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Key Messages
•	We found that electrostimulation as an adjunct to usual wound care might be better than usual care 

alone for wound management without increasing the risk of adverse events.

•	Electrostimulation therapy may have greater effectiveness for patients with chronic wounds versus 
acute wounds or those with venous leg ulcers (VLUs) who do not have surgery compared with those 
who do have surgery.

•	Electrostimulation using pulsed current may have greater effectiveness on wound management than 
using direct current for patients with pressure ulcers.

•	Limited evidence from subgroup analyses suggests that the effectiveness of electrostimulation may 
be similar to negative pressure wound therapy (NPWT) in wound surface area (WSA) and time to 
complete wound healing.

•	One economic evaluation study used a within-trial time horizon (up to 24 weeks) and, based on the 
UK National Health Service perspective, suggests that electrostimulation is less costly and more 
effective than placebo at 24 weeks. We did not find any studies reporting on the cost-effectiveness 
between electrostimulation and NPWT that met the inclusion criteria for this report.

•	One guideline suggests using electrostimulation as an adjunct intervention for managing 
postoperative pain in patients who have undergone elective caesarean section; another guideline 
strongly recommends against physical therapies (including electrostimulation) for diabetic foot ulcer 
management.

•	A patient with lived experience of using an electrostimulation device for the treatment of a 
wound was involved in this report. He identified outcomes that are important to patients, 
primarily avoiding hospitalization and surgery, which were not outcomes reported in the identified 
literature. Considerations included the accessibility of the devices, training, and integration into 
homecare services.

Context and Policy Issues
Basic Principles of Wound Management
For optimal wound healing, it is important to follow basic principles such as wound bed preparation, wound 
dressing, and wound closure.1 Effective wound management usually involves a multidisciplinary team, 
consisting of primary care providers, specialists, physical therapists, and nursing staff whenever possible.2 
Typically, wound management requires debridement and topical therapy to remove devitalized tissue, clear 
infection, and provide an appropriate moist environment. To enhance wound healing, clinicians may suggest 
other adjunctive therapies, such as hyperbaric oxygen therapy, ultrasound stimulation, electrostimulation, and 
electromagnetic energy stimulation.1,3
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What Are Electrostimulation Devices?
Electrostimulation devices provide low-level currents via surface electrodes on the skin.4 There are multiple 
electrostimulation devices available with varying costs. For a particular device, the expenses could vary 
from a monthly fee of $125 to a 1-time purchase cost of $750.5 It is now feasible to develop a cost-effective 
electrostimulation device that costs less than US$70.6 The electrostimulation devices are generally safe, 
stable, and compact.4

How Might Electrostimulation Treatment Work?
There are several theories on how electrostimulation can aid wound healing, but a systematic review 
focusing on these theories to understand the mechanisms of electrostimulation on wound management 
has yet to be conducted so none of these theories have been fully established.7 According to prior research, 
electrostimulation has been found to affect all 4 phases of the healing process, including inflammatory, 
proliferative, epithelialization, and remodelling phases.7 The underlying effect of electrostimulation may 
involve the resolution of inflammation, increase of tissue blood flow, reduction in edema, increase of cell 
migration, angiogenesis, and collagen deposition in scars.4,8,9 Moreover, electrostimulation therapy has 
been found to be beneficial for individuals with spinal cord injuries who experience chronic wounds due to 
immobility and continuous pressure. The possible advantages of this treatment include that it promotes 
muscle hypertrophy and enhances muscle contraction.10

Why Is it Important to Do This Review?
Wounds have a major impact on one's quality of life, and their management has a significant economic 
impact on health care.11,12 In Canada’s health care facilities, the prevalence of pressure ulcers is estimated to 
be more than 25%, which is higher than the reported rates in the US (most studies have been conducted in 
the US) and the Netherlands (which has a higher prevalence rate than the international average).13

Increasing evidence suggests that electrostimulation is beneficial for wound management, and this therapy 
is becoming an important component of physical therapies for wound management.3 Health Quality Ontario 
and several guidelines suggest using electrostimulation as an adjunct therapy to standard wound care (SWC) 
for patients with pressure injuries.14,15 Despite the potential clinical effectiveness, electrostimulation has not 
gained much usage in clinical practice in Canada.15 In addition, medical insurance policies do not currently 
recognize electrostimulation as an essential treatment for managing wounds and do not cover its usage.16

Objectives
The purpose of this report is to provide a summary of the latest evidence on electrostimulation devices for 
wound management, including clinical effectiveness and safety, cost-effectiveness, and relevant clinical 
practice guidelines.
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Research Questions
1.	 What is the clinical effectiveness of electrostimulation devices as an adjunct to usual care for the 

management of wounds?
2.	 What is the clinical effectiveness of electrostimulation devices versus negative pressure wound 

therapy for the management of wounds?
3.	 What is the cost-effectiveness of electrostimulation devices as an adjunct to usual care for the 

management of wounds?
4.	 What is the cost-effectiveness of electrostimulation devices versus negative pressure wound therapy 

for the management of wounds?
5.	 What are the evidence-based guidelines regarding the use of electrostimulation devices for the 

management of wounds?

Methods
Literature Search Methods
An information specialist conducted a literature search on key resources, including MEDLINE, the Cochrane 
Database of Systematic Reviews, the International HTA Database, the websites of Canadian and major 
international health technology agencies, as well as a focused internet search. The search approach was 
customized to retrieve a limited set of results, balancing comprehensiveness with relevancy. The search 
strategy comprised both controlled vocabulary, such as the National Library of Medicine’s MeSH (Medical 
Subject Headings), and keywords. Search concepts were developed based on the elements of the research 
questions and selection criteria. The main search concepts were electrostimulation and wounds. No 
filters were applied to limit the retrieval by study type. A supplemental search was conducted with CADTH-
developed search filters applied to limit retrieval to guidelines. Retrieval was limited to the human population. 
The search was completed on May 30, 2023, and limited to English-language documents published since 
January 1, 2018.

Selection Criteria and Methods
One reviewer screened citations and selected studies. In the first level of screening, titles and abstracts were 
reviewed, and potentially relevant articles were retrieved and assessed for inclusion. The final selection of 
full-text articles was based on the inclusion criteria presented in Table 1.

Table 1: Selection Criteria
Criteria Description

Population Individuals (of all ages) with acute or chronic wounds of any etiology

Intervention Electrostimulation devices as an adjunct to usual care
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Criteria Description

Comparator Q1 and Q3: Usual care alone (e.g., conventional dressings, compression bandages) or with sham 
electrostimulation
Q2 and Q4: Negative pressure wound therapy as an adjunct to usual care
Q5: Not applicable

Outcomes Q1 and Q2: Clinical benefits (e.g., pain, wound size, healing time, maceration, exudate, quality of life, 
treatment adherence, patient satisfaction) and harms (e.g., adverse events)
Q3 and Q4: Cost-effectiveness (e.g., cost per quality-adjusted life-year gained)
Q5: Recommendations regarding best practices (e.g., appropriate patient populations or types of 
wounds, treatment protocols, contraindications, pediatric considerations, recommended devices)

Study designs Health technology assessments, systematic reviews for Q1 and Q2 with publication time restricted to 
2022 onward, economic evaluations, evidence-based guidelines

Exclusion Criteria
We excluded articles if they did not meet the selection criteria outlined in Table 1, they were duplicate 
publications, or if they were published before 2018 for the economic evaluation and evidence-based 
guidelines. For health technology assessment and systematic reviews that addressing the questions 1 and 
2, articles published before 2022 were excluded due to substantial amount of literature identified during our 
search. We also excluded publications that are not published in the English language.

Critical Appraisal of Individual Studies
The included publications were critically appraised by 1 reviewer using the following tools as a guide: A 
Measurement Tool to Assess Systematic Reviews 2 (AMSTAR 2)17 for systematic reviews, the Drummond 
checklist18 for economic evaluations, and the Appraisal of Guidelines for Research and Evaluation (AGREE) 
II instrument19 for guidelines. Summary scores were not calculated for the included studies; rather, the 
strengths and limitations of each included publication were described narratively.

Patient Engagement
CADTH has adopted the CADTH Framework for Patient Engagement in Health Technology Assessment,20 
which includes standards for patient involvement in individual health technology assessments and is used to 
support and guide CADTH activities involving patients. For this report, CADTH engaged a patient contributor 
with lived experience of an electrostimulation device for wound care.

Invitation to Participate and Consent
CADTH reached out through social media and by direct email to a patient advocacy group. The preliminary 
engagement request included an overview of this project, the purpose of engagement, and the nature of 
engagement activities. An interested individual was identified, and the CADTH Patient Engagement Officer 
obtained the person’s informed consent to share with CADTH staff their lived experience with a wound and 
their treatment with an electrostimulation device.

https://www.cadth.ca/cadth-framework-patient-engagement-health-technology-assessment
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Engagement Activities
An individual contributor shared their personal experience by video call during the drafting of the report. 
Patient perspectives gained through engagement processes are used to understand relevance of outcomes 
of interest and to provide contexts or insights to inform the summary, limitation, and conclusion sections.

Patient involvement was reported using the Guidance for Reporting Involvement of Patients and the 
Public (version 2) (GRIPP2) short form reporting checklist,21 which is outlined in Appendix 6. Regarding 
outcomes, the patient contributor noted the importance of minimizing chances of being hospitalized or 
undergoing surgery.

Summary of Evidence
Quantity of Research Available
A total of 432 citations were identified in the literature search. Following screening of titles and abstracts, 
393 citations were excluded and 39 potentially relevant reports from the electronic search were retrieved 
for full-text review. Ten potentially relevant publications were retrieved from the grey literature search for 
full-text review. Of these potentially relevant articles, 39 publications were excluded for various reasons and 
10 publications met the inclusion criteria and were included in this report. These comprised 7 systematic 
reviews,1 economic evaluation, and 2 evidence-based guidelines. Appendix 1 presents the PRISMA22 flow 
chart of the study selection. Additional references of potential interest are provided in Appendix 7.

Summary of Study Characteristics
This report included 7 systematic reviews,23-29 1 economic evaluation,30 and 2 evidence-based guidelines.31,32 
We did not identify any health technology assessments that met the inclusion criteria. Further, we did 
not come across any studies that reported surgery or hospitalization outcomes, which were identified as 
important during our patient engagement activities. Characteristics of included publications are provided in 
Appendix 2.

Included Studies for Question 1: Electrostimulation Versus Usual Care
We included 7 systematic reviews that examined the clinical effectiveness of electrostimulation devices 
as an additional treatment for wound management compared with usual care without electrostimulation. 
The included systematic reviews were conducted in Portugal,23,25 Poland,24 China,26,27 the UK,28 and Spain.29 
Five systematic reviews23,26-29 included primary studies from various countries, such as Canada, Slovenia, 
Germany, Brazil, Italy, Poland, the UK, the US, Nigeria, Israel, Egypt, Spain, Iran, Colombia, Sweden, and 
Belgium. Three of the systematic reviews only considered eligible randomized controlled trials (RCTs),24,26,29 
whereas the remaining reviews also incorporated observational studies23,25,28 or quasi-experimental studies27 
in addition to RCTs. These systematic reviews included patients with venous leg ulcers (VLUs),23 pressure 
ulcers,24,26 diabetic ulcers,25,27,28 and both chronic and acute wounds.29
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Electrostimulation varied in anatomical location, frequency, duration, and parameters in the included 
systematic reviews. One systematic review included 10 RCTs used high-voltage monophasic pulsed current 
(HVMPC), 2 RCTs used low-voltage monophasic pulsed current (LVMPC), 3 RCTs used low-voltage biphasic 
pulsed current (LVBPC), and 1 RCT low-intensity direct current. A systematic review was conducted on 
studies involving HVMPC.25 One systematic review included only studies with the current intensity of 1 mA 
or greater. Other systematic reviews included diverse electrostimulation methods23,26,28 or unclear details.27 
The comparators were SWC with or without sham stimulation. Outcomes included healing rate, incidence 
of worsening of healing, wound surface area (WSA) measures, ulcer size, number of completely healed 
ulcers, time to healing, pain score, quality of life, adverse effects, and other outcomes, such as wound tissue 
granulation and capillary blood flow.

