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 25 

Abstract 26 

Objective: This systematic review aims to provide a summary of the use of real time 27 

telementoring, tele-surgical consultation and telesurgery in surgical procedures in patients in 28 

LMICs. 29 

Design: A systematic review was conducted in accordance with the Preferred Reporting Items 30 

for Systematic Reviews and Meta-Analyses (PRISMA) statement and the Cochrane 31 

Collaboration published guidelines. 32 

Data sources: EMBASE, MEDLINE, Cochrane, PubMed and Google Scholar were searched 33 

for original articles and case reports that discussed telementoring, telesurgery or tele-surgical 34 

consultation in countries defined as low or middle income (as per the World Banks’s 2021-35 

2022 classifications) from inception to August 2021 36 

Eligibility criteria for selecting studies: All original articles and case reports were included if 37 

they reported the use of telemedicine, telesurgery or tele-surgical consultation in procedures 38 

conducted on patients in LMICs. 39 

Results: There were 12 studies which discussed the use of telementoring in 55 patients in 40 

LMICs and included a variety of surgical specialities. There was 1 study that discussed in use 41 

of telesurgical consultation in 15 patients in LMICs and 1 study that discussed the use of 42 

telesurgery in 1 patient. 43 

Conclusion: The presence of intraoperative telemedicine in LMICs represents a principal move 44 

towards improving access to specialist surgical care for patients in resource-poor settings. Not 45 

only do several studies demonstrate that it facilitates training and educational opportunities, 46 

but it remains a relatively frugal and efficient method of doing so, through empowering local 47 

surgeons in LMICs towards offering optimal care whilst remaining in their respective 48 

communities. 49 
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 50 

Key points 51 

- The development of global telecommunications, digital health technologies, and 52 

intraoperative navigation, guidance, and streaming have exponentially increased the 53 

accessibility to telesurgery and wider telemedicine in LMICs. 54 

- Intraoperative telemedicine promises to improve access to specialist surgical care for patients 55 

in resource-poor settings through intraoperative guidance and telesurgical consultations. 56 

- Intraoperative telemedicine and telementoring can alleviate the surgical brain-drain of many 57 

LMIC's through cost-effective and efficient training and educational opportunities. 58 

- The fields in which this technology has been applied are general surgery, plastic surgery, 59 

urology, otolaryngology, and neurosurgery. 60 

- A lack of an organised, unified system in providing telementoring, telesurgery, and 61 

telesurgical consultations to LMICs still exists and, therefore, many hurdles remain in its 62 

uptake, provision, and development in LMICs.  63 

 64 

 65 

 66 

 67 

 68 

 69 

 70 

 71 

 72 

 73 

 74 
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 75 

Introduction 76 

It is well-documented that there is a growing disparity1,2 in the quality of healthcare delivered 77 

around the world, particularly evident in Low- and Middle-Income Countries (LMICs) in the 78 

field of surgery. Concomitantly, the lack of both infrastructure and local training opportunities 79 

in these settings has led to many competent healthcare professionals leaving their countries in 80 

search of specialist training and professional development opportunities3–5. This underpins the 81 

“brain drain” phenomenon seen commonly in LMICs, a process that is often exacerbated by 82 

the lack of rigorous domestic training structures1,6. With increasing rates of morbidity, there is 83 

an ever-increasing demand for specialist surgeons globally and, as a result, for surgical training 84 

posts especially in LMICs7. A flourishing global telecommunications industry has led to an 85 

increase in the ease of exchange of information, especially medical information, culminating 86 

in the emergence of telemedicine - the use of technology to deliver care8. This growing sector 87 

has already commenced its role in bridging the gap in the delivery of care between LMICs and 88 

High-Income Countries (HICs)9,10. 89 

 90 

Telemedicine has been applied to various aspects of surgical care11, but telemedicine during 91 

surgical procedures can be broadly categorised as telesurgery, telementoring and tele-surgical 92 

consultation12,13. Telementoring can be defined as the use of telecommunication to guide and 93 

assist the operating surgeon remotely during a procedure – ranging from basic audio commands 94 

to the use of annotation on screen to guide the surgeon13,14. Tele-surgical consultation is similar 95 

to telementoring except the difference is both surgeons are experienced and use 96 

telecommunication platforms to work through a complicated case15. Telesurgery can be defined 97 

as the use of telecommunication in conjunction with a surgical robot to remotely operate on a 98 

patient13,14. 99 
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 100 

Although studies in the past have investigated the prevalence and implementation of the 101 

various modes of intraoperative telemedicine or the use of a particular division of 102 

intraoperative telemedicine in a particular surgical specialty16–19, there are no reviews that have 103 

examined the use of intraoperative telemedicine in LMICs, especially the implementation of it 104 

in intra-operative care. This systematic review aims to provide a summary of the use of real 105 

time telementoring, tele-surgical consultation and telesurgery in surgical procedures in patients 106 

in LMICs. 107 

 108 

Methods  109 

Literature Search Strategy  110 

A systematic review was conducted in accordance with the Preferred Reporting Items for 111 

