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Abstract
Introduction  The integration of novel electronic informed consent platforms in healthcare has undergone significant growth 
over the last decade. Adoption of uniform, accessible, and robust electronic online consenting applications is likely to enhance 
the informed consent process and improve the patient experience and has the potential to reduce medico-legal ramifications 
of inadequate consent. A systematic review and meta-analysis was conducted to evaluate the utility of novel electronic means 
of informed consent in surgical patients and discuss its application to neurosurgical cohorts.
Methods  A review of randomised controlled trials, non-randomised studies of health interventions, and single group pre-post 
design studies in accordance with the PRISMA statement. Random effects modelling was used to estimate pooled proportions 
of study outcomes. Patient satisfaction with the informed consent process and patients’ gain in knowledge were compared 
for electronic technologies versus non-electronic instruments. A sub-group analysis was conducted to compare the utility 
of electronic technologies in neurosurgical cohorts relative to other surgical patients in the context of patient satisfaction 
and knowledge gain.
Results  Of 1042 screened abstracts, 63 studies were included: 44 randomised controlled trials (n = 4985), 4 non-randomised 
studies of health interventions (n = 387), and 15 single group pre-post design studies (n = 872). Meta-analysis showed that 
electronic technologies significantly enhanced patient satisfaction with the informed consent process (P < 0.00001) and 
patients’ gain in knowledge (P < 0.00001) compared to standard non-electronic practices. Sub-group analysis demonstrated 
that neurosurgical patient knowledge was significantly enhanced with electronic technologies when compared to other surgi-
cal patients (P = 0.009), but there was no difference in patient satisfaction between neurosurgical cohorts and other surgical 
patients with respect to electronic technologies (P = 0.78).
Conclusions  Novel electronic technologies can enhance patient satisfaction and increase patients’ gain in knowledge of 
their surgical procedures. Electronic patient education tools can significantly enhance patient knowledge for neurosurgical 
patients. If used appropriately, these modalities can shorten and/or improve the consent discussion, streamlining the surgical 
process and improving satisfaction for neurosurgical patients.
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Abbreviations
CDs	� Compact discs
DEF	� Data extraction form
HIC	� High-income country
IC	� Informed consent
LMIC	� Low- and middle-income countries
MCQs	� Multiple-choice questions
NHLBI	� National Heart, Lung, and Blood Institute
NSRIs	� Non-randomised studies of healthcare 

interventions
PPD	� Pre-post design
PRISMA	� Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses
RCTs	� Randomised controlled trials
SM	� Supplementary materials
SMD	� Standardised mean difference

Introduction

Providing patients with easy-to-understand information 
about a recommended procedure, and subsequently request-
ing permission from them, is the ethical and legal obligation 
of the modern-day clinician [22]. This protocol, defined as 
informed consent (IC), enables patients to exercise auton-
omy and participate in their medical care [32]. IC seeks to 
balance the doctor-patient relationship by providing a legal 
framework to protect both the patient from harm and the 
doctor from litigation [41]. It is an explicit authorisation 
provided by the patient to assent (consent) or dissent (refuse) 
a healthcare intervention offered by their physician. Empow-
ering patients to participate in the IC process and engage in 
shared decision-making has become the gold standard of 
patient care in recent years [19, 73].

According to the UK Department of Health’s guidance 
on eliciting consent, a valid IC process includes not only the 
disclosure of information to patients but also its comprehen-
sion by them [21, 67]. However, there are concerns that the 
current IC process in surgical cases may be suboptimal [35, 
40, 47, 53, 81]. In one study, only a third of participants 
demonstrated sufficient understanding of their operative 
risks [30]. Although suboptimal patient engagement can 
be a direct cause for this, it is largely due to poor disclo-
sure of information by healthcare providers, which reduces 
patient understanding and hinders satisfaction [36, 44]. This 
leads to lower confidence in healthcare providers and affects 
treatment adherence, postoperative recovery, and ultimately 
clinical outcomes [31, 62, 93].

Due to limited time and in the interest of efficient work-
flow, the IC process can be truncated from a robust patient 
education event to a mere signature on a form [13]. Stand-
ardised information sheets can lead to some patients being 
neglected, especially in the presence of low health literacy 

or language barriers, resulting in poor comprehension and, 
thereby, an inadequate IC process [17]. The nature of the 
complex procedures comprising the practice of neurosur-
gery makes the challenge of achieving adequate informed 
consent even greater for neurosurgical patients. Further, 
in neurosurgery decisions regarding surgery, its risks and 
benefits need to be fully understood and weighed up by the 
patient, as it can have life-changing consequences. Neu-
rosurgical patients can also have complex communication 
needs. Electronic consent offers another avenue to ensure 
that informed consent is established, allowing patients to 
take their time to fully understand and acknowledge the 
consent process.

Patient knowledge and patient satisfaction are the two 
predominant metrics used in the existing literature to 
assess the adequacy of the informed consent process. Both 
depend on the instruments utilised to disclose information 
[48]. The tools for information disclosure have evolved in 
the modern digital era. Legacy methods such as written 
instruments (leaflets, brochures) remain in use, but there 
is increasing adoption of novel electronic interventions in 
the form of interactive and non-interactive decision aid 
software, and multimedia aids such as audio recordings, 
videos, and compact discs (CDs) [15, 26]. Electronic tools 
encourage patients to listen and engage with information 
in their own time. The COVID-19 pandemic has been an 
unexpected impetus for the adoption of digital dissemi-
nation of clinically related information in health services 
around the world [8]. Substantial evidence has emerged 
suggesting that these digital modalities have enhanced the 
patient experience and that the value of these electronic 
tools can be greater in certain surgical specialties (such as 
neurosurgery) over others [35].

The purpose of this systematic review and meta-analysis 
is to report on the value of electronic technologies for the 
IC process in surgical patients, with a focus on neurosurgi-
cal cohorts.

Methods

For the purposes of this systematic review, standardised 
definitions for the interventions and comparators were used 
(see Table 1).

Search strategy

The study adhered to the PRISMA and AMSTAR guidelines 
for the design, conduct, and reporting of systematic reviews 
and meta-analyses [68]. A search of original publications 
from the following online bibliographic databases was con-
ducted to find suitable studies: OVID MEDLINE, PubMed, 
Embase, Global Health, and APA PsycInfo.
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The PubMed search strategy consisted of MeSH head-
ings and keywords for “digital interventions”, “consent”, and 
“surgery”, along with related terms linked by the Boolean 
operator “AND”. This strategy was adapted for other data-
bases (see supplemental Table A).

Two reviewers (AKK, FA) independently screened 
titles and abstracts of identified papers in accordance 
with predefined selection criteria. The second stage con-
sisted of full-text retrieval to confirm inclusion eligibil-
ity. Reference lists of identified articles were manually 

searched for additional relevant publications. Studies 
were eligible for inclusion if they satisfied the criteria 
listed in Table 2.

Registration and protocol

The review was registered on PROSPERO (International 
Prospective Register of Systematic Reviews) with the iden-
tification number CRD42022314812.

