in the combined-
intervention group, with an overall reported incidence of 1.6%. These figures should be checked against the original
publication, including the precise intervention arms, denominators, outcome definitions, and statistical comparisons,
before being used to draw conclusions about individual interventions. Kaptoge et al. (2026) evaluated preventive
interventions in a large cluster-randomised trial across 73 blood-donation sites in England. The supplied table reports
a substantial number of donor reactions and describes interventions involving applied muscle tension and other
preventive measures. Because the study evaluated a range of interventions rather than the specific automated calf
massager, its findings are relevant to the broader prevention of donor-related VVRs but cannot establish device-
specific effectiveness. Overall, the related-intervention literature provides a rationale for investigating calf muscle
stimulation, but the results of manual, behavioural, and hydration-based interventions must remain distinct from
those of automated devices.
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3.6. Clinical Effectiveness Outcomes ~_ T
The primary outcome of this review was the incidence of VVRs among blood donors using an electronic calf muscle—
massager-integrated donor couch compared with a standard donor couch or an alternative preventive intervention.
Secondary outcomes included donor comfort and satisfaction, repeat-donation rates, and cest-effectiveness. The
included literature addressed VVR prevention through a range of interventions, with applied muscle tension and
hydration receiving particular attention. Wang et al. (2022) reported a pooled relative risk of 0.52 (95% Cl: 0.40-0.67)
for applied muscle tension. The supplied evidence table also reports lower VVR incidence in the combined-
intervention group than in the control group in the study by Meher et al. (2024). These results concern the
interventions evaluated in the respective studies and should not be interpreted as estimates of the effectiveness of
an electronic massager.

For the primary device-specific outcome, the available evidence table does not provide a verifiable comparative
effect estimate, confidence interval, or statistical test for automated calf stimulation. Therefore, it is not currently
possible to conclude that an electronic calf muscle massager-integrated donor couch significantly reduces VVR
incidence compared with a standard couch.

The secondary outcomes were also insufficiently documented in the supplied table. In particular, no verifiable
comparative data were presented for donor satisfaction, comfort scores, repeat-donation rates, or incremental costs
associated with the automated device. These outcomes should be reported as not established by the currently
summarised evidence rather than assumed to improve following device use. Given the differences in interventions
and study designs, a pooled meta-analysis of the ten publications would not be appropriate without further
assessment of clinical and methodological comparability. A structured narrative synthesis is more suitable unless
additional direct device studies provide sufficiently comparable outcome data.

3.7. Safety and Adverse Events

Donor safety is an important consideration when introducing an automated stimulation device into routine blood-
collection practice. The supplied publications discuss VVRs, fainting, dizziness, and broader donor-safety measures.
However, the evidence table does not provide a sufficiently detailed, device-specific account of adverse events
associated with automated calf muscle stimulation. A complete safety assessment should examine the frequency
and severity of adverse events, discomfort or pain associated with stimulation, skin irritation or pressure-related
effects, interruptions to blood collection, device malfunction, and any events requiring clinical intervention. It should
also determine whether the device affects routine donor monitoring or the ability of staff to respond promptly to a
reaction. The absence of reported device-specific adverse events in the current evidence table should not be
interpreted as evidence that the device is safe. Similarly, safety findings from manual muscle tension, hydration, or
other preventive interventions cannot automatically be applied to an electronically controlled device. Device-specific
safety conclusions require clinical data documenting the intervention, monitoring procedures, and adverse-event
outcomes.

