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Abstract

Lack of qualified people, poor infrastructure, and budgetary restrictions (Dewan et al., 2018) continue to
greatly limit overall access to neurosurgical care in low- and middle-income countries (LMICs). More than 5
billion people globally lack access to basic neurosurgery operations for traumatic brain injuries (TBI),
hydrocephalus, and brain tumors, therefore resulting in significant rates of preventable morbidity and death
( Murray et al., 2012). Examining 42 papers, this systematic review looks at policy interventions, inequities,
and constraints impacting neurosurgical treatment in LMICs. Results show that neurosurgical manpower
shortages are severe: LICs have less than one neurosurgeon per million persons, compared to 30—70 per
million in high-income countries (HICs). Furthermore less than 30% of LIC hospitals have MRI or CT
scanners, which delays diagnosis and produces inadequate surgical results (Perera et al., 2022). Financial
constraints further impede access since most patients cannot get timely treatment due to out-of-pocket (OOP)
costs for neurosurgery often exceeding annual household incomes (Grimes et al., 2014). Policy-driven
reforms, such public-private partnerships (PPRs) and universal health coverage (UHC), have enhanced
Neurosurgery accessibility, so lowering death risks with a risk ratio (RR) of 0.78 (95% CI: 0.65-0.92)
(Dewan et al., 2018). Furthermore lowering surgical delays by 50% in remote locations (Tini et al., 2024) are
telemedicine and task-sharing policies. Future initiatives should concentrate on improving financial models,
increasing neurosurgical training, and including Al-driven diagnoses (Robertson et al., 2019) to provide fair
access. Ensuring better neurosurgical treatment in low-resource environments depends critically on
legislative reforms, international cooperation, and technical developments.

Keywords: low-income nations, neurosurgery, healthcare inequalities, telemedicine, artificial intelligence,
workforce shortages
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1. Introduction

Globally morbidity and death rates are highly influenced by neurosurgical illnesses including traumatic brain
injuries (TBI), stroke, hydrocephalus, and spinal anomalies (Murray et al., 2012). With low-income countries
(LICs) disproportionately impacted, stroke is the second most prevalent cause of mortality worldwide
according the Global Burden of Disease (GBD) Study (Dewan et al., 2018). Many LIC residents cannot
afford neurosurgical treatment despite the great load of disease, therefore aggravating socioeconomic
differences in access to healthcare (Grimes et al., 2014). Financial restrictions, manpower shortages,
infrastructure shortcomings, and healthcare regulations impacting neurosurgical treatment in LICs are
investigated in this research.

2. Methodologies
2.1 Strategy of Literature Search

Following the preferred reporting items for literature reviews and meta-analyses (PRISMA), this systematic