Table 1   Standardised definitions

IC, informed consent

Type of intervention Definition

Electronic technologies Any intervention that uses electronic or digital means to carry out or support the IC process. This 
includes pre-recorded audio-visual media, decision-making tools, mobile/tablet applications, 
websites, and video/PowerPoint presentations

To detect further differences in outcome, electronic technologies were subdivided into interactive 
and non-interactive modalities. The definitions used for these modalities for the purposes of this 
review are found below

Interactive Any intervention consisting of audio-visual components that require active patient participation. 
These are educational tools with corresponding knowledge assessments in-built into the 
programme

Non-interactive Any intervention that uses audio-visual components but does not require active patient 
participation. This includes pre-recorded videos and speeches

Comparator Any intervention that does not use electronic technologies for IC. This includes standard verbal 
education with health professionals, written information devices such as brochures, and physical 
3-dimensional models

Table 2   List of pre-defined eligibility criteria

* Patients were considered from any surgical speciality, in which invasive procedures involve either penetration of the skin or passage of an 
instrument through an orifice, and for which IC is routinely sought and is a legal requirement
§ Studies were permitted if they used e-consent technologies in addition to standard practice for their intervention arm

PICOS and additional domains Eligibility criteria Notable exclusions

Population Human patients from whom informed consent (IC) was 
sought for surgical procedures*

Patients aged 16 years or older
Patients competent to consent for themselves

Patients < 16 years
Patients without capacity to consent
Patients undergoing medical interventions/procedures

Intervention Electronic technologies to enhance the IC process§
Electronic technologies could be utilised at any stage of 

the IC process from patient education to the signing of 
the consent form

–

Comparator Standard non-electronic means for carrying out the 
informed consent process, e.g., verbal discussions with 
a doctor

–

Outcome Satisfaction—assessed explicitly via questionnaire or 
verbally

Objective gain in knowledge

Anxiety

Study design Prospective design including:
Randomised controlled trials
Non-randomised controlled studies
One-group pre-post evaluation studies

Retrospective designs
Observational studies
Secondary research articles
Anecdotal evidence: case reports and series

Language Written and reported in English –
Date of publication No restrictions –
Availability of article Available as a full-text report Abstract-only reports

Conference presentation extracts



3152	 Acta Neurochirurgica (2023) 165:3149–3180

1 3

Data extraction

Based on the Cochrane Review Group Data Extraction tem-
plate [77], a data extraction form (DEF) was designed to 
collect information relevant to the study outcomes. This was 
tested before use. Variables collected are listed in Table 3. 
Missing/unclear data were noted, and no assumptions about 
the data were made. Three researchers (AKK, FA, and ABS) 
independently implemented the DEF for each study. Dis-
crepancies were resolved through discussions with senior 
authors (ABM, ARS).

Outcomes and outcome measures

The study outcomes, their standardised definitions, and out-
come measures are listed in Table 4. As electronic IC inter-
ventions are primarily designed for patients to use outside 
the standard consultation with their physicians, the study 
outcomes were purposefully patient-centred, while other 
possible outcomes (e.g., uptake of procedures, complaints, 
and adverse clinical outcomes) were excluded.

Risk of bias assessment

The quality of the included studies was evaluated using the 
National Heart, Lung, and Blood Institute (NHLBI) quality 
assessment tools [37]. Three reviewers (AKK, FA, ABS) 
independently assessed each study using the appropriate 
quality assessment tool and calculated a score for each study, 
scoring them as “good”, “fair”, or “poor” quality. “Good 
quality” studies had the least risk of bias, and the results 
were considered valid. “Fair quality” studies were suscep-
tible to bias but not deemed sufficient to invalidate results. 
“Poor quality” studies had a significant risk of bias that 
likely invalidated the findings. If ratings differed, reviewers 
discussed the article to reach a consensus and, if necessary, 
discussed with senior authors (ABM, ARS).

Data analyses

A table summarising relevant data for each included RCT 
was generated using Review Manager (Cochrane Col-
laboration: Version 5.4) [83]. Studies with unclear/miss-
ing data for the outcomes of interest were excluded from 
meta-analysis. The processes used for data analysis for the 
outcomes are listed in Table 3.

A random effects model was selected for the analysis 
due to the heterogeneity observed in the studies during the 
preliminary research. Studies were grouped according to 
the format of data recorded for patient satisfaction (primary 
outcome) in order to minimise heterogeneity. Forest plots 

were generated for each outcome to illustrate the results. 
Alpha values < 0.05 were considered statistically significant.

The sub-group analyses investigated whether neurosur-
gical cohorts experienced greater satisfaction and gained 
more knowledge when compared to patients of other sur-
gical specialties, in the context of digital modalities of 
information disclosure. Studies reporting their findings 
for patient satisfaction in continuous data format were not 
eligible for the sub-group analyses as all neurosurgical 
studies reported this outcome in categorical data form.

Sensitivity analyses were also conducted to deter-
mine the potential sources of heterogeneity. To assess 
the robustness of the findings, each study was excluded 
one-by-one, and all poor-quality studies were removed. 
Publication bias was assessed via funnel plot analysis for 
outcomes with a sample size > 10.

Results

Study selection

The search yielded 1042 studies, 625 of which were 
screened after duplicates were removed. Some 182 poten-
tially eligible abstracts were identified, and a full review 
led to 44 RCTs, 4 non-randomised studies (NRSI), and 
15 single group pre-post design (PPD) studies. Figure 1 
presents a PRISMA flow chart of this process.

Study characteristics

Tables 5, 6, 7, and 8 summarise the characteristics of the 
included studies (including surgical disciplines, digital 
modalities tested, and outcome measures used). All arti-
cles included participants with competence to consent.

RCTs

A total of 4985 patients were randomised across 44 RCTs. 
Individual studies ranged from 11 to 393 participants. 
Forty-two articles [1, 6, 7, 9, 11, 12, 18, 20, 23–25, 27, 
33, 39, 40, 42, 46, 52, 55, 58, 61–63, 65, 72, 75, 76, 
78, 79, 82, 85, 86, 90, 91, 94, 95] included participants 
who could consent for themselves. The rest (n = 2) [10, 
16] included parents who consented on behalf of their 
children who were undergoing surgical procedures. Most 
studies used a two-arm parallel RCT design (n = 39) [1, 
6, 7, 9, 13, 14, 16, 20, 23, 24, 33, 39, 40, 46, 52, 55, 59, 
62, 63, 65, 72, 75, 76, 78, 79, 82, 85, 86, 90, 91, 94, 
95] to compare a purpose-built digital intervention for 
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the IC process with control groups receiving traditional 
non-electronic IC practice. Two of these 39 RCTs imple-
mented a cross-over design where participants served as 
their own controls [61, 91]. The remaining five studies 
were three-arm parallel RCTs [18, 25, 27, 42, 58], four of 
which compared their digital intervention against two dif-
ferent forms of non-electronic traditional means, namely 
standard verbal discussions, written brochures, and sim-
ple 3D diagrams/models [18, 27, 42, 58]. The remain-
ing three-arm study compared two different electronic 
technologies for IC, namely an interactive video program 
and a non-interactive pre-recorded video, against standard 
verbal discussion.

Non‑randomised studies of healthcare interventions 
(NRSIs)

A total of 387 patients participated in the included 4 NRSIs. 
Individual studies ranged from 40 to 187 participants.

One group pre‑post design (PPD) studies

A total of 872 patients participated in the 15 PPD studies. 
Individual studies ranged from 10 to 278 participants.

