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NARRATIVE REVIEW

Implications of technological advancement of surgery in low and middle-income

countries’ a narrative review

Abstract

Countries that are striving to keep pace with emerging
technologies in surgical practices and still not able to
cope with exemplary international standards are in dire
need of resources to build and strengthen their
healthcare system. This review focusses on the impeding
factors that hinder in adaptation of advanced technology
and machinery in the health care industry. Considering
the immense potential for current surgical technologies
to transform the delivery of healthcare, their
implementation in LMICs confronts considerable
challenges due to lack of infrastructure, human capital
and inadequate resources. To address these difficulties,
various entities, including healthcare institutions,
government and non-governmental organisations, and
foreign partners, must work together. Building capacity
through intended education and training initiatives,
building infrastructure, and collaborative partnerships are
critical for overcoming hurdles to effective deployment of
surgical technology in low-income communities of the
world.
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Introduction

The world has a diverse population with varying divisions,
some countries are thriving and some are striving to cope
with basic needs. Whereas, health and care is a basic
requirement and standardised care is a myth to some
striving countries. Thomas Weiser in his research
conducted in 2016 mentions that the surgeries that were
conducted in low-income countries accounts for only
6.3% of surgeries conducted worldwide, pointing to the
fact that there is a dire need to strengthen the health care
system.! The low-income country’ population accounts
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for 37% of the world population whilst according to the
2024 fiscal year the countries that lie between $1,136 and
$4,465 Gross National Income GNI per capita are
categorized as low-middle income countries.2 According
to the World Health Organization's latest data 6% increase
was observed in health care expenditure in the world
while the data was mostly representative of high-income
countries.3 Nevertheless as per international data low-
middle-income countries' health expenditure is primarily
relied on funding and out-of-pocket resources in contrast
to the high-income countries where the health
expenditure is mostly counting on their government
resources.*

Considering Pakistan, the health expenditure of the year
2020 was 2.95% of GDP which is way too low when
compared with high-income countries.2 The statistics
show that countries that are not economically stable are
not only lagging in health provision but also lack the
infrastructure to incorporate digitalization and innovation
in surgical practices. Surgery is considered an integral part
of the health care system that aids in halting mortality and
morbidity in the population and serves as a definitive
treatment modality for many diseases. Surgical
procedures are complex and critical and require precision
and expertise, despite their significance, the expense of
technological tools makes it expensive also. This
innovative advancement is usually gathered in countries
with high incomes that give rise to disproportioned
health provision in the world.2

It's not wrong if we say that the COVID era has
transformed the world not only due to its catastrophic
adversities but also because it led us to explore
alternative ways to accommodate the effective delivery of
health and care. Numerous technical tools and innovative
machinery have come into existence in the healthcare
domain during the COVID phase to ensure prompt
delivery of therapeutics keeping pace with international
standards. The 15 tech tools in health care industry are
digital therapeutics, medical dictation software, Al-
tailored medications, health focus wearable, connected
tools, centralized physician communication tools, AR/VR
for surgery training, patient account management tools,
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Al Models For Detecting Dementia, Enhanced Energy
Systems, Genetic Testing, MRI-Compatible Surgical
Systems, The Internet Of Medical Things, Robots For Every
day, 3-D Printing, and Hospital Tasks And Maintenance.#
These tools have been introduced in medical and surgical
practice, considering surgical practice all over the world
the accommodation and smooth functioning of these
tools demands an efficient and functioning system which
also depends on several factors.4

Countries that are striving to keep pace with emerging
technologies in surgical practices and still not able to
cope with exemplary international standards are in dire
need of resources to build and strengthen their
healthcare system. The following study will focus on the
technological advancement in surgical practice and its
scope in low-middle-income countries, identifying gaps
and impeding issues, and discussing approaches to
ensure the effective provision of unbiased healthcare
facilities.

This review aims to assess the Implications of
technological advancement of surgery in low and middle-
income countries and discuss existing possibilities that
propose alternative innovations for LMICs.