3.8. Risk of Bias and Certainty of Evidence

The included publications differed in design and therefore require design-appropriate critical appraisal. Observational
studies, including the study by Thijsen et al. (2020) and the case—control study by Shivhare et al. (2022), may be
affected by confounding, selection bias, and limitations in outcome ascertainment. Systematic reviews and meta-
analyses, including those by Wang et al. (2022), Williams et al. (2022), and Van Remoortel et al. (2024), require
appraisal of their search methods, eligibility criteria, study-level risk of bias, heterogeneity, and synthesis methods.
The randomised controlled trial by Meher et al. (2024) requires assessment of randomisation, deviations from
assigned interventions, missing outcome data, outcome measurement, and selective reporting. The large trial
reported by Kaptoge et al. (2026) should be appraised with consideration of its cluster-randomised design,
implementation, outcome ascertainment, and analysis. McMahon et al. (2023) describes the rationale and design of
a trial and should not be treated as an independent source of completed effectiveness results. Formal risk-of-bias
ratings cannot be assigned from the summary table alone. The full texts must be assessed using appropriate tools,
such as RoB 2 for randomised trials and ROBINS-I for non-randomised intervention studies, where applicable.
Systematic reviews should be appraised using a suitable review-level tool if their methodological quality is being
evaluated.
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The certainty of evidence for the primary question—whether an automated célfmyscle"massager—integrated donor
couch reduces VVRs—cannot currently be established from the ten-study summary. The key limitation is the lack-of -
clearly documented, direct comparative clinical evidence for the specific device. Evidence from related interventions
may support the biological rationale for further investigation, but it does not substitute for direct device evaluation.
In summary, the reviewed literature describes several approaches to preventing donor-related VVRs, particularly
applied muscle tension and hydration. However, the clinical effectiveness, safety, acceptability, and economic value
of an automated calf muscle massager-integrated donor couch remain insufficiently established by the evidence
presented in the current review.

4.1. Principal Findings

This review examined the potential role of an electronic calf muscle massager-integrated donor couch in preventing
vasovagal reactions (VVRs) among whole-blood donors. The principal finding is that the available evidence does not
establish the clinical effectiveness of this specific automated device. Although the technology has a plausible
physiological rationale, the evidence summarised in this review does not provide a reliable device-specific estimate
of its effect on VVR incidence, donor comfort, repeat-donation rates, or cost-effectiveness. The included literature
primarily investigated applied muscle tension, hydration, donor-related risk factors, and behavioural approaches to
donor safety. Wang et al. (2022) reported a pooled relative risk of 0.52 (95% confidence interval [Cl]: 0.40-0.67) for
applied muscle tension, indicating a potentially beneficial effect of this intervention in the studies included in their
meta-analysis. However, the large STRIDES trial reported by Kaptoge et al. (2026) found no clear benefit of four
preventive interventions compared with standard practice for the primary outcome of VVR involving loss of
consciousness. These findings illustrate the importance of considering differences in study design, intervention
delivery, and clinical setting when interpreting preventive strategies. Kumar and Sahani (2021) described an
electronic calf muscle massager incorporating a programmable circuit and a pneumatic cuff system. This work
provides a technological basis for investigating automated calf stimulation, but a device-development publication
does not establish clinical effectiveness. Direct comparative studies are required to determine whether the
technology reduces VVR incidence beyond standard donor care.

Recent research also emphasises that VVRs are multifactorial. Risk factors include donor characteristics, donation
history, and psychological factors such as fear and anxiety (France et al., 2021; Wu et al., 2025, 2026). Consequently,
an intervention targeting calf-muscle activity may address only one component of the mechanisms contributing to
donor reactions.

Overall, the current evidence supports further clinical investigation of automated calf stimulation rather than a
definitive claim that the technology prevents VVRs.

4.2. Comparison with Existing Preventive Strategies

Existing approaches to preventing donor-related VVRs include applied muscle tension, hydration, donor education,
psychological support, and appropriate monitoring during and after blood collection. These strategies differ in their
mechanisms, resource requirements, and dependence on donor participation. Applied muscle tension is intended to
promote venous return through voluntary muscle contraction. Wang et al. (2022) reported a pooled relative risk of
0.52 (95% Cl: 0.40-0.67), while Thijsen et al. (2020) examined the implementation of applied muscle tension
alongside water loading in Australian whole-blood donors. However, findings from individual studies should be
interpreted alongside the broader evidence. In the STRIDES trial, modified applied muscle tension did not clearly
reduce the primary outcome compared with standard practice (Kaptoge et al., 2026).

Hydration is another commonly investigated strategy. Van Remoortel et al. (2024) evaluated drinking
interventions through a systematic review and meta-analysis, while Meher et al. (2024) compared several preventive
strategies in a randomised controlled trial. Research from Saveetha Medical College has also examined pre-donation
electrolyte solution as a potential preventive strategy among first-time blood donors (Robins et al., 2025), providing
additional context for the evaluation of hydration-based interventions. More recent observational evidence from
India has compared pre-donation hydration and applied muscle tension (Kandukuri et al., 2026). These findings
should be interpreted in light of differences in study design, intervention protocols, and donor populations.
Automated calf stimulation differs from voluntary muscle tension because the device delivers mechanical stimulation
according to a programmed protocol. This could potentially reduce the need for donors to remember and maintain
muscle contractions. However, it remains uncertain whether automated stimulation produces a physiological
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- .
response equivalent to voluntary muscle contraction or whether any such\Fespoﬁéé"tfanslgtes into a clinically
meaningful reduction in VVRs. The device should therefore be evaluated against\‘bo(ch standard donor care and —
established preventive strategies. It should not be considered superior to manual muscle}eqsion, hydration, or other
approaches until direct comparative evidence is available.

