
 Epidemiology & Health Data Insights  
(eISSN 3080-8111) 

 

Epidemiol Health Data Insights. 2026;2(1):ehdi027                                  https://doi.org/10.63946/ehdi/17769            

 
Review Article          

Telemedicine	and	Remote	Proctoring	in	Surgery:	Current	Trends,	Evidence,	and	

Future	Directions	
Peter Aduvie Josiah1, Olukunle O. Akanbi2, Aghaonu Benjamin Chidera3 

1Department of Medicine and Surgery, College of Health Sciences, Niger Delta University, Bayelsa state, Nigeria  
2Department of Psychology and Behavioral Sciences, National Louis University, FL, USA 
3Department of Medicine and Surgery, College of Medicine, Virgen Milagrosa University Foundation, Pangasinan, Philippines  

 
Abstract:  
Telemedicine has become a vital element of modern surgical practice, facilitating virtual 
consultations, intraoperative collaboration, and postoperative monitoring. One of its most 
innovative applications is remote proctoring, or teleproctoring—the real-time supervision 
and assistance of surgical procedures across distances. The COVID-19 epidemic has accel-
erated the impact of these technologies on surgical education, credentialing, and global 
access to specialized expertise. This narrative review synthesizes literature from 2005 to 
2025 obtained from PubMed, ResearchGate, Web of Science, and Google Scholar. The em-
phasis includes telemedicine and remote proctoring in surgical care, education, and qual-
ity assurance. Chosen materials comprise original investigations, systematic reviews, and 
policy documents that pertain to technical platforms, clinical outcomes, educational appli-
cations, implementation issues, and regulatory considerations.  Modern teleproctoring 
technologies include secure, low-latency, high-definition video broadcasts enhanced by 
augmented reality features and telestration capabilities. The available evidence, primarily 
from observational studies, confirms the approach's viability, cost-effectiveness, improved 
training efficiency, and high user acceptance across disciplines such as minimally invasive, 
robotic, and endoscopic surgery. However, inconsistencies in outcome measurements, a 
lack of randomized controlled trials, and varying legal frameworks restrict wider applica-
bility. The safety profiles appear promising, yet data deficiencies remain. Telemedicine 
and remote proctoring are developing into integral components of surgical care. Essential 
future directions include the implementation of artificial intelligence solutions, the devel-
opment of standardized outcome metrics, the execution of comparative research, the en-
hancement of cybersecurity measures, and the promotion of fair access in resource-con-
strained settings. When integrated within strong regulatory and ethical frameworks, re-
mote proctoring has the potential to function as a fundamental pillar of efficient and inter-
connected global surgical practice. 
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Introduction 
In the past two decades, telemedicine has transi-

tioned from a revolutionary innovation to a fundamen-
tal component of contemporary healthcare delivery 
[1,2]. This transformation is particularly evident in sur-
gery, which has introduced both unprecedented oppor-
tunities and formidable challenges for remote technolo-
gies most notably by underscoring the necessity for 
well-structured training, timely specialist input, and ef-
ficient perioperative care [3, 4-7]. The COVID-19 pan-
demic significantly expedited the adoption of these 
technologies, showcasing the feasibility of virtual con-
sultations, cross-border surgical collaboration, and re-
mote supervision; these trends continue to dramatically 
impact surgical practice today [4, 8-10]. 

Telemedicine in surgical practice includes a range 
of applications, such as preoperative consultations, in-
traoperative support, and postoperative follow-up [10, 
11]. Remote proctoring involves the real-time oversight 
of a surgeon's performance by a more experienced peer, 
primarily to ensure quality assurance and fulfill creden-
tialing standards. Tele-mentoring, closely associated 
with remote proctoring, entails active and interactive 
instruction during processes to facilitate skill transfer 
[12]. These methods differ significantly from telesur-
gery, which involves the remote execution of surgical 
procedures with robotic systems—a field that remains 
predominantly experimental. This review primarily fo-

cuses on telemedicine and remote proctoring in sur-
gery, specifically examining their roles in education, 
training, and quality assurance and enhancement. 

The capacity of these technologies to improve ac-
cess to experts, expedite surgical training, and maintain 
consistent standards of care across institutions high-
lights their growing importance. Remote proctoring 
eliminates the necessity for qualified surgeons to travel, 
so enabling the secure adoption of innovative tech-
niques and equipment, which conserves both financial 
resources and time. Furthermore, these tools can ad-
dress significant deficiencies in surgical knowledge in 
remote or resource-limited environments. Simultane-
ously, they express significant apprehensions over 
quality assurance, the maintenance of professional 
norms, and medico-legal accountability [7, 13, 14]. 

This review aims to analyze the changing role of 
remote proctoring and telemedicine in surgery, focus-
ing on the technology that facilitate these modalities, 
their uses in clinical and educational settings, and the 
outcomes recorded thus far. Besides clarifying pro-
spects for enhanced worldwide integration into surgi-
cal practice, it tackles significant implementation obsta-
cles, encompassing technical, legal, and ethical factors. 
Ultimately, it outlines research goals and prospective 
directions, providing essential information for institu-
tions, physicians, and politicians. 

Methodology 
This narrative review synthesizes the current evi-

dence on telemedicine and remote proctoring in sur-
gery, focusing particularly on technological platforms, 
clinical implementation, educational value, quality as-
surance, and emerging patient-level outcomes. 

A comprehensive literature search was conducted 
across PubMed, ResearchGate, Web of Science, and 
Google Scholar, using combinations of the following 
keywords: telemedicine, remote proctoring, surgical 
telementoring, digital surgery, intraoperative telemedi-
cine, virtual surgical training, and future directions in 
telehealth.  

Articles published between 2005 and 2025 were 
deemed eligible, with particular emphasis on studies 
from the last decade to capture advancements in con-
temporary surgical practice and technological develop-
ment. Eligible sources included original clinical studies, 
observational cohorts, feasibility studies, randomized 
controlled trials (where available), systematic and nar-
rative reviews, consensus statements, and relevant pol-
icy or regulatory documents. Gray literature from pro-
fessional surgical organizations and regulatory bodies 

was also examined to incorporate perspectives on gov-
ernance and implementation. 

Given the narrative design of this review, no for-
mal risk-of-bias assessment or meta-analysis was per-
formed. Nonetheless, the strength and quality of the 
available evidence are discussed explicitly throughout, 
especially with regard to patient safety and clinical out-
comes. Studies were organized thematically into five 
categories: (1) foundational and current technological 
infrastructure; (2) clinical, educational and credential-
ing applications; (3) epidemiological and patient-level 
outcomes;  (4) implementation barriers; and (5) future 
directions and priorities for future research. Findings 
were synthesized descriptively, with careful attention 
to heterogeneity in outcome reporting and the inherent 
limitations of the existing evidence base. 

Historical Evolution and Context 
In the last fifty years, surgical telemedicine has 

evolved with significant progress in medical technol-
ogy, communications, and computing. NASA inno-
vated telemetry monitoring of astronauts' vital signs 
during space flights in the 1960s, thus establishing the 
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foundational concepts of remote healthcare delivery. 
Presently, the foundation for remote surgical assistance 
has been formed as hospitals commenced trials using 
closed-circuit television systems to enable consultations 
across diverse locations.  

The foundations of surgical telementoring were 
created in the 1980s and 1990s, when advancements in 
video transmission allowed surgeons to offer real-time 
instruction to their peers. These nascent applications 
were particularly beneficial in military and rural 
healthcare settings, where access to specialists re-
mained severely constrained. A significant milestone 
was achieved in 2001 with the "Lindbergh Operation"—
the inaugural entirely transatlantic laparoscopic chole-
cystectomy, performed remotely from New York on a 
patient in France. Despite its high cost and technologi-
cal demands, this landmark procedure showcased the 
viability of telesurgery and stimulated further study 
into remote surgical interventions [15,16]. 

As robotic-assisted and less invasive surgical pro-
cedures emerged in the 2000s, academic and clinical fo-
cus transitioned to credentialing, monitoring, and train-
ing regimens. Remote proctoring has emerged as a 
practical solution, enabling expert surgeons to observe 
live procedures, provide instant feedback, and ensure 
operational safety—all without being physically pre-
sent in the operating theater [15, 17]. 

The incorporation of remote supervision into sur-
gical education intensified in the 2010s, propelled by in-
novations in digital platforms, secure streaming tech-
nology, and high-speed internet infrastructure. The 
COVID-19 epidemic further strengthened these ad-
vancements, transforming remote proctoring and tele-
medicine from experimental methods into essential 
components of contemporary surgical training and pa-
tient care [10, 15]. 