Systematic Reviews and Meta-Analyses (PRISMA) statement and the Cochrane Collaboration 112 

published guidelines. EMBASE, MEDLINE, Cochrane, PubMed and Google Scholar were 113 

searched for original articles and case reports that discussed telementoring, telesurgery or tele-114 

surgical consultation in countries defined as low or middle income (as per the World Banks’s 115 

2021-2022 classifications)20 from inception to August 2021. A priori protocol was devised for 116 

the following study, available upon request.  The search terms used included “Telementoring”, 117 

“Telesurgery”, “Tele-surgical consultation”, “Low Income” and “Middle Income” - the entire 118 

search criteria, which was used across all databased, is attached in appendix 1.  Further articles 119 

were identified through a manual search of the references lists of articles found through the 120 

original search and use of the ‘related articles’ function on MEDLINE. The only limits used 121 

were the mentioned time frame and English language.  122 

 123 

Study inclusion and exclusion criteria 124 
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All original articles and case reports were included if they reported the use of telemedicine, 125 

telesurgery or tele-surgical consultation in procedures conducted on patients in LMICs. Studies 126 

were excluded from the review if: 1) inconsistencies in the data impeded extraction of data, 2) 127 

the study was performed in an animal model, 3) there was no mention of any surgical 128 

procedures performed on patients and 4) the surgeries performed were in countries deemed to 129 

be high in income. Reviews, editorials, abstracts from meetings and preclinical studies were 130 

excluded. By following the aforementioned criteria, two reviewers (H.SP. and V.S.) 131 

independently selected articles for further assessment following title and abstract review. A 132 

third independent reviewer (A.AR.) resolved any disagreements between the two reviewers. 133 

Potentially eligible studies were then retrieved for full text assessment. The software used for 134 

the here described process was Covidence (Melbourne, Australia).  135 

 136 

Data extraction and critical appraisal of evidence 137 

All full texts of retrieved articles were read and reviewed by two authors (H.SP. and V.S.) and 138 

a unanimous decision was made regarding inclusion or exclusion of studies. When there was 139 

disagreement, the final decision was made by a third reviewer (A.AR.) Using a pre-established 140 

protocol, the following data was extracted: first author, study design, type of surgical specialty 141 

and the surgical procedure(s) discussed, population number, type of intraoperative 142 

telemedicine used, method in which the type of intraoperative telemedicine was implemented , 143 

and the qualitative and quantitative main outcomes.  A data extraction sheet for this review was 144 

developed and pilot-tested using 3 randomly selected included studies and subsequently was 145 

refined accordingly. Data extraction was performed by 2 review authors (H.SP. and V.S.) who 146 

carried out the process in duplicate on two separate extraction sheets. Correctness of the 147 

tabulated data was validated by a third author (A.A.R) who evaluated both extraction sheets 148 

and assed full texts where incongruences existed.  149 
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Due to the high heterogeneity of the studies quality scoring through the use of the available 150 

assessment tolls was decided not be carried our by the research group. 151 

 152 

Results 153 

Study selection 154 

The literature search identified 1574 articles, of which 991 were screened following 155 

deduplication and 143 were full-text reviewed and assessed in accordance with the inclusion 156 

and exclusion criteria. Following critical appraisal, a total of 12 studies21–32 were included in 157 

this review, featuring 71 patients. Figure 1 illustrates the entire study selection process. A 158 

summary of the studies collected and their respective designs, type of intraoperative 159 

telemedicine used and its implementation as well as the main reported outcomes are found in 160 

Table 1. 161 

 162 

Telementoring 163 

There were 12 studies which discussed the use of telementoring in 55 patients in LMICs and 164 

included a variety of surgical specialities21–27,29–32.  165 

 166 

Telesurgical consultation 167 

There was 1 study that discussed in use of telesurgical consultation in 15 patients in LMICs28. 168 

 169 

Telesurgery 170 

There was 1 study that discussed the use of telesurgery in 1 patients in LMICs26. 171 