Interventions

The electronic interventions used in the studies included 
pre-recorded videos (n = 30), menu-driven videodiscs 
(n = 4), computer programs (n = 25), iPad applications 
(n = 2), PowerPoint® presentations (n = 2), patient infor-
mation websites (n = 2), virtual reality (VR) (n = 1), and 
an interactive storybook (n = 1). The interventions were 
divided into interactive (n = 31) and non-interactive 
(n = 32). Interactive electronic interventions were predom-
inantly self-paced computer programs with high-quality 
videos and animated graphics. Some studies used more 
advanced software, such as Tait et al., who used advanced 
2-dimensional (2D) and 3-dimensional (3D) graphic tech-
nology to simulate various physiologic functions to aid 
patient-specific education on their conditions and planned 
procedures. Heller et al. integrated patient testimonials with 
before-and-after photos, while Wollinger et al. used a pro-
gram developed on a touchscreen monitor with headphones, 
with animated 3D figures and modules to divide the infor-
mation provided.

Non-interactive electronic interventions included pre-
recorded videos and PowerPoint presentations, which did not 
require active patient participation, but still included images, 
animations, and authentic surgical footage.

Consenting modalities used in the control arms included 
the standard verbal discussion with the surgeon and written 
materials (n = 59), but in three studies, written information Ta
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was provided alone. One study used physical models during 
consultation with the surgeon to facilitate discussion.

Risk of bias assessment

Tables 6, 7, and 8 illustrate the results of the risk of bias 
assessment.

RCTs

Of the included RCTs, 30 (68.2%) had adequate random-
sequence generation, 16 (36.4%) had satisfactory alloca-
tion concealment, four (9.1%) double-blinded, 16 (36.4%) 
blinded outcome assessors, 38 (86.4%) had low risk of attri-
tion bias, and 20 (45.5%) reported sample size calculations 
and recruited sufficiently to detect differences in outcomes. 
Many items (n = 57, 9.7%) were recorded as unclear due to 
insufficient information reported.

Overall, studies were divided into good (n = 5) [6, 24, 27, 
38, 96], fair (n = 36) [1, 9, 13, 14, 16, 18, 20, 23, 33, 39, 42, 
46, 52, 55, 58, 59, 61, 63, 69, 71, 75, 76, 78, 79, 82, 85, 86, 
90, 91, 94, 95], and poor (n = 3) [25, 60, 65] quality.

Same group PPD studies

Of the 15 PPD studies, ten (66.7%) reported pre-defined 
eligibility criteria and recruited representative participants 
from a defined clinical population. Only three (20.0%) 
enrolled participants met the predetermined eligibility cri-
teria, while seven (46.7%) reported a sample size calculation 
and recruited the required number of participants to give 
confidence in the results. Only one study [67] blinded out-
come assessors. All 15 studies had an attrition rate of < 20%, 
but five (33.3%) did not consider lost-to-follow-up in their 
analysis. Overall, studies were divided into those with fair 
(n = 12) [2, 6, 43, 45, 49, 54, 57, 66, 88] and poor (n = 3) [5, 
29, 34] quality.

Synthesis of results

Findings of the qualitative and quantitative syntheses are 
summarised in Tables 5 and 9, respectively. Sixty-one of 
63 included studies reported the primary outcome, patient 
satisfaction. Forty-eight publications (76.1%) measured the 
secondary outcome, patient knowledge gain [1, 2, 4, 5, 9, 
13, 14, 16, 18, 20, 24, 25, 27, 28, 33, 34, 39, 42, 46, 52, 54, 
55, 59, 62, 63, 65, 66, 71, 75, 76, 78, 79, 82, 85–91, 94, 95]. 

Fig. 1   PRISMA flow diagram 
of search process
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Of the 109 outcomes measured across the 63 publications, 
only 10 (9.2%) were assessed using validated instruments.

Primary outcome: patient satisfaction with the IC process

Questionnaires used to measure patient satisfaction included 
validated instruments, such as the Client Satisfaction Ques-
tionnaire-8 (CSQ-8) [81] (n = 7) [33, 43, 57, 61, 69, 91, 95]. 
This is an instrument used to assess patient satisfaction in 
most clinical settings, in which patients are asked to rate the 
services received from their healthcare provider. It contains 
8 items relating to patient satisfaction, with a maximum of 4 
points per item, leading to a maximum score of 32. One study 
[6] used a scale adapted from the validated 26-item Evalua-
tion du Vecu de l’Anesthesie Generale (EVAN-G) [84].

On the other hand, most studies utilised purpose-built 
measures, such as Likert scales (n = 37) [1, 6, 7, 10, 11, 16, 
18, 20, 23, 25, 27, 34, 39, 40, 42, 45, 46, 49, 51, 54, 55, 
58, 61, 63, 65, 75, 78, 79, 85, 87, 89, 90, 94, 96], 10-cm 
visual analogue scales (n = 9) [2, 6, 7, 71, 76, 86, 88, 92], 
and linear numerical rating scales (n = 6) [9, 12, 24, 28, 51, 
82]. The 10-cm visual analogue scales instructed patients to 
put a dash on a line that was then quantified and tallied by 
computer software.

In contrast, two studies used a single dichotomous ques-
tion aimed at overall satisfaction: “Are you satisfied with the 
IC process?” [29, 66].

Assessments of patient satisfaction were carried out 
at different times, ranging from before the operation to 
6 weeks, 3 months, and 1 year after the operation. The num-
ber of items in the questionnaires to assess patient satisfac-
tion ranged from one to 18, with individual items relating to 
various aspects of electronic interventions, such as appeal, 
comprehensibility, convenience, usefulness, information 
quantity, and duration of intervention.

Secondary outcome: patient knowledge

Outcome measures for patient knowledge were predominantly 
comprehension-based assessments that evaluated information 
retention and recall. These ranged in composition from 5 to 
28 questions and included various formats, such as multiple-
choice questions (MCQs), true/false items, and dichotomous 
(yes/no) questions. They were conducted before and after the 
IC intervention at various time points, ranging from pre-pro-
cedure (baseline) to 3 months and a year after the operation.

Results of quantitative synthesis

For patient satisfaction with the IC process (continuous 
data), meta-analysis showed that electronic IC technolo-
gies significantly improved patient satisfaction compared to 
standard IC practices (P < 0.0001) (Fig. 2).Ta
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Meta-analysis of patient satisfaction with the IC process 
(categorical data) demonstrated that electronic IC technolo-
gies resulted in significantly greater satisfaction compared 
to standard IC practices (OR 1.90; P < 0.00001) (Fig. 3). 
In other words, surgical patients undergoing the IC process 
via electronic tools were 1.9 times more likely to be satis-
fied with their medical procedure and care than those that 
received the traditional IC process.

The studies that reported categorical data for patient sat-
isfaction were also significantly more homogeneous in meth-
odology as demonstrated by an I2 value of 0%. Sub-group 
analysis demonstrated that this significant enhancement of 
patient satisfaction prevailed for neurosurgical studies (OR 
1.84; P < 0.0001) and for non-neurosurgical studies (OR 
1.95; P < 0.00001) (Fig. 3). There were no statistically sig-
nificant differences between the sub-groups (P = 0.78).

For patient knowledge gain (continuous data), meta-
analysis demonstrated that electronic IC technologies were 
significantly superior to traditional IC practices (SMD 
0.63; P < 0.00001) (Fig. 4). Sub-group analysis showed that 
this significant improvement in patient knowledge through 
electronic technologies prevailed for neurosurgical studies 
(SMD 0.91; P < 0.00001) and for non-neurosurgical stud-
ies (SMD 0.59; P < 0.00001) (Fig. 4). Further, there was 
a statistically significant difference between neurosurgical 
and non-neurosurgical studies (P = 0.009), indicating that 
neurosurgical patients benefitted more in knowledge gain 
through digital informed consent modalities when compared 
to non-neurosurgical patients.