4.3. Physiological Plausibility and Proposed Mechanisms

The physiological rationale for calf muscle stimulation is based on the role of lower-limb skeletal muscles in venous
return. Contraction of the calf muscles compresses veins and can facilitate blood flow towards the heart. In principle,
stimulation during blood donation may help limit venous pooling and support circulatory stability. This proposed
mechanism is related to the rationale underlying applied muscle tension and other physical countermeasures.
However, mechanical stimulation and voluntary muscle contraction are not necessarily physiologically equivalent.
The intensity of stimulation, frequency, duration, timing, and individual donor response may influence the resulting
circulatory effect.

Kumar and Sahani (2021) described a device designed to stimulate the calf muscles using a programmable circuit and
pneumatic cuffs. The authors proposed that the system could improve peripheral circulation and venous return while
potentially reducing apprehension associated with blood donation. These proposed mechanisms provide a rationale
for further evaluation but should not be interpreted as proof of clinical benefit. Vasovagal reactions (VVRs) also
involve psychological and autonomic factors. France et al. (2021) reported associations between donation-related
fears, VVRs, and subsequent donor attrition. Thijsen et al. (2023) found that emotional experiences at different stages
of the donation appointment were associated with VVR risk among first-time donors. Wu et al. (2026) further
examined the relationships among donation history, pain, anxiety, and VVR symptoms. These findings suggest that
interventions targeting circulatory mechanisms may not address all factors contributing to donor reactions. Research
should therefore assess both physiological responses and clinical outcomes. Measurements such as blood pressure,
heart rate, reported symptoms, and objectively defined VVR events may help determine whether automated calf
stimulation produces the intended physiological response and whether that response translates into meaningful
clinical benefit. The proposed physiological pathway and the additional donor-related factors that may influence VVR
occurrence are illustrated in Figure 2.

Figure 2. Conceptual illustration of the proposed physiological pathway linking automated calf muscle stimulation
to venous return and potential clinical outcomes in blood donors. Source: Authors’ own illustration, based on the
proposed mechanism described by Kumar and Sahani (2021).
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4.4. Clinical Implications ~_ :
The findings have several implications for blood-donation services. First, an eléctr_onic calf muscle-massager-—
integrated couch should not be introduced as a proven vasovagal reaction (VVR)-prevention technology solely on the
basis of physiological plausibility or evidence supporting related interventions; adoption should be guided by direct
evidence of effectiveness, safety, and acceptability. Second, the device may warrant evaluation as an adjunct to
existing donor-care procedures, while standard donor assessment, appropriate monitoring, staff preparedness,
donor education, and established management of adverse reactions should continue regardless of device use. Third,
clinical evaluation should include donor-centred outcomes, including comfort, satisfaction, perceived anxiety,
willingness to use the device again, and the overall donation experience. Research on donor experiences indicates
that the emotional impact of a VVR can influence subsequent donation intentions (France et al., 2021; Thijsen et al.,
2021).

Donor-centred evaluation is also important because the donation experience may influence subsequent donation
behaviour. Balan et al. (2025) examined pain assessment and targeted counselling in relation to blood donor
retention, providing relevant context for evaluating donor experience and retention-related outcomes. In addition,
research on donor deferral patterns at a tertiary-care hospital in Chennai highlights the importance of donor
assessment and blood-donation service practices (Soundharya et al.,, 2024). These studies provide contextual
evidence for donor-centred evaluation and service delivery, although neither establishes the effectiveness of
automated calf muscle stimulation.