 172 

 173 

 174 
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Discussion 175 

This systematic review is the first of its nature to provide a summary of the intraoperative uses 176 

of telemedicine within surgery in LMICs. The results are indicative of the successes of specific 177 

modes of telemedical approaches in such landscapes, most prominently telementoring21–27,29–178 

32, these examples represent both recent and limited phenomena. Care must be given in 179 

recognising disparities in the standard of surgical care in even highly-specialist settings across 180 

LMICs33,34, with some of the most recent literature describing only novel approaches. 181 

 182 

There is evident value to the continued use of intraoperative telemedicine as a novel approach 183 

in providing specialist surgical care in resource-limited settings in LMICs; this can be further 184 

stratified into positive outcomes in terms of viability30,35 and cost36. Whilst there has been cited 185 

successful adoption of such approaches in LMICs since 200024,37, more contemporary 186 

technological advancements including the use of wearable technology27,29 and augmented 187 

reality30 may further encourage the growth and uptake of intraoperative telemedicine in years 188 

to follow as well as drive further improvements to overcome current technological 189 

shortcomings. All procedures undertaken within the 12 papers included in this review were 190 

performed to successful completion via intraoperative telemedicine suggesting the need for 191 

further investment in supporting the refinement and development of such technologies 192 

accordingly. This will allow for greater mainstream adoption of telementoring and telesurgery 193 

within LMIC settings in conjunction with ameliorating the cost-effectiveness of required 194 

technologies. 195 

 196 

Surgical education versus urgent care provision 197 

This review raises questions pertaining to whether the primary objectives of intraoperative 198 

telemedicine in LMICs should pivot towards bridging gaps in the lack of patient accessibility 199 
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to specialist surgical opinion and care in remote regions, or rather, be used primarily as 200 

economical instruments of training and surgical education. Whilst the operative procedures 201 

described in the 12 articles in this review all assumed a middle line between the provision of 202 

specialist care and provision of training/mentoring, this line was nuanced in particular cases – 203 

notably the description of reconstructive techniques in the McCullough et al. study (2018) and 204 

a phacoemulsification surgery in the Geary et al. study (2019)31,32. In the latter example, the 205 

designated telementor would preoperatively review the case information prior to determining 206 

cases suitable for telementored guidance. Subsequently, the delivery of the telementoring 207 

sessions followed a structured approach through the establishment of learning objectives. This 208 

stood out in marked contrast to the case report by Pradeep et al. (2006)27 describing a patient 209 

with debilitating hyperparathyroidism due to a persistent parathyroid tumour that had failed to 210 

be removed previously. It was noted in this report that the patient’s condition was such that 211 

travel to a specialist centre would have been unfeasible, thus making an urgent telementoring 212 

approach particularly relevant to deliver satisfactory care.  The difference in these highlighted 213 

approaches suggests the multifaceted applications of intraoperative telemedicine to delivering 214 

surgery in LMICs – this provides weight to its use in both elective surgeries (where a greater 215 

focus may be placed on training) and in delivering emergency care in urgent situations (where 216 

training, albeit provided, is less prioritised). It also highlights the impact of pre-operative co-217 

ordination to maximise the effectiveness of intraoperative telemedicine for training purposes, 218 

as evidenced by the results of the post-CPD-session questionnaire in the Geary et al. study 219 

(2019) where 100% of surgeons agreed or strongly agreed that this approach increased their 220 

confidence and surgical skill32. 221 

 222 

Applicability to specific subspecialties and procedures 223 
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In addition, this review highlights the applicability of intraoperative telemedicine across a 224 

diverse and wide-ranging domain of surgical subspecialties comprising 5 of the list of 10 225 

recognised surgical specialties as defined by the Royal College of Surgeons of England 226 

including general surgery, plastic surgery, urology, otolaryngology, neurosurgery38 as well as 227 

ophthalmology. Hence, there is opportunity to trial the use of intraoperative telemedicine for 228 

complex cases within subspecialties not covered by this list. Earlier applications of 229 

intraoperative telemedicine in surgery in LMICs were centred around laparoscopic and 230 

endoscopic procedures, utilising a telementored approach21,22. The basis of this surrounded the 231 

fact that cameras are incorporated natively into these procedures such that the surgical field of 232 

view is identical for both the operating surgeon and the remote surgical ‘mentor’31. The 233 

introduction of teleproctering via the use of wearable technology including Google Glass 234 