Results of qualitative synthesis

For patient satisfaction with the IC process, all studies 
(100%) reported improved satisfaction after electronic 
IC intervention (Table 5). Twenty-two out of 46 studies 
with control groups (47.8%) showed significantly 
greater satisfaction in electronic IC intervention groups 
than in controls. None of the studies showed greater 
satisfaction in control groups than in intervention 
groups. Of 45 studies that reported knowledge gain, 
38 studies (84.4%) reported improved understanding 
following IC interventions. Thirty-four of these 38 studies 
(89.5%) reported significantly greater understanding 
after electronic IC intervention. Of the 47 studies with 
control groups, 39 (83.0%) reported patient knowledge 
gain as an outcome. Of these 39 studies, 18 (46.2%) 
reported significantly higher test scores in electronic IC 
intervention groups than in control.

Results of publication bias and sensitivity analyses

Funnel plot analysis did not demonstrate the presence of 
publication bias, with the spread of effect narrowing as 
the size of the study increased. Sensitivity analyses were 
performed for each outcome by removing each study one 
by one, and then excluding poor-quality studies. The 
removal of any of the studies did not have a disruptive 
effect on the findings, indicating that the pooled results 
were robust.

Fig. 2   Forest plot of studies reporting patient satisfaction (continuous data)
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Discussion

With the progressive digitalization of healthcare, traditional 
means of consent have slowly been replaced by multimedia-aided 
consent, which can include informative videos, interactive anima-
tions, and consent-specific platforms. The results show that this 
‘e-consent’ significantly improves patient satisfaction with the 
IC process and patients’ knowledge gain compared to standard 
consent methods (e.g., patient-surgeon discussion, brochures). 
These outcomes are interlinked, as increased knowledge gained 
during the IC process and greater general understanding of the 
procedure, risks, and treatment options leads to greater satis-
faction. Increased understanding can also reduce preoperative 
anxiety, which directly influences satisfaction. Although these 
are qualitative factors, they were assessed on numerical scales, 
which enabled quantitative analysis of the outcomes.

The aim of this study was to investigate how electronic 
technologies impact the surgical patient’s experience to better 
inform and design a suitable IC process, which is necessary due 

to current suboptimal IC procedures prevalent across surgical 
practice [30]. To design the optimal IC process for neurosur-
gical patients, various patient and non-patient-related factors 
must be considered. Patient-related factors include age, gender, 
educational level, previous medical knowledge, and neurocog-
nition. There is evidence that younger patients with greater 
baseline educational or medical knowledge are more likely to 
understand information presented via electronic means [82, 92].

The biggest non-patient factor influencing patient satisfac-
tion and understanding is the format in which information 
is presented. Services must decide which electronic tools 
should be used, such as animated video explanations, novel 
interactive or non-interactive multimedia, or simple consent 
platforms. For objective knowledge gain, the format in which 
information is presented is crucial, because traditional IC 
means lengthy documents and brochures with medical ter-
minology that are too advanced for most patients. This pro-
cess is not inclusive for patients with lower medical literacy, 
or who are unable to read and digest large amounts of text. 

Fig. 3   Forest plot of studies reporting patient satisfaction (categorical data) and sub-group comparison
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Video and animations, on the other hand, are easy to under-
stand and inclusive for all patients. However, it is important 
to be careful when adopting advanced technologies in a wide-
spread service to ensure that they do not act as an obstacle 
for patients who are inexperienced with technology, do not 
have access to technology, or patients with disabilities [35].

Ultimately, it will be a challenge to implement e-consent in 
low- and middle-income countries (LMIC), with widespread 
unsuitable infrastructure and different cultural views on medi-
cal practice. Different approaches to providing information 
would be needed, and differences in language, literacy rates, 
and health education must be considered. The UK (a high-
income country (HIC)) is home to a prominent multicultural 
society that can face its own challenges, such as different atti-
tudes to technology use and health care, language issues, and 
possibly compliance with reading material. This can lead to 
insufficient knowledge gain, which could be misinterpreted 
as inability to understand, rather than because of cultural 

barriers. Therefore, additional steps must be taken to fully 
integrate e-consent platforms into LMICs and HICs alike.

When considering vulnerable populations, such as 
patients with mental health problems, the disabled and the 
elderly, e-consenting technologies can unintentionally act as 
an obstacle to understanding. Knowledge gain may become 
compromised, and this can be misconstrued as a patient not 
competent to consent.

On the other hand, the greatest advantage of using e-consent 
is its flexibility, which is useful in situations such as during 
the COVID-19 pandemic [8], where physical interaction was 
limited, so information must be communicated effectively and 
safely via alternative methods. Ensuring that patients receive 
the relevant information to make a truly informed decision is 
vital in neurosurgery where patients consent to complex proce-
dures. The reproducibility of e-consent mitigates for time pres-
sures associated with standard verbal IC and has been shown 
to improve patient comprehension [7].

Fig. 4   Forest plot of studies reporting objective gain in knowledge (continuous data) and sub-group comparison
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IC satisfaction

The results demonstrated that patient satisfaction improved 
using electronic IC technologies for surgical patients. This 
was also apparent when used as an adjunct to standard prac-
tice (verbal discussion) [2], and during a cross-over study 
in which participants experienced both processes [91]. 
Although there are some studies that do not show a sig-
nificant increase in patient satisfaction after the intervention 
when examined individually, there is a significant combined 
effect, as shown by the meta-analysis [1, 9, 10, 16, 20, 23, 
27, 42, 46, 63, 69, 71, 75, 78, 82, 86, 87, 89, 90, 92, 95]. Fur-
thermore, as this is a minority of studies, we believe that the 
non-significant results could be due to various factors, such 
as patient demographics (baseline understanding, education 
level, gender), type of surgery, and individual experience 
with technology. Nevertheless, it is important to consider 
personal preferences, as some people may be more suited 
to traditional-personalised consultations with the surgeon. 
Satisfaction can be subjective, but when used to supplement 
IC, technology can lead to a greater patient experience. This 
strengthens patients’ confidence in their healthcare providers 
and influences treatment adherence, postoperative recovery, 
and ultimately clinical outcomes.

Knowledge and understanding

Increased knowledge leads to greater patient autonomy and 
contributes to a shift towards patient-centred care. In the 
past, the comprehensiveness of information disclosed to 
patients was determined by the doctor’s professional judge-
ment. However, the Montgomery ruling [64] challenged 
this notion and stated that doctors should provide their 
patients with all relevant information so that they can make 
an informed decision. This has since influenced British IC 
practice [50, 80]. For this reason, maximum information pro-
vision is crucial to ensure that details (including risks that 
may or may not be relevant) have been communicated to the 
patient in a comprehensible and clear way.

