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Abstract
BACKGROUND
Laparoscopic surgery has reduced morbidity and mortality rates, shorter postoperative recovery periods and lower complication rates than open surgery. It is routine practice in high-income countries and is becoming increasingly common in countries with limited resources. However, introducing laparoscopic surgery in low-and-middle-income countries (LMIC) can be expensive and requires resources, equipment, and trainers.

AIM
To report the challenges and benefits of introducing laparoscopic surgery in LMIC as well as to identify solutions to these challenges for countries with limited finances and resources.

METHODS
Medline, Embase and Cochrane databases were searched for studies reporting first experience in laparoscopic surgery in LMIC. Included studies were published between 1996 and 2022 with full text available in English. Exclusion criteria were studies considering only open surgery, ear, nose, and throat, endoscopy, arthroscopy, hysteroscopy, cystoscopy, transplant, or bariatric surgery.

RESULTS
Ten studies out of 3409 screened papers, from eight LMIC were eligible for inclusion in the final analysis, totaling 2497 patients. Most reported challenges were related to costs of equipment and training programmes, equipment problems such as faulty equipment, and access to surgical kits. Training-related challenges were reliance on foreign trainers and lack of locally trained surgeons and theatre staff. The benefits of introducing laparoscopic surgery were economic and clinical, including a reduction in hospital stay, complications, and morbidity/mortality. The introduction of laparoscopic surgery also provided training opportunities for junior doctors.

CONCLUSION
Despite financial and technical challenges, many studies emphasise the overall benefit of introducing laparoscopic surgery in LMICs such as reduced hospital stay and the related lower cost for patients. While many of the clinical centres in LMICs have proposed practical solutions to the challenges reported, more support is critically required, in particular regarding training.

Key Words: Laparoscopic surgery; Low and middle income country; First experience; Training in laparoscopic surgery

Troller R, Bawa J, Baker O, Ashcroft J. First experience in laparoscopic surgery in low and middle income countries: A systematic review. World J Gastrointest Surg 2024; In press

Core Tip: While laparoscopic surgery could have major positive effects on patients in low and middle income countries, this type of operation is not widely accessible in many parts of the world. The aim of this study was a systematic review of the literature on laparoscopic surgery in low in middle income countries in order to get a better understanding of first experiences made with minimal invasive surgical techniques and equipment. Out of over 3400 screened papers, 10 studies were selected and analised. We report on common challenges as well as on possible ways to overcome them.

INTRODUCTION
Laparoscopic surgery has become routine practice in many places in the world and has numerous benefits when compared to open surgery, including: Reduced morbidity and mortality, length of hospital stay, blood loss, infection rate and postoperative pain[1-3]. However, laparoscopic surgery is still not routine in many low- and middle income countries (LMICs).
[bookmark: OLE_LINK6]The term LMIC includes low, lower-middle, and upper-middle income countries, defined by their gross national income (GNI). The GNI fluctuates every year, and as of 2022 a LMIC is defined by a GNI per capita of less than $12695[4] (Unless otherwise stated, all monetary values in this paper are in American Dollars: $). This economic deficit can limit access to high-cost technology and its support and represents a great challenge to introduce laparoscopic surgery.
LMICs perform a greater number of procedures with an open approach, rather than a laparoscopic approach. Access to laparoscopic surgery in LMICs is difficult and thus much of the developing world cannot benefit from minimal invasive surgery. Introducing laparoscopic surgical services requires a range of specialist input necessitating that surgical teams are constituted from a broad multidisciplinary background.
This systematic review aims to assess the challenges in introducing laparoscopic surgery service in LMICs and to produce a consensus regarding commencing a high quality, replicable, and collaborative laparoscopic service.

MATERIALS AND METHODS
Search strategy
This Systematic Review utilised the preferred reporting items for systematic reviews and meta-analyses statement (PRISMA Statement) to guide all methodology and write up. Before undertaking this review, inclusion criteria were predetermined. Reports met inclusion criteria if they described: (1) a report of first experience in laparoscopic surgery; (2) performed in a low-and-middle income country; (3) were reported in the English language or had an English language translation; and (4) were published after 1996.
Exclusion criteria defined were as follows: (1) studies focused on open surgery, endoscopy, arthroscopy, cystoscopy, hysteroscopy, hand-assisted surgery, ear, nose, and throat surgery, bariatric surgery, breast surgery, thoracic surgery, robotic surgery, transplant surgery, obstetric; (2) reviews, case reports, letters to the editor or conference abstracts; (3) studies where the patient cohort was equal or smaller than ten; and (4) studies which reported advanced laparoscopic techniques. Studies for which the online full-text was not available were also excluded.
A systematic search of Medline, Embase and Cochrane was undertaken until November 2022. An initial search for the identification of laparoscopic surgical reports in LMIC utilised the search terms: “laparoscopic”, “laparoscopy”, and “hand-assisted laparoscopy” in addition to the terms “LMIC” or “developed/developing country”. This broad search strategy generated 4026 articles.