(Google Inc., Mountain View, California)39 has led to the potential for implementing 235 

intraoperative telemedicine in surgeries traditionally classed as ‘open surgeries’, seen most 236 

prominently in the McCullough et al. study (2018)31. This study exemplified its use for 237 

supporting local surgeons in Mozambique with reconstructive procedures comprising regional 238 

flaps, z-plasties and skin grafts for the care of patients with burn contractures31. Again, this is 239 

suggestive of the fact that the delivery of intraoperative telemedicine in LMICs is continually 240 

evolving parallel to the evolution of technology. As the incidence of non-communicable 241 

diseases grows at disproportionate rate in LMICs as a direct consequence of the 242 

epidemiological transition and growing industrialisation40,41, the incidence of unmet need 243 

including that of cardiovascular disease42  and road traffic injuries43 in LMICs is also 244 

increasing; with the latter accounting for 90% of the global burden of such injuries despite a 245 

significantly lower prevalence of predisposing risk factors within these settings44. Therefore, it 246 

is not only essential for global efforts to focus on improving access to specialist cardiothoracic 247 

and trauma care in the long-term but also necessary to provide innovative solutions to the 248 
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ongoing lack of trained surgical personnel in the short-term. This is an avenue where viable 249 

implementation of intraoperative telemedicine could play a specialised role in improving 250 

access33,45. 251 

 252 

Heterogeneous platforms of intraoperative telemedicine in LMICs 253 

The heterogeneity in the examples of intraoperative telemedicine in LMICs, that met the 254 

inclusion criteria for this review, made it difficult to ascertain the extent of the role played by 255 

the specific method of intraoperative telemedicine employed on the overall outcomes for each 256 

included study. Of the 12 studies included in this review: 7 were aggregated together as 257 

adopting a standard “camera & live video-streaming” technique, a further 2 adopted similar 258 

approaches but allowed for additional telerobotic control of the camera to optimise angles and 259 

viewpoints by the ‘surgical mentor’25,26, 2 used ‘wearable technology + live video-streaming’ 260 

techniques29,31 with both of these studies consistently deploying Google Glass (Google Inc., 261 

Mountain View, California)39 to do so and a further singular study used the Proximie 262 

augmented reality platform30,46. In addition to the aforementioned potential of integrating 263 

wearable technology into open surgery, wearable technology allows for greater practical 264 

functionality of intraoperative telemedicine systems. Google Glass can be operated verbally, 265 

allowing an operating surgeon the ability to use both hands unencumbered whilst ensuring a 266 

sterile operating environment is maintained  31. The use of telerobotic control in enhancing the 267 

efficiency of intraoperative telepresence systems in LMICs has also been made apparent via 268 

the Netto et al. (2003) study26. In this report, the remote surgeon was able to control the imaging 269 

presented via control of a robot attached to a laparoscope, achieved through the manipulation 270 

of controllers embedded into the remote computer (AESOP300, ComputerMotion Inc., 271 

California)47. The success of robotic control may provide tangible benefits such as maximising 272 

efficiency by reducing operating times, which may off-set some of the time delays posed by 273 
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intraoperative telepresence including poor connection and lag48,49. Although coalescing 274 

platforms such as Proximie into intraoperative telemedicine brings forwards the innate set of 275 

advantages of augmented reality, its most relevant applications might lie in the versatility of 276 

such platforms such that they are cross-compatible with a range of devices. This enables a more 277 

realistic introduction of intraoperative telemedicine in LMICs as the technology can be utilised 278 

more accessibly through portable tablets. Platforms such as these provide more optimal 279 

methods of delivering information to the operating surgeon, through the sharing of gestures to 280 

guide the surgeon on practical techniques relevant to the procedure at hand.30 Nevertheless, all 281 

12 studies included in the review describe telepresence that allows simultaneous audio and 282 

visual communication between the operating and remote surgeons and it is this feature that is 283 

most central to the success of intraoperative telemedicine. 284 

 285 

Future directions 286 

The majority of examples of intraoperative telemedicine described in this review are trials. 287 

Although the concept of telemedicine, specifically telementoring, is not entirely novel, its use 288 

intraoperatively in LMICs remains one that requires significant further analysis from a public 289 

health perspective48. There is wide variability in the proposed costs associated with different 290 

methods of intraoperative telepresence. Although the Geary et al. study (2019) suggests that 291 

there is a $8,000 to $20,000 USD fee for the audiovisual technology required using a 292 