Methodology

The search strategy was based on assessing literature
from three search engines that were Google Scholar,
PubMed, and Web of Science. Whereas the keywords that
were used were digital surgery, LMICs, innovation,
surgery, surgical practice, technological tools, advanced
technology, and resource constraints. Primary researches
were included whilst studies that were published before
2015 were excluded. For the research that was related to
the context and that was available in the English
language, full-text PDFs were included. A total of 9
relevant types of research were then included after
screening and rigorous evaluation.

Review of the literature

Technological advancement in surgical practise in
Imics

The factor that drives the uneventful surgical outcomes is
the effective teaching and training process, the
conventional methodology of surgical training is an
observation of surgeries with senior surgeons and
trainers. The digital teaching model is relatively a new
advancement to halt the disparity in clinical skills
amongst surgical trainees.> Digital teaching methodology
provides low-middle-income countries with the
opportunity to get trained with top faculty around the
globe and experience the critical learning of innovative
machinery used in surgery. Guérard-Poirier et al, (2020)
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conducted a clinical trial to establish the outcomes of
utilizing a learning web-based tool called GEN (gamified
educational network) to learn the suturing technique in
distance learning. Study reveals that anxiety related to
conventional teaching, lack of trained faculty, and critical
feedback that were the greatest constraints in effective
learning were improved and skill learning experience was
found to be satisfactory amongst students.>

Federico Nicolosi et al, (2018) conducted a study to assess
the alternative surgical training technological tools that
can easily be employed by countries with limited
resources. Contrary to conventional teaching
methodologies there were several technological
software-based applications identified are The Rhoton
Collection, Brain book, NeuroMind, Neurosurgery Survival
Guide, UpSurgeOn, The Neurosurgical Atlas, WFNS Young
Neurosurgeons Forum Stream Touch surgery, and
Neurosurgical. TV, EANS (European Association of
Neurosurgical Societies) Academy, 3D Neuroanatomy,
and Hinari are just a few examples. Webinars, 3D
interactive  neuroanatomical and neurosurgery
information, movies, and e-learning programmes backed
by neurosurgical societies or publications comprise these
platforms.¢

It is believed that the collaboration of surgery on an
international level will aid in the synthesis of effective
post-surgical management protocols. According to
research in 2010 Lancet Commission on Global Surgery
reported that the total death toll due to the unavailability
of prompt surgical care was 16.9 million.” These deaths
were mostly due to a deficit of post-surgical care and
limited resources to get effective care delivery, therefore
collaboration and communication of surgeons on a global
level was an important factor in managing cases with
complex presentations The most crucial aspect of the
expansion of global surgical collaboration is an intact
system of ICT Information and communication
technology. Considering low-middle-income countries
Caroline Q et al (2018) surveyed (LMIC) West African
College of Surgeons to assess the accusation of big data.
A total of 83 participants from 10 countries having more
than 10 years of clinical experience took part in the study,
results showed that virtual meeting applications, virtual
document-sharing platforms, and social media were the
modes of collaboration and it has a positive impact on
education, and most of the study participants favoured
the use of ICT to enhance their clinical skills and keep their
practice up to date which is comparable to countries with
modern technologies and practice cultures.8

Gisele et al, (2017) conducted a randomized clinical trial to
evaluate the impact of touch surgery technology in low-
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resource settings. At the University of Rwanda, the
residents of surgery participated in a study where the
outcomes of conventional teaching were compared with
touch surgery in which participants performed surgeries
via a smartphone application that served as a simulation.
The surgery residents whose scores of 89.7% turned out
to be the users of TS (touch surgery) whilst residents who
prepared via textbooks scored 63.4%. Thus, it can be
concluded that technological tools also aid in
strengthening human power by producing effective and
skilled surgeons. Since it cannot replace theoretical
knowledge, its purpose may be restricted to an additional
tool to basic teaching methodology. In low- and middle-
income countries, TS has the potential to be integrated
into a surgical academic programme.?

Robotics in surgery has revolutionized the prospect of
surgery by enabling great precision and accuracy with
minimal invasion, its application in Pakistan has been
employed by several healthcare and research centres.
Recently PKLI&RC (Pakistan Kidney Liver Institute and
Research Centre) has ecstatically announced the
procedures that have been done via robotic surgeries,
those procedures include cancer operations, penile and
reconstructive surgeries, and removal of kidney stones.10
Similarly the significance of endoscopy and advancement
in its functionality and diversity cannot be undermined,
capsule endoscopy is one example. This technique
provides 100 detailed high-definition pictorial
representations of the alimentary canal for diagnosis in a
minimally invasive manner.!