Technology and Platforms 
The technological environment supporting tele-

medicine and remote proctoring in surgery includes a 
variety of platform types. This encompasses synchro-
nous video conferencing systems that provide real-
time, high-definition feeds from the operating room; 
specialized proctoring platforms featuring telestration 
and integrated audio channels; heads-up displays and 
augmented reality overlays to improve visualization; 
robotic platforms that incorporate telementoring func-
tionalities within their consoles; asynchronous review 
systems facilitating postoperative analysis of recorded 
procedures; and wearable devices or remote monitor-
ing tools. These categories collectively illustrate the pro-
gression from basic video connectivity to advanced 
multimodal systems that provide thorough observa-
tion, training, and ongoing patient care [18,19-23]. Table 
1 delineates several platform kinds, their applications, 
along with their benefits and drawbacks. 

 
Table 1: Platform taxonomy showing their uses, advantages, and limitations  

Platform 
Category 

Core Features Advantages Limitations Typical Use-Case Estimated 
cost tier  

Synchronous 
Video 
Conferencing 
(e.g., Zoom for 
Healthcare) 

HD (High 
Definition) OR 
(Operating Room) 
feed, two-way 
audio, multi-party 
support 

Widely 
available, 
relatively low 
cost, scalable 

Limited 
surgical 
annotation 
tools, 
potential 
latency 
issues 

Remote case 
discussions, basic 
supervision[20] 

Low 

Dedicated Remote 
Proctoring 
Platforms (e.g., 
Proximie, Avail) 

Telestration, multi-
camera integration, 
AR overlays, secure 
compliance 

Optimized for 
surgery, real-
time 
interactive 
tools 

Higher cost, 
requires 
stable 
bandwidth 

Credentialing, 
intraoperative 
proctoring[29] 

High 

AR (Augmented 
Reality)/Heads-
Up Display 
Systems 

Live overlays, 
anatomy labeling, 
heads-up 
visualization 

Enhances 
precision, 
immersive 

Requires 
specialized 
hardware, 
training 

Advanced 
surgical 
mentoring[20] 

High 
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Robotic Platforms 
with 
Telementoring 
(e.g., da Vinci 
with tele-
observation 
modules) 

Console sharing, 
remote camera 
control, high-
definition feeds 

Full 
procedural 
view, built into 
robotic 
workflow 

Expensive, 
limited to 
robotic cases 

Robotic surgery 
training, 
advanced 
mentoring[29] 

High 

Asynchronous 
Tele-Review 
Systems 

Recording with 
time-stamped 
annotations, cloud 
storage 

Flexible 
review, useful 
for QA 
(Quality 
Assurance) 
and training
  

No real-time 
feedback 

Postoperative 
debrief, 
performance 
assessment[50] 

Medium 

Remote 
Monitoring/Wear
ables 

Biometric tracking, 
app-based 
reporting 

Extends 
follow-up 
beyond OR, 
patient 
engagement 

Limited 
intraoperativ
e utility 

Postoperative 
recovery, 
complication 
monitoring[23] 

Medium 

 

Core Technical Requirements 
Latency and bandwidth are fundamental compo-

nents of efficient telemedicine solutions. Ultra-low la-
tency (<200 ms) is essential for intraoperative guidance, 
since it reduces communication delays that could jeop-
ardize surgical coordination and decision-making. 
Likewise, sufficient bandwidth guarantees the depend-
able transmission of uncompressed or minimally com-
pressed surgical video feeds [24].  

Frame rate and video resolution hold similar sig-
nificance in telemedicine platforms. Frame speeds be-
tween 30 and 60 frames per second facilitate seamless 
observation of swift instrument motions, while high-
definition (1080p) or 4K video feeds allow proctors to 
perceive intricate anatomical details. Multi-camera so-
lutions provide an extensive viewpoint, integrating 
wide-angle operating room visuals, concentrated oper-
ative field imagery, and recordings of robotic or laparo-
scopic console displays. Furthermore, dependable bidi-
rectional audio channels are essential for uninterrupted 
communication [19, 24-26]. 

Effortless integration with hospital information 
technology systems—such as Picture Archiving and 
Communication Systems (PACS) and Electronic Health 
Records (EHRs)—promotes the exchange of imaging 
and patient records within the proctoring environment, 

hence improving workflow efficiency [1,27]. To pre-
serve patient privacy and reduce institutional liability, 
end-to-end encryption, strong authentication, and se-
cure storage protocols are essential for compliance with 
HIPAA, GDPR, and other data protection legislation 
[14, 28]. 
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Figure 1 showing signal flow in a remote proctoring system 

 
 
Key Functional Features 
Besides technological requirements, platforms 

must integrate many functional characteristics to guar-
antee the efficacy of remote proctoring. A crucial com-
ponent is real-time telestration, which allows proctors 
to annotate live video broadcasts by drawing right on 
the surgical channel. This can be linked with remote 
control of camera angles in robotic or endoscopic sys-
tems, so ensuring that the remote expert retains an ap-
propriate perspective [20,29]. 

Augmented reality annotations allow labels or 
drawings to remain "anchored" to anatomical features 
as the operation field changes, so providing dynamic 
guidance. Furthermore, additional collaboration tools 
such as shared whiteboards, document sharing, and 
multiparty conferencing—enable concurrent participa-
tion by academics, trainees, and device vendors [20, 21, 
29, 30]. It  can also activate re-logging and recording 
tools that document time-stamped annotations, opera-
tional decisions, and procedural milestones. This data 
underpins credentialing, quality enhancement initia-
tives, and the creation of training repositories for surgi-
cal education [16, 18, 31, 32]. 

 
 
 

Advancing Technologies  
Multisensory feedback systems, robots, and arti-

ficial intelligence (AI) are driving the forthcoming era 
of telemedicine advancement. An AI-assisted decision 
support system analyzes live video streams to empha-
size anatomical structures, automatically identify in-
struments, and detect violations from established pro-
cedural protocols. Simultaneously, AI-driven metric ex-
traction produces objective performance measures for 
training and credentialing, encompassing instrument 
motion monitoring and quantification of operating du-
rations [25, 33-35]. 

To cultivate a more immersive environment for 
instruction and oversight, experimental platforms are 
investigating multimodal integration, including haptic 
feedback, which would enable distant mentors or proc-
tors to perceive resistance faced throughout operations. 
Ultimately, distant robotic telesurgery—a theoretically 
viable but logistically and regulatory hard field in 
which surgeons operate robotic equipment from thou-
sands of kilometers away—continues to be under de-
velopment [36-38]. These developments suggest that 
telemedicine may progress from passive oversight to 
active surgical participation, notwithstanding problems 
associated with cybersecurity, licensure, and medical 
accountability [14, 28]. 

 
Clinical Applications and Evidence-Based 

The three primary stages of care in the clinical im-
plementation of telemedicine and remote proctoring in 
surgery—preoperative consultation and assessment, 
intraoperative remote proctoring and telementoring, 
and postoperative follow-up and monitoring—form a 
cohesive framework for the integration of digital tools 
into surgical practice. Despite the varying robustness of 

supporting data, each phase utilizes digital connectivity 
to improve continuity of treatment, boost surgical train-
ing, and broaden patient access [18, 35]. 
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Telemedicine Prior to Surgery 
Telemedicine has been thoroughly included into 

preoperative care, especially for patient evaluation, tri-
age, and preparation. Surgeons can remotely assess im-
aging studies, acquire patient histories, and determine 
the suitability of surgical intervention during telecon-
sultations. Multiple studies demonstrate that patient 
satisfaction with telemedicine is equivalent to that of in-
person consultations, highlighting benefits such as di-
minished travel time, decreased expenses, and en-
hanced accessibility for patients in underserved or rural 
areas. Moreover, virtual preoperative counseling en-
hances shared decision-making by reinforcing in-
formed consent procedures and allowing family mem-
bers to engage in consultations. Nonetheless, con-
straints remain. The inability to do thorough physical 
evaluations remotely is a significant obstacle for diffi-
cult surgical candidates. Adoption is further hindered 
by medico-legal ambiguities around accountability and 
cross-jurisdictional practice. Notwithstanding these ob-
stacles, preoperative telemedicine has proven its ability 
to improve accessibility and efficiency, thus becoming a 
common element of surgical practice in well-resourced 
healthcare systems [5, 14, 35, 39]. 

Intraoperative Remote Supervision and Tele-
mentoring  

The intraoperative applications of telemedicine, 
especially remote proctoring and telementoring, signify 
significant innovations in surgical practice. A multitude 
of models has been created to enhance these methodol-
ogies. In the unidirectional broadcast paradigm, surgi-
cal teams relay live operating video to a remote proctor, 
who passively monitors to provide guidance or guaran-
tee quality control. Advanced systems facilitate interac-
tive proctoring, allowing remote specialists to deliver 
real-time verbal and visual advice, frequently rein-
forced by augmented reality (AR) overlays or telestra-
tion [20, 29, 40-42]. 

Vendor-supported proctoring represents an 
evolving concept wherein device specialists remotely 
assist surgical teams during the introduction of novel 
implants or technologies. Furthermore, remote proctor-
ing is increasingly favored for credentialing and cre-
dential renewal, providing economical supervision to 
institutions while eliminating the necessity for in-per-
son travel [31, 43, 44]. 