‘streaming’ approach32, alternative technologies including wearables have drastically different 293 

price points. Google Glass is estimated to cost $999 USD50 and, at time of the review, is only 294 

available to specific partners (only 2 out of 32 of which serve geographical regions that 295 

comprise LMICs)51. Whilst alternative wearables are available52, these have not been trialled 296 

as robustly in intraoperative clinical settings in LMICs. Literature relating to the cost -297 

effectiveness of using either robotic arms or augmented reality in surgery is also notably sparse. 298 
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Conversely, it must be stated that the most significant costs associated with using intraoperative 299 

telemedicine in LMICs are fixed, only excluding the costs of subscriptions to video streaming 300 

software32. Hence, there is sufficient rationale for conducting a large-scale costs analysis of the 301 

use of different forms of intraoperative telemedicine in LMICs – this should soundly evaluate 302 

the one-off fixed fees associated with their use against alternative options such as a physical 303 

presence of experienced overseas surgeons acting as regular visitors. Only 3 of the 12 papers 304 

included in this review23,28,32 provided satisfactory information relating to the costs associated 305 

with technology employed, with only the Davis et al. (2016) study providing a sufficiently in-306 

depth total cost analysis. 307 

 308 

Another avenue for incorporating intraoperative telemedicine might be through its application 309 

in providing continuous professional development (CPD). 5 of the 12 papers that met the 310 

inclusion criteria for the review22,26,29,31,32 described telementoring opportunities that spanned 311 

multiple sessions. This was most exemplified in the Forgione et al. Study (2015) where, upon 312 

completion of a 4-week telementored fellowship between teams in Italy and Russia, the 313 

operating surgeon gained proficiency to operate whilst being telementored and further went on 314 

to undertake 25 colorectal procedures without any remote supervision, despite no initial 315 

experience with the procedure. Transparently, there are clear grounds to expand the use of 316 

intraoperative telemedicine in LMICs as a more efficient model for supplementary continuous 317 

training and one that allows surgeons to be trained from their respective geographical regions 318 

without travelling. Over a longer time period, this would negate the effects of the “brain drain”5 319 

that encourages talented surgeons from LMICs to travel overseas to receive more specialist  320 

training and subsequently remain there permanently. This can additionally be further expanded 321 

to wider aspects of surgical and, potentially, anatomical education, including improving access 322 
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to undergraduate medical teaching in resource-poor settings, although the efficacy of this 323 

remains to be studied. 324 

 325 

Weaknesses of telesurgery 326 

This review has recognised that there are many integral limitations of intraoperative 327 

telemedicine that exist across the papers selected. Quality control remains an important issue, 328 

in part due to the diversity in the availability of methods of delivering it. The consistency of 329 

operations is heavily skewed by the limitations of particular hardware and software used. As 330 

all the papers describe elements of streaming, the technological faults of cameras, computers 331 

and/or portable devices and software that provide both streaming and receipt of audiovisual 332 

signals can heavily hinder the efficacy of any one particular procedure. As there is no single or 333 

widely-accepted system optimised to the delivery of care in this way, the utility of 334 

intraoperative telemedicine in LMICs is unpredictable. This is reinforced by the fact that the 335 

use of existing infrastructure in LMICs would be preferred, and technology available in greater 336 

abundance in LMICs may not necessarily match that described in this review’s highly-337 

specialised settings in terms of factors spanning speed, reliability and display quality 53. 338 

Financial barriers such as this one still make the use of intraoperative telemedicine in LMICs, 339 

even telementoring, a complex one. Although a relatively frugal innovation if robust systems 340 

comprising high-quality computing, recording and streaming equipment are available, it is 341 

impossible to use a “one-size-fits-all" policy when exploring its applicability to LMICs as a 342 

whole and it is likely heavily dependent on the specific region in question. This is particularly 343 

poignant due to the fact it is the least-resourced settings that could benefit the most from such 344 

an innovation. 345 

 346 
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Access to reliable local wireless networks was seen as fundamental to ensure a sufficient 347 

quality of transmission of audiovisual signal29 and the overwhelming majority of issues across 348 

this review that arose with intraoperative telemedicine were rooted in shortcomings in this area. 349 

Although in many cases including the Nadjafi-Semnani et al. paper (2008) study21, sufficient 350 

image quality and connection stability was maintained, there are many cited examples of where 351 

this has not held true. The Rosser et al. study (1999)24 notably describes the fact that 352 

disconnection was experienced in 4 of the 5 included patients due to a combination of electrical 353 

issues. Furthermore, time delays represent an area of challenge for intraoperative telemedicine 354 

in all scenarios, including LMICs. Time delays are more pronounced where there is further 355 

distance between the remote and operating teams25 and although no paper included in this 356 

review established this as a cause of significant detriment, it is worth exploring as an area of 357 

study to further improve the efficiency of intraoperative telemedicine. On a similar nature, 358 

although time difference between the remote and operating teams was not cited as a major 359 

inconvenience in any of the papers included in this review, it is a point for further consideration 360 

in aspiration of increasing intraoperative telemedicine’s role in non-elective surgeries. 361 