The advent of AR/VR has transformed the landscape of
minimally invasive surgical procedures. The training of
residents was the pain point and for which a collaborative
effort from the surgical department of Virginia University
Richmond, USA Commonwealth under the umbrella of
the Pak-US Science and Technology Cooperation
Programme has lead to the development of a virtual
trainer lab. The lab was inaugurated in Rawalpindi
Medical College's Department of Surgery and is furnished
with AR-assisted simulators, box trainers, and operating
rooms. 12

Challenges in incorporation of technological
advancement in surgery in Imics

Need assessment, ideation, creative exploration, creation,
assessment, and broader deployment leading to
adoption are all part of the technology distribution
processes. Several obstacles in the deployment of surgical
technology are general, however, most of them are
aggregated in developing nations, and issues such as lack
of infrastructure, deficit of human resources, and finances
are amongst the most prevailed constraints.3

J Pak Med Assoc (Suppl. 4)

S-67

Furthermore, country-specific regulatory considerations
and healthcare culture are also contributory factors that
affect the implementation of technological advancement
in LMICs. A strong evidence-based strategy to address
these issues is required to understand the unique clinical
and healthcare system requirements and develop a
solution.’3

Financial Constraints

2 billion deaths have been reported over the years in low-
middle-income countries due to a lack of basic
instrumentation and armamentariums that would ensure
provisional care and definitive treatment delivery. These
demises would easily be halted with the correct use of
technological tools whereas the primary factor was the
discrepancy of availability of instruments and the burden
of patients. Despite being aware of tech tools such as 3D
printing LMICs are unable to meet the needs due to a lack
of finance and budget from the government health
quota. The financial support is critical to not only afford
but also maintain the efficacy of technological machinery
in surgical practice.4

Infrastructure and Scalability Deficits

The deployment of technological tools and ICTs
(Information and communication technology) in LMICs is
challenging due to compromised infrastructure. Issues
such as the unavailability of functional internet, wireless
information transformation pathways, big data
management, and most importantly most hospital
facilities lack the infrastructure that supports the
installment of technological tools and gadgets that count
as a basic infrastructure requirement.4 These are the most
crucial factors that support the smooth functioning of
advanced machinery.4 Areas with inadequate and
uncertain supply of electricity pose a threat to not only
advancement in healthcare but also to routine healthcare
delivery.1’s However, technical support and maintenance
are the two most important aspects that dictate the
potential scalability and life of technological tools in any
healthcare setup and LMICs lack these fundamental
blocks of infrastructure.® Scalability remains an issue
since the cost of purchasing and cost of maintaining
surgical tech tools in addition to the cost of the training
sessions for medical personnel leads to financial crises
leading to questionable scalability of technological
advancement in LMICs.17

Scarcity and burn out of Human Resources

Even when competent workers are available, they are
frequently concentrated in metropolitan areas, leaving
remote and rural regions neglected. This uneven
distribution restricts access to specialized surgical care
and impedes the widespread implementation of

Open Access



S-68

technical advances throughout the country.’”

In addition to this, due to high patient numbers and
limited skilled personnel, the existing healthcare staff in
LMICs usually experience enormous workloads.
Introducing new technology without addressing
workload difficulties may contribute to burnout among
medical professionals and impair their capacity to adapt
to and use modern surgical equipment efficiently.'8
Concerns regarding scarcity of skilled workforce, LMICs
frequently confront a scarcity of skilled healthcare
professionals such as surgeons, anaesthesiologists,
nurses, and technicians.'8

For a health care worker embracing advancements in
technology demands particular training and ongoing
education throughout their professional career However,
a lack of funding for training programmes, as well as the
time necessary to improve the skills of current workers,
presents problems in ensuring that healthcare providers
are competent in the application of emerging
technologies.’®

Interventions and strategies to ensure effective
implementation of technology advancement in
surgical practice in LMICS

Digitalization in education and collaboration

With limited resources places, ICT (Information and
communication technology) platforms may promote
education and international cooperation. Similar surveys
and ICT seminars implemented in other LMIC countries
might enhance ICT adoption, hence boosting worldwide
surgical partnerships.1!