Included Studies for Question 2: Electrostimulation Versus Negative Pressure Wound Therapy
A systematic review29 included 1 RCT with 3 treatment groups for patients with burn wounds: 
electrostimulation plus SWC, negative pressure wound therapy (NPWT) plus SWC, and SWC. This systematic 
review conducted a subgroup analysis, using the data from the RCT, that compared electrostimulation with 
NPWT. Outcomes included WSA measures and time to healing; no adverse effects were reported for this 
comparison.

Included Cost-Effectiveness Study Regarding Electrostimulation Versus Placebo for Wound 
Management
We included 1 cost-utility analysis based on data from 1 RCT30 , which was included in 2 systematic reviews 
in this report.23,29 We have only provided details about the participants and the results pertaining to the 
economic assessment. The evaluation used a within-trial time horizon (8 weeks, 16 weeks, and 24 weeks) 
from the perspective of the UK National Health Service. The study enrolled 90 people with nonhealing leg 
ulcers. Patients in the intervention group were treated with an electrostimulation device for 12 days in 
addition to usual care, while patients in the control group were treated with usual care and a placebo device 
that looked the same as the electrostimulation device but did not deliver a microcurrent. The intervention 
group had a mean age of 71 years (SD = 15.0 years) and 60% were male, while the control group had a 
mean age of 68 years (SD = 15.1) and 50% were male. Data on effectiveness were gathered through the 
RCT, with the patients' utility values determined from participants’ responses to the EQ-5D-5L questionnaire. 
Quality-adjusted life-years (QALYs) were calculated at 8, 16, and 24 weeks following randomization. NHS 
tariffs from 2015 or 2016 were used to estimate national unit costs and were applied to health care resource 
usage to determine the cost per patient within each group. The authors compared the cost-effectiveness of 
2 groups by calculating the incremental cost per QALY gained and the incremental cost for each additional 
healed patient.

Included Cost-Effectiveness Study Regarding Electrostimulation Versus Placebo for Wound 
Management
We did not find any studies that reported on the cost-effectiveness of electrostimulation compared with 
NPWT that met the inclusion criteria for this report.
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Included Clinical Practice Guidelines Regarding Electrostimulation for Wound Management
We included 2 evidence-based clinical practice guidelines from International Working Group on the Diabetic 
Foot (IWGDF)31 and procedure-specific postoperative pain management (PROSPECT) working group.32 These 
guidelines are updated versions of 2 existing ones.

The IWGDF guideline development group comprised independent international experts in wound healing 
for diabetes-related foot ulcers that conducted an updated systematic review to identify relevant RCTs.31 
The ratings of the quality of evidence and strength of recommendations were reported based on Grading 
of Recommendations Assessment, Development and Evaluation (GRADE) evidence to recommendation 
framework. A team of clinical experts, the IWGDF editorial board, and individuals with lived experience 
reviewed and assessed the guideline recommendations and rationales.

The PROSPECT guideline32 included recommendations for pain management in patients who undergo 
elective caesarean section under neuraxial anesthesia. The panel of experts (authors of the guideline were 
from Belgium, Sweden, and the US) followed their own methodology to obtain formal consensus and develop 
recommendations after conducting a systematic review. However, they did not specify how to interpret 
the strength of recommendations (Grades A to D). The PROSPECT working group used a modified Delphi 
approach to review recommendations and reach a consensus. The final document was approved by the 
working group and received support from the Obstetric Anesthetists’ Association’s executive committee.

Summary of Critical Appraisal
Systematic Reviews
In all 7 systematic reviews,23-29 the objective was clearly described, multiple databases were searched, 
and keywords or full search strategies and study selection flow charts were provided, the review authors 
declared no conflicts of interest, lists of included articles were presented, and the study characteristics were 
described. Two systematic reviews24,29 did not provided lists of excluded articles or the reasons for exclusion, 
and only 1 systematic review25 assessed the sources of funding in individual studies. Despite searching in 
multiple databases, 4 systematic reviews23,26,27,29 did not report performing a grey literature search and 4 
systematic reviews23-25,29 did not report searching the Embase database specifically. These limitations may 
result in missing some studies (unpublished or studies conducted in Europe) or misidentification of potential 
publication bias.

At least 2 reviewers independently performed or verified the article selection and data extraction in 5 
systematic reviews.23,26-29 Two reviewers independently conducted data extraction in 1 systematic review,24 
but it was unclear how the article selection was performed. In the remaining systematic review,25 it was 
unclear how article selection and data extraction were conducted. The possibility of inappropriate inclusion 
or exclusion or errors in data extraction cannot be ruled out. Although all 7 systematic reviews assessed the 
risk of bias of the included individual studies and reported study quality, only 1 systematic review25 assessed 
the potential impact of study risk of bias on the interpretation of results. One systematic review27 judged that 
only 2 of 8 primary studies had a low risk of bias. Some subgroup analyses in this systematic review only 
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included 2 primary studies; therefore, the results of these analyses may be driven by individual studies with 
high risk of bias.

Two systematic reviews9,13 assessed the quality of evidence using the GRADE framework. However, 1 of 
these reviews29 did not adhere completely to the GRADE principles because it rated up the certainty of 
evidence on pain and adverse events outcomes even when the risk difference was less than 0.20. Thus, the 
accuracy of the overall quality evidence on pain and adverse events was uncertain in this review.

Four systematic reviews25-27,29 conducted meta-analyses to compare effectiveness in several outcomes. 
Considering the significant clinical heterogeneities, such as diverse electrostimulation methods and wound 
types, it is uncertain whether pooling these data is suitable. The authors conducted subgroup analyses 
to examine some heterogeneities, including chronic or acute wounds and pulsed or direct currents of 
electrostimulation. However, none of the 4 systematic reviews assessed the credibility of their subgroup 
analyses.25-27,29 Two of the systematic reviews26,27 failed to mention the procedures used to manage trials with 
multiple arms (3 or more). When conducting a meta-analysis with a study that involves multiple or correlated 
comparisons, the Cochrane group suggests overcoming the unit-of-analysis error by combining groups to 
form a single pairwise comparison33 instead of dividing the shared group, which is a suboptimal approach. 
The authors of the 2 systematic reviews25,29 stated that they followed the Cochrane Group Guidelines to 
avoid double counting by splitting the shared control group. However, some forest plots presented in the 2 
systematic reviews did not reflect this split.25,29 It is possible that the meta-analysis had unit-of-analysis error 
and double-counting issues, which could have influenced the outcome in favour of the intervention.

Economic Evaluation
The included economic evaluation study30 outlined its design and analysis perspective clearly, with thorough 
data collection and stated outcome measures. The authors of the study examined and interpreted the results 
and presented their conclusions with appropriate caveats. However, the primary objective of the study did 
not involve estimating the cost-effectiveness of electrostimulation, and the study lacks clarity in its research 
question and economic significance.30 Moreover, the study lacks details on currency price adjustments for 
inflation or conversion, and the intervention’s effectiveness measures were based on a single RCT rather than 
a synthesis or meta-analysis of estimates from multiple sources.30 The treatment effects from the single 
RCT align with the included meta-analysis in the healing outcomes, but the RCT indicates a higher treatment 
effect of WSA compared with the meta-analysis, with a 50% reduction30 versus a 30% reduction.25,26 It is 
worth noting that the time horizon for costs and benefits — which is up to 24 weeks — may be considered 
relatively short if taking into account the mean duration of nonhealing VLUs, which can last for more than 2 
years. Additionally, more than 20% of patients still exhibited heavy exudate at the end of the study (after 24 
weeks).30 This study was also conducted from the UK NHS perspective and may not necessarily apply to the 
health care system in Canada.

Evidence-Based Guidelines
In this report, we included 2 evidence-based guidelines,31,32 which had clear descriptions of objectives, scope, 
population, and target users. Their recommendation statements were stated and reviewed by members in 
related working groups, but they did not provide clear guidance on their applicability.
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The IWGDF guidelines used the GRADE evidence to recommendation framework to formulate their 
recommendations and included individuals with lived experience and the IWGDF editorial board reviewed and 
assessed the guideline recommendations and rationales.31 However, the guideline panel did not provide a 
thorough explanation regarding why they made strong recommendations despite having low-quality evidence 
for electrostimulation and the evidence of electrostimulation was not clearly described.31,34 The authors of 
the IWGDF guidelines declared no conflicts of interest.

The PROSPECT guideline used their own methodology35 to develop recommendations but did not clarify the 
interpretation of recommendation strength, and the links between the evidence and the recommendations 
were unclear. The recommendation statement regarding electrostimulation was ambiguous. The PROSPECT 
working group reviewed and approved the final guideline, which also received support from the Obstetric 
Anesthetists’ Association. Although some authors of the guideline disclosed potential conflicts of interest 
and had received grants or consultation fees from industries, it remains unclear how these were addressed.

Additional details regarding the strengths and limitations of the included publications are provided in 
Appendix 3.

Summary of Findings
All 7 included systematic reviews23-29 compared the effectiveness of electrostimulation plus usual care with 
only usual care. One of the systematic reviews included data from 1 RCT comparing electrostimulation plus 
usual care with NPWT plus usual care.29 The review conducted a subgroup analysis for the comparison. 
Of the 7 systematic reviews included, 4 conducted a pooled meta-analysis25-27,29 while the remaining 3 
systematic reviews23,24,28 provided narrative summaries of the individual studies' findings. We included 1 
economic evaluation study30 about the cost-effectiveness of electrostimulation compared with placebo. 
There are 2 guidelines based on evidence that offer recommendations for electrostimulation in patients with 
diabetes-related foot ulcers31 and for postoperative pain management in patients undergoing an elective 
caesarean section with neuraxial anesthesia.32 We did not find any studies that reported outcomes that 
were considered important during our patient engagement activities, which included avoiding surgery and 
hospitalization.

Appendix 4 presents the main study findings. Due to some overlap in the studies included in the included 
systematic reviews, the pooled estimates or narrative summaries may be based on some of the same 
individual study data (Appendix 5).

Clinical Effectiveness of Electrostimulation Plus Usual Care Versus Usual Care

Wound Surface Area
Five systematic reviews24-27,29 have reported on the comparison of electrostimulation versus a control group 
(usual care with or without sham stimulation) in reducing WSA. The reports on WSA in these systematic 
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reviews used various measures and statistical indicators, and there were inconsistencies in the results of the 
statistical tests among different populations:

•	Relative WSA reduction from baseline (3 systematic reviews: MD25,26 or SMD,27 the differences 
were statistically significant): 1 systematic review27 conducted a subgroup analysis and found 
no statistically significant subgroup effect between pulsed current and direct current or between 
leg ulcers and foot ulcers. One systematic review25 evaluated the overall evidence quality on this 
outcome as very low.