 362 

Finally, ethico-legal considerations including the protection of patient privacy and anonymity 363 

must be further evaluated prior to the expansion of intraoperative telemedicine in LMICs; a 364 

potential avenue for how this may be achieved is through the use of private communication 365 

networks as outlined in the Forgione et al. study (2015)22 but this warrants further investigation. 366 

 367 

Limitations of review 368 

This systematic review is also subject to some inherent limitations. Primarily, due to the nature 369 

of the studies included in the review, many were unable to adopt a methodology consisting of 370 

blinding and, although this was unavoidable in most cases, it still represents a source of 371 
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significant cognitive bias. This review was additionally limited by the low sample sizes of all 372 

studies included within it, with all studies having <16 patients and thus exhibiting bias through 373 

statistical skew. 374 

 375 

The majority of studies that met the inclusion criteria for this review were single-arm 376 

interventional studies that are known to contain bias and are sources of error. The incorporation 377 

of randomised controlled trials into this review may have improved its validity, but this was 378 

restricted by the availability of data.  379 

 380 

Another source of bias linked to reviews of this nature is publication bias, referring to the 381 

common phenomenon seen that published academic literature is far more likely to report 382 

statistically significant findings in comparison to insignificant findings54. Thus, this review is 383 

prone to publication bias which is made more significant by the inclusion of case reports. As a 384 

result of the consequences of this bias in conjunction with the low samples described in this 385 

review, meta-analysis has not been conducted. 386 

 387 

This review contains literature published over a 22-year time period between 1999 and 2019 388 

inclusive. As a result, there has been significant technological advancements since the 389 

publication dates of earlier studies included in this review and, where this is applicable, these 390 

studies’ conclusions were recognised in the context of the time of their publication. Where 391 

conclusions had been outdated by novel published literature, this was understood and these 392 

conclusions were not used to guide the scope of this review. In addition, many of the included 393 

studies suffer from a lack of longitudinal aspect to them to allow for follow-up of either patient 394 

outcomes post-operatively or the retention of surgical skills by the operating surgeon. This 395 

renders it difficult to examine the long-term benefits of intraoperative telemedical approaches 396 
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in LMICs. Hence, there is adequate grounding for the planning of additional prospective 397 

randomised studies to measure both these characteristics and observe the impact of this 398 

innovation in clinical practice. 399 

 400 

Conclusion 401 

The presence of intraoperative telemedicine in LMICs represents a principal move towards 402 

improving access to specialist surgical care for patients in resource-poor settings. Not only do 403 

several studies demonstrate that it facilitates training and educational opportunities, but it 404 

remains a relatively frugal and efficient method of doing so, through empowering local 405 

surgeons in LMICs towards offering optimal care whilst remaining in their respective 406 

communities. The presence of tele-surgery continues to be negligible in LMICs due to 407 

limitations including the inaccessibility of technology, lack of infrastructure or funding 408 

difficulties. However, whilst the implementation of telesurgery has been scarce, many studies 409 

have demonstrated that the use of other forms of telemedicine within surgery are gaining 410 

significant momentum; these comprise telementoring featuring wearable technology, 411 

augmented reality or audio-visual streaming alongside either unidirectional or bidirectional 412 

communication. The advent of COVID-19 has certainly streamlined the implementation of 413 

intraoperative telemedicine in HICs55, which provides an opportunity to learn more about how 414 

best it can be suited to improving care in LMICs. This is complemented by the 17 Sustainable 415 

Development Goals (SDGs) as set out by the United Nations to be achieved by 2030, which 416 

include provision of reliable and sustainable energy and the fostering of innovation56. Although 417 

current use is confined to limited settings, it is possible that the trajectory of applications of 418 

intraoperative telemedicine will follow that of concurrent technological development in 419 

LMICs. Nevertheless, prospective randomized studies will be needed to assess the “real-world” 420 

impact of this technology. 421 
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Table 1: Studies included discussing the use of intraoperative telemedicine in LMICs. 

 

Study Year 
Study 

Design 
Country 

Type of 

Surgery/Surgical 

Specialty 

Populatio

n Number 

† 

Type(s) of 

intraoperative 

telemedicine 

discussed 

Method of intraoperative 

telemedicine implementation 
Main reported outcomes 

Geary et 

al. 
2019 

Prospective 

study 

USA* 

and Peru 

Ophthalmology - 

Phacoemulsificatio

n  

12 ● Telementoring 

 

● Cases were sent to mentor 

surgeon by field surgeon and 

were screened based on 

whether procedure was 

compatible for remote 

guidance and then a pre-

operative discussion took 

place to structure the teaching 

and learning objectives for 

that session. 