In most cases, electronic IC technologies were more effec-
tive than standard IC practices in improving patient knowl-
edge, understanding, and retention. However, there were 
numerous studies that did not show any significant difference 
[1, 16, 27, 42, 71, 76, 95]. This may be due to small educa-
tional differences in patients. As Rossi et al. [75] reported, 
patients with higher education levels achieved higher test 
scores. Increased baseline knowledge has previously been 
shown to increase understanding, which supports the idea that 
those with higher education, previous surgical experience, or 
independent research on their surgery would influence the 
observed results. More complex surgeries would have more 
content and information to comprehend and retain, posing 
another challenge to the patient. Therefore, the procedure 

itself and the volume of information relating to it can influence 
patient understanding, with more complex surgeries poten-
tially having lower understanding scores. In this case, personal 
consultations are cardinal, as surgeons can identify concerns 
and work with the patient sequentially to clarify information. 
Although digital platforms may not address patient-specific 
issues if used alone, it was clear in studies where electronic 
IC technologies were used, in addition to standard practices, 
that surgeons rated patients in electronic IC intervention arms 
as more knowledgeable (asked more relevant questions, etc.) 
[82, 89]. This creates a setting where clinicians must fill gaps 
in understanding, rather than start from scratch during patient-
surgeon discussions, saving time and resources.

Nevertheless, there is an argument to be made about the use 
of electronic IC technologies instead of the standard oral dis-
cussion, as various reports have shown that these interventions 
performed similar or even better than the input of the healthcare 
provider [5, 66]. We believe this may be due to the repeatability 
of electronic IC technologies, which allow patients to re-watch 
the same information several times until they understand. This 
cannot be replicated in time-limited surgeon–patient discus-
sions. If electronic methods can match the role of the doctor in 
preoperative consultations, this would be an invaluable help to 
replace consent discussions. If used appropriately, digitalization 
of consent can make health lists more efficiently managed.

Application to neurosurgery

Ten studies which satisfied inclusion criteria featured 
neurosurgical patients. These included randomised stud-
ies [6, 7, 23, 70], non-randomised studies [51], and single 
group pretest–posttest design studies [14, 34, 56, 57, 66]. 
All studies demonstrated either improved patient/surgeon 
satisfaction and/or patient comprehension with the use of 
novel information technology adjuncts as part of the con-
sent process. The use of such adjuncts in neurosurgical 
practice could help standardize and optimize the consent 
process, ensuring that patients receive the relevant infor-
mation to make a truly informed decision. The sub-group 
meta-analysis of these neurosurgical studies outperformed 
other surgical studies in patient comprehension. This is a 
testament to the need and usefulness of such a communica-
tion platform to exist. In practise, face-to-face clinics are 
still an important part of the consent process; however, 
ensuring that patients are not rushed and feel limited by 
the clinic time is part of our duty to our patients. Elec-
tronic consent allows other avenues of communication 
both visual and audio, to provide the neurosurgical patient 
with the information they require for the potentially life-
changing decision they will make, in the comfort of their 
own homes. Translation services and multilingual software 
can have a great impact via electronic consent, to allow 
patients to read up and understand the risks and benefits of 
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the neurosurgical procedure, which often is complex, that 
they are about to consent for. It allows the patients to truly 
understand the pathology, the surgery, and the expected 
outcome, in their own environment.

Future directions and recommendations

Research into the use of e-consent provides valuable informa-
tion to guide future directions to improving the efficiency of 
surgical consent. It is an important part of the surgical pro-
cess to ensure patient safety and understanding and to pro-
mote patient confidence in the health system, and it has shown 
promising results so far. Patient satisfaction is generally high 
through e-consent but can be more effective in certain patient 
groups or types of operations. Due to differences in literature 
and variable factors, the most appropriate type of electronic 
consent technology will vary according to the surgical pro-
cedure and the circumstances of the patients. It is important 
to clarify that the same electronic technology cannot apply to 
all cases and that individual health services must design their 
own consenting intervention tailored to their patient’s prefer-
ences and resources. This information can be used to improve 
current practices.

Limitations

The use of descriptive analysis was a limitation used to review 
and summarise the advantages, disadvantages, and value of 
e-consent in surgical practice. The papers included investigated 
e-consent in elective surgeries, so the results cannot be applied 
to emergency situations. The studies used various electronic 
modalities, from videos, computer programmes, and apps to 
PowerPoint presentations. This is reflected in the high I2 values 
for outcomes reporting continuous data in the meta-analysis. 
The grouping of heterogeneous studies can be attributed to the 
lack of studies in this area, which itself is the product of the 
novelty of electronic technologies for information disclosure in 
clinical practice. Nevertheless, this study cements the substan-
tial value of electronic modalities in IC in surgery and forms 
the basis for future studies to further investigate this area.

Conclusions

This is the only meta-analysis regarding the use of electronic 
consent in surgery and its application to neurosurgery. It has 
shown both the benefits it withholds and the common usage 
amongst the worldwide surgical population including neuro-
surgical cohorts. Alongside streamlining the consent process, 
e-consent has been shown to improve satisfaction and base-
line knowledge in patients undergoing surgical procedures.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00701-​023-​05776-3.

Data Availability  The data used to support the findings of this study 
are included in the article tables. Raw data files can be accessed upon 
request to corresponding author.

Declarations 

Ethical approval  This article does not contain any studies with human 
participants performed by any of the authors.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Ader DN, Seibring AR, Bhaskar P, Melamed BG (1992) Informa-
tion seeking and interactive videodisc preparation for third molar 
extraction. J Oral Maxillofac Surg 50(1):22–27

	 2.	 Armstrong AW, Alikhan A, Cheng LS, Schupp C, Kurlinkus 
C, Eisen DB et al (2010) Portable video media for presenting 
informed consent and wound care instructions for skin biopsies: 
a randomized controlled trial. Br J Dermatol 163(5):1014–1019

	 3.	 Auquier P, Pernoud N, Bruder N et al (2005) Development and 
validation of a perioperative satisfaction questionnaire. Anesthe-
siology 102(6):1116–1123

	 4.	 Baenninger PB, Faes L, Kaufmann C, Reichmuth V, Bachmann 
LM, Thiel MA (2018) Efficiency of video-presented information 
about excimer laser treatment on ametropic patients’ knowledge 
and satisfaction with the informed consent process. J Cataract 
Refract Surg 44(12):1426–1430

	 5.	 Batuyong E, Birks C, Beischer AD (2012) The use of multimedia 
as an adjunct to the informed consent process for ankle ligament 
reconstruction surgery. Foot Ankle Spec 5(3):150–159

	 6.	 Batuyong ED, Jowett AJL, Wickramasinghe N, Beischer AD 
(2014) Using multimedia to enhance the consent process for bun-
ion correction surgery. ANZ J Surg 84(4):249–254

	 7.	 Beamond BM, Beischer AD, Brodsky JW, Leslie H (2009) 
Improvement in surgical consent with a preoperative multimedia 
patient education tool: a pilot study. Foot Ankle Int 30(7):619–626

	 8.	 Beischer AD, Clarke A, de Steiger RN, Donnan L, Ibuki A, Ung-
lik R (2008) The practical application of multimedia technology 
to facilitate the education and treatment of patients with plantar 
fasciitis: a pilot study. Foot Ankle Spec 1(1):30–38

	 9.	 Bekelis K, Calnan D, Simmons N, MacKenzie TA, Kakoulides G 
(2017) Effect of an immersive preoperative virtual reality experi-
ence on patient reported outcomes: a randomized controlled trial. 
Ann Surg 265(6):1068–1073

https://doi.org/10.1007/s00701-023-05776-3
http://creativecommons.org/licenses/by/4.0/


3178	 Acta Neurochirurgica (2023) 165:3149–3180

1 3

	10.	 Bethune A, Davila-Foyo M, Valli M, da Costa L (2018) e-Con-
sent: approaching surgical consent with mobile technology. Can 
J Surg 61(5):339–344