Fourth, implementation should be assessed in relation to routine blood-collection workflows, ensuring that
the device does not interfere with venepuncture, donor positioning, clinical observation, staff access, or emergency
response. Cleaning, disinfection, maintenance, and staff training should also be incorporated into the
implementation plan. Finally, claims regarding repeat donation and cost-effectiveness require longitudinal and
economic data. Although reducing adverse experiences could plausibly support donor retention, this relationship
should not be assumed to result from device use. Repeat-donation outcomes should be measured directly, and cost-
effectiveness should be evaluated using actual equipment, maintenance, staffing, and clinical-outcome data.

4.5. Implementation Challenges

Several challenges may affect the translation of an automated calf muscle massager-integrated couch into routine
practice. Technical standardisation is essential, as the stimulation mechanism, intensity, frequency, duration, and
operating cycle must be clearly defined to support reproducibility, comparisons between centres, and assessment of
dose—response relationships. Safety and tolerability should be evaluated by recording discomfort, pain, skin
irritation, pressure-related effects, adverse events, and technical failures, with clear procedures specifying when
stimulation should be reduced or discontinued. Safety cannot be inferred from the absence of adverse-event
reporting in a device-development publication.

Workflow integration requires ensuring that the system does not disrupt routine blood collection, donor monitoring,
or staff access to the donor. Staff should be trained to operate the device, respond to discomfort or developing
reactions, and follow established procedures for stopping stimulation. A conceptual illustration of the proposed
integration of automated calf muscle stimulation into the blood-donation workflow, including device positioning,
blood collection, donor monitoring, and post-donation care, is presented in Figure 3. The practical integration of
additional technologies should also account for the efficiency of existing blood-donation workflows. Robins et al.
(2026) investigated Lean Six Sigma methodologies to improve operations in a tertiary-care blood-donor area.
Although this study did not evaluate an automated calf muscle massager, it provides relevant context for considering
workflow efficiency and operational feasibility when introducing additional equipment.

Donor acceptability is another important consideration, as preferences regarding mechanical stimulation may vary.
Clear communication about the device's purpose, operation, and current evidence is necessary, and donors should
be able to decline its use without affecting their access to standard donation services. Cost and maintenance
considerations include equipment procurement, integration with donor couches, servicing, replacement
components, cleaning, and staff training. These costs should be evaluated against demonstrated clinical or
operational benefits rather than presumed reductions in vasovagal reactions (VVRs).

Furthermore, a nationwide survey of Indian blood centres reported variation in the implementation of VVR-
mitigation strategies, including hydration, applied muscle tension, and psychological support (Meher & Patidar,
2026), highlighting the importance of standardised procedures and staff training when evaluating additional
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technologies. Clinical and regulatory evaluation is also necessary, with approprlate techmeal validation and clinical
assessment conducted before routine implementation. Applicable regulatory requw@ments will depend-on-the—
device's intended use and jurisdiction, and decisions regarding wider adoption should\be guided by evidence of
reliable performance, safety, and effectiveness. Addressing these challenges will requiré\qgllaboration among
transfusion specialists, biomedical engineers, clinical researchers, blood-service managers, and device developers.

Figure 3. Conceptual illustration of the proposed clinical implementation of an automated calf muscle massager-
integrated donor couch during blood donation
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The illustration depicts donor preparation, calf-cuff positioning, device control, routine blood collection, donor
monitoring, and post-donation care. The arrangement is illustrative and does not represent a validated clinical
configuration or establish the safety or effectiveness of the device. Source: Authors’ own illustration, developed with
reference to the device concept described by Kumar and Sahani (2021).

4.6. Strengths and Limitations of the Review

A principal strength of this review is its focus on a specific technological approach to VVR prevention. By
distinguishing automated calf stimulation from voluntary applied muscle tension, hydration, and other preventive
strategies, the review highlights an important evidence gap. It also considers clinical outcomes alongside donor
comfort, satisfaction, repeat donation, safety, and cost-effectiveness. The discussion incorporates evidence from
observational studies, randomised trials, systematic reviews, and research on donor experiences. This broader
perspective helps contextualise the potential role of an automated device within the multifactorial nature of donor-
related VVRs.