Despite the inconsistent findings about intraoper-
ative teleproctoring, it is nevertheless promising. Pilot 
investigations and feasibility reports from several sur-
gical specialties consistently indicate that these devices 
are technically feasible, exhibiting acceptable latency 

and image quality [7, 9, 18, 20, 45, 46]. Case series in lap-
aroscopic and robotically-assisted surgery indicate ad-
vantages including diminished conversion rates, abbre-
viated learning curves, and enhanced surgeon confi-
dence [3, 7, 13, 22, 47, 48]. For instance, initial applica-
tions in minimally invasive operations such as colec-
tomy and laparoscopic cholecystectomy shown that 
telementored trainees attained expertise more swiftly 
[32]. Urology has evolved as a leader in this field, par-
ticularly through the utilization of robotic platforms for 
integrated proctoring in treatments such as robotic 
prostatectomy and partial nephrectomy [44,49]. Remote 
proctoring has been utilized in orthopedics and gyne-
cology for navigation-assisted and minimally invasive 
procedures, while remote guidance has facilitated cath-
eter-based interventions in interventional cardiology 
and radiology [50-52]. 

Project ECHO and regional telementoring net-
works exemplify systematic initiatives that demon-
strate how remote assistance can disperse expertise 
globally by linking surgeons in low-resource or com-
munity settings with high-volume academic facilities. 
[53] Observational evidence indicates that intraopera-
tive teleproctoring improves procedural success and 
training efficiency, although insufficient randomized 
controlled trials. Nonetheless, additional research is 
needed to validate its influence on patient safety and 
long-term outcomes [2, 20, 32, 45]. 

Post-Surgical Care and Remote Monitoring  
The incorporation of digital monitoring tools and 

telemedicine in postoperative treatment has signifi-
cantly increased. Virtual follow-up consultations, typi-
cally conducted through secure video platforms or mo-
bile applications, enable wound evaluations, medica-
tion assessments, and the early identification of prob-
lems. Research demonstrates that remote wound evalu-
ation produces patient satisfaction and diagnosis accu-
racy equivalent to in-person consultations [6,54]. Wear-
able devices that monitor vital signs, activity levels, and 
sleep patterns are being tested to identify early indica-
tors of infection, thromboembolism, or decompensation 
[23,55]. While outcomes are influenced by infrastruc-
ture and patient compliance, early discharge initiatives 
that include virtual monitoring have shown promise in 
reducing hospital durations and minimizing un-
planned readmissions. A growing body of research 
supports telemonitoring as a beneficial complement to 
conventional follow-up, especially in improving patient 
convenience and treatment continuity; yet, data re-
mains inconsistent concerning enhancements in critical 
outcomes such as death [56]. 
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Remote Proctoring for Surgical Education, Cre-
dentialing, and Competency Assessment  

The secure and consistent use of breakthrough 
surgical procedures and equipment is primarily de-
pendent on proctoring. Historically, it has been both ex-
pensive and logistically challenging for expert surgeons 
to travel and mentor colleagues during live procedures. 
Remote proctoring provides a scalable, economical, and 
efficient solution, facilitating real-time oversight, feed-
back, and credentialing without necessitating physical 
presence. This improves worldwide access to profes-
sional guidance [13, 42-44, 57]. 

Pedagogical Frameworks and Curricula  
Remote proctoring has progressed from simple 

live-streamed observation to comprehensive educa-
tional frameworks that incorporate competency-based 
assessment, asynchronous video analysis, and real-time 

telementoring. In these models, trainees advance 
through established skill milestones, receiving real-
time coaching from the proctor via augmented reality 
overlays, auditory instructions, or telestration. Asyn-
chronous methods facilitate objective feedback and lon-
gitudinal progress tracking by permitting the annota-
tion and delayed examination of recorded surgical foot-
age [20, 21, 30]. 

To improve psychomotor abilities prior to actual 
surgery, simulation-based training programs increas-
ingly include remote coaching sessions with virtual or 
physical simulators. Structured curricula, including en-
doscopic training networks and robotic surgery creden-
tialing programs, have effectively incorporated remote 
proctoring into formal certification pathways, thus 
guaranteeing consistent global standards and thorough 
documentation of competency advancement [43,44]. 

Evaluation and Measurements 
In teleproctoring settings, objective assessment is 

crucial for credentialing and competency preservation. 
Frequently utilized metrics encompass task-specific er-
ror counts, instrument motion monitoring (e.g., path 
length and motion efficiency), procedural duration, and 
validated assessments such as the Objective Structured 
Assessment of Technical Skills (OSATS). Remote plat-
forms can capture high-definition video feeds for sub-
sequent blinded evaluation, thus facilitating consistent 
and reproducible assessments [43, 44, 58]. 
Moreover, performance data from motion analysis sys-
tems or robotic consoles can be automatically recorded 
and measured. To guarantee a thorough evaluation, 
checklists that analyze teamwork, communication, and 
procedural processes are utilized in conjunction with 
technical data. Recorded films offer a permanent, re-
viewable documentation of technical proficiency, so fa-
cilitating continuous professional growth and re-cre-
dentialing while enhancing accountability and trans-
parency [20, 43, 44]. 

Effectiveness and Learner Engagement  
Recent evidence indicates that remote proctoring 

expedites learning curves, boosts confidence, and aids 
in skill acquisition, especially in robotic and minimally 
invasive techniques [22, 32, 41]. Current study indicates 
significant satisfaction among both mentors and train-
ees, who attribute considerable value to this instruc-
tional methodology [21,50]. However, the efficacy of su-
pervision and feedback is significantly affected by sys-
tem dependability, camera placement, and the clarity of 
communication [59].  

Outcomes are influenced by psychosocial factors; 
attaining the ideal equilibrium between supervision 

and autonomy is crucial. Excessive oversight may un-
dermine confidence, while inadequate feedback can im-
pede learning. The effectiveness of instruction mostly 
depends on the relationship between the proctor and 
trainee, the promptness of feedback, and organized de-
briefings. Cumulative evidence supports remote prac-
tice as a legitimate and scalable instructional technique 
in contemporary surgical training, however the major-
ity of existing data originates from feasibility studies 
and a limited number of randomized controlled trials 
[18, 31, 50, 60]. 

 
Box 1. Checklist for Conducting a Remote Proc-

toring Session 
1. Conduct a pre-briefing to align expecta-

tions, goals, and team roles. 
2. Verify camera positioning to ensure full 

visualization of the operative field, in-
struments, and monitor. 

3. Use standardized communication proto-
cols with clear, unambiguous terminol-
ogy. 

4. Perform simulation-based practice to 
confirm technical readiness before live 
procedures. 

5. Confirm patient consent and data secu-
rity compliance (privacy, encryption, 
platform authorization). 

6. Complete structured post-procedure 
documentation and debriefing. 
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Epidemiological and Patient-Level Outcomes of 
Teleproctoring in Surgery 

Although much of the literature on telemedicine 
and remote proctoring in surgery has emphasized fea-
sibility, technical aspects, and educational benefits, a 
growing body of evidence now explores patient-level 
and epidemiological outcomes. These metrics are essen-
tial for assessing the broader clinical impact of tele-
proctoring, extending beyond procedural efficiency 
and trainee development. 

Morbidity and Mortality 
Observational studies and case series indicate that 

teleproctored procedures yield morbidity and mortality 
rates comparable to those of conventionally supervised 
surgeries. In minimally invasive, robotic, and endovas-
cular operations, no consistent elevation in intraopera-
tive complications or perioperative mortality has 
emerged with remote proctoring. That said, most evi-
dence stems from non-randomized cohorts and early 
adoption periods, warranting cautious interpretation 
[56]. 

Surgical Site Infections and Readmissions 
Data on surgical site infection (SSI) rates and hos-

pital readmissions after teleproctored surgery are 
sparse. Available reports show no meaningful differ-
ences in SSI incidence or 30-day readmission rates com-
pared with historical or matched institutional controls 
[50]. Telemedicine-enabled postoperative follow-up 
may offer indirect advantages, such as earlier detection 
of wound issues and better care continuity, potentially 
lowering readmission risks—though firm causal links 
remain unproven. 

Conversion Rates as a Surrogate Outcome 
Conversion from minimally invasive to open sur-

gery serves as a key process metric tied to patient mor-
bidity, hospital stay, and recovery. Several observa-
tional studies describe stable or reduced conversion 
rates in teleproctored cases, especially during the learn-
ing curve for advanced laparoscopic and robotic proce-
dures [61,62]. This pattern implies that real-time expert 
input can promote safer decisions and technical preci-
sion, possibly improving patient outcomes. However, 
variations in case complexity and surgeon experience 
hinder direct cross-study comparisons. 