•	Raw WSA (2 systematic reviews26,29: cm2, the differences were statistically significant for patients 
with pressure ulcer,26 but not statistically significant for patients with all types of wounds with 
moderate certainty evidence29): Subgroup analysis in the 2 systematic reviews found statistically 
significant subgroup effects between pulsed current and direct current (larger effect was observed 
in the pulsed current subgroup in treating pressure ulcers),26 but no statistically significant subgroup 
effects between chronic and acute wounds.29

•	Qualitative summaries (1 systematic review24): WSA decreased more from baseline in the intervention 
group than that in the control group based on 9 RCTs.

Rate of Complete Healing
Three systematic reviews25,26,29 have reported on the comparison of electrostimulation versus a control 
(usual care with or without sham stimulation) in improving the rate of complete healing for diabetic ulcer and 
pressure ulcer. There were inconsistencies in the results of the statistical tests among different populations 
or subgroups:

•	Diabetic ulcers (1 systematic review25): There was no statistically significant difference between 
electrostimulation and control (usual care with or without sham stimulation).

•	Pressure ulcer (2 systematic reviews25,26): There was a statistically significant difference between 
electrostimulation and control (usual care with or without sham stimulation) (GRADE: moderate 
certainty from 1 systematic review25); subgroup analysis in 1 systematic review26 found statistically 
significant subgroup effects between pulsed current and direct current (larger effect was observed 
in the pulsed current subgroup; the effect in the direct current subgroup was not statistically 
significant).

•	All types of wounds (1 systematic review29): There was no statistically significant difference between 
electrostimulation and control (GRADE: very low certainty).

Rate of Nonhealing or Worsened Wounds
Two systematic reviews25,27 have reported that electrostimulation was statistically significantly more 
effective than a control group (usual care with or without sham stimulation) in reducing the rate of 
nonhealing or worsened (wound size increase) wounds for treating diabetic ulcers. One systematic review27 
did not find statistically significant subgroup effects for electrostimulation between diabetic leg and 
foot ulcers.
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Time to Complete Wound Healing
Two systematic reviews28,29 reported the time to complete wound healing. One systematic review29 has 
reported that electrostimulation was statistically significantly more effective than the control group (usual 
care with or without sham stimulation) in reducing the time to healing or the rate of worse healing wounds 
for treating different types of wounds. The systematic review found statistically significant subgroup effects 
between acute wounds and chronic wounds, with a larger effect observed in the chronic wounds subgroup; 
the effects in the acute wounds subgroup were not statistically significant.29 The other systematic review 
reported the difference between electrostimulation and control was not statistically significant.

Pain
Three systematic reviews23,25,29 have reported on the comparison of electrostimulation versus control in 
pain. According to 1 systematic review,29 the participants in the electrostimulation group experienced a 
statistically significant decrease in pain scores compared with those in the control group (GRADE: low 
certainty). However, 2 other systematic reviews23,25 offered qualitative summaries and noted inconsistent 
results in pain outcomes.

Exudate Levels
A systematic review provided qualitative summaries of the exudate level outcome, which showed 
inconsistent results. Electrostimulation reduced exudate levels in 1 study, but 2 other studies found no 
difference compared with the control group.

Adverse Events
According to 1 systematic review,29 the risk of adverse events among participants in the electrostimulation 
group was similar to that of the control group (GRADE: moderate certainty). In other systematic reviews 
reported on adverse events,23-26 it was found that most studies did not report these events. However, the few 
adverse events related to electrostimulation were minor and rare, and included uncomfortable sensations, 
infection, skin rash, itchiness, pain, or wound deterioration.

Other Outcomes
Several systematic reviews also report other outcomes such as percentage of wounds healed, composite 
healing outcomes, edema and function, quality of life, recurrence or development of new ulcers, and 
amputation. We have highlighted the following points in this report:

•	Percentage of wounds healed28: There was no statistically significant difference between 
electrostimulation and control at week 2 and week 4 (1 RCT); statistically significant differences were 
found between the 2 groups at week 8 (1 RCT) and week 12 (2 RCTs).

•	Composite healing outcomes: Electrostimulation appeared to be more effective than control 
treatment (usual care with or without sham stimulation) for patients who had not undergone surgical 
treatment for VLU. However, the benefit of electrostimulation compared to the control was not 
statistically significant for patients with VLUs who had undergone the surgery.23

•	Quality of life: According to 1 study in 1 systematic review,25 there were no statistically significant 
differences between electrostimulation and control.
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Clinical Effectiveness of Electrostimulation Plus Usual Care Versus NPWT Plus Usual Care
A systematic review provided a subgroup analysis that compared the effectiveness of electrostimulation and 
NPWT in treating acute wounds. However, they did not observe any statistically significant differences in the 
following 2 outcomes:

•	raw WSA (1 subgroup analysis from 1 systematic review29)

•	time to complete wound healing (1 subgroup analysis from 1 systematic review29).

Cost-Effectiveness of Electrostimulation Versus Placebo
Evidence regarding the cost-effectiveness of electrostimulation versus placebo for patients with nonhealing 
VLUs was available from 1 economic evaluation.30

Measures of Cost-Effectiveness

Patients With Nonhealing VLUs
The results of the economic evaluation suggested that the incremental cost per QALY gained of the 
intervention (versus sham stimulation) was £4,480 at 8 weeks, £2,655 at 16 weeks, and –£2,388 at 24 
weeks, and the incremental cost per each additional ulcer for the intervention (versus placebo) was £1,867 
at 8 weeks, £1,850 at 16 weeks, and –£4,775 at 24 weeks. Electrostimulation was less costly and more 
effective at 24 weeks (dominant). The results were supported by sensitivity analyses conducted using 
bootstrapping sample methods. The estimated probability of the electrostimulation being cost-effective with 
a threshold of £20,000 per QALY was 88% at 8 weeks, 91% at 16 weeks, and 92% at 24 weeks.

Cost-Effectiveness of Electrostimulation Versus NPWT
We did not find any studies that reported on the cost-effectiveness of electrostimulation compared with 
NPWT that met the inclusion criteria for this report; therefore, no summary can be provided.

Guidelines Regarding the Use of Electrostimulation
Based on the low quality of evidence according to the GRADE evidence to recommendation framework, 
the IWGDF guideline strongly recommends against physical therapy interventions (which includes 
electrostimulation) for diabetic foot ulcer management and wound healing. Within the GRADE framework, a 
strong recommendation suggests that the majority of patients with diabetic foot ulcers should not undergo 
electrostimulation for wound healing. However, the guideline did not provide descriptions of evidence and 
the specific reasoning for the recommendation on electrostimulation. The guideline authors stated that 
limited (low-quality) evidence suggests physical therapies (including electrostimulation) may have a small 
positive impact on wound healing, with no substantial difference from usual care for patients with diabetic 
foot ulcers. Few negative effects were reported, and it is uncertain if physical therapies are more beneficial 
overall. In addition, these physical therapies are costly and resource-intensive and may not be suitable for all 
patients. Thus, the guideline did not recommend any physical therapies for managing diabetic foot ulcers.

The PROSPECT guideline provided the recommendation for managing postoperative pain in patients 
undergoing elective caesarean section with neuraxial anesthesia. The guideline suggests considering 
the use of electrostimulation as an analgesic adjunct for postoperative pain management (Grade A 
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recommendation). The guideline did not cover the possible application of electrostimulation for wound 
healing. The quality of evidence supporting the recommendation was unclear. The guideline also lacked 
instructions on how to interpret the strength of recommendations, which is difficult for people who are trying 
to implement the recommendation. The clinical practice guidelines did not provide information on suggested 
electrostimulation parameters, frequency, and duration in the related recommendation, which might be 
another potential barrier for implementation.

Limitations
We found some methodological limitations in the body of evidence presented. In this report, we identified 
7 systematic reviews to answer the research question on clinical effectiveness of electrostimulation plus 
usual care versus only usual care. Four23,25,27,28 of these reviews included observational studies or quasi-
experimental studies with only a small number of RCTs with a low risk of bias (for example, 2 of 8 included 
RCTS were low risk of bias in 1 systematic review27). Therefore, the body of evidence may have selection 
bias, recall bias, or performance bias. None of the 4 systematic reviews with meta-analysis25-27,29 used the 
Cochrane-recommended approach to address the unit-of-analysis error that could potentially skew the 
pooled estimate in favour of electrostimulation.

The body of evidence also has substantial heterogeneity and inconsistency in some reported outcomes. 
Although 4 systematic reviews with meta-analysis25-27,29 carried out subgroup analysis to explore possible 
heterogeneity, they neglected to conduct a thorough assessment of the credibility of this analysis. Therefore, 
the observed subgroup effect may not be entirely reliable, and the interpretations of evidence regarding these 
subgroup analyses were limited.

In this report, we also found some evidence gaps. We could not identify a systematic review that specifically 
compared electrostimulation and NPWT. The only available evidence on this comparison comes from 
a subgroup analysis in 1 systematic review with small sample size (n = 15 for the NPWT arm).29 We 
also did not find any evidence on the cost-effectiveness of electrostimulation and NPWT. The only 
economic evaluation study conducted was in the UK from the perspective of the NHS, which compared 
electrostimulation to sham stimulation. We had to adjust our criteria for including studies for our research 
questions 1 and 2 due to the large volume of literature we found during our search, which may have caused 
some relevant studies to be missed. However, we provide the additional references of potential interest in 
Appendix 7. In addition, we did not find any evidence on patient satisfaction, hospitalization and surgery 
outcomes that were considered important during patient engagement activities (Appendix 6), but our patient 
contributor was satisfied with electrostimulation therapy and recommended it for wound healing, stating he 
did not experience noticeable side effects related to electrostimulation therapy.

Additionally, we did not find evidence-based guidelines or economic evaluations from Canada. In the 2 
included guidelines, no panel member was from a Canadian institution. Thus, the generalizability of the 
findings to a Canadian setting was unclear.
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Conclusions and Implications for Decision- or Policy-Making
In this report, we identified 7 systematic reviews23-29 that addressed the clinical effectiveness of 
electrostimulation as an adjunct to usual care for wound management. One economic evaluation study30 
compared the cost-effectiveness of electrostimulation with placebo for treating patients with nonhealing 
VLUs. Two evidence-based practice guidelines regarding the use of electrostimulation as an adjunct 
treatment were included,31,32 1 for diabetic foot ulcers and another for postoperative pain management in 
patients who had undergone elective caesarean section with neuraxial anesthesia.

We identified 7 systematic reviews23-29 to address the clinical effectiveness of electrostimulation as an 
adjunct to usual care for various types of wound management, including chronic and acute wounds. 
Specifically, most eligible studies focused on pressure ulcers, diabetic ulcers, and VLUs. Based on both 
RCTs and observational studies, the evidence suggests that combining electrostimulation with usual 
wound care could be more effective than usual care alone in at least 1 measure of wound healing (WSA, 
rate of complete healing, rate of nonhealing or worsened wounds, time to complete wound healing) or pain 
outcomes. The evidence suggests that patients with chronic wounds or those who did not undergo surgery 
for VLUs experienced larger positive effects from electrostimulation compared with those with acute 
wounds or who received surgery for VLU. Similarly, electrostimulation using pulsed current had a greater 
effectiveness than direct current on would healing outcomes (WSA and rate of complete healing) for patients 
with pressure ulcers. No serious adverse effects related to electrostimulation were reported in all included 
systematic reviews.