Traditional forms of education, including books, scientific
papers, cadaveric hands-on courses, and direct observing
experience, are typically used in neurosurgical training.
Standard education programmes are frequently
unavailable in low-middle-income nations, owing to a
lack of human and economic resources. Introducing
digital platforms in these contexts might be an alternate
strategy for closing the knowledge gap between Western
nations and underdeveloped countries.>

3D-Printing

The potential yet functional way to cope with the most
frequently encountered problem in LMIC surgical practice
is the lack of instruments. To address the primary cause
that is affordability. Low-cost 3-dimensional printing
technology might transform the distribution and
production of surgical tools in district-level healthcare
institutions in underdeveloped countries. While prior
research has concentrated on the uses of 3-dimensional
material printing for bio-implants, there has been little
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investigation into the production of basic, but critical
surgical equipment, which is frequently in low supply in
underdeveloped nations. Conventional stainless steel
surgical instruments can be devised utilizing bio-based
materials of plastic at a very low cost compared to
conventional material.'3

Frugal innovations

Grassroots, resource-constrained settings (RCS) gave rise
to the philosophy of Frugal innovation (Fl), this term came
into existence in response to addressing the most crucial
problem faced by patients in LMIC countries where
affordability, access, and quality care remains the
concern. The primary motive behind frugal innovation is
to maintain patient safety, surgical accuracy, and
justifiable procedures to satisfy ethical standards as
well.2021

Certain innovations such as Electronic Health Records
where pictures and different health data are available, as
well as teleconferences at extremely little bandwidth
enable remote healthcare provision by the Medical Data
Acquisition Unit (ReMeDi:).2!

A smartphone is transformed into a portable diagnostic
laboratory, where medical decision support algorithms
are used to deliver an extensive medical management
solution by i-calQ, multi-country.22 Such innovation will
not only work with minimal resources but also be
operable due to their user-friendly nature and easy
access.

Marriott et al, (2012), assess the processes to effectively
develop frugal technology-based surgical tools the
results favoured the methodology where the production
was done in phases, initiating from research and
collaboration with surgeons working in low-resource
settings and with stakeholders. In this study, the existing
resources were estimated and an experimental gasless
laparoscope was devised that was tested on cadaveric
surgery. The study concludes that the approach to frugal
innovation must include prior research and collaboration
to ensure standardized efficacy in low-income
countries.3

Integration of Big Data and Al Application

In the year of 2015, a resolution was adopted by WHO
state members, which was regarding the crucial role of
definitive surgical procedures and the number of deaths
in low middle income countries. The death toll due to lack
of effective surgical implementation surpasses the
number of deaths combined by malaria, tuberculosis and
HIV per anum.23 Al could potentially be used to explore
insights and patterns across a population where human
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intelligence is constrained; it has a role in redefining
healthcare institutions while assisting clinical decision-
making. Regarding data and expertise in technology, low-
and middle-income nations, have a diverse set of
countries. Brazil, India, China, South Africa, and Turkey,
possess substantial datasets at the country and
organizational levels, as well as technological resources to
execute technological developments.24 24,

Artificial Intelligence systematically deployed to address
concerns within the area of the NSOAPs (National
Surgical, Obstetric, and Anesthesia Planning) paradigm
can improve process management. NSOAPs can be
applied in low- and middle-income countries to construct
specific strategies for specific countries considering the
available resources to enhance their surgical system
across six functional domains of a health system that are:
workforce, government, funds, provision of services,
facilities, and data management.24

Shaanika et al, (2019) conducted a qualitative study to
justify the fact that supports the acquisition of big data in
low-middle-income countries. The case of Namibia was
studied and it proposes a model that tackles all the
identified hindering factors in accessing patient
information such as management of big data, monopoly
of technology, networking and communicative issues,
and lack of compliant policies. The proposed model was a
mobile system-assisted technology that aids in easy
access and accusation of big data in a minimal resources
setting.2> This innovation is a big source of avoiding
workforce burnout and transferring data from hardcopy
to softcopy simplifies the accessibility issue.