Summary of Epidemiological Evidence 
In summary, existing evidence suggests that tele-

proctoring does not compromise patient safety and may 
even support better procedural results, particularly in 
resource-limited settings lacking on-site expertise. 
Nonetheless, the absence of large-scale prospective tri-
als and uniform outcome measures poses a major limi-

tation. Future studies should focus on rigorous epide-
miological endpoints to clarify the population-wide ef-
fects of teleproctoring in surgery. 

Outcomes, Quality Metrics, and Safety 
Standardized outcome indicators are crucial for 

effectively assessing telemedicine and remote practices 
in surgery. Research in this field presents a varied spec-
trum of endpoints categorized into four primary do-
mains: patient-centered outcomes (e.g., complications, 
mortality, readmissions), process outcomes (e.g., oper-
ative durations, conversion rates, workflow efficiency), 
educational outcomes (e.g., technical skill assessments, 
learning curve advancement), and system outcomes 
(e.g., cost-effectiveness, time savings, accessibility). 
Uniform reporting across these categories would en-
hance meta-analyses and benchmarking of telesurgical 
performance [3, 13, 22, 32, 48, 56, 57]. 

Safety Considerations 
Remote surgical supervision necessitates that 

safety remains the highest priority. Potential dangers 
encompass video slowness, communication delays, or 
connectivity loss during critical surgical periods [59, 
63]. Furthermore, a visual-only interface poses a danger 
of misinterpretation of structures or instructions, so 
jeopardizing patient results [63]. Structured escalation 
processes are essential, incorporating predefined 
thresholds for ceasing remote guidance or transitioning 
to autonomous decision-making. Data from feasibility 
studies and initial clinical series suggest that remote 
proctoring is as safe as in-person mentorship, with no 
rise in intraoperative complications or conversion rates 
[7,46]. Nevertheless, published data remains limited, 
contradictory, and primarily observational. Systematic 
safety reporting is unreliable, especially in the docu-
mentation of near-miss incidents and device-related 
failures. Rigorous multicenter prospective trials are es-
sential to develop definitive safety profiles and opera-
tional standards for teleproctored surgery.  

Quality Assurance and Metrics  
To maintain stringent standards, remote proctor-

ing must be included within current institutional qual-
ity assurance (QA) frameworks. Continuous improve-
ment can be attained through routine session record-
ings, systematic debriefings, and root cause investiga-
tions of any bad or poor outcomes. A standardized min-
imal dataset for teleproctoring studies should encom-
pass: (1) case type and complexity; (2) latency and band-
width data; (3) proctor-trainer communication metrics; 
(4) complication and conversion rates; (5) validated skill 
assessment scores; and (6) cost and time outcomes.  

Integrating these markers into surgical registries 
and hospital quality assurance (QA) systems would 
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promote accountability, reproducibility, and sustained 
safety monitoring. Professional associations and certi-
fying bodies can utilize structured reporting to establish 
competency thresholds for remote surgical guiding. 

Legal, Ethical, Privacy, and Regulatory Consid-
erations  

The establishment of consistent legal and regula-
tory frameworks has not kept pace with the swift global 
proliferation of tele-monitoring and remote proctoring. 
Principal challenges encompass the sufficiency of in-
formed consent for live-streamed or recorded proce-
dures, potential malpractice liability, and cross-jurisdic-
tional licensure issues. As the distinctions between clin-
ical supervision and educational observation become 
increasingly ambiguous in tele-surgical environments, 
institutions must implement explicit rules to safeguard 
patient rights, ensure accountability, and preserve data 
privacy [14, 28]. 

Licensure and Credentialing  
Teleproctoring presents intricate licensing and 

credentialing problems, as it frequently involves men-
tors and learners located in disparate jurisdictions or 
nations. Remote proctors encounter possible legal lia-
bilities, as numerous governments limit medical prac-
tice to professionals licensed within their own borders. 
In accordance with institutional telehealth regulations, 
hospitals may necessitate that remote participants get 
temporary privileges [2,64]. 

To guarantee adherence to safety, data security, 
and interoperability standards, credentialing must ex-
tend beyond individual surgeons to include platform 
vendors and device manufacturers. At the institutional 
level, formulating policies that delineate explicit roles, 
qualifications, and legal protections reduces culpability 

in instances of negative outcomes from teleproctored 
procedures and ensures operational clarity [2,64].  

Data Protection, Consent, and Documentation  
Regulations like HIPAA in the United States and 

GDPR in the European Union establish rigorous pri-
vacy duties for the use of live video, audio, and surgical 
recordings. To attain compliance, robust data encryp-
tion, stringent access controls, and explicitly defined re-
tention durations are needed. Consent forms must 
clearly indicate the possibility of real-time remote su-
pervision, data transmission, and video recording dur-
ing surgical procedures. Whenever possible, anony-
mised or pseudonymized patient data should be uti-
lized, especially in recordings intended for credential-
ing or educational purposes. Institutions must restrict 
data utilization to sanctioned therapeutic or educa-
tional purposes and implement stringent procedures 
for retention and deletion [14, 28]. 

Ethical Considerations  
In addition to privacy considerations, teleproctor-

ing presents more ethical dilemmas. Inequities in digi-
tal infrastructure that limit access to high-quality re-
mote supervision aggravate the worldwide surgical 
skills gap, hence intensifying issues over equality. Pa-
tients must comprehend the function and influence of 
the remote expert in their surgical procedure to guaran-
tee autonomy and transparency [32, 63]. 
Disclosure and oversight are crucial to mitigate possible 
conflicts of interest, particularly those that emerge 
when industry-hired proctors participate in device 
rollouts. To preserve patient trust and professional in-
tegrity, it is essential to keep clear differences among 
therapeutic, commercial, and educational aims [65]. 

Recommendations for Policy 
Multidisciplinary oversight committees, vendor 

certification requirements, uniform consent forms, and 
harmonized regional rules are critical components of an 
effective governance system. In the swiftly advancing 
domain of surgical telemedicine, these safeguards 
maintain ethical standards, guarantee legal responsibil-
ity, and protect patient safety. 

Implementation Enablers and Barriers  
While evidence supports telemedicine and re-

mote proctoring in surgery, their general usage is still 
inconsistent. Obstacles stem from various causes, such 
as workflow integration concerns, human and cultural 
factors, financial and reimbursement issues, and tech-
nical and infrastructure limits. Global scalability of re-

mote surgical education and teleurgical support re-
quires understanding hurdles and identifying effective 
enablers [14,63,64]. 

Technical and Infrastructure Obstacles  
Low- and middle-income countries have network 

instability, leading to latency and poor video quality, 
making high-speed internet connectivity difficult. Op-
erating rooms sometimes lack standardized HD camera 
systems and portable audiovisual setups for remote 
monitoring [59,66,67]. Interoperability issues hinder 
seamless integration with hospital IT systems, such as 
PACS and EHRs [27]. Cybersecurity issues and data se-
curity concerns further complicate matters. Implement-
ing teleproctoring systems is hindered by expensive 
hardware costs, ongoing maintenance, and limited 
technical staff in resource-constrained hospitals [67]. 
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Human Capital Management and Organiza-
tional Culture  

Cultural and human considerations can over-
shadow technical constraints. Some surgeons are still 
hesitant to use teleproctoring due to worries about sur-
veillance, performance evaluations, and medical-legal 
implications. Some individuals worry about distrac-
tions and communication difficulties during live surgi-
cal procedures [14,59,66,67]. 

Operating room teams may need training in cam-
era placement, audiovisual troubleshooting, and situa-
tional awareness during remote observation. Psycho-
logical resistance may arise from privacy, data record-
ing, and monitoring concerns [14,24,59,63,66]. To foster 
acceptance, openness, trust, and incorporating tele-
proctoring within a culture of safety and continual 
learning are crucial.  

Financial and Reimbursement Issues  
Teleproctoring's economy is unpredictable. While 

remote mentorship reduces travel costs, significant up-
front investments in hardware, software licensing, and 
IT support are generally required. Institutional incen-
tives for tele-surgical operations are limited by unclear 
or absent reimbursement policies [2,68]. 

To ensure long-term cost savings and improved 
access, thorough cost-benefit and value analyses are 
crucial. The financial viability of teleproctoring pro-
grams in public and commercial healthcare sectors can 
be improved by implementing uniform billing codes, 
public-private collaborations, and outcome-based 
funding methods.  

Enablers  
For successful implementation, institutional lead-

ership, infrastructure finance, user-centered platform 
design, pilot programs led by local champions, and 
solid cost-effectiveness and safety statistics are essential 
for continued investment and growth [69,70]. 

Equity and Global Perspectives  
Teleproctoring and remote surgical mentorship 

can significantly narrow worldwide surgical access and 
expertise gaps. A dearth of trained surgeons and re-
stricted training opportunities hinders equitable 
healthcare delivery in many low- and middle-income 
countries (LMICs). Teleproctoring saves travel costs 
and promotes capacity building by eliminating the re-
quirement for physical presence and providing real-
time expert supervision. Innovative initiatives like 
global laparoscopic telementoring collaborations in 
Latin America and sub-Saharan Africa demonstrate 
how digital connectivity may empower local teams, en-
hance procedures, and promote long-term skill devel-
opment. The models demonstrate how teleproctoring 

can provide specialist treatment in remote areas and de-
mocratize surgical education [7,15,33,34]. 