We identified subgroup analyses in 1 systematic review,29 which suggested that the effectiveness of 
electrostimulation and NPWT may be similar in WSA reduction from baseline and time to complete 
wound healing. One economic evaluation study suggested that electrostimulation was less costly and 
more effective than placebo at 24 weeks (dominant). With a threshold of £20,000 per QALY, the estimated 
probabilities of electrostimulation being cost-effective were more than 88% at any follow-up time point.

The IWGDF guideline strongly recommends against physical therapies, including electrostimulation, for 
diabetic foot ulcer management based on low quality of evidence on effectiveness and the potential 
cost. However, the IWGDF guideline did not provide any recommendations specific to electrostimulation. 
Additionally, the evidence supporting these guidelines (which included only 6 citations related to 
electrostimulation) may not be as comprehensive as this report (7 systematic reviews) and the guidelines 
do not include any cost-effectiveness analysis comparing electrostimulation to a sham stimulation device. 
The PROSPECT guideline offered a grade A recommendation for using electrostimulation as an adjunct in 
managing postoperative pain in patients who have undergone elective caesarean section with neuraxial 
anesthesia.

The prognosis of an acute or minor wound is relatively good because most patients recover with usual 
care. One systematic review24 noted that electrostimulation should be used in patients with stage 2 
to 4 pressure ulcers. Identifying individuals who would receive a significant benefit is crucial when 
considering electrostimulation referrals. Patients’ values and preferences, accessibility, and cost of using 
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electrostimulation can also play a significant role in the decision-making process. During our patient 
engagement activities, another barrier was identified, which was the lack of proper training for using the 
electrostimulation device.

Considering the current limitations of the body of evidence, primary studies with robust designs and 
adequate sample sizes that address the relative effects of electrostimulation versus NPWT are needed. To 
obtain precise relative risk estimates, a thorough systematic review with robust methodology is required, 
particularly using a better approach to overcome the potential unit-of-analysis error when dealing with data 
from a single trial with multiple interested arms. Due to the potential bias and inconsistency across included 
primary studies in eligible systematic reviews, limitations of the body of evidence, and small sample size in 
the NPWT arm (n = 15), these findings need to be interpreted with caution.
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Appendix 1: Selection of Included Studies

Figure 1: Selection of Included Studies
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Appendix 2: Characteristics of Included Publications
Note that this appendix has not been copy-edited.

Table 2: Characteristics of Included Systematic Reviews

Study citation, country, 
funding source

Study designs and 
numbers of primary 

studies included
Population 

characteristics
Intervention and 
comparator(s)

Clinical outcomes, 
length of follow-up

Borges et al. (2023)23

Portugal
Funding source: the 
authors declared no 
conflict of interest.

Study design: 
systematic review of 
RCTs and observational 
studies
Number of included 
studies: 11 (8 RCTs and 
3 case series)
Countries: Canada, 
Slovenia, Germany, 
Brazil, Italy, Poland, UK, 
US

Patients with venous leg 
ulcers
Number of participants: 
716 (number in the 
individual studies 
ranged from 6 to 305)
Mean age: 64.2 years
Sex: male, 46.2%
Disease duration: NR

Intervention: electrical 
stimulation with diverse 
methods: location, 
current forms, and 
electric stimulation 
parameters.
Treatment duration: 
from 12 minutes to 12 
consecutive days; the 
treatment was repeated 
1 to 14 times weekly.
Comparator: 
conventional therapy 
or placebo or baseline 
scores in the same 
group

Outcomes:
•	Ulcer size

•	Ulcer healing rate

•	Time to healing

•	Pain

•	Adverse effects
Follow-up: from 3 
weeks to 60 weeks after 
treatment

Szołtys-Brzezowska 
et al. (2023)24

Poland
Funding source: the 
authors declared no 
financial conflict of 
interest.

Study design: 
systematic review of 
RCTs
Number of included 
studies: 16
Country: NR

Patients with pressure 
injury
Number of 
participants:793 with 
890 pressure injuries
Age: 10 to 95 years, 
predominantly adults
Sex: NR
Disease duration: NR
Severity: from stage 2 to 
4 when reported
Etiologies for pressure 
injury: central 
nervous system 
injuries, advanced 
age-related conditions, 
immobilization 
after orthopedic 
interventions, diabetes, 
cardiovascular disease, 
or cerebrovascular 
accidents when 
reported.

Intervention: electrical 
stimulation with various 
electric currents: 
HVMPC, LVMPC, LVBPC, 
low-intensity direct 
current.
Treatment duration: NR
Comparator: SWC 
with or without sham 
electrical stimulation

Outcomes:
•	WSA

•	Healing rate

•	Other wound 
characteristics, such 
as wound tissue 
granulation and 
capillary blood flow.

Follow-up: NR
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Study citation, country, 
funding source

Study designs and 
numbers of primary 

studies included
Population 

characteristics
Intervention and 
comparator(s)

Clinical outcomes, 
length of follow-up

Girgis et al. (2023)25

Portugal
Funding source: 
“Fundaçao para 
a Ciência e a 
Tecnologia (SFRH/
BD/144090/2019)”

Study design: 
systematic review of 
RCTs and observational 
studies
Number of included 
studies: 32: 17 RCTs, 2 
cohort studies, 13 case 
series or reports
Country: NR

Patients with diabetic 
ulcers
Number of participants: 
1,061 with 1,103 skin 
lesions
Mean age: 56 to 73 
years, when reported
Sex: male: from 26% 
to 39%; female: 61% to 
74%, when reported.
Disease duration: NR
Severity: NR

Intervention: electrical 
stimulation with HVMPC 
protocols.
Mean treatment 
duration: 6 weeks to 14 
weeks when reported
Comparator: sham or no 
stimulation or baseline 
scores in the same 
group

Outcomes:
•	Healing rate

•	Wound healing status

•	Incidence of 
worsening of healing

•	Pain

•	Quality of life

•	Adverse reactions

•	Other outcomes
Follow-up: NR

Chen et al. (2023)26

China
Funding source: 
academic or 
government agencies 
in China and the 
authors declared no 
conflict of interest.

Study design: 
systematic review of 
RCTs
Number of included 
studies: 17
Countries: US, Canada, 
Nigeria, Israel, Egypt, 
Poland, Spain

Patients with pressure 
ulcers
Number of participants: 
768
Mean age: 32 to 81 
years, when reported
Sex: male included in 
meta-analysis 39% in 
the intervention group 
and 34% in the control 
group
Mean disease duration: 
from 5 days to 231 days
Severity: from stage 1 to 
5 when reported

Intervention: electrical 
stimulation with diverse 
methods
Mean treatment 
duration: 4 weeks to 12 
weeks when reported
Comparator: SWC 
with or without sham 
stimulation

Outcomes:
•	Ulcer area or size

•	Number of completely 
healed ulcers

•	Adverse events
Follow-up: NR

Zheng et al. (2022)27

China
Funding source: 
government agencies 
in Jilin province, China 
(JJKH20221068KJ) 
and the authors 
declared no conflict of 
interest.

Study design: 
systematic review 
of RCTs and quasi-
experimental studies
Number of included 
studies: 10 (8 included 
in the meta-analysis)
Countries: US, Italy, Iran, 
Colombia

Patients with diabetes-
related ulcers
Number of participants: 
352
Age: 48.4 to 65.1 years
Sex: male from 58.3% to 
91.4%
Disease duration: NR
Severity: NR

Intervention: electrical 
stimulation with unclear 
treatment detail
Mean treatment 
duration: NR
Comparator: SWC with 
or without placebo

Outcomes:
•	Ulcer area

•	Healing rates
Median follow-up: 4 to 
12 weeks

Melotto et al. (2022)28

UK
Funding source: 
University of Brighton 
and the authors 
declared no conflict of 
interest.

Study design: 
systematic review of 
RCTs and observational 
studies
Number of included 
studies: 7 (5 RCTs and 2 
cohort studies)
Countries: US, Sweden, 
Iran

Patients with diabetic 
ulcers of foot and lower 
limb
Number of participants: 
from 20 to 80 across 
included primary studies
Age: 50 to 67.5 years
Sex: male from 42% to 
90%

Intervention: DC for 60 
minutes, 3 times per 
week; monophasic high-
voltage, asymmetric or 
symmetric biphasic PC 
(length from 20 minutes 
to 8 hours); frequency: 
from twice weekly to 
twice daily; length: from 

Outcomes: Healing 
rates
Follow-up: NR
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Study citation, country, 
funding source

Study designs and 
numbers of primary 

studies included
Population 

characteristics
Intervention and 
comparator(s)

Clinical outcomes, 
length of follow-up

Mean disease duration: 
1.8 to 14.7 months
Severity: grades 1A, 2A 
in University of Texas 
Diabetic
Wound Classification 
System or grade 2 in 
Wagner Ulcer
Classification

4 weeks to 16 weeks.
Comparator: SWC or 
personalized care with 
sham stimulation

Avendano-Coy et al. 
(2022)29

Spain
Funding source: 
no specific funding 
support and the 
authors declared no 
conflict of interest.

Study design: 
systematic review of 
RCTs
Number of included 
studies: 7
Countries: Egypt, UK, 
Brazil, Italy, Belgium.

Adults with wounds 
(acute wounds, surgical 
wounds, chronic 
wounds, or pressure 
ulcers)
Number of participants: 
337
Age: 26 to 74 years
Sex: male 68.5%

Intervention: electrical 
stimulation with diverse 
methods, but the current 
intensity ≥ 1 mA
Comparator: SWC or 
NPWT

Outcomes:
•	Wound Healing

•	Pain

•	Adverse events
Follow-up: NR

DC = direct current; DW = degenerate wave current; HVPC = high-voltage pulsed current; HVMPC = high-voltage monophasic pulsed current; LVMPC = low-voltage 
monophasic pulsed current; LVBPC = low-voltage monophasic pulsed current; NA = not applicable; NPWT = negative pressure wound therapy; NR = not reported; PC = 
pulsed current; SWC = standard wound care; WSA = wound surface area.
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Table 3: Characteristics of Included Economic Evaluation
Study citation 
country, funding 
source

Type of analysis, time 
horizon, perspective

Population 
characteristics

Intervention and 
comparator(s) Approach

Source of clinical, cost, 
and utility data used in 

analysis Main assumptions

Guest et al. 
(2018)30

UK
Funding source: 
manufacturer of 
the device; the 
authors declared 
no conflict of 
interest

Analysis: cost-utility 
analysis that was 
conducted based on an 
individual RCT
Time horizon: within-
trial horizon (up to 24 
weeks)
Perspective: the UK’s 
National Health Service

Adults with nonhealing 
venous leg ulcers from 
an RCT
Number of 
participants:90
Mean age: 71 
(SD: 15.0) in the 
intervention group; 68 
(SD: 15.1) in the control 
group.
Sex: 60% male in the 
intervention group; 50% 
in the control group.

Intervention: self-
contained programmed 
electric microcurrent 
generator and 2 skin 
contact pads for 12 
consecutive days
Comparator: placebo 
device (identical in 
appearance but did 
not deliver an electric 
microcurrent)

To determine the 
cost-effectiveness 
between the 2 
groups, the authors 
divided the estimated 
cost-difference by 
the estimated effect 
difference at the same 
time point.
Outcome measures: 
incremental cost per 
QALY gained and 
incremental cost for 
each additional healed 
patient.
Bootstrapping 
and deterministic 
sensitivity analyses 
were conducted.