Study selection, data extraction, and synthesis of results
Duplicates were removed (n = 617) and 4 reviewers independently screened abstracts and/or full texts of 3409 publications in reference to study design, study population, and study location as outlined in the inclusion and exclusion criteria. Full screening resulted in the capture of 10 articles which met the predetermined criteria for inclusion into the systematic review. This process is displayed in full in Figure 1. Prior to data extraction it was decided that a meta-analysis would not be undertaken due to the heterogeneity of both laparoscopic implementations and outcome measurements.
Three reviewers independently extracted relevant information from each laparoscopic report using a standardised data extraction method. One author with surgical training expertise reviewed all extracted data. This review captured: Cost, equipment, training, clinical-, economic- and systemic details in addition to quantitative and qualitative outcome measures.

RESULTS
The process of identification, detailing the search and screening strategy is shown in the PRISMA flow diagram (Figure 1).

Characteristics of included studies
Ten studies were identified as meeting the inclusion criteria. The majority of these studies were conducted in Africa (n = 9) with four studies being conducted in Nigeria (Table 1)[5-14]. The studies were conducted between 1999 and 2018 and had a study duration of 2.8 years on average. Half were retrospective studies (n = 5), the remainder were prospective (n = 4) and one case series (n = 1). A total of 2497 patients were eligible for inclusion in the final analysis. No multinational studies were identified for inclusion during the screening process.

Challenges
There were three common themes for the challenges faced when introducing laparoscopic surgery; these related to training, costs and equipment (Table 2)[5-14].

Training
Minimal access surgery requires additional training and skills and this can be challenging in many LMICs[11,12]. As laparoscopic surgery is less often practised, the result is that junior surgeons have poor knowledge of laparoscopy and lack the confidence to use laparoscopy outside of normal working hours, even for emergency cases, such as for appendicitis[7]. Once more surgeons develop an interest and improve skills in laparoscopic surgery, the operating time will reduce[6].
In a study defining the learning curve for laparoscopic colorectal resections in the United States, it was felt that a minimum of 30 procedures was required for laparoscopic colorectal resection in an expert unit, with early cases being associated with higher conversion to open, operative time, and post-operative stay[15].
Apart from the additional training for surgeons, many centres found it challenging to introduce laparoscopic surgery because they did not have adequately trained staff such as theatre nurses, technicians and scrub nurses[6,7,9,11]. As laparoscopic surgery is not widely practised in LMICs, it may be that these skills are not taught to trainees[16] and in turn there is no motivation for training support staff in these skills.
Some studies reported on the training of local staff either abroad or in their hospital by surgeons from abroad. Training was provided not only for the surgeons, but also the theatre staff, nurses and paramedics[9]. A gynaecology team from Cameroon were trained over seven years by a surgeon from France[8]. The anaesthetists and theatre staff of the same team also benefited from several months of training[8]. In some cases, it falls on the operating surgeon to train the entire team (endoscopy nurses and technicians) as there is inadequate training of support staff[11].
Some centres are struggling with a complete absence of basic training in laparoscopic surgery resulting in underperformance and a very slow learning curve[12]. Once more surgeons develop an interest and improve their skills in laparoscopic surgery, a reduction in operating time can be achieved[6]. This is reflected in the units that were only able to perform laparoscopic procedures intermittently, yet still reported reduced operation times and improvement of surgical skills[9,12].
Training is not only an issue for clinical teams, but also for the engineering teams that maintain the laparoscopic equipment. Local biometric engineers are often not knowledgeable about the endoscopic instruments or trained to fix them[12,14]. Maintenance of laparoscopic equipment by untrained staff can lead to malfunction and contribute to equipment problems encountered during surgery[17]. To reduce cost, reusable instruments are used and therefore careful sterilisation is necessary which requires advanced know-how[14].