However, without investing in training and infra-
structure, these advances may worsen existing imbal-
ances. Many LMICs face challenges such as incompati-
ble digital systems, unpredictable power supply, and 
limited bandwidth, hindering effective implementa-
tion. Additionally, relying on external experts or pro-
prietary platforms may compromise local autonomy 
and sustainability. Scalable low-bandwidth technolo-
gies, culturally responsive training programs, and local 
ownership are crucial for achieving equitable outcomes. 
Global relationships should promote long-term men-
torship, technology transfer, and institutional capacity 
building above short-term donor projects. Sustainable 
teleproctoring initiatives should prioritize ethical col-
laboration, affordability, and local empowerment to 
promote surgical self-reliance [59,66,69,70]. 

Future Directions and Research Priorities 
Despite breakthroughs in surgical teleproctoring 

and telemedicine, significant evidence and regulatory 
gaps remain. Current research are mostly descriptive or 
small-scale pilots, with limited randomized or compar-
ative data. Consistent heterogeneity in outcome 
measures limits efficacy consensus and meta-analyses. 
Limited research exists on cost-effectiveness, long-term 
evaluations of workflow implications, safety, and 
knowledge retention. In conclusion, mature regulatory 
and reimbursement structures hinder widespread 
adoption and uniformity [2,14,68]. 

Priorities for Technical Research and Develop-
ment 

Research should focus on technologies that im-
prove safety, interactivity, and real-time reliability. Im-
proved adaptive compression algorithms and low-la-
tency global streaming are crucial for maintaining com-
munication in diverse network conditions. For operat-
ing room environments, AR interfaces should be de-
signed to withstand lighting variations, camera mo-
tions, and sterilization protocols [18,20].  

Artificial intelligence shows particular promise 
for advancing teleproctoring. It could enable automated 
error detection, real-time anatomical and gesture recog-
nition, performance analytics, and outcome prediction. 
Such AI-assisted systems may enhance clinical deci-
sion-making, provide objective competency assess-
ments, and lessen the cognitive burden on remote men-
tors ultimately enhancing both patient safety and the ef-
fectiveness of surgical training [71]. While developing 
haptic feedback systems for remote robots, tactile sen-
sation can be restored, improving procedural precision 
and operator confidence [36,37,38]. Technical standards 
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for interoperability between devices, video codecs, and 
hospital IT systems are crucial for multi-vendor com-
patibility, cybersecurity, and easy data exchange 
among institutions [27]. 

In low-resource and low-bandwidth environ-
ments, future efforts should prioritize developing scal-
able, cost-effective platforms that operate reliably un-
der limited infrastructure. Approaches such as simpli-
fied audiovisual tools, mobile-friendly interfaces, and 
locally hosted data storage could promote greater eq-
uity and long-term sustainability. 

Priorities in Clinical and Educational Research  
Multicenter trials with statistical power are 

needed for strong clinical evidence. Real-world varia-
bility can be accounted for in cluster-randomized and 
stepped-wedgetrial designs to assess the influence of 
remote monitoring on surgical outcomes and proce-
dural learning curves [22,32]. By establishing institu-
tional registries and standardized outcome databases, 
patient safety, competency retention, and procedural 
efficacy may be monitored longitudinally. Comparative 
research of remote and in-person proctoring methods 
should evaluate surgeon confidence, patient satisfac-
tion, and system-level outcomes beyond technical suc-
cess [39]. Coordinated reporting and meta-analysis 
might benefit from a core set of teleproctoring out-
comes. Ultimately, educational research should focus 
on feedback models, cognitive load control, and skill 
durability through lengthy follow-up.  

Implementation and Policy 
Evidence-based policy frameworks are crucial for 

integrating teleproctoring into surgical ecosystems. Re-
search should focus on simplifying remote expert cre-
dentialing, clarifying shared accountability, and devel-
oping reimbursement options for cross-border telecon-
sultations [14,44,64,69]. Cost-sharing systems and pub-
lic-private partnerships require implementation stud-
ies, especially in low- and middle-income contexts. In-
novative regulations, like "sandboxes" for controlled 
testing of developing technology, can promote safe 
adoption while maintaining patient protection [72]. 

Collaboration among surgeons, engineers, ethi-
cists, regulators, patient advocates, and industry stake-
holders is crucial for teleproctoring to advance. To 
transform teleproctoring into a robust, egalitarian, and 
internationally scalable surgical collaboration, interdis-
ciplinary teams must establish unified standards, in-
teroperable infrastructures, and evidence-based proto-
cols. 

Practical Advice for Clinicians and Institutions  
To safely integrate teleproctoring into surgical 

practice, clinicians and institutions should follow these 
evidence-based strategies:  

• Create teleproctoring policies for institutions: 
Define processes for informed consent, data privacy, re-
cording, and storage. Align with national and interna-
tional data protection regulations, including HIPAA 
and GDPR.  

Start pilots and simulations: Evaluate camera lo-
cation, audio quality, and network reliability before live 
procedures. Perform simulation-based dry runs to pre-
pare teams and address connectivity issues.  

• Utilize structured communication and work-
flow tools: Use standardized checklists, pre-procedure 
briefings, and post-case debriefs to enhance coordina-
tion and educational advantages.  

•Include QA monitoring: Collect data on tele-
proctored procedures, such as length, complications, 
conversion rates, and training outcomes, to identify pat-
terns.  

• Conduct focused team training to instruct OR 
personnel in camera operation, audio optimization, and 
professional communication during remote engage-
ments.  

• Consult legal, IT, and credentialing teams early 
to ensure secure connections, authorized access, and li-
ability protections for remote proctors.  

• Promote equitable access: Implement low-band-
width choices, mobile-friendly interfaces, and resource-
building programs for the participation of partners in 
low- and middle-income countries.  

Adopting these standards promotes safety, uni-
formity, and longevity in teleproctoring, while promot-
ing global equity and quality improvement. 

 
Conclusion

Telemedicine and remote proctoring have 
evolved from experimental inventions to essential tech-
nologies that shape modern surgery, education, and in-
ternational collaboration. Evidence suggests significant 
benefits in improving access, training efficacy, and pro-
cesses, but there is a lack of high-quality comparative 
analyses and long-term outcome studies. Continuous 

improvement requires rigorous reviews, consistent 
measures, and collaborative research to close gaps. Ad-
ditionally, investments in digital infrastructure, cyber-
security, and uniform regulatory frameworks are cru-
cial for maintaining safe and ethical standards.  
In the upcoming future, fairness and sustainability are 
crucial as technology, policy, and education intersect. 
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With proper implementation, remote proctoring can en-
hance surgical excellence and global health capacity in 
the digital age. 

Acknowledgments

Author Contributions: Conceptualization, P. J.; meth-
odology, P. J., O. A. and A. C.; validation, P. J., O. A. and 
A. C.; formal analysis, P. J., O. A. and A. C.; investiga-
tion, P. J., O. A. and A. C. ; resources, P. J., O. A. and A. 
C.; data curation, P. J., O. A. and A. C.; writing – original 
draft preparation, P. J., O. A. and A. C.; writing – review 

and editing, P. J., O. A. and A. C.; visualization, P. J., O. 
A. and A. C.;  supervision, P. J., O. A. and A. C.; project 
administration, P. J., O. A. and A. C. 
Disclosures: No conflict of interest. 
Funding: No funding was received.  

References 
1. Jin MX, Kim SY, Miller LJ, Behari G, Correa R. 

Telemedicine: current impact on the future. 
Cureus. 2020;12(8):e9891. 
doi:10.7759/cureus.9891. 

2. Tuckson RV, Edmunds M, Hodgkins ML. 
Telehealth. N Engl J Med. 2017;377(16):1585–
92. doi:10.1056/NEJMsr1503323. 

3. Asiri A, AlBishi S, AlMadani W, ElMetwally 
A, Househ M. The use of telemedicine in 
surgical care: a systematic review. Acta Inform 
Med. 2018;26(3):201–6. 
doi:10.5455/aim.2018.26.201-206. 

4. McMaster T, Wright T, Mori K, Stelmach W, 
To H. Current and future use of telemedicine 
in surgical clinics during and beyond COVID-
19: a narrative review. Ann Med Surg (Lond). 
2021;66:102378. 
doi:10.1016/j.amsu.2021.102378. 

5. Kamdar NV, Huverserian A, Jalilian L, Thi W, 
Duval V, Beck L, et al. Development, 
implementation, and evaluation of a 
telemedicine preoperative evaluation initiative 
at a major academic medical center. Anesth 
Analg. 2020;131(6):1647–56. 
doi:10.1213/ANE.0000000000005208. 