National unit costs 
were obtained from 
NHS tariffs, at 2015 
or 2016 prices, and 
applied to the amounts 
of health care resource 
use to estimate the 
cost per patient in each 
group.
Effectiveness inputs 
were collected during 
the RCT. Patients’ 
utility values were 
calculated from the 
scores of the EQ-5D-5L 
questionnaires.
QALYs at 8, 16 and 
24 weeks after 
randomization were 
calculated.

The distribution of 
expected costs and 
QALYs were estimated 
using 10,000 subsets 
of the data from 
each group, based on 
random sampling.
Deterministic 
sensitivity analyses 
were performed.

EQ-5D-5L = EuroQol 5 Dimension 5 Level; NA = not applicable; NHS = National Health Service; NR = not reported; QALY = quality-adjusted life-year; RCT = randomized controlled trials; SD= standard deviation
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Table 4: Characteristics of Included Guidelines

Intended users, 
target population

Intervention and 
practice considered

Major outcomes 
considered

Evidence collection, 
selection, and synthesis

Evidence quality 
assessment

Recommendations 
development and 

evaluation Guideline validation

IWGDF (2023)31

Intended users: 
clinicians
Target population: 
patients with 
diabetic foot 
ulcers
Countries: 
Australia, 
Dominican 
Republic, UK, 
Germany, Ireland, 
Italy, US, India, UK

Wound management 
strategies: debridement, 
wound bed preparation 
and newer technologies 
to facilitate healing

Ten outcomes: 
complete would 
healing, time to 
healing, sustained 
healing, reduction 
in ulcer area, 
amputation, quality 
of life, maintenance 
of function and ability 
to perform activities 
of daily living, new 
infection, resource 
utilization, and 
mortality.

Systematic review of 
RCTs

GRADE methodology: 
“high,” “moderate,” “low” 
or “very low.”

Based on GRADE 
evidence to 
recommendation 
framework: the 
direction of the 
recommendation: 
“for” or “against;” 
the strength of 
recommendation: 
“strong” or 
“conditional.”

The guideline 
recommendations 
and rationales were 
reviewed by clinical 
experts and persons 
with lived experience 
who reviewed the 
clinical questions and 
the members of the 
IWGDF editorial board.
Several external experts 
also reviewed the 
guideline manuscript.

PROSPECT (2021)32

Intended users: 
clinicians
Target population: 
patients with 
elective caesarean 
section under 
neuraxial 
anesthesia
Countries: 
Belgium, Sweden, 
and US

Postoperative pain 
management strategies 
such as paracetamol, 
nonsteroidal anti-
inflammatory drugs, 
opioids surgical 
techniques, TENS

Postoperative pain 
scores, analgesia use, 
patient satisfaction, 
adverse effects.

Systematic review of 
RCTs 

PROSPECT 
methodology: grading 
of A-D according to the 
overall level of evidence 
by considering the 
quality of studies, 
consistency of 
evidence.

PROSPECT Working 
Group reviewed 
the proposed 
recommendations.
A modified Delphi 
approach was used to 
achieve consensus.

PROSPECT working 
group approved the 
final document and the 
Obstetric Anesthetists’ 
Association Executive 
Committee offered 
their support for 
recommendations.

GRADE = Grading of Recommendations, Assessment, Development and Evaluation; IWGDF = International Working Group on the Diabetic Foot; NA = not applicable; NR = not reported; PROSPECT = procedure-specific postoperative 
pain management; RCT = randomized controlled trials; TENS = transcutaneous electrical nerve stimulation.
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Appendix 3: Critical Appraisal of Included Publications
Note that this appendix has not been copy-edited.

Table 5: Strengths and Limitations of Systematic Reviews Using AMSTAR 217

Strengths Limitations

Borges et al. (2023)23

The purpose of the study was clearly described.
The protocol of this review was prospectively registered in the 
PROSPERO.
Multiple databases were searched (PubMed, Scopus, and Web 
of Science).
The search strategies were provided.
The authors manually searched reference lists of pertinent 
reviews and studies.
A flow chart of study selection was provided.
The study selection process was clearly described and 
conducted by 2 reviewers.
The list of excluded studies was provided.
The data extractions were performed by one reviewer and 
verified by a second reviewer.
The details of included studies were adequately described.
The review authors assessed the RoB for eligible studies 
using the Cochrane risk of bias tool for RCTs and the Joanna 
Briggs Institute critical appraisal checklist for case series.
The intervention and study designs of the individual study for 
inclusion were clearly described.
The review authors reported no conflicts of interest.

The diagnostic criteria of venous leg ulcers, disease duration and 
background intervention were not clearly described.
A grey literature search was not reported.
The review authors did not report the funding sources for eligible 
studies.
The review authors did not assess the potential impact of RoB in 
individual studies on result interpretations.

Szołtys-Brzezowska et al. (2023)24

The purpose of the study was clearly described.
The study designs of the individual study for inclusion were 
clearly described.
Multiple databases were searched (PubMed, EBSCO, 
MEDLINE, and Elsevier).
The keywords in the search strategy were provided.
A grey literature search (grey publications were conducted).
A flow chart of study selection was provided.
Two review authors independently assessed the RoB for 
eligible studies using the 10-item Physiotherapy Evidence 
Database scale.
The data extractions were performed by 3 reviewers 
independently.
The details of included studies in were adequately described.
The review authors summarized the results according to 

The diagnostic criteria of pressure injuries were not clearly 
described.
It was unclear if the study selection was conducted by at least 2 
authors independently.
The list of excluded studies was not provided.
The review authors did not report the funding sources for eligible 
studies.
The review authors did not assess the potential impact of RoB in 
individual studies on results interpretation.
The follow-up of outcome measures was unclear.
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Strengths Limitations

different types of electrical stimulation devices.
The review authors declared no conflicts of interest.

Girgis et al. (2023)25

The purpose of the study was clearly described.
The study designs of the individual study for inclusion were 
clearly described.
Multiple databases (PubMed, Scopus, Physiotherapy Evidence 
Database and Google Scholar) were searched.
The search terms and full search strategies were described.
The review authors assessed the RoB for RCTs and 
observational studies.
Publication bias, sensitivity analyses and subgroup analyses 
were conducted.
The list of excluded studies was provided.
The review authors assess the overall quality of evidence 
using the GRADE framework.
A flow chart of study selection was provided.
The review authors reported the sources of funding for eligible 
studies.
The review authors declared no conflicts of interest.

It was unclear if the study selection, data extraction and RoB were 
conducted by at least 2 authors independently.
The diagnostic criteria of ulcers, disease duration, disease 
severity and background intervention were not clearly described.
The follow-up of outcome measures was unclear.
The authors stated that they followed the Cochrane Group 
Guidelines to avoid double counting by splitting the shared 
control group. However, some forest plots (figures 4 and 5) 
presented by them did not reflect this split.
The authors did not assess the credibility of subgroup analyses.

Chen et al. (2023)26

The purpose of the study was clearly described.
The protocol of this review was prospectively registered in the 
PROSPERO.
The study designs of the individual study for inclusion were 
clearly described.
Multiple databases were searched (PubMed, Embase, the 
Cochrane Library, Web of Science, g CNKI, SinoMed, VIP and 
WANFANG).
The search terms and full search strategies were provided.
The study selection process and data extraction were clearly 
described and conducted by 2 reviewers.
The review authors assessed the RoB for RCTs using the 
Cochrane Collaboration RoB tool.
A flow chart of study selection was provided.
Publication bias assessments and subgroup analyses were 
conducted.
The reasons for exclusion in the stage of full-text screening 
were provided.
The details of included studies were adequately described.
The review authors reported no conflicts of interest.

A grey literature search was not reported.
The review authors did not report the sources of funding for 
eligible studies.
The review authors did not assess the potential impact of RoB in 
individual studies on result interpretations.
The follow-up of outcome measures was unclear.
It was unclear how to handle trials with multiple arms (3 or more).
The authors did not assess the credibility of subgroup analyses.

Zheng (2022)27

The purpose of the study was clearly described.
The study designs of the individual study for inclusion were 

A grey literature search was not reported.
The review authors did not report the sources of funding for 
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Strengths Limitations

clearly described.
Multiple databases were searched (Embase, MEDLINE, and 
Cochrane Library).
The search terms and full search strategies were provided.
The study selection process and data extraction were clearly 
described and conducted by 2 reviewers.
The review authors assessed the RoB for RCTs using a revised 
Cochrane RoB tool.
A flow chart of study selection was provided.
Publication bias assessments and subgroup analyses were 
conducted.
The reasons for exclusion in the stage of full-text screening 
were provided.
The details of included studies were adequately described.
The review authors reported no conflicts of interest.

eligible studies.
The review authors did not assess the potential impact of RoB in 
individual studies on result interpretations.
The diagnostic criteria of diabetes-related ulcers, disease 
duration, disease severity and background intervention were not 
clearly described.
The methods for outcome measures (ulcer area and healing rate) 
were unclear.
It was unclear how to handle trials with multiple arms (3 or more).
The authors did not assess the credibility of subgroup analyses.

Melotto et al. (2022)28

The purpose of the study, inclusion or exclusion criteria were 
clearly described.
The protocol of this review was prospectively registered in the 
PROSPERO.
The study designs of the individual study for inclusion were 
clearly described.
Multiple databases were searched (Embase, MEDLINE, 
Cochrane Library, CINAHL Plus, AMED, Web of Science, 
PubMed).
The grey literatures were searched through OpenGrey.
The search terms and full search strategies were provided in 
the appendix.
The study selection process and data extraction were clearly 
described and conducted by 2 reviewers.
The reasons for exclusion were provided.
The review authors assessed the RoB for included studies 
using CCAT.
A flow chart of study selection was provided.
The details of included studies were adequately described.
The review authors reported no conflicts of interest.

The study selection process and data extraction were not clearly 
described.
The review authors did not report the sources of funding for 
eligible studies.
The review authors did not assess the potential impact of RoB in 
individual studies on result interpretations.
The diagnostic criteria of ulcers and background intervention 
were not clearly described.
The follow-up of outcome measures was unclear.

Avendano-Coy et al. (2022)29

The purpose of the study was clearly described.
The protocol of this review was prospectively registered in the 
PROSPERO.
The study designs of the individual study for inclusion were 
clearly described.
Multiple databases were searched (PubMed, Google Scholar, 
Cochrane, CINAHL, Scopus, PEDro, and ProQuest).
The detailed search terms were provided in appendix.

A grey literature search was not reported.
The list of excluded studies was not provided.
The review authors did not report the sources of funding for 
eligible studies.
The review authors did not assess the potential impact of RoB in 
individual studies on result interpretations.
The follow-up of outcome measures was unclear.
When the number of included studies is less than 10, funnel plots 
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Strengths Limitations

The study selection process and data extraction were clearly 
described and conducted by at least 2 reviewers.
The review authors assessed the RoB using Cochrane RoB 
tool.
The review authors assess the overall quality of evidence 
using the GRADE framework.
A flow chart of study selection was provided.
The subgroup analyses were conducted.
The details of included studies were adequately described.
The review authors reported no conflicts of interest.

are used to assess publication bias.
The authors stated that they followed the Cochrane Group 
Guidelines to avoid double counting by splitting the shared 
control group. However, the forest plots presented by them did 
not reflect this split.
The authors did not assess the credibility of subgroup analyses.