 

● Live phacoemulsification was 

streamed over internet using 

audio-visual equipment, 

accompanied with Zoom, a 

video conferencing software, 

which enabled the mentor 

Surgeon to be in constant 

touch with the operating 

surgeon.  

 

● A survey distributed 

following the mentorship to 

assess its acceptability as well 

as a self-assessment of their 

development in their surgical 

skills. 

 

 

● Latency recorded during 

surgery was well within margin 

of acceptability and video 

quality was clear enough for 

mentoring surgeon to observe 

the anatomy and manipulation 

of instruments.  

 

● 7 Surgeons over 4 sessions 

performed 12 

phacoemulsification surgeries. 

11 of the 12 patients achieved 

the best visual acuity 

postoperatively.  

 

● 4 Surgeons completed the post 

mentorship survey and 100% 

agreed or strongly agreed that 

learning objectives had been 

met and the teaching had 

enhanced their confidence and 

skills in the procedure. 
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McCullou

gh et al. 
2018 

Prospective 

study 

USA* 

and 

Mozamb

ique 

Plastics- 

Reconstructive 

Surgery 

12 ● Telementoring 

● Cases were sent to mentor 

surgeon by field surgeon and 

were screened based on 

operational difficulty and 

educational value to surgeon, 

including novel techniques for 

common presentations seen 

and dealt by the field surgeon. 

 

●  Google Glass with the ability 

to stream in real time was 

used to facilitate a 

reconstructive surgeon in 

USA to guide the surgeon in 

Mozambique over a period of 

6 months.  

● 12 Surgical Procedures were 

remotely guided by the mentor 

surgeon. There were no patient 

complications.  

 

● Both mentor and field surgeon 

reported some disturbances in 

video, mainly image distortion 

and over-light exposure, 

alongside latency in streaming 

and connection disruption. 

Greenfield 

et al. 
2018 Case Report 

Lebanon

* and 

Palestine 

Plastics- 

Reconstructive 

Surgery 

1 ● Telementoring 

● Operating surgeon in Gaza 

was guided through a 

complex hand reconstruction 

of an 18-year-old male patient 

by the mentor surgeon in 

Lebanon.  

 

● Camera rig was set up over 

the operating field and using 

Proximie, an Augmented 

Reality software, the mentor 

surgeon was able to highlight 

structures on the virtual 

surgical field.  

● The hand and its range of 

movements were assessed over 

video and then reconstruction 

was performed, resulting in 

increase in range of movements 

in finger abduction and 

extension post-operatively. 
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Davis et 

al. 
2016 

Prospective 

study 

USA* 

and 

Vietnam 

Neurosurgery - 

Neuroendoscopy 
15 ● Telementoring 

● An iPad-based tool known as 

VIPAR (Virtual interactive 

presence and augmented 

reality) allowed provision of 

long distance, virtual 

assistance to local operating 

surgeon. 

 

● Local and International trials 

conducted initially during 

presence of visiting team, had 

any immediate assistance 

required. 

 

 

● 15 neuroendoscopic procedures 

were performed in the local 

country under the guidance of 

mentor surgeons following the 

visit, with no significant 

complications. 
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Datta et 

al. 
2015 

Prospective 

study 

USA*, 

Paragua

y, and 

Brazil 

General - Inguinal 

Hernia Repair 
8 ● Telementoring 

● Local surgeons in Brazil and 

Paraguay were taught the 

Lichtenstein inguinal hernia 

repair by a visiting 

international expert using a 

standard protocol. 

 

● Successive procedures 

operated by the local surgeon 

were streamed in real time 

using Google Glass and 

enabled guidance by mentor 

surgeon in USA. 

● 8 sequential training operations 

were conducted, 4 each in 

Brazil and Paraguay.  

 

● Live streaming of the 

procedures was successful, and 

surgeons were able to 

demonstrate proficiency in the 

procedure at the completion of 

the final case, as judged by the 

respective Operative 

Performance Rating Scale. 
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Forgione 

et al. 
2015 

Prospective 

study 

Italy* 

and 

Russia 

General - 

laparoscopic 

colorectal 

resections 

2 ● Telementoring 

● Following a lab based 

intensive training program, 

including a 4-week intensive 

mini-fellowship, a surgeon 

previously with no experience 

in laparoscopic surgery was 

remotely guided by the 

mentor surgeon, using a 

highly integrated operation 

room and a regular secure 

network. 