	11.	 Bhattacharya N, Bhattacharya K (2020) Informed consent for sur-
gery during COVID-19. Indian J Surg 82(3):271–273

	12.	 Bollschweiler E, Apitzsch J, Obliers R, Koerfer A, Mönig SP, 
Metzger R, Hölscher AH et al (2008) Improving informed consent 
of surgical patients using a multimedia-based program? Results 
of a prospective randomized multicenter study of patients before 
cholecystectomy. Ann Surg 248(2):205–211

	13.	 Book F, Goedeke J, Poplawski A, Muensterer OJ (2020) Access 
to an online video enhances the consent process, increases knowl-
edge, and decreases anxiety of caregivers with children scheduled 
for inguinal hernia repair: a randomized controlled study. J Pediatr 
Surg 55(1):18–28

	14.	 Bowers N, Eisenberg E, Montbriand J, Jaskolka J, Roche-Nagle G 
(2017) Using a multimedia presentation to improve patient under-
standing and satisfaction with informed consent for minimally 
invasive vascular procedures. Surgeon 15(1):7–11

	15.	 Bozic KJ, Belkora J, Chan V et al (2013) Shared decision mak-
ing in patients with osteoarthritis of the hip and knee results of 
a randomized controlled trial. J Bone Joint Surg Am - Series A 
95(18):1633–1639

	16.	 Braddock CH 3rd, Fihn SD, Levinson W, Jonsen AR, Pearlman 
RA (1997) How doctors and patients discuss routine clinical deci-
sions. Informed decision making in the outpatient setting. J Gen 
Intern Med 12(6):339–345

	17.	 Briggs M, Wilkinson C, Golash A (2014) Digital multimedia 
books produced using iBooks Author for pre-operative surgical 
patient information. J Vis Commun Med 37(3–4):59–64

	18.	 Campbell FA, Goldman BD, Boccia ML, Skinner M (2004) The 
effect of format modifications and reading comprehension on 
recall of informed consent information by low-income parents: 
a comparison of print, video, and computer-based presentations. 
Patient Educ Couns 53(2):205–216

	19.	 Chantry CJ, Byrd RS, Sage AC, Calvert EE (2010) Video versus 
traditional informed consent for neonatal circumcision. Acta Pae-
diatr 99(9):1418–1424

	20.	 Clark S, Mangram A, Ernest D, Lebron R, Peralta L (2011) The 
informed consent: a study of the efficacy of informed consents and 
the associated role of language barriers. J Surg Educ 68(2):143–147

	21.	 Cornoiu A, Beischer AD, Donnan L, Graves S, de Steiger R 
(2011) Multimedia patient education to assist the informed con-
sent process for knee arthroscopy. ANZ J Surg 81(3):176–180

	22.	 Cumming AD, Noble SIR (2010) Good medical practice. David-
son’s Principles and Practice of Medicine 1–16

	23.	 Delcambre M, Haynes D, Hajar T, Golden S, Bar A, Latour E, Leiten-
berger JJ et al (2020) Using a multimedia tool for informed consent 
in Mohs surgery: a randomized trial measuring effects on patient 
anxiety, knowledge, and satisfaction. Dermatol Surg 46(5):591–598

	24.	 Department of Health (2012) Reference guide to consent for 
examination or treatment. Department of Health UK 11

	25.	 Department of Health (2012) The power of information: putting 
all of us in control of the health and care information we need. 
WwwGovUk 119

	26.	 Deyo RA, Cherkin DC, Weinstein J, Howe J, Ciol M, Mulley AG 
et al (2000) Involving patients in clinical decisions: impact of 
an interactive video program on use of back surgery. Med Care 
38(9):959–969

	27.	 Dunn LB, Lindamer LA, Palmer BW, Schneiderman LJ, Jeste DV 
(2001) Enhancing comprehension of consent for research in older 
patients with psychosis: a randomized study of a novel consent 
procedure. Am J Psychiatry 158(11):1911–1913

	28.	 Egekeze N, Dubin J, Williams K, Bernhardt M (2016) The age of 
orthoinfo: a randomized controlled trial evaluating patient com-
prehension of informed consent. JBJS 98(19):e81

	29.	 Eggers C, Obliers R, Koerfer A, Thomas W, Koehle K, Hoels-
cher AH, Bollschweiler E et al (2007) A multimedia tool for the 
informed consent of patients prior to gastric banding. Obesity 
15(11):2866–2873

	30.	 Evrard S, Mathoulin-Pelissier S, Larrue C, Lapouge P, Bussieres 
E, Tunon De Lara C (2005) Evaluation of a preoperative multime-
dia information program in surgical oncology. Eur J Surg Oncol 
31(1):106–110

	31.	 Falagas ME, Korbila IP, Giannopoulou KP, Kondilis BK, Pep-
pas G (2009) Informed consent: how much and what do patients 
understand? Am J Surg 198(3):420–435

	32.	 Farrell EH, Whistance RN, Phillips K, Morgan B, Savage K, 
Lewis V, Kelly M, Blazeby JM, Kinnersley P, Edwards A (2014) 
Systematic review and meta-analysis of audio-visual information 
aids for informed consent for invasive healthcare procedures in 
clinical practice. Patient Educ Couns 94(1):20–32

	33.	 Finlay I (2013) No decision about me without me. Br J Gen Pract 
63(614):480

	34.	 Fraval A, Chandrananth J, Chong YM, Coventry LS, Tran P 
(2015) Internet based patient education improves informed con-
sent for elective orthopaedic surgery: a randomized controlled 
trial. BMC Musculoskelet Disord 16:14

	35.	 Gautschi OP, Stienen MN, Hermann C, Cadosch D, Fournier 
JY, Hildebrandt G et al (2010) Web-based audiovisual patient 
information system-a study of preoperative patient informa-
tion in a neurosurgical department. Acta Neurochir (Wien) 
152(8):1337–1341

	36.	 Gesualdo F, Daverio M, Palazzani L, Dimitriou D, Diez-Domingo 
J, Fons-Martinez J, Jackson S, Vignally P, Rizzo C, Tozzi AE 
(2021) Digital tools in the informed consent process: a systematic 
review. BMC Med Ethics 22(1):18

	37.	 Hall DE, Prochazka AV, Fink AS (2012) Informed consent for 
clinical treatment. CMAJ 184(5):533–540

	38.	 Heller L, Parker PA, Youssef A, Miller MJ (2008) Interactive 
digital education aid in breast reconstruction. Plast Reconstr Surg 
122(3):717–724

	39.	 Huber J, Ihrig A, Yass M, Bruckner T, Peters T, Huber CG, Kon-
yango B, Lozankovski N, Stredele RJF, Moll P, Schneider M, 
Pahernik S, Hohenfellner M et al (2013) Multimedia support for 
improving preoperative patient education: a randomized con-
trolled trial using the example of radical prostatectomy. Ann Surg 
Oncol 20(1):15–23

	40.	 Hung SY, Huang KL, Yu WJ (2011) An empirical study of the 
effectiveness of multimedia disclosure of informed consent: 
a technology mediated learning perspective. Inform Manag 
48(4–5):135–144

	41.	 Hutson MM, Blaha JD (1991) Patients’ recall of preoperative 
instruction for informed consent for an operation. J Bone Joint 
Surg Am 73(2):160–162