AMSTAR 2 = A Measurement Tool to Assess Systematic Reviews 2; CCAT = Crowe Critical Appraisal Tool; GRADE = Grading of Recommendations, Assessment, 
Development and Evaluation; RCT = randomized controlled trial; RoB = risk of bias

Table 6: Strengths and Limitations of Economic Evaluation Using the Drummond 
Checklist18

Strengths Limitations

Guest et al. (2018)30

Study design
The population, intervention and the strategies being compared, 
and the outcome measures were clearly described.
The perspective of the analysis was clearly stated.
The form of economic evaluation was stated.
Data collection
The sources of effectiveness estimates and treatment costs 
were described.
The design and results of the effectiveness were given.
The primary outcome measures for the economic evaluation 
were clearly described.
Methods to value health states and utility values were stated.
Characteristics of the participants included in the cost-
effectiveness analysis were described.
Currency and price data are recorded.
Analysis and interpretation of results
Time horizon of costs and benefits were stated (i.e., 8, 16 and 
24 weeks).
Incremental analyses and probability of being cost-effective 
were reported.
Details of statistical tests and confidence intervals were given.
Major outcomes are presented in a disaggregated as well as 
aggregated form.
The answer to the study question was given.
Conclusions follow from the data reported and were 
accompanied by the appropriate caveats.

The research question, economic importance of the research 
question, and rationale for choosing alternative interventions 
compared were unclear.
To estimate the cost-effectiveness of the intervention is not of 
the primary objectives of this study.
The “cost-effectiveness” analysis probably was a “cost-utility” 
analysis.
Quantities of resource were not reported separately from their 
unit costs.
Methods for estimation of quantities and unit cost were not 
described.
Details of currency of price adjustments for inflation or currency 
conversion were not given.
Measures of intervention effectiveness were taken from 
a single RCT rather than a synthesis or meta-analysis of 
estimates from multiple sources.
No discount rate was applied.
Deterministic sensitivity analyses were performed but not 
clearly described.
The time horizon of costs and benefits were short (up to 24 
weeks) by considering the duration of the nonhealing venous 
leg ulcers.
The findings of this UK-NHS based study may not be 
generalizable to the Canadian health system.

NHS = National Health Service.
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Table 7: Strengths and Limitations of Guidelines Using AGREE II19

Item IWGDF (2023)31 PROSPECT (2021)32

Domain 1: scope and purpose

	1.	  The overall objective(s) of the guideline is 
(are) specifically described.

Yes Yes

	2.	  The health question(s) covered by the 
guideline is (are) specifically described.

Yes Not explicit but implied

	3.	  The population (patients, public, etc.) to 
whom the guideline is meant to apply is 
specifically described.

Not explicit but implied Yes

Domain 2: stakeholder involvement

	4.	  The guideline development group includes 
individuals from all relevant professional 
groups.

Yes Not explicit but implied yes

	5.	  The views and preferences of the target 
population (patients, public, etc.) have 
been sought.

Yes Unclear

	6.	  The target users of the guideline are 
clearly defined.

Yes Yes

Domain 3: rigour of development

	7.	  Systematic methods were used to search 
for evidence.

Yes Yes

	8.	  The criteria for selecting the evidence are 
clearly described.

Yes Not explicit but implied

	9.	  The strengths and limitations of the body 
of evidence are clearly described.

Yes Yes

	10.	 The methods for formulating the 
recommendations are clearly described.

Yes Yes

	11.	 The health benefits, side effects, and risks 
have been considered in formulating the 
recommendations.

To some extent but lacked details. To some extent but lacked details.

	12.	 There is an explicit link between the 
recommendations and the supporting 
evidence.

Yes Unclear

	13.	 The guideline has been externally 
reviewed by experts before its publication.

Yes Yes

	14.	 A procedure for updating the guideline is 
provided.

Yes No

Domain 4: clarity of presentation

	15.	 The recommendations are specific and 
unambiguous.

Yes No
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Item IWGDF (2023)31 PROSPECT (2021)32

	16.	 The different options for management of 
the condition or health issue are clearly 
presented.

Yes Yes

	17.	 Key recommendations are easily 
identifiable.

Yes Yes

Domain 5: applicability

	18.	 The guideline describes facilitators and 
barriers to its application.

No No

	19.	 The guideline provides advice and/or tools 
on how the recommendations can be put 
into practice.

No No

	20.	 The potential resource implications of 
applying the recommendations have been 
considered.

No No

	21.	 The guideline presents monitoring and/or 
auditing criteria.

No No

Domain 6: editorial independence

	22.	 The views of the funding body have not 
influenced the content of the guideline.

Yes Yes

	23.	 Competing interests of guideline 
development group members have been 
recorded and addressed.

Yes Conflicts of interest were declared 
but it was unclear how they were 
addressed. Several authors had 

received grants or consultation fees 
from industries.a

AGREE II = Appraisal of Guidelines for Research and Evaluation II.
aPfizer, Baxter, Pacira, Sintetica, Grunenthal, Vifor Pharma, MSD, Nordic Pharma, Janssen Pharmaceuticals, Heron Therapeutics, Mundipharma, Grunenthal, Janssen-Cilag 
GmbH, Fresenius Kabi and AcelRx.
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Appendix 4: Main Study Findings
Note that this appendix has not been copy-edited.

Table 8: Summary of Findings by Outcome — Wound Surface Area
Author (year) and 
study design

Number of 
studies Statistics

Effect size/
description

Population/
subgroup P Notes

Relative WSA reduction from baseline

Girgis et al. (2023)25

Systematic review 
with 11 articles: 
8 RCTs and 3 
observational 
studies

9 Pooled MD 
(95% CI)

32.97% (21.86% to 
44.07%)

Pressure ulcer < 0.001 Intervention vs. 
control at 20 days to 
12 weeks

7 Pooled MD 
(95% CI)

33.76% (21.38% to 
46.15%)

Pressure ulcer < 0.001 Intervention vs. 
control at 4 to 8 
weeks (GRADE: very 
low)

Chen et al. (2023)26

Systematic review 
with 17 RCTs

8 Pooled MD
(95% CI)

29.7% (22.43% to 
36.98%)

Pressure ulcer < 0.001 Intervention vs. 
control

Zheng et al. 
(2022)27

Study design: 
systematic review 
of 8 RCTs and 
quasi-experimental 
studies

7 Pooled SMD
(95% CI)

2.56 (1.43 to 3.69) Diabetes-related 
ulcers ulcer

< 0.001 Intervention vs. 
control

5 Pooled SMD
(95% CI)

3.01 (1.62 to 4.39) Pulsed current 
subgroup

NR No statistical 
difference

2 Pooled SMD
(95% CI)

1.45 (0.86 to 2.04) Direct current 
subgroup

NR

NR Pooled SMD
(95% CI)

1.58 (1.03 to 2.13) Leg ulcers 
subgroup

NR No statistical 
difference

NR Pooled SMD
(95% CI)

2.41 (0.88 to 3.94) Foot ulcers 
subgroup

NR

Raw WSA (cm2)

Chen et al. (2023)26

Systematic review 
with 17 RCTs

11 
(overall)

Pooled MD
(95% CI)

−1.76 (−3.24 to 
–0.28)

Pressure ulcer < 0.001 Intervention vs. 
control

8 (pulsed 
current 

subgroup)

Pooled MD
(95% CI)

−3.83 (−4.71 to 
–2.95)

Pressure ulcer NR Interaction P < 0.001
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Author (year) and 
study design

Number of 
studies Statistics

Effect size/
description

Population/
subgroup P Notes

2 (direct 
current 

subgroup)

Pooled MD
(95% CI)

−2.67 (−4.40 to 
–0.95)

Pressure ulcer NR —

Avendano-Coy et al. 
(2022)29

Study design: 
systematic review 
of 7 RCTs

3 Pooled MD
(95% CI)

−4.86 (−11.02 to 
1.30)

All types of wounds 0.12 Intervention vs. 
control (GRADE: 
moderate)

3 Pooled MD
(95% CI)

−8.26 (−10.52 to 
−6.01)

Control comparator 
subgroup

< 0.001 Interaction P < 0.001

1c Pooled MD
(95% CI)

−1.30 (−3.48 to 
0.88)

NPWT comparator 
subgroup

0.24

2 Pooled MD
(95% CI)

−5.64 (−24.84 to 
13.56)

Chronic wounds 
subgroup

0.56 Interaction P = 0.94

1 Pooled MD
(95% CI)

−4.79 (−11.65 to 
2.07)

Acute wounds 
subgroup

0.17

Qualitative summaries

Szołtys-Brzezowska 
et al. (2023)24

Study design: 
systematic review 
of 16 RCTs

9 NR “WSA decreased 
more in the EGS 
treated with 
HVMPC than in the 
CGs. (p. 294)”

Pressure Injuries NR Details of each RCT 
were available in the 
result section.

CI = confidence interval; CGs = control groups; EGs = electrical stimulation groups; RR = risk ratio; NPWT = negative pressure wound therapy; NR = not reported; RCTs = 
Randomized controlled trials; MD = mean difference; SMD = standardized mean difference; WSA = wound surface area.

Table 9: Summary of Findings by Outcome — Rate of Complete Healing
Author (year) and 
study design

Number of 
studies Statistics Effect size Population/subgroup P Notes

Girgis et al. (2023)25

Systematic review 
with 11 articles: 
8 RCTs and 3 
observational 
studies

2 Pooled RR
(95% CI)

1.43 (0.92 to 2.24) Diabetic ulcers 0.30 Intervention vs. 
control

8 Pooled RR
(95% CI)

2.08 (1.42 to 3.04) Pressure ulcer 0.0002 Intervention vs. 
control (GRADE: 
moderate)

Chen et al. (2023)26

Systematic review 
with 17 RCTs

9 Pooled RR
(95% CI)

1.79 (1.09 to 2.92) Pressure ulcers 0.02 Intervention vs. 
control

8 Pooled RR
(95% CI)

2.09 (1.22 to 3.58) Pulsed current 
subgroup

0.007a Interaction P = 0.02



CADTH Health Technology Review

Electrostimulation Devices for Wounds� 39

Author (year) and 
study design

Number of 
studies Statistics Effect size Population/subgroup P Notes

1 Pooled RR
(95% CI)

0.72 (0.34 to 1.53) Direct current 
subgroup

0.39a

Avendano-Coy et al. 
(2022)29

Systematic review 
with 7 RCTs

2 Pooled RR
(95% CI)

2.04 (0.43 to 9.73) All types of wounds 0.37 Intervention vs. 
control (GRADE: very 
low)

CI = confidence interval; GRADE = Grading of Recommendations, Assessment, Development and Evaluation; NR = not reported; RCT = Randomized controlled trial; RR = risk 
ratio.