6. Williams AM, Bhatti UF, Alam HB, Nikolian 
VC. The role of telemedicine in postoperative 
care. mHealth. 2018;4:11. 
doi:10.21037/mhealth.2018.04.03. 

7. Subbiah Ponniah H, Shah V, Arjomandi Rad 
A, Vardanyan R, Miller G, Malawana J. 
Theatres without borders: a systematic review 

of the use of intraoperative telemedicine in 
low- and middle-income countries. BMJ Innov. 
2021;7(4):657–68. doi:10.1136/bmjinnov-2021-
000837. 

8. Haleem A, Javaid M, Singh RP, Suman R. 
Telemedicine for healthcare: capabilities, 
features, barriers, and applications. Sens Int. 
2021;2:100117. doi:10.1016/j.sintl.2021.100117. 

9. Bechstein M, Buhk JH, Frölich AM, Broocks G, 
Hanning U, Erler M. Interhospital 
teleproctoring of endovascular intracranial 
aneurysm treatment using a dedicated live-
streaming technology: first experiences during 
the COVID-19 pandemic. J Neurointerv Surg. 
2021;13(2):e1. doi:10.1136/neurintsurg-2021-E1. 

10. Ghomrawi HMK, Holl JL, Abdullah F. 
Telemedicine in surgery—beyond a pandemic 
adaptation. JAMA Surg. 2021;156(10):901–2. 
doi:10.1001/jamasurg.2021.2052. 

11. Haran C, Allan P, Dholakia J, Lai S, Lim E, Xu 
W, et al. The application and uses of 
telemedicine in vascular surgery: a narrative 
review. Semin Vasc Surg. 2024;37(3):290–7. 
doi:10.1053/j.semvascsurg.2024.07.004. 

12. Lu ES, Reppucci VS, Houston SKS 3rd, Kras 
AL, Miller JB. Three-dimensional telesurgery 
and remote proctoring over a 5G network. 
Digit J Ophthalmol. 2021;27(3):38–43. 
doi:10.5693/djo.01.2021.06.003. 

13. Paquette S, Lin JC. Outpatient telemedicine 
program in vascular surgery reduces patient 
travel time, cost, and environmental pollutant 

https://doi.org/10.7759/cureus.9891
https://doi.org/10.1056/NEJMsr1503323
https://doi.org/10.5455/aim.2018.26.201-206
https://doi.org/10.1016/j.amsu.2021.102378
https://doi.org/10.1213/ANE.0000000000005208
https://doi.org/10.21037/mhealth.2018.04.03
https://doi.org/10.1136/bmjinnov-2021-000837
https://doi.org/10.1136/bmjinnov-2021-000837
https://doi.org/10.1016/j.sintl.2021.100117
https://doi.org/10.1136/neurintsurg-2021-E1
https://doi.org/10.1001/jamasurg.2021.2052
https://doi.org/10.1053/j.semvascsurg.2024.07.004
https://doi.org/10.5693/djo.01.2021.06.003


 Josiah et al.                                                   Epidemiol Health Data Insights. 2026;2(1):ehdi027  
 

 

EHDI: https://www.journalehdi.com                                                             

emissions. Ann Vasc Surg. 2019;59:167–72. 
doi:10.1016/j.avsg.2019.01.021. 

14. Nittari G, Khuman R, Baldoni S, Pallotta G, 
Battineni G, Sirignano A, et al. Telemedicine 
practice: review of the current ethical and legal 
challenges. Telemed J E Health. 
2020;26(12):1427–37. doi:10.1089/tmj.2019.0158. 

15. El-Sabawi B, Magee W 3rd. The evolution of 
surgical telementoring: current applications 
and future directions. Ann Transl Med. 
2016;4(20):391. doi:10.21037/atm.2016.10.04. 

16. Wikipedia contributors. Lindbergh operation. 
Wikipedia, The Free Encyclopedia; 2025 Oct 9 
[cited 2025 Oct 24]. Available 
from: https://en.wikipedia.org/wiki/Lindbergh
_operation. 

17. Dream S, Kuo JH, Wang TS. Virtual interactive 
presence, a novel approach to remote 
proctoring for the adoption of innovative 
technologies and interventions. Am J Surg. 
2022;223(3):600–2. 
doi:10.1016/j.amjsurg.2021.09.007. 

18. Hassan AE, Desai SK, Georgiadis AL, Tekle 
WG. Augmented reality–enhanced 
teleproctoring to intraoperatively support a 
neuro-endovascular surgery fellow. Interv 
Neuroradiol. 2022;28(3):277–82. 
doi:10.1177/15910199211035304. 

19. AMA XpertEye. Remote medical proctoring 
and the evolution of the digital operating 
theatre. 2023 [cited 2025 Oct 24]. Available 
from: https://blog.amaxperteye.com/remote-
proctoring-and-the-evolution-of-the-digital-
operating-theater/. 

20. Wild C, Lang F, Gerhäuser AS, Schmidt MW, 
Kowalewski KF, Petersen J, et al. Telestration 
with augmented reality for visual presentation 
of intraoperative target structures in 
minimally invasive surgery: a randomized 
controlled study. Surg Endosc. 
2022;36(10):7453–61. doi:10.1007/s00464-022-
09158-1. 

21. Kuboki D, Kawahira H, Maeda Y, Oiwa K, 
Unoki T, Lefor AK, et al. Online feedback 
system for laparoscopic training during the 
COVID-19 pandemic: evaluation from the 

trainer perspective. Heliyon. 2022;8(8):e10303. 
doi:10.1016/j.heliyon.2022.e10303. 

22. Cizmic A, Häberle F, Wise PA, Müller F, Gabel 
F, Mascagni P, et al. Structured feedback and 
operative video debriefing with critical view 
annotation in laparoscopic cholecystectomy 
training: randomized controlled study. Surg 
Endosc. 2024;38(6):3241–52. 
doi:10.1007/s00464-024-10843-6. 

23. Rama E, Zuberi S, Aly M, Askari A, Iqbal FM. 
Clinical outcomes of passive sensors in remote 
monitoring: a systematic review. Sensors. 
2025;25(11):3285. doi:10.3390/s25113285. 

24. von Hessling A, Reyes del Castillo T, Roos JE, 
Karwacki GM. Technical considerations and 
tips for using the Tegus remote proctoring 
system in elective and emergency cases. J 
Neurointerv Surg. 2022;14(10):976–8. 
doi:10.1136/neurintsurg-2021-018401. 

25. Ichihashi T, Hirabayashi Y, Nagahara M. 
Potential utility of a 4K consumer camera for 
surgical education in ophthalmology. J 
Ophthalmol. 2017;2017:4374521. 
doi:10.1155/2017/4374521. 

26. Huang XY, Shao Z, Zhong NN, Wen YH, Wu 
TF, Liu B, et al. Comparative analysis of GoPro 
and digital cameras in head and neck flap 
harvesting surgery video documentation. 
BMC Med Educ. 2024;24:531. 
doi:10.1186/s12909-024-05510-2. 

27. Maddela S. Integration of electronic health 
records with modern healthcare systems: 
technical overview. Int J Comput Eng Technol. 
2025;16(1):295–305. 
doi:10.34218/IJCET_16_01_027. 

28. Dhole S. Mastering HIPAA compliance in 
telemedicine: secure remote healthcare 
delivery in 2025. TrustCloud; 2025 Aug 3 
[cited 2025 Oct 24]. Available 
from: https://www.trustcloud.ai/hipaa/masteri
ng-hipaa-compliance-in-telemedicine-secure-
remote-healthcare-delivery-in-2025/. 

29. Jarc AM, Shah SH, Adebar T, Hwang E, Aron 
M, Gill IS, et al. Beyond 2D telestration: 
evaluation of novel proctoring tools for robot-
assisted minimally invasive surgery. J Robot 

https://doi.org/10.1016/j.avsg.2019.01.021
https://doi.org/10.1089/tmj.2019.0158
https://doi.org/10.21037/atm.2016.10.04
https://en.wikipedia.org/wiki/Lindbergh_operation
https://en.wikipedia.org/wiki/Lindbergh_operation
https://doi.org/10.1016/j.amjsurg.2021.09.007
https://doi.org/10.1177/15910199211035304
https://blog.amaxperteye.com/remote-proctoring-and-the-evolution-of-the-digital-operating-theater/
https://blog.amaxperteye.com/remote-proctoring-and-the-evolution-of-the-digital-operating-theater/
https://blog.amaxperteye.com/remote-proctoring-and-the-evolution-of-the-digital-operating-theater/
https://doi.org/10.1007/s00464-022-09158-1
https://doi.org/10.1007/s00464-022-09158-1
https://doi.org/10.1016/j.heliyon.2022.e10303
https://doi.org/10.1007/s00464-024-10843-6
https://doi.org/10.3390/s25113285
https://doi.org/10.1136/neurintsurg-2021-018401
https://doi.org/10.1155/2017/4374521
https://doi.org/10.1186/s12909-024-05510-2
https://doi.org/10.34218/IJCET_16_01_027
https://www.trustcloud.ai/hipaa/mastering-hipaa-compliance-in-telemedicine-secure-remote-healthcare-delivery-in-2025/
https://www.trustcloud.ai/hipaa/mastering-hipaa-compliance-in-telemedicine-secure-remote-healthcare-delivery-in-2025/
https://www.trustcloud.ai/hipaa/mastering-hipaa-compliance-in-telemedicine-secure-remote-healthcare-delivery-in-2025/


 Josiah et al.                                                   Epidemiol Health Data Insights. 2026;2(1):ehdi027  
 

 

EHDI: https://www.journalehdi.com                                                             

Surg. 2016;10(2):103–9. doi:10.1007/s11701-016-
0564-1. 