Costs
While the long term costs of laparoscopic surgery are comparable or even cheaper than the ones of open surgery, the initial investment for equipment, training and infrastructure can pose a problem. In one of the first studies introducing laparoscopic appendicectomy in the United States, it was found that laparoscopic surgery required a significant increase in intraoperative equipment charge ($125.32 ± $3.99 open vs $1,078.70 ± $24.06 Lap), operative time charge ($3022.16 ± $57.51 vs $4065.24 ± $122.64), and total hospital charge ($12310 ±$772 vs $16773 ± $1,319)[18].
Six studies report the cost to acquire laparoscopic equipment and consumables in LMICs as an issue to establish a laparoscopic surgery service in their respective hospitals. The main challenge in LMICs is the high initial costs to acquire laparoscopic equipment and consumables[9]. This is in part due to the absence of local production companies resulting in a lack of supply of instruments on demand and in part due to fewer alternative options being available to purchase affordable equipment[12].
Regarding the operational costs, Ray-Offor et al[11] reported that after the initial setup, which includes training of personnel, acquisition of equipment and building the relevant infrastructure, the operational costs for laparoscopic surgery is not huge (though without exact specification or comparison to open surgery)[11]. Similarly, Bendinelli et al[5] reported that the hospital could recover more than 87% of its investment in 6 years and the higher surgical charges were compensated by reduced hospitalisation costs postoperatively[5].
Adisa et al[10] and other centres described how they were able to reduce costs with local adaptations like investing in reusable instruments, which helped to reduce the cost per patient[10,11]. They also made camera covers using drapes that can be washed and sterilised and limited the use of retrieval bags for purulent appendix specimens. No advanced energy devices such as harmonic or Ligasure were used[10].
Depending on the pricing model of the hospital laparoscopic surgery can even be more financially viable than open surgery. For example, Bendinelli et al[5] report that in hospitals with fixed charges per surgery and per day, the costs for patients in the laparoscopic surgery group were lower when compared to the open surgery group, due to shorter length of hospital stay and fewer complications[5].
Another barrier to introducing laparoscopic surgery in LMICs is the lack of a well established healthcare system with insurance where patients must pay for the surgery and hospital stay themselves[10,12]. In these settings, hospitals often operate with extremely low margins and generate very little profit. As a result, for a long time, laparoscopic surgery in LMICs was only offered in private hospitals who historically have been more likely to be able to afford the higher upfront investment cost required for modern equipment and training[9,10].
One of the overall benefits of laparoscopic surgery compared to open surgery is the reduced hospital stay which means lower costs for patients in LMICs[5,7,10,12]. Diagnostic laparoscopy is one of the most convenient procedures; it is simple, cost-effective and avoids an unnecessary laparotomy which leads to a shorter postoperative stay and lower costs[5,9,12].

Equipment
Equipment challenges evolve mostly around the acquisition of equipment and the reliability of equipment and infrastructure[5,6]. Most of the hospitals received donations of endoscopic instruments from corporations, companies or visiting surgeons[5,8,12,14]. Relying on such donations and investing in reusable equipment were two methods to achieve cost effectiveness.
Some studies noted that the costs for laparoscopic surgery are not much higher than conventional surgery after the initial set-up, training of staff and acquisition of relevant infrastructure[11,19]. For the initial set-up, cooperation with developed countries and public institutions can be helpful to obtain laparoscopic supplies[5]. However, the lack of local companies producing laparoscopic equipment can lead to maintenance problems. Maintenance of laparoscopic equipment by untrained staff contributes to some problems encountered during surgery as well as challenges with effective sterilisation and care of the instruments[14].
Another commonly reported challenge is unreliable infrastructure which can lead to power outages or unreliable power supplies[11,12,14], which creates a huge problem as laparoscopic surgery requires a reliable source of electricity. Introduction of solar power or electricity by a generator or an alternate power supply during surgeries could provide a solution to the power outages[11].
Adisa et al[10] introduced laparoscopic surgery with a basic setup using regular TV manual carbon dioxide insufflations. They reported four conversions due to equipment failure and technical difficulties[10]. In two cases loss of view due to a faulty cable that could not be immediately resolved and two conversions happened due to excessive intraoperative bleeding. This study highlighted how the costs and difficulties of replacing damaged laparoscopic equipment can be a limiting factor to continuing minimally invasive surgery[12].
Specific issues with equipment such as diathermy malfunctioning, faulty suction, gas leak from a malfunctioning port, and a non-functioning clip applicator were reported by Ismaila et al[14].

Other challenges and outcomes
One study reported lack of acceptance of laparoscopic surgery being a challenge; surgeons had a preference for non-endoscopic techniques and were not keen on trying a new technique[12]. In addition, the initial set-up for laparoscopic surgery can be time-consuming, which can prolong operating time and cause problems in view of competing theatre usage[11].
Bureaucratic issues regarding procurement and approving endoscopic equipment can be another challenge in introducing minimally invasive surgery[12,14].