Table 10: Summary of Findings by Outcome — Rate of Nonhealing or Worsened Wounds
Author (year) and 
study design

Number of 
studies Statistics Effect size Population/subgroup P Notes

Rate of nonhealing wounds

Zheng et al. 
(2022)27

Study design: 
systematic review 
of 8 RCTs and 
quasi-experimental 
studies

4 Pooled RR
(95% CI)

0.72 (0.54 to 0.96) Diabetic ulcer NR Intervention vs. 
control

NR Pooled RR
(95% CI)

0.36 (0.13 to 0.99) Leg ulcers subgroup NR No statistical 
difference

NR Pooled RR
(95% CI)

0.71 (0.47 to 1.07) Foot ulcers 
subgroup

NR

Rate of worsened wounds

Girgis et al. 
(2023)25

Systematic review 
with 32 articles: 
17 RCTs and 15 
observational 
studies

5 Pooled RR
(95% CI)

0.18 (0.06 to 0.60) diabetic ulcer 0.005 Intervention vs. 
control (GRADE: 
moderate)

CI = confidence interval; GRADE = Grading of Recommendations, Assessment, Development and Evaluation; NR = not reported; RCT = randomized controlled trial; RR = risk 
ratio.

Table 11: Summary of Findings by Outcome — Time to Complete Wound Healing
Author (year) and 
study design

Number of 
studies Statistics Effect size

Population/
subgroup P Notes

Time to complete wound healing (number of days)

Avendano-Coy et 
al. (2022)29

Study design: 
systematic 
review of 7 RCTs

4 Pooled MD
(95% CI)

−5.13 (−9.40 to 
−0.87)

All types of 
wounds

0.02 Intervention vs. 
control (GRADE: low)

4 Pooled MD
(95% CI)

−7.04 (−11.93 to 
−2.14)

Control 
comparator 
subgroup

< 0.001 Interaction P = 0.01
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Author (year) and 
study design

Number of 
studies Statistics Effect size

Population/
subgroup P Notes

1a Pooled MD
(95% CI)

2.00 (−3.08 to 7.08) NPWT comparator 
subgroup

0.24

3 Pooled MD
(95% CI)

−2.93 (−6.50 to 0.65) Acute wounds 
subgroup

0.11 Interaction P < 0.001

1 Pooled MD
(95% CI)

−27.00 (−39.41 to 
−14.59)

Chronic wounds 
subgroup

0.02

Melotto et al. 
(2022)28

Study design: 
systematic 
review of 5 
RCTs and 2 
observational 
studies

1 RCT 
(Peters et 

al.)

Healing time 
(weeks)

Intervention: 6.8 
± 3.4 weeks

Control: 6.9 ± 2.8 
weeks

MD: 0.1 weeks

Diabetic ulcers No 
statistical 

significance

Burdge et al. found 
an average healing 
time for intervention 
was 14.2 ± 9.8 
weeks.

CI = confidence interval; GRADE = Grading of Recommendations, Assessment, Development and Evaluation; RCT = randomized controlled trial; MD = mean difference; 
NPWT = negative pressure wound therapy.
aThe study provided data for both control comparator and NPWT comparator.

Table 12: Summary of Findings by Outcome — Pain
Author (year) and 
study design

Number of 
studies Statistics Effect size/description P Notes

Pain score

Avendano-Coy et 
al. (2022)29

Study design: 
systematic review 
of 7 RCTs

4 Pooled MD
(95% CI)

−1.42 (−2.65 to −0.19) 0.02 Intervention vs. 
control (GRADE: 
low)

Borges et al. 
(2023)23

Systematic review 
with 11 articles: 
8 RCTs and 3 
observational 
studies

4 NR “Improvements in pain were reportedly much 
higher in the intervention groups than in the 
control groups. (p. 5)”

NR NA

1 (Guest et 
al.)

NR “A significant reduction in pain at 12 months after 
starting EST. (p. 5)”

0.001 Before-after

1 (Ovens 
et al.)

NR “Substantial pain reduction in 84% of patients 
within 2 weeks after beginning EST. (p. 5)”

NR Before-after

Girgis et al. 
(2023)25

Systematic review 
with 32 articles: 17 
RCTs and 15 

5 NR “Similar pain improvement in both the treatment 
and control groups was found in two studies.
Early reduction in postoperative wound pain was 
observed following HVMPC intervention.
Another study also concluded that HVMPC 

NR GRADE: very low
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Author (year) and 
study design

Number of 
studies Statistics Effect size/description P Notes

observational 
studies

intervention reduced pain in patients with chronic 
ulcers.
Treatment was discontinued following a 
complaint of increased pain by a patient who had 
severe Raynaud's syndrome. (p. 177)”

Table 13: Summary of Findings by Outcome — Exudate Levels
Author (year) and 
study design

Number of 
studies Statistics Effect size/description Population P Notes

Borges et al. 
(2023)23

Systematic review 
with 11 articles: 
8 RCTs and 3 
observational 
studies

1 NR “After EST, the patients’ 
exudate levels 
decreased compared 
with the controls. (p. 4)”

Patients with VLU who 
have been without 
surgery

NR No

2 NR “The exudate levels 
were similar between 
EST and control. (p. 4)”

Patients with VLU 
who had undergone 
surgery

NR No

2 case 
series

NR “Patients’ exudate levels 
were also reduced after 
EST. (p. 5)”

Patients with VLU 
with unclear surgical 
status

NR Before-after

EST = electric stimulation therapy; GRADE = Grading of Recommendations, Assessment, Development and Evaluation; NR = not reported; VLU = venous leg ulcer.

Table 14: Summary of Findings by Outcome — Adverse Events
Author (year) and 
study design

Number of 
studies Statistics Effect size/description P Notes

Avendano-Coy et 
al. (2022)29

Study design: 
systematic 
review of 7 RCTs

3 Pooled RD
(95% CI)

0.05 (−0.06 to 0.17) 0.34 Intervention vs. 
control (GRADE: 
moderate)

Chen et al. 
(2023)26

Systematic 
review with 17 
RCTs

3 NR Gary et al. (1991)
“The only adverse events were the 
occurrence of uncomfortable sensation in 
both groups. (p. 9)”
Adunsky et al. (2005)
“Patients got excessive granulation of the 
treated PUs in young participants in generally 
good conditions. (p. 9)”
Houghton et al. (2010)
“Adverse effects were minor and rare. (p. 
10)”

NR Three of 13 RCTs 
reported adverse 
effects.

Borges et al. 
(2023)23

Systematic 

1 (Guest et 
al.)

NR Adverse events include infection, skin rash, 
pain, wound deterioration.

NR No
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Author (year) and 
study design

Number of 
studies Statistics Effect size/description P Notes

review with 
11 articles: 8 
RCTs and 3 
observational 
studies

EST: 23%
Placebo: 15%

Szołtys-
Brzezowska et 
al. (2023)24

Study design: 
systematic 
review of 16 
RCTs

16 NR “In the 16 RCTs reviewed, ES had no adverse 
effects on the patients treated. (p. 300)”

NR No

Girgis et al. 
(2023)25

Systematic 
review with 
32 articles: 17 
RCTs and 15 
observational 
studies

NR NR “Many of the identified studies did not report 
on adverse reactions. No adverse reactions 
were observed in a number of studies. Other 
studies, however, documented minor and 
rare reactions such as red, raised, itchy skin 
beneath the dispersive electrode that was 
attributed to contact dermatitis, and was 
resolved by using a non-adhesive carbon 
electrode, or applying hydrocortisone 2.5% 
ointment to the affected area for 1–2 weeks. 
(p. 178)”
Other adverse reactions: complaints of 
stimulation intensity, increased pain (in a 
patient with severe Raynaud's syndrome).

NR GRADE: low

CI = confidence interval; EST = Electric stimulation therapy; GRADE = Grading of Recommendations, Assessment, Development and Evaluation; NR = not reported; RCT = 
randomized controlled trial; RR = risk ratio; RD = risk difference.

Table 15: Summary of Findings by Outcome — Other Healing Outcomes
Author (year) and 
study design

Number of 
studies Statistics Effect size/description P Notes

Percentage of wounds healed

Melotto et al. 
(2022)28

Study design: 
systematic 
review of 5 
RCTs and 2 
observational 
studies

1 RCT 
(Peters et 

al.)

Percentage Intervention: 71%
Control: 39%

< 0.05 Week 12

1 RCT 
(Lundeberg 

et al.)

Percentage Intervention: 42%
Control: 15%

< 0.05 Week 12
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Author (year) and 
study design

Number of 
studies Statistics Effect size/description P Notes

1 RCT 
(Lundeberg 

et al.)

Percentage Intervention: 25%
Control: 11%

< 0.05 Week 8

1 RCT 
(Lundeberg 

et al.)

Percentage Intervention: 12%
Control: 7%

NR Week 4

1 RCT 
(Lundeberg 

et al.)

Percentage Intervention: 0%
Control: 4%

NR Week 2

Composite healing outcomes

Borges et al. 
(2023)23

Systematic 
review with 
11 articles: 8 
RCTs and 3 
observational 
studies

5 RCTs NR “Improvement in at least one VLU healing 
outcome after EST compared with the 
control groups. (p. 4)”

NR statistically 
significant

3 RCTs NR “Improvement in VLU healing outcomes 
observed in the patients who received EST. 
(p. 4)”

NR No statistically 
significant

2 RCTs NR “EST appeared to be an efficient method 
of enhancing healing compared with the 
control groups. (p. 4)”

NR Only for patients who 
had not undergone 
surgical treatment 
of VLU

3 case 
series

NR “Improvement in the VLU healing outcomes 
after EST (p. 4)”

NR Before-after 
comparison

4 NR “EST produced faster healing or led to 
accelerated wound closure compared with 
the control groups (p. 4)”

NR NA

Szołtys-
Brzezowska et 
al. (2023)24

Study design: 
systematic 
review of 16 
RCTs

NR NR “Electrical stimulation also accelerated 
PI healing, stimulated granulation tissue 
growth, and improved periwound skin 
blood flow. (p. 294)”

NR The electrical 
stimulation used 
HVMPC.

1 (Gentzkow 
et al.)

NR “Over 4 weeks of treatment, twice as many 
PIs in the ES group healed as in the CG. (p. 
298)”
Intervention group: 49.8%
Control group: 23.4%

0.042 The electrical 
stimulation used 
LVMPC.
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Author (year) and 
study design

Number of 
studies Statistics Effect size/description P Notes

1 (Wood et 
al.)

NR “Compared with 25 PIs (58%) that healed 
completely in the ES group, only 1 PI (3%) 
closed in the CG. Whereas 10 PIs in the CG 
increased in size, no PIs increased in size 
in the ES group. (p. 298)”

NR The electrical 
stimulation used 
LVMPC.

1 (Jerčinović 
et al.)

NR “the mean daily healing rate was not 
significantly different between the ES and 
the CG. (p. 299)”
Intervention group: 5.7%
Control group: 2.7%

> 0.05 The electrical 
stimulation used 
LVBPC.

1 (Karba et 
al.)

NR “the mean wound healing rate in the ES 
was statistically significantly greater than 
in the CG. (p. 298)”

< 0.05 The electrical 
stimulation used 
LVBPC.

1 (Baker et 
al.)

NR “The mean weekly rates of PI area 
reduction calculated for all wounds in 
ES1, ES2, ES3, and CG were 36.4%, 29.7%, 
23.3%, and 32.7%. (p. 299)”
ES1: rectangular asymmetrical pulses, 100 
μs, 50 pps, 7 seconds on and 7 seconds 
off.
ES2: rectangular symmetrical pulses, 300 
μs, 50 pps, 7 seconds on and 7 seconds 
off.
ES3: 4 mA, 10 μs, 1 pps, 7 seconds on and 
7 seconds off.