Equipment Access

Obtain and distribute adequate and cheap surgical
technology equipment customised to the unique
demands of LMICs. This might include simple, low cost,
and long-lasting technologies ideal for resource-
constrained environments.26

Telemedicine and connection

The use of telemedicine networks to improve connection
in rural places enables remote consultations, coaching,
and even tele-mentoring from professionals located
abroad, assisting local surgeons in working efficiently
through sophisticated technologies.

Adoption of incentives

Promote policies that encourage healthcare
organizations and government bodies to embrace and
incorporate innovative technology through grants, or
incentives.2’
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Empowering Research

Encourage and support research activities to study the
impact and efficacy of technology in surgical practice
inside LMICs. Data collection and results may be used to
justify investments and drive future improvements.28
Utilization and acquisition of Big data is suggested to be
of utmost importance to amplify the production in this
area of interest.29

Discussion

The incorporation of surgical tech tools in health care
practice requires joint efforts while Pakistan which is also
considered a low- and middle-income country has made
tremendous improvements despite limited resources. The
collaboration and utilisation of frugal innovations can be
seen in multiple centres here. Sialkot is the most known
city that has exceeded the expectations in production of
disposables, including disposable laparoscopes.’2

Virtual reality and full-fledged procedural simulations are
too pricey. A collaboration between the National
University of Science and Technology and MIS
(management information system). Virtual Lab Smart Sim,
Pakistan's first indigenously created simulator, was
inspired by the Holy Family Virtual Lab. This comprises
pre-exercise teaching, run-time assistance, surgical films
of various circumstances, and post-exercise evaluation.
This review focussed on the many obstacles, prospects,
and critical interventions that are necessary for the
effective implementation of digitalization in the
healthcare system in LMICs. Considering the immense
potential for current surgical technologies to transform
the delivery of healthcare, their implementation in LMICs
confronts considerable challenges due to a lack of
infrastructure, human capital, and inadequate resources.
To address these difficulties, various entities, including
healthcare institutions government and non-
governmental bodies, and foreign partners, must work
together. Building capacity through intended education
and training initiatives, building infrastructure, and
collaborative partnerships are critical for overcoming
hurdles to effective surgical deployment of technology in
low-income communities of the world.

Future intents/recommendations

Undertaking research projects for particularly low and
middle socioeconomic regions of the world in order to
better comprehend the real-world implications and
challenges related to application of surgical technologies

Anticipating possible subsequent developments in
surgery and their likely influence on these nations'
healthcare systems, it is necessary to investigate the
government actions and policy structures that are
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required for incorporating modern surgical technology
into health delivery facilities of low-resource countries.

Evaluating effective methods of collaboration between
international organizations, high-income nations, and
local stakeholders to promote the use of modern surgical
technology is also recommended.

Understanding the contribution of private-sector
alliances for rendering these innovations affordable and
accessible in limited-income nations is a necessary
requirement and creating strategies to facilitate the
transfer of skills and knowledge from high-income
established states to developing nations will ensure long-
term effective implementation.

Limitations

This review extracted literature from three search engines
which included Google Scholar, Web of Science, and
PubMed, however, another engine should also be used in
future studies to gather more comprehensive data. The
review does not specify surgical procedures nor does it
focus on the specification of tools that can be
incorporated into future studies to gain extensive
knowledge regarding procedure-related application of
technological tools. Nevertheless, the study primarily
gathers data that dictates the general hindrances and
opportunities in low to middle income countries
regarding digital advancements in surgery thus is limited
to the context of the study.

Conclusion

The review stresses the incorporation of surgical tech-
tools in health care practice requires joint efforts from
government and international communities that are
working for health and well being of low-middle income
countries. The incorporation of frugal innovation,
dissemination of knowledge, continuous education and
accusation of digitalisation in health care set ups,
establishment and maintenance of infra-structured
required for installation and functioning of digital
machinery and financial help are the key components
that needs special consideration for effective
implementation of innovation in surgical practise.
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