30. Augestad KM, Lindsetmo RO. Overcoming 
distance: video-conferencing as a clinical and 
educational tool among surgeons. World J 
Surg. 2009;33(7):1356–63. doi:10.1007/s00268-
009-0036-0. 

31. Irshad A, Bechara C, Bismuth J, Chinnadurai 
P, Yenugu N, Lumsden AB. Remote 
proctoring and assessment of endovascular 
skills: first experience in vascular surgery and 
training. Ann Vasc Surg. 2026;34:232–9. 
doi:10.1016/j.avsg.2016.05.075. 

32. De’Ath HD, Devoto L, Mehta C, Bromilow J, 
Qureshi T. Mentored trainees have similar 
short-term outcomes to a consultant trainer 
following laparoscopic colorectal resection. 
World J Surg. 2017;41(7):1896–902. 
doi:10.1007/s00268-017-3925-7. 

33. Chepkoech M, Malila B, Mwangama J. 
Telementoring for surgical training in low-
resource settings: a systematic review of 
current systems and the emerging role of 5G, 
AI, and XR. J Robot Surg. 2025;19(1):525. 
doi:10.1007/s11701-025-02703-9. 

34. Owolabi EO, Mac Quene T, Louw J, Davies JI, 
Chu KM. Telemedicine in surgical care in low- 
and middle-income countries: a scoping 
review. World J Surg. 2022;46(8):1855–69. 
doi:10.1007/s00268-022-06549-2. 

35. Chukwudi C, Singh R, Faggion Vinholo T, 
Grobman B, Udeh P, Sabe A, et al. Surgical 
outcomes following telehealth preoperative 
evaluation in elective cardiac surgery. JTCVS 
Open. 2025;26:138–46. 
doi:10.1016/j.xjon.2025.06.010. 

36. Gani A, Pickering O, Ellis C, Sabri O, Pucher 
P. Impact of haptic feedback on surgical 
training outcomes: a randomized controlled 
trial of haptic versus non-haptic immersive 
virtual reality training. Ann Med Surg (Lond). 
2022;83:104734. 
doi:10.1016/j.amsu.2022.104734. 

37. Colan J, Davila A, Hasegawa Y. Tactile 
feedback in robot-assisted minimally invasive 
surgery: a systematic review. Int J Med Robot. 
2024;20(6):e70019. doi:10.1002/rcs.70019. 

38. Bergholz M, Ferle M, Weber BM. The benefits 
of haptic feedback in robot-assisted surgery 
and their moderators: a meta-analysis. Sci Rep. 
2023;13(1):19215. doi:10.1038/s41598-023-
46641-8. 

39. Kruse CS, Krowski N, Rodriguez B, Tran L, 
Vela J, Brooks M. Telehealth and patient 
satisfaction: a systematic review and narrative 
analysis. BMJ Open. 2017;7(8):e016242. 
doi:10.1136/bmjopen-2017-016242. 

40. Mao RQ, Lan L, Kay J, Lohre R, Ayeni OR, 
Goel DP, et al. Immersive virtual reality for 
surgical training: a systematic review. J Surg 
Res. 2021;268(Suppl 1):40–58. 
doi:10.1016/j.jss.2021.06.045. 

41. EnFuse Solutions. How online proctoring 
helps the healthcare industry. 2023 Jun 16 
[cited 2025 Oct 24]. Available 
from: https://www.enfuse-solutions.com/how-
online-proctoring-helps-the-healthcare-
industry/. 

42. Rods & Cones. What are the benefits of remote 
surgical proctoring? 2025 Jul 23 [cited 2025 Oct 
24]. Available from: https://rods-
cones.com/benefits-of-remote-surgical-
proctoring-smart-glasses/. 

43. Wongworawat MD, Incrocci M, Crumlish CF, 
Klena J. Effect of remote proctoring of the 
orthopaedic in-training examination on scores. 
J Am Acad Orthop Surg Glob Res Rev. 
2022;6(2):e21.00225. doi:10.5435/JAAOSGlobal-
D-21-00225. 

44. Veneziano D, Hananel DM. Training and 
credentialing laparoscopic and robotic 
surgery. In: Smith AD, Badlani GH, Kavoussi 
LR, Preminger GM, editors. Smith's Textbook 
of Endourology. 4th ed. Chichester: John 
Wiley & Sons; 2019. p. 887–900. 
doi:10.1002/9781119245193.ch75. 

45. Shapiro WH, Huang T, Shaw T, Roland JT Jr, 
Lalwani AK. Remote intraoperative 
monitoring during cochlear implant surgery is 
feasible and efficient. Otol Neurotol. 
2008;29(4):495–8. 
doi:10.1097/MAO.0b013e3181692838p. 

46. Abraham J, Meng A, Holzer KJ, Brawer L, 
Casarella A, Avidan M, et al. Exploring patient 

https://doi.org/10.1007/s11701-016-0564-1
https://doi.org/10.1007/s11701-016-0564-1
https://doi.org/10.1007/s00268-009-0036-0
https://doi.org/10.1007/s00268-009-0036-0
https://doi.org/10.1016/j.avsg.2016.05.075
https://doi.org/10.1007/s00268-017-3925-7
https://doi.org/10.1007/s11701-025-02703-9
https://doi.org/10.1007/s00268-022-06549-2
https://doi.org/10.1016/j.xjon.2025.06.010
https://doi.org/10.1016/j.amsu.2022.104734
https://doi.org/10.1002/rcs.70019
https://doi.org/10.1038/s41598-023-46641-8
https://doi.org/10.1038/s41598-023-46641-8
https://doi.org/10.1136/bmjopen-2017-016242
https://doi.org/10.1016/j.jss.2021.06.045
https://www.enfuse-solutions.com/how-online-proctoring-helps-the-healthcare-industry/
https://www.enfuse-solutions.com/how-online-proctoring-helps-the-healthcare-industry/
https://www.enfuse-solutions.com/how-online-proctoring-helps-the-healthcare-industry/
https://rods-cones.com/benefits-of-remote-surgical-proctoring-smart-glasses/
https://rods-cones.com/benefits-of-remote-surgical-proctoring-smart-glasses/
https://rods-cones.com/benefits-of-remote-surgical-proctoring-smart-glasses/
https://doi.org/10.5435/JAAOSGlobal-D-21-00225
https://doi.org/10.5435/JAAOSGlobal-D-21-00225
https://doi.org/10.1002/9781119245193.ch75
https://doi.org/10.1097/MAO.0b013e3181692838p


 Josiah et al.                                                   Epidemiol Health Data Insights. 2026;2(1):ehdi027  
 

 

EHDI: https://www.journalehdi.com                                                             

perspectives on telemedicine monitoring 
within the operating room. Int J Med Inform. 
2021;156:104595. 
doi:10.1016/j.ijmedinf.2021.104595. 

47. Torabi J, Abeshouse M, Giibwa A, Okello D, 
Bakaleke M, Waye JD, et al. Remote training 
and teleproctoring in gastrointestinal 
endoscopy for practicing surgeons in rural 
Uganda. Surg Endosc. 2023;37(11):8785–90. 
doi:10.1007/s00464-023-10338-w. 

48. Buvik A, Bergmo TS, Bugge E, Smaabrekke A, 
Wilsgaard T, Olsen JA. Cost-effectiveness of 
telemedicine in remote orthopedic 
consultations: randomized controlled trial. J 
Med Internet Res. 2019;21(2):e11330. 
doi:10.2196/11330. 

49. Califano G, Di Bello F, Collà Ruvolo C, Morra 
S, Polverino F, Creta M, et al. Proctoring in 
robot-assisted urologic surgery: insights from 
a multicenter survey. J Robot Surg. 
2025;19(1):352. doi:10.1007/s11701-025-02541-9. 

50. Artsen AM, Burkett LS, Duvvuri U, Bonidie 
M. Surgeon satisfaction and outcomes of tele-
proctoring for robotic gynecologic surgery. J 
Robot Surg. 2022;16(3):563–8. 
doi:10.1007/s11701-021-01280-x. 