> 0.05 The electrical 
stimulation used 
LVBPC.

1 (Adunsky 
and Ohry et 

al.)

NR “An absolute wound area reduction and a 
relative wound area reduction (percentage 
change in wound area from baseline) 
obtained after 6 weeks of treatment (45 
days) favored the ES group: mean wound 
area decreased by 44% compared with 14% 
in the CG. Thereafter, the groups’ healing 
rates were similar. A logistic regression 
analysis determined that the probability 
of all wounds healing was greater for the 
ES than for the CG (odds ratio, 1.6; 95% CI, 
0.4–4.73). (p. 299)”

NR The electrical 
stimulation used 
Low-Intensity DC.

Melotto et al. 
(2022)28

Study design: 
systematic 
review of 5 
RCTs and 2 
observational 
studies

1 RCT (Baker 
et al.)

Percentage “a statistically significant weekly healing 
rate increase. (p. 1923)”
Asymmetric biphasic intervention: 27.0%
Symmetric biphasic intervention:16.4%
Control group (sham intervention): 17.3%

< 0.05 No
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Author (year) and 
study design

Number of 
studies Statistics Effect size/description P Notes

5 RCTs NA “Although none of the RCTs presented 
a statistically significant healing rate 
improvement after 2 weeks from the 
beginning of the ES intervention compared 
with the CG, the healing rate reported after 
2 weeks in all the selected studies is higher 
in the IG compared with the CG. (p. 1923)”

NA No

Other patients report outcomes

Girgis et al. 
(2023)25

Systematic 
review with 
32 articles: 17 
RCTs and 15 
observational 
studies

Edema and 
function

NA “Reduced oedema and improved function 
were noted following HVMPC intervention 
in one study. (p. 177)”

NA Omar et al.

Quality of 
life

NA “No significant differences in quality of life 
were observed in one study. (p. 177)”

NA Ortiz et al.

Recurrence 
or 

development 
of new 
ulcers

NA “One study documented recurrence or 
development of new ulcers, within 4 
months of complete healing, in eight 
subjects in each group. (p. 177)”

NA Houghton et al.

Amputation NA “Two patients, who had pre-existing 
contralateral major amputation and 
received HVMPC, underwent amputation in 
one study. (p. 177)_”
“Two major amputations in the treatment 
group, compared with three in the control 
group, were reported in another study. (p. 
177)”

NA Goldman et al. 
(2002) and Goldman 
et al. (2003).

CG = control group; CI = confidence interval; ES = electric stimulation; EST = electric stimulation therapy; HVMPC = high-voltage monophasic pulsed current; IG = 
intervention group; NA = not applicable; NR = not reported; PI = Pressure Injuries; RCT = randomized controlled trial; VLU = venous leg ulcer.
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Table 16: Summary of Findings by Outcome — Other Outcomes
Author (year) and 
study design Outcomes Effect size/description Notes

Girgis et al. 
(2023)25

Systematic 
review with 
32 articles: 17 
RCTs and 15 
observational 
studies

Edema and function “Reduced oedema and improved function were noted 
following HVMPC intervention in one study. (p. 177)”

Omar et al.

Quality of life “No significant differences in quality of life were 
observed in one study. (p. 177)”

Ortiz et al.

Recurrence or 
development of new 
ulcers

“One study documented recurrence or development of 
new ulcers, within 4 months of complete healing, in eight 
subjects in each group. (p. 177)”

Houghton et al.

Amputation “Two patients, who had pre-existing contralateral 
major amputation and received HVMPC, underwent 
amputation in one study. (p. 177)_”
“Two major amputations in the treatment group, 
compared with three in the control group, were reported 
in another study. (p. 177)”

Goldman et al. (2002) 
and Goldman et al. 
(2003).

CI = confidence interval; NA = not applicable; NR = not reported; RR = risk ratio; RD = risk difference; DC = direct current; DW = degenerate wave current; HVPC = high-
voltage pulsed current; HVMPC = high-voltage monophasic pulsed current; LVMPC = low-voltage monophasic pulsed current; LVBPC = low-voltage monophasic pulsed 
current; NA = not applicable; NPWT = negative pressure wound therapy; NR = not reported; PC = pulsed current; SWC = standard wound care; WSA = wound surface area.

Table 17: Summary of Findings of Included Economic Evaluation
Main study findings Authors’ conclusion

Guest et al. (2018)30

Mean NHS cost per patient at 8 weeks
•	EAE: £1,474

•	Placebo: £1,250
Mean NHS cost per patient at 16 weeks
•	EAE: £2,655

•	Placebo: £2,544
Mean NHS cost per patient at 24 weeks
•	EAE: £3,208

•	Placebo: £3,399
Mean number of QALYs per patient at 8 weeks
•	EAE: 0.748

•	Placebo: 0.698
Mean number of QALYs per patient at 16 weeks
•	EAE: 0.746

•	Placebo: 0.697
Mean number of QALYs per patient at 24 weeks
•	EAE: 0.757

•	Placebo: 0.677
Probability of healing at 8 weeks
•	EAE: 0.18

•	Placebo: 0.06

“In conclusion, the study was confounded by unwarranted 
variation in the provision of wound care both within and between 
centres. Nevertheless, the use of the EAE resulted in some 
improved clinical outcomes and patient-reported outcomes for 
the same or less cost as standard care by 24 weeks (p. 242),”
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Main study findings Authors’ conclusion

Probability of healing at 16 weeks
•	EAE: 0.28

•	Placebo: 0.22
Probability of healing at 8 weeks
•	EAE: 0.34

•	Placebo: 0.30
Incremental cost per QALY gained (vs. placebo)
•	8 weeks: £4,480

•	16 weeks: £2,265

•	24 weeks: −£2,388 (dominant)
Incremental cost for each additional healed ulcer (vs. 
placebo)
•	8 weeks: £1,867

•	16 weeks: £1,850

•	24 weeks: −£4,775 (dominant)
Sensitivity analyses
•	Bootstrapping sample from the more cost-effective state 

at 24 weeks being in the bottom right-hand (dominant) 
quadrant.

•	The probability of the EAE being cost-effective (threshold: 
£20,000 per QALY)

	◦ 8 weeks: 88%
	◦ 16 weeks: 91%
	◦ 24 weeks: 92%

EAE = electroceutical device; NHS = National Health Service; QALY = quality-adjusted life-year.

Table 18: Summary of Recommendations in Included Guidelines
Recommendations and supporting evidence Quality of evidence and strength of recommendations

IWGDF (2023)31

“Do not use any interventions reported in the field of physical 
therapies for wound healing in the management of diabetes-
related foot ulcers. (p. 20)” (Recommendation 15)
Physical therapies include electrical or electromagnetic 
stimulation and other therapies such as heat application, 
therapeutic ultrasound, compression, light and laser 
treatment, Extracorporeal Shock Wave Therapy ischemic 
preconditioning, therapeutic magnetic resonance, and 
connective tissue manipulation.
Relevant supporting evidence:
“We identified six studies investigating the use electrical or 
electromagnetic stimulation on some of our outcomes of 
importance. (p. 20)”

Strong recommendation (GRADE) based on low certainty of 
evidence.
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Recommendations and supporting evidence Quality of evidence and strength of recommendations

Roofthooft et al. (2021)32

“Consider the use of transcutaneous electrical nerve 
stimulation as an analgesic adjunct. (p. 666)” in postoperative 
pain management for patients undergoing elective caesarean 
section performed under neuraxial anaesthesia.
Relevant supporting evidence:
“Several investigators reported on the beneficial effects of 
transcutaneous electrical nerve stimulation on pain scores, 
rescue analgesia use and patient satisfaction. (p. 671)”

Strength of recommendations: Grade A in PROSPECT 
methodology based on systematic reviews or RCTs.35

Quality of evidence: unclear

GRADE = Grading of Recommendations, Assessment, Development and Evaluation; IWGDF = International Working Group on the Diabetic Foot; PROSPECT = procedure-
specific postoperative pain management
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Appendix 5: Overlap Between Included Systematic Reviews
Note that this appendix has not been copy-edited.

Table 19: Overlap in Relevant Primary Studies Between Included Systematic Reviews

Primary study citation

Borges 
et al. 

(2023)23

Szołtys-
Brzezowska et 

al. (2023)24

Girgis 
et a. 

(2023)25

Chen 
et al. 

(2023)26

Zheng 
et al. 

(2022)27

Melotto 
et al. 

(2022)28

Avendano-
Coy et al. 
(2022)29

Zulbaran-Rojas A, Park C, et al. J Diabetes 
Sci Technol. 2021; 19322968211035100
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Appendix 6: Patient Involvement
Note that this appendix has not been copy-edited.

Table 20: Summary of Patient Involvement Using the Guidance for Reporting 
Involvement of Patients and the Public (Version 2) Short Form Reporting Checklist21

Section and topic Item Report section

Aim A patient living with quadriplegia who had used an electrostimulation 
device for the treatment of a pressure ulcer was engaged during the 
writing of this report. He shared his experience, thoughts, perspectives, 
and priorities to help contextualize the information gathered from 
the literature search. The purpose of the engagement was to offer 
a unique perspective of the treatment to allow for a more nuanced 
understanding of the literature and to add context to the findings 
reported in the literature.

Key Messages

Methods A request for engagement was disseminated through both social 
media and a relevant patient advocacy group, and an interested 
individual was identified.
After giving informed consent, the patient participated in a 
semistructured dialogue with a Patient Engagement Officer and the 
Research Officer authoring this report via a 1-hour video call.
A summary of the engagement discussion was prepared by the Patient 
Engagement Officer and shared with the patient, who confirmed 
that the contents reflected his experience and the discussion. This 
summary was subsequently shared with the Research Officer, who was 
able to refer to it while considering the evidence compiled during the 
literature search.

Methods

Results of engagement The researchers were made aware of the importance of 2 specific 
outcomes that mattered to the patient. In particular, the patient 
identified the need for avoiding surgery and hospitalization. He also 
raised issues for consideration, including the accessibility of devices, 
the need for training on the device for home therapy, and the need for 
adoption by home care providers.

Key Messages, summary 
of findings, limitation

Discussion and conclusions The patient contributor was highly engaged in the dialogue, openly 
sharing his personal experience living with a wound and his treatment 
experience with an electrostimulation device.
He reported a high degree of satisfaction with the electrostimulation 
therapy, stating that he did not experience noticeable side effects. 
He recommended that other people with wounds could benefit from 
electrostimulation.
He appreciates that electrostimulation therapy enabled him to avoid a 
flap surgery and its associated hospitalization for recovery. He prefers 
minimizing time spent in hospital whenever possible.
The patient reported barriers to access, including the cost of 
purchasing the device, availability of the devices, access to training on 
how to use the device, and the need for home care nurses to be trained 
on how to administer treatment to those without family members who 
can apply the electrodes, etc.

Conclusion and 
implications
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Section and topic Item Report section

Reflections/critical 
perspective

The success of patient engagement in the review is related to several 
factors. First, the patient was supported by a Patient Engagement 
Officer. Second, the Research Officer was receptive to patient 
involvement and consulted the summary of the engagement during 
their consideration of the clinical evidence. Finally, compensation was 
offered for patient contributor’s time and expertise.
One limitation of our approach is that people need reliable internet 
access and access to a phone, computer, or tablet to contribute to 
CADTH’s work, which may exclude some voices.

NA

NA = not applicable.
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