Clinical outcomes
Most authors looked at complication and conversion rates. Complication rate is known to be related to the level of training and experience in laparoscopic surgery[20]. As Parkar et al[6] pointed out, laparoscopic training and collaboration with local trainers or those from overseas is crucial for the development of minimal invasive surgery[5,12].
An increased conversion rate related to inadequate equipment, malfunction and poor patient selection was reported by Onoh et al[12]. One hospital reported a conversion rate of 38% (16 conversions of 42 Laparoscopic appendicectomy), most of them due to intraoperative difficulties such as retrocaecal appendix, necrosed fragmented appendix or adhesions[7]. That being said, most authors reported a conversion rate comparable to the number in developed countries[21] between 1 and 10%[5,6].
One study reported six port site complications (1.47%) of which two needed subsequent laparotomy only seven days post laparoscopic surgery[6]. This is comparable to the other studies reporting port site complications between 3% and 9% within three months after surgery[22,23].
A number of studies highlighted the reduction in operating time with experience[6,9,10] as well as shorter postoperative stay and less pain after laparoscopic surgery[5,9,10].
Diagnostic laparoscopy is one of the most convenient procedures and can avoid an unnecessary laparotomy which leads to reduced wound infection rates[7,9,10], minimises scar formation[7], allows earlier return to normal activities[7,12], less pain[9] and reduces postoperative adhesions[7,8]. The routine use of diagnostic laparoscopy can also reduce morbidity and mortality for patients with suspected intra-abdominal malignancies compared to diagnostic laparotomies for these patients[10].

DISCUSSION
Laparoscopic surgery presents significant opportunities for enhancing healthcare delivery in low and middle-income countries (LMICs). Its advantages, including shorter hospital stays, improved patient outcomes due to lower infection rates and fewer laparotomies which enable a quicker return to work, highlight the potentially transformative impact on healthcare systems in resource-limited settings.
While these opportunities are promising, numerous challenges must be addressed to fully realise the benefits of laparoscopic surgery in LMICs.
Costs for equipment, training and infrastructure are a major barrier due to low income and the associated low economic development in LMICs. The economic difficulties that face many LMICs may have been a result of conflicts, inequality, lack of education and poor basic infrastructure. Therefore, support of LMICs in introducing laparoscopic surgery and training needs to be built and adapted to local practice to be sustainable.
One of the primary hurdles is the substantial initial investment required for acquiring and maintaining laparoscopic equipment. The higher acquisition and maintenance costs, and limited financial resources in LMICs, pose a significant barrier to widespread adoption. Moreover, the absence of skilled local labour for equipment maintenance aggravate these challenges, leading to potential equipment downtime and reduced accessibility to laparoscopic equipment.
The absence of a local support industry further complicates the sustainability of laparoscopic surgery in LMICs. Inadequate infrastructure, including unstable power and water supply, presents operational difficulties and jeopardises the continuity of surgical procedures. The need for larger sterilisation equipment adds to the infrastructure demands, requiring substantial modifications that may not align with existing healthcare facilities in these regions.
A critical challenge remains the scarcity of trained surgeons in laparoscopic surgery in LMICs associated with a lack of local surgical training opportunities and educational resources. Efforts to establish comprehensive training programs tailored to the specific needs of these regions are imperative to overcome this limitation. Collaborations between local and international medical institutions could facilitate knowledge transfer and skill development, ultimately empowering local healthcare professionals. Previous reports have documented successful introduction of a laparoscopic surgical service, such as the Ministry of Health in Botswana where 12 surgeons were trained through a combination of hands-on teaching, tele-simulation, workshops and mentorship to begin a laparoscopic cholecystectomy program[24].
Strategies to address these challenges should focus not only on infrastructure shortcomings but also establishing sustainable training programs and support systems for equipment maintenance. Innovative financing models and technology-sharing initiatives could alleviate the financial burden associated with the adoption and maintenance of laparoscopic surgery in LMICs.

CONCLUSION
On the whole, laparoscopic surgery could have a huge potential in LMICs. Collaborative efforts between international surgeons, companies, and local units emerge as a cornerstone for success in navigating the challenges.
Identification of essential equipment needs and skill gaps, coupled with comprehensive training programs for both clinical staff and equipment engineers, are needed for a sustainable implementation. Reusable equipment not only addresses financial constraints but also aligns with the principles of resource efficiency which is crucial in resource-limited settings. Given the lack of local resources and skills, the use of remote technology, such as video-based training materials or remote video-assistance to train and mentor local teams could also be considered.
The introduction of solar electricity or alternative power supplies could enable better coping with disruptions posed by unreliable power supply, ensuring uninterrupted surgical procedures.
Further studies around the cost-effectiveness of laparoscopic surgery in LMICs are required, to evaluate approaches that might enable LMICs to benefit from minimal invasive surgery. Lastly, a future survey which also includes studies from less economically prosperous areas within otherwise more developed countries, might help yield a larger number of studies and hence increase the validity of the review.