51. Ascione G, Rossini G, Schiavi D, Azzola G, 
Saccocci M, Buzzatti N, et al. Remote 
proctoring during structural heart procedures 
using mixed reality. Catheter Cardiovasc 
Interv. 2024;104(5):1037–43. 
doi:10.1002/ccd.31187. 

52. Woitek FJ, Haussig S, Mierke J, Linke A, 
Mangner N. Remote proctoring for high-risk 
coronary interventions with mechanical 
circulatory support during COVID-19 
pandemic and beyond. Clin Res Cardiol. 
2021;110(9):1525–30. doi:10.1007/s00392-021-
01890-3. 

53. Agency for Healthcare Research and Quality. 
Project ECHO. Rockville (MD): AHRQ; [cited 
2025 Oct 20]. Available 
from: https://www.ahrq.gov/patient-
safety/settings/multiple/project-
echo/index.html. 

54. McGillion MH, Parlow J, Borges FK, Marcucci 
M, Jacka M, Adili A, et al. Post-discharge after 

surgery virtual care with remote automated 
monitoring (PVC-RAM-1) versus standard 
care: randomized controlled trial. BMJ. 
2021;374:n2209. doi:10.1136/bmj.n2209. 

55. Jafleh EA, Alnaqbi FA, Almaeeni HA, Faqeeh 
S, Alzaabi MA, Al Zaman K. Role of wearable 
devices in chronic disease monitoring: a 
comprehensive review. Cureus. 
2024;16(9):e68921. doi:10.7759/cureus.68921. 

56. Snoswell CL, Stringer H, Taylor ML, Caffery 
LJ, Smith AC. Effect of telehealth on mortality: 
overview of systematic review meta-analyses. 
J Telemed Telecare. 2023;29(9):659–68. 
doi:10.1177/1357633X211023700. 

57. Hudise JY, Mojiri ME, Shawish AM, Majrashi 
KA, Ayoub AY, Alshammakhi AM, et al. Role 
of virtual reality in advancing surgical training 
in otolaryngology: systematic review. Cureus. 
2024;16(10):e71222. doi:10.7759/cureus.71222. 

58. Alici F, Buerkle B, Tempfer CB. OSATS 
evaluation of hysteroscopy training: a 
prospective study. Eur J Obstet Gynecol 
Reprod Biol. 2014;178:1–5. 
doi:10.1016/j.ejogrb.2014.04.032. 

59. Mahajan A, Hawkins A. Current 
implementation outcomes of digital surgical 
simulation in low- and middle-income 
countries: scoping review. JMIR Med Educ. 
2023;9:e23287. doi:10.2196/23287. 

60. Ismail M, Muthana A, Al-Ageely TA, Ahmed 
FO, Al-Taie RH, Al-Khafaji AO, et al. 
Teleproctoring in therapeutic 
neurointervention: Iraq–Saudi Arabia 
collaboration experience. Surg Neurol Int. 
2024;15:280. doi:10.25259/SNI_440_2024. 

61. Musella M, Martines G, Berardi G, Picciariello 
A, Trigiante G, Vitiello A. Lessons from the 
COVID-19 pandemic: remote coaching in 
bariatric surgery. Langenbecks Arch Surg. 
2022;407(7):2763-2767. doi:10.1007/s00423-022-
02612-7. 

62. Augestad KM, Bellika JG, Budrionis A, 
Chomutare T, Lindsetmo R-O, Patel H, 
Delaney C; Mobile Medical Mentor (M3) 
Project Group. Surgical telementoring in 
knowledge translation—clinical outcomes and 
educational benefits: a comprehensive review. 

https://doi.org/10.1016/j.ijmedinf.2021.104595
https://doi.org/10.1007/s00464-023-10338-w
https://doi.org/10.2196/11330
https://doi.org/10.1007/s11701-025-02541-9
https://doi.org/10.1007/s11701-021-01280-x
https://doi.org/10.1002/ccd.31187
https://doi.org/10.1007/s00392-021-01890-3
https://doi.org/10.1007/s00392-021-01890-3
https://www.ahrq.gov/patient-safety/settings/multiple/project-echo/index.html
https://www.ahrq.gov/patient-safety/settings/multiple/project-echo/index.html
https://www.ahrq.gov/patient-safety/settings/multiple/project-echo/index.html
https://doi.org/10.1136/bmj.n2209
https://doi.org/10.7759/cureus.68921
https://doi.org/10.1177/1357633X211023700
https://doi.org/10.7759/cureus.71222
https://doi.org/10.1016/j.ejogrb.2014.04.032
https://doi.org/10.2196/23287
https://doi.org/10.25259/SNI_440_2024
https://doi.org/10.1007/s00423-022-02612-7
https://doi.org/10.1007/s00423-022-02612-7


 Josiah et al.                                                   Epidemiol Health Data Insights. 2026;2(1):ehdi027  
 

 

EHDI: https://www.journalehdi.com                                                             

Surg Innov. 2013;20(3):273-281. 
doi:10.1177/1553350612465793. 

63. Rosales A, Zorrilla-Núñez L, Lo Menzo E, 
Rosenthal RJ. Teleproctoring in surgery 
training: responsibility and liability. In: 
Didelot G, editor. Quality in Obesity 
Treatment. Cham: Springer; 2019. p. 345–51. 
doi:10.1007/978-3-030-25173-4_37. 

64. Zorn KC, Gautam G, Shalhav AL, Clayman 
RV, Ahlering TE, Albala DM, et al. Training, 
credentialing, proctoring, and medicolegal 
risks in robotic urological surgery: SURG 
consensus. J Urol. 2009;182(3):1126–32. 
doi:10.1016/j.juro.2009.05.042. 

65. Jafar U, Usama M, Hase NE, Yaseen H, 
Nayyar A, Rabinowitz JB, et al. Conflicts of 
interest in robotics studies in GI and 
abdominal wall surgery. J Am Coll Surg. 
2024;238(1):54–60. 
doi:10.1097/XCS.0000000000000871. 

66. Kyei KA, Onajah GN, Daniels J. Telemedicine 
in low–middle-income countries: challenges 
and opportunities. Ecancermedicalscience. 
2024;18:1679. doi:10.3332/ecancer.2024.1679. 

67. Msheik L, Barakat M, Hamdar H, Fakih N, 
Ibrahim K, Jaber J. Challenges facing 
telemedicine in low-income countries. Electron 
J Med Dent Stud. 2023;13(4):em0107. 
doi:10.29333/ejmds/13779. 

68. Simbo Inc. Telehealth reimbursement 
challenges: navigating policies and barriers. 
Cambridge (MA): Simbo AI; 2025 Nov [cited 
2025 Oct 25]. Available 
from: https://www.simbo.ai/blog/telehealth-
reimbursement-challenges-navigating-
policies-and-barriers-to-widespread-adoption-
2929828/. 

69. Anandari D, Kurniawan A, Gamelia E. 
Enablers and barriers of telemedicine in 
Indonesia: systematic review. Public Health 
Nurs. 2025;42(4):1575–84. 
doi:10.1111/phn.13552. 

70. Chehab LZ, Mettupalli D, Cevallos JR, Rogine 
C, Sammann A, Kumar S. Designing equitable 
telehealth solutions for outpatient surgical 
care: a human-centered design approach. BMC 

Health Serv Res. 2025;25:236. 
doi:10.1186/s12913-025-12215-9. 

71. Li Y, Raison N, Ourselin S, Mahmoodi T, 
Dasgupta P, Granados A. AI solutions for 
overcoming delays in telesurgery and 
telementoring. J Robot Surg. 2024;18(1):403. 
doi:10.1007/s11701-024-02153-9. 

72. Leckenby E, Dawoud D, Bouvy J, Jónsson P. 
Sandbox approach and its potential in health 
technology assessment: literature review. Appl 
Health Econ Health Policy. 2021;19(6):857–69. 
doi:10.1007/s40258-021-00665-1. 
  

https://doi.org/10.1177/1553350612465793
https://doi.org/10.1007/978-3-030-25173-4_37
https://doi.org/10.1016/j.juro.2009.05.042
https://doi.org/10.1097/XCS.0000000000000871
https://doi.org/10.3332/ecancer.2024.1679
https://doi.org/10.29333/ejmds/13779
https://www.simbo.ai/blog/telehealth-reimbursement-challenges-navigating-policies-and-barriers-to-widespread-adoption-2929828/
https://www.simbo.ai/blog/telehealth-reimbursement-challenges-navigating-policies-and-barriers-to-widespread-adoption-2929828/
https://www.simbo.ai/blog/telehealth-reimbursement-challenges-navigating-policies-and-barriers-to-widespread-adoption-2929828/
https://www.simbo.ai/blog/telehealth-reimbursement-challenges-navigating-policies-and-barriers-to-widespread-adoption-2929828/
https://doi.org/10.1111/phn.13552
https://doi.org/10.1186/s12913-025-12215-9
https://doi.org/10.1007/s11701-024-02153-9
https://doi.org/10.1007/s40258-021-00665-1