	42.	 Jefford M, Moore R (2008) Improvement of informed consent and 
the quality of consent documents. Lancet Oncol 9(5):485–493

	43.	 Jeney SE, Whitcomb EL, Ihara J, Guaderrama N, Mukhtar 
F (2021) A randomized controlled trial evaluating the effect of an 
educational video on patient understanding of midurethral sling. 
Female Pelvic Med Reconstr Surg27(10 SUPPL 1):S34

	44.	 Johnson MR, Singh JA, Stewart T, Gioe TJ (2011) Patient under-
standing and satisfaction in informed consent for total knee 
arthroplasty: a randomized study. Arthritis Care Res (Hoboken) 
63(7):1048–1054

	45.	 Kadam RA (2017) Informed consent process: a step further 
towards making it meaningful! Perspect Clin Res 8(3):107–112

	46.	 Kessler TM, Nachbur BH, Kessler W (2005) Patients’ perception of 
preoperative information by interactive computer program-exem-
plified by cholecystectomy. Patient Educ Couns 59(2):135–140

	47.	 Kinman CL, Meriwether KV, Powell CM, Hobson DT, Gaskins JT, 
Francis SLO (2018) Use of an iPad™ application in preoperative 



3179Acta Neurochirurgica (2023) 165:3149–3180	

1 3

counseling for pelvic reconstructive surgery: a randomized trial. 
Int Urogynecol J 29(9):1289–1295

	48.	 Kinnersley P, Phillips K, Savage K et al (2013) Interventions to 
promote informed consent for patients undergoing surgical and 
other invasive healthcare procedures. Cochrane Database Syst. 
Rev. 2013(7):1–247

	49.	 Lashley M, Talley W, Lands LC, Keyserlingk EW (2000) Informed 
proxy consent: communication between pediatric surgeons and 
surrogates about surgery. Pediatrics 105(3 Pt 1):591–597

	50.	 Laskin DM, Priest JH, Alfaqih S, Carrico CK (2018) Does view-
ing a third molar informed consent video decrease patients’ anxi-
ety? J Oral Maxillofac Surg 76(12):2515–2517

	51.	 Lee A (2017) Bolam” to “Montgomery” is result of evolutionary 
change of medical practice towards “patient-centred care. Post-
grad Med J 93(1095):46–50

	52.	 Lee Y-S, Cho D-C, Sung J-K et al (2020) The effect of an educa-
tional and interactive informed consent process on patients with 
cervical spondylotic myelopathy caused by ossification of the pos-
terior longitudinal ligament. Spine (Phila Pa 1976) 45(3):193–200

	53.	 Lin Y-K, Chen C-W, Lee W-C, Lin T-Y, Kuo LC, Lin CJ, Shi L, 
Tien YC, Cheng YC et al (2017) Development and pilot testing 
of an informed consent video for patients with limb trauma prior 
to debridement surgery using a modified Delphi technique. BMC 
Med Ethics 18(1):67

	54.	 Lin YK, Chen CW, Lee WC, Cheng YC, Lin TY, Lin CJ, Shi L, Tien 
YC, Kuo LC et al (2018) Educational video-assisted versus conven-
tional informed consent for trauma-related debridement surgery: a 
parallel group randomized controlled trial. BMC Med Ethics 19(1):23

	55.	 Lloyd A, Hayes P, Bell PR, Naylor AR (2001) The role of risk 
and benefit perception in informed consent for surgery. Med Decis 
Making 21(2):141–149

	56.	 Love EM, Manalo IF, Chen SC, Chen KH, Stoff BK et al (2016) 
A video-based educational pilot for basal cell carcinoma (BCC) 
treatment: a randomized controlled trial. J Am Acad Dermatol 
74(3):477–483

	57.	 Marcus HJ, Jain A, Grieve J, Dorward NL (2018) Informed con-
sent for patients undergoing transsphenoidal excision of pituitary 
adenoma: development and evaluation of a procedure-specific 
online educational resource. World Neurosurg 118:e933–e937

	58.	 Mawhinney G, Thakar C, Williamson V, Rothenfluh DA, Reyn-
olds J (2019) Oxford Video Informed Consent Tool (OxVIC): a 
pilot study of informed video consent in spinal surgery and pre-
operative patient satisfaction. BMJ Open 9(7):e027712

	59.	 Mayilvaganan S, Shivaprasad C (2018) Comparison of the efficacy 
of three different methods of explaining the surgical procedure of 
hemithyroidectomy Indian. J Endocrinol Metab 22(4):520–524

	60.	 Miao Y, Venning VL, Mallitt K-A, Rhodes JEJ, Isserman NJ, 
Moreno G, Lee S, Ryman W, Fischer G, Saunderson RB (2020) 
A randomized controlled trial comparing video-assisted informed 
consent with standard consent for Mohs micrographic surgery. 
JAAD Int 1(1):13–20

	61.	 Migden M, Chavez-Frazier A, Nguyen T (2008) The use of high 
definition video modules for delivery of informed consent and 
wound care education in the Mohs Surgery Unit. Semin Cutan 
Med Surg 27(1):89–93

	62.	 Moore AL, Howlett JB, Phull MK, Mpungose LL, Samson SR 
(2021) Does the use of video improve patient satisfaction in the 
consent process for local-anaesthetic urological procedures? Int 
Urol Nephrol 53(6):1051–1057

	63.	 Moreschi C, Leone E, Sabot A (2010) Informed consent and risk 
management: medico-legal aspects. Urologia 77(Suppl 1):5–10

	64.	 Morgan MW, Deber RB, Llewellyn-Thomas HA, Gladstone P, 
Cusimano RJ, O’Rourke K, Tomlinson G, Detsky AS (2000) 
Randomized, controlled trial of an interactive videodisc deci-
sion aid for patients with ischemic heart disease. J Gen Intern 
Med 15(10):685–693

	65.	 National Heart, Lung and BI (NHLBI) (2014) National Heart, 
Lung, and Blood Institute (NHLBI). Study Quality Assessment 
Tools. In: NHLBI

	66.	 Neuberger H, Kerr C, Wilson R (2015) JUDGMENT Montgom-
ery ( Appellant ) v Lanarkshire Health Board ( Respondent ) ( 
Scotland ) Lady Hale, Deputy President. Royal Courts of Justice 
(July 2014):37

	67.	 Nozaki K, Okubo C, Yokoyama Y, Morita A, Akamatsu R, 
Nakayama T, Fukuhara S, Hashimoto N (2007) Examination 
of the effectiveness of DVD decision support tools for patients 
with unruptured cerebral aneurysms. Neurol Med Chir (Tokyo) 
47(12):531–6 discussion 536

	68.	 Paasche-Orlow MK, Taylor HA, Brancati FL (2003) Readability 
standards for informed-consent forms as compared with actual 
readability. N Engl J Med 348(8):721–726

	69.	 Page MJ, McKenzie JE, Bossuyt PM et al (2021) The PRISMA 
2020 statement: an updated guideline for reporting systematic 
reviews. The BMJ 372:2020–2021

	70.	 Pallett AC, Nguyen BT, Klein NM, Phippen N, Miller CR, Barnett 
JC (2018) A randomized controlled trial to determine whether a 
video presentation improves informed consent for hysterectomy. 
Am J Obstet Gynecol 219(3):277.e1-277.e7