ARTICLE HIGHLIGHTS
Research background
Laparoscopic surgery has become routine practice in many places in the world and has numerous benefits when compared to open surgery, including: reduced morbidity and mortality, length of hospital stay, blood loss, infection rate and postoperative pain. However, laparoscopic surgery is still not routine in many low- and middle income countries (LMIC) as introducing minimal invasive surgery can be expensive and requires resources. The economic deficit in low-and middle income countries can limit access to high-cost technology and its support and represents a great challenge to introduce laparoscopic surgery. In low-and middle income countries most surgeries are performed with an open approach, rather than a laparoscopically. Access to laparoscopic surgery in LMICs is difficult and thus much of the developing world cannot benefit from minimal invasive surgery. Introducing laparoscopic surgical services requires a range of specialist input necessitating that surgical teams are constituted from a broad multidisciplinary background.

Research motivation
This systematic review aims to assess the challenges in introducing laparoscopic surgery service in LMICs and to produce a consensus regarding commencing a high quality, replicable, and collaborative laparoscopic service.

Research objectives
The main objective was to assess the challenges in surgical services in Low- and middle-income countries. We could identify the main gaps and problems and analysed potential solutions. But also identified the need for future studies addressing certain questions and design.

Research methods
Systematic review of Medline, Embase and Cochrane databases.

Research results
Ten studies have been included in this systematic review. They main challenges found were related to costs, training and equipment. Lack of training opportunities, faulty equipment or access to equipment and the associated costs. Some studies highlighted the benefits of introducing laparoscopic surgery, particularly the reduction in hospital stay, lower complications and lower morbidity and mortality.

Research conclusions
Identification of essential equipment needs and skill gaps, coupled with comprehensive training programs for both clinical staff and equipment engineers, are needed for a sustainable implementation. Reusable equipment, the use of remote technology, such as video-based training materials or remote video-assistance to train and mentor local teams, introduction of solar electricity or alternative power supplies should be considered. Further studies to assess cost-effectiveness of laparoscopic surgery and studies which also includes papers from less economically prosperous areas within developed countries might help to increase the validity of the review.

Research perspectives
Further studies to assess cost-effectiveness of laparoscopic surgery and studies which also includes papers from less economically prosperous areas within developed countries might help to increase the validity of the review.
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Figure Legends
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Figure 1 Study identification process.


Table 1 Characteristics of included studies
	Ref.
	Country
	Year published
	Study duration
	Specialty
	Study design
	No. cases

	Bendinelli et al[5]
	Senegal
	2002
	5 years
	Various
	Retrospective
	826

	Parkar et al[6]
	Kenya
	2003
	2 years
	Gynae & general
	Retrospective
	408

	Patel et al[7]
	Kenya
	2003
	6 years
	General
	Case series
	106

	Raiga et al[8]
	Cameroon
	1999
	4 years
	Gynae
	Retrospective
	735

	Arung et al[9]
	Democratic Republic of Congo
	2015
	10 months
	General
	Prospective
	75

	Adisa et al[10]
	Nigeria
	2013
	2 years
	General
	Retrospective
	175

	Ray-Offor et al[11]
	Nigeria
	2014
	17 months
	General and Paediatric
	Prospective
	15

	Onoh et al[12]
	Nigeria
	2018
	2 years
	Gynae
	Prospective
	36

	Ishaq et al[13]
	Pakistan
	2016
	31 months
	Paediatric
	Retrospective
	100

	Ismaila et al[14]
	Nigeria
	2013
	12 months
	General
	Prospective
	21





Table 2 Commonly reported challenges for the introduction of laparoscopic surgery
	Ref.
	Training
	Costs
	Equipment
	Others

	Bendinelli et al[5]
	
	Y
	Y
	

	Parkar et al[6]
	Y
	
	Y
	

	Patel et al[7]
	Y
	
	
	Y

	Raiga et al[8]
	Y
	Y
	
	

	Arung et al[9]
	Y
	Y
	Y
	

	Adisa et al[10]
	
	Y
	Y
	

	Ray-Offor et al[11]
	Y
	Y
	Y
	Y

	Onoh et al[12]
	Y
	Y
	Y
	Y

	Ishaq et al[13]
	Y
	
	
	

	Ismaila et al[14]
	Y
	
	Y
	Y


Y: Yes. Challenges were reported in the literature.
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