Several limitations must be acknowledged. First, the included publications differ in design, intervention, population,
and outcome measurement. Their findings cannot be treated as equivalent evidence of effectiveness. In particular,
findings from manual muscle tension or hydration studies cannot establish the effectiveness of an automated
massager. Second, the available evidence table does not provide sufficient direct comparative data to estimate the
effect of the specific device on VVR incidence. Similarly, device-specific safety, comfort, repeat-donation, and cost-
effectiveness outcomes remain inadequately documented. Third, donor-related VVRs are influenced by several
factors, including age, donation history, body size, and psychological responses. These factors may affect both the
incidence of reactions and the apparent effectiveness of preventive strategies (Wu et al., 2025, 2026). Future clinical
evaluations should therefore consider relevant donor characteristics and potential confounding factors. Fourth, the
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study-selection process and eligibility criteria must be consistent and reprodutib#e,»The’publication period stated in
the methods should match the period used in the PRISMA flow diagram, and the ﬁna.l_}_screening' counts should-be -
traceable to the original search records. Reporting should follow PRISMA 2020 guidance (Page et al., 2021). Finally,
formal risk-of-bias assessment and certainty-of-evidence evaluation must be completed using-appropriate methods
before definitive conclusions are drawn. The absence of direct evidence should be interpreted as uncertainty about
device effectiveness rather than proof that the device is ineffective or unsafe.

4.7. Research Priorities

Future research should prioritise the direct clinical evaluation of automated calf muscle stimulation in blood donors.
First, prospective comparative studies should evaluate the device against standard donor care, with randomised
controlled trials using clearly defined eligibility criteria, appropriate sample sizes, prespecified outcomes, and
transparent reporting wherever feasible. A separate comparison with donor-performed applied muscle tension
would help determine whether automation provides additional benefits. Second, vasovagal reaction (VVR) outcomes
should be defined consistently, distinguishing mild symptoms, such as dizziness and nausea, from more severe
events, including loss of consciousness, and reporting event rates, absolute differences, relative effects, confidence
intervals, and monitoring periods. Third, device parameters, including the stimulation mechanism, intensity,
frequency, duration, timing, and adherence to the protocol, should be documented systematically, while feasibility
studies should establish tolerability and operational reliability before larger effectiveness trials. Fourth, safety should
be a prespecified outcome, with systematic recording of adverse events, discomfort, device malfunctions, reasons
for discontinuing stimulation, and any effects on routine blood-collection procedures. Fifth, donor-centred outcomes
should be assessed using structured measures of comfort, satisfaction, anxiety, willingness to use the device again,
and subsequent donation behaviour. Longitudinal follow-up is necessary to determine whether improvements in the
donation experience translate into increased repeat-donation rates. Sixth, economic evaluations should assess
equipment acquisition, integration, maintenance, staff time, and the costs associated with donor reactions, with cost-
effectiveness claims based on observed clinical and resource-use data. Finally, future studies should consider donor
characteristics and psychological factors that may influence VVR risk.

Recent research on risk prediction and donor characteristics suggests the potential value of identifying higher-risk
donors and tailoring preventive strategies (Hato et al., 2026; Solanki et al., 2026); however, risk prediction and
targeted prevention should be evaluated separately from the effectiveness of the automated device itself. Overall,
automated calf muscle stimulation represents a plausible technological approach that merits further investigation,
but its effectiveness, safety, acceptability, and economic value remain insufficiently established. Rigorous
comparative clinical studies are therefore needed before the technology can be recommended as a routine strategy
for preventing donor-related VVRs.

5. Conclusion

This review examined the potential role of an electronic calf muscle massager-integrated donor couch in preventing
vasovagal reactions (VVRs) among whole-blood donors. The available literature supports the investigation of
preventive strategies, including applied muscle tension, hydration, and other donor-care interventions. However,
evidence supporting these approaches cannot be directly extrapolated to automated calf muscle stimulation.
Although the device has a plausible physiological rationale for supporting venous return, its clinical effectiveness,
safety, and practical advantages remain insufficiently established. Furthermore, the available evidence does not
demonstrate that the device improves donor comfort, satisfaction, repeat-donation rates, or cost-effectiveness.
Future research should prioritise well-designed comparative clinical trials evaluating device-specific outcomes,
adverse events, donor acceptability, and relevant physiological responses. Economic evaluations and longer-term
follow-up are also needed to determine its potential contribution to donor retention and blood-donation service
efficiency. Until robust clinical evidence becomes available, the electronic calf muscle massager-integrated donor
couch should be considered an investigational adjunct rather than an established preventive intervention. Its
adoption into routine blood-donation practice should be guided by evidence of safety, effectiveness, and feasibility.
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