	71.	 Park J, Son W, Park K-S, Kang D-H, Lee J, Oh CW, Kwon O-K, 
Kim T, Kim C-H (2017) Educational and interactive informed 
consent process for treatment of unruptured intracranial aneu-
rysms. J Neurosurg 126(3):825–830

	72.	 Park J, Song SH, Kim JW, Choi WS, Park HK, Ahn YJ, Cho 
SY, Lee SB, Jeong H, Son H (2015) 659 Prospective randomized 
controlled study on the efficacy of multimedia informed consent 
for patients who are scheduled to receive greenlight HPS pho-
toselective vaporization of the prostate surgery. Eur Urol Suppl 
14(2):e659

	73.	 Padival R, Harris KB, Garber A et al (2021) Video consent for 
colonoscopy improves knowledge retention and patient satisfac-
tion: a randomized controlled study. J Clin Gastroenterolhttps://​
doi.​org/​10.​1097/​MCG.​00000​00000​001589

	74.	 RCS (2014) Good surgical practice: A Guide to Good Practice
	75.	 Rigatelli G, Magro B, Ferro S, Bedendo E, Cominato S, Manto-

van R, Oliva L, Giordan M, Dell’Avvocata F, Cardaioli P (2009) 
Education, and obtaining of informed consent, using multimedia 
before adults with congenitally malformed hearts are submitted 
to transcatheter interventions. Cardiol Young 19(1):60–63

	76.	 Rossi MJ, Guttmann D, MacLennan MJ, Lubowitz JH (2005) 
Video informed consent improves knee arthroscopy patient com-
prehension. Arthroscopy - Journal of Arthroscopic and Related 
Surgery 21(6):739–743

	77.	 Ruiss M, Findl O, Prinz A, Kahraman G, Barisic S, Muftuoglu 
O, Hirnschall N (2021) Computer-based tutorial to enhance the 
informed consent process for cataract surgery in Serbian-or Turk-
ish-speaking patients. Ophthalmic Res 64(5):851–856

	78.	 Ryan R, Synnot A, Prictor M, Hill S (2016) Data extraction 
template for included studies. Cochrane Consumers and Com-
munication Group Data extraction template for included studies 
(November):1–25

	79.	 Sahai A, Kucheria R, Challacombe B, Dasgupta P (2006) Video 
consent: a pilot study of informed consent in laparoscopic urology 
and its impact on patient satisfaction. JSLS: Journal of the Soci-
ety of Laparoendoscopic Surgeons / Society of Laparoendoscopic 
Surgeons 10(1):21–25

	80.	 Sherman K, Harcourt D, Lam T, Boyages J, Brown P, Cameron 
L, Shaw L-K, Winch C (2013) Facilitating decision making of 
women considering breast reconstruction following mastectomy: 
results from a randomised controlled trial of the breconda web-
based decision aid. Psychooncology 22(SUPPL. 3):22–23

	81.	 Sokol DK (2015) Update on the UK law on consent. BMJ 
350:h1481

https://doi.org/10.1097/MCG.0000000000001589
https://doi.org/10.1097/MCG.0000000000001589


3180	 Acta Neurochirurgica (2023) 165:3149–3180

1 3

	82.	 Tait AR, Voepel-Lewis T, Malviya S (2003) Do they understand? 
(part II): assent of children participating in clinical anesthesia and 
surgery research. Anesthesiology 98(3):609–614

	83.	 Tait AR, Voepel-Lewis T, Moscucci M, Brennan-Martinez 
CM, Levine R (2009) Patient comprehension of an interactive, 
computer-based information program for cardiac catheteriza-
tion: a comparison with standard information. Arch Intern Med 
169(20):1907–1914

	84.	 The Cochrane Collaboration (2020) Review Manager (RevMan) 
[Computer program] Version 5.4.1

	85.	 Tipotsch-Maca SM, Varsits RM, Ginzel C, Vecsei-Marlovits 
PV (2016) Effect of a multimedia-assisted informed con-
sent procedure on the information gain, satisfaction, and 
anxiety of cataract surgery patients. J Cataract Refract Surg 
42(1):110–116

	86.	 Truong A, Ellett L, Hicks L, Pell G, Walker SP (2020) Multi-
media in improving informed consent for caesarean section: 
a randomised controlled trial. Aust N Z J Obstet Gynaecol 
60(5):683–689

	87.	 Vo TA, Ngai P, Tao JP (2018) A randomized trial of multimedia-
facilitated informed consent for cataract surgery. Clin Ophthalmol 
12:1427–1432

	88.	 Wang C, Ammon P, Beischer AD (2014) The use of multimedia as 
an adjunct to the informed consent process for Morton’s neuroma 
resection surgery. Foot Ankle Int 35(10):1037–1044

	89.	 West L, Srivastava D, Goldberg LH, Nijhawan RI (2020) Multi-
media technology used to supplement patient consent for mohs 
micrographic surgery. Dermatol Surg 46(5):586–590

	90.	 Wilhelm D, Gillen S, Wirnhier H, Kranzfelder M, Schneider A, 
Schmidt A, Friess H, Feussner H (2009) Extended preoperative 
patient education using a multimedia DVD-impact on patients 
receiving a laparoscopic cholecystectomy: a randomised con-
trolled trial. Langenbecks Arch Surg 394(2):227–233

	91.	 Winter M, Kam J, Nalavenkata S, Hardy E, Handmer M, Ains-
worth H, Lee WG, Louie-Johnsun M et al (2016) The use of 
portable video media vs standard verbal communication in the 
urological consent process: a multicentre, randomised controlled, 
crossover trial. BJU Int 118(5):823–828

	92.	 Wollinger C, Hirnschall N, Findl O (2012) Computer-based tuto-
rial to enhance the quality and efficiency of the informed-consent 
process for cataract surgery. J Cataract Refract Surg 38(4):655–659

	93.	 Yadwad BS, Gouda H (2005) Consent–its medico legal aspects. J 
Assoc Physicians India 53:891–894

	94.	 Yin B, Goldsmith L, Gambardella R (2015) Web-based education 
prior to knee arthroscopy enhances informed consent and patient 
knowledge recall: a prospective, randomized controlled study. J 
Bone Joint Surg Am 97(12):964–971

	95.	 Zevin B, Almakky M, Mancini U, Robertson DI (2022) Digital 
approach to informed consent in bariatric surgery: a randomized 
controlled trial. Surg Endosc 36(1):809–816

	96.	 Zhang Y, Ruan X, Tang H, Yang W, Xian Z, Lu M (2017) Video-
assisted informed consent for cataract surgery: a randomized con-
trolled trial. J Ophthalmol 2017:9593631

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The use of e-consent in surgery and application to neurosurgery: a systematic review and meta-analysis
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Search strategy
	Registration and protocol
	Data extraction
	Outcomes and outcome measures
	Risk of bias assessment
	Data analyses

	Results
	Study selection
	Study characteristics
	RCTs
	Non-randomised studies of healthcare interventions (NRSIs)
	One group pre-post design (PPD) studies
	Interventions
	Risk of bias assessment
	RCTs
	Same group PPD studies

	Synthesis of results
	Primary outcome: patient satisfaction with the IC process
	Secondary outcome: patient knowledge
	Results of quantitative synthesis
	Results of qualitative synthesis
	Results of publication bias and sensitivity analyses


	Discussion
	IC satisfaction
	Knowledge and understanding
	Application to neurosurgery
	Future directions and recommendations
	Limitations

	Conclusions
	Anchor 38
	References