● Following training, 2 

laparoscopic telementored 

colectomies were performed 

uneventfully and both patients 

discharged home in a stable 

condition.  

 

● Local surgeon was then able to 

perform on 25 more patients 

using this newly acquired 

technique, without remote 

guidance. 

Tamariz et 

al. 
2009 

 Prospective 

study 

USA*, 

Russia, 

and 

Romania 

ENT - 

Thyroidectomies 

and 

parathyroidectomi

es 

15 
● Tele-surgical 

consultation 

● Multimedia indexation of a 

surgical procedure at various 

steps and stages were 

performed, following which a 

remote consultant surgeon 

was contacted during the 

procedure, with access to the 

steps that had been indexed 

thus far 

● Consultants had control of 

remote camera to tilt and 

zoom to obtain their optimum 

view of the surgical field and 

identify anatomical structures. 

● In 15 thyroidectomies and 

parathyroidectomies, 

teleconsultation was used to 

identify 22 recurrent laryngeal 

nerves (RLN). On average, 

consultants spent 6 minutes to 

review an average of 35 

minutes of surgical records to 

identify the RLN. 
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Nadjafi-

Semnani 

et al. 

2008 
Academic 

report 
Iran 

Urology -

laparoscopic 

trigonoplasty 

1 ● Telementoring 

● 2 multimedia workstations 

connected with each other via 

the university's Local Area 

Network (LAN). This enabled 

communication between the 

operating surgeon and the 

mentor surgeon, accompanied 

by an audience who were able 

to ask questions as well.  

● Procedure successfully 

completed. Streamed quality 

was of high quality and mentor 

surgeon was able to identify 

anatomical structures clearly. 

Pradeep et 

al. 
2006 Case Report  India 

Parathyroid 

tumour removal 
1 ● Telementoring 

● 2 Centres 2500km apart were 

connected through a dedicated 

very small aperture terminal 

(VSAT) link and bi-

directional audio-video 

connection for a patient who 

needed removal of the 

parathyroid tumour. 

● Despite 2 previous unsuccessful 

attempts, when the operating 

surgeon was guided by an 

expert surgeon, the parathyroid 

tumour was successfully 

removed. 
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Netto et 

al. 
2003 

Prospective 

study 

USA* 

and 

Brazil 

Urology -

laparoscopic 

bilateral 

varicocelectomy 

Percutaneous 

nephrolithotomy 

2 
● Telementoring 

● Telesurgery 

● A laparoscope was fitted to a 

surgical robot, AESOP 

(Automated Endoscopic 

System for Optimal 

Positioning), operated 

remotely by the mentor 

surgeon during the 

laparoscopic bilateral 

varicocelectomy  

● Surgeon was able to control 

remotely a PAKY 

(Percutaneous Access to the 

Kidney) robot to place a 

percutaneous needle into the 

renal collecting system  

● Audio and Video 

communication between the 

two sites deemed excellent.  

● Both procedures completed 

without any significant 

complications, and both were 

asymptomatic at the 3-month 

follow up. 
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Bauer et 

al. 
2000 

Prospective 

study  

USA* 

and 

Thailand 

Urology- 

Laparoscopic 

nephrectomy  

1 ● Telementoring 

● Connections between 2 

countries established using 

ISDN lines, facilitating bi-

directional audio and video. 

● Analogue telephone line was 

used to enable AESOP 

(Automated Endoscopic 

System for Optimal 

Positioning) enabling the 

manipulation of the camera 

from a remote location.  

● Second analogue POTS line 

enabled control of 

electrocautery 

● Laparoscopic nephrectomy 

performed, first recorded time 

of control of electrocautery 

remotely over a very long 

distance 
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Rosser et 

al. 
1999 

Prospective 

study and 

discussion 

of a case 

USA* 

and 

Ecuador 

 General - 

Laparoscopic 

cholecystectomy  

1 ● Telementoring 

 

● A mobile operating room was 

connected to a small hospital 

in a remote region of Ecuador 

via a low-bandwidth 

telephone line. Output of the 

laparoscope was then 

streamed to the mentor 

surgeon via this connection. 

● Image quality of the procedure 

high enough to determine key 

anatomical structures to guide 

the operating surgeon through 

key stages of the procedure. 

● Patient operated on successfully 

and discharged next day with 

no significant complications. 

 
Asterisk (*) denotes the country in which the remote surgeon was based if more than one country was involved in the study. 
† Population number included those only in LMICs. 
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Figure legends: 
 
Figure 1: PRISMA Flow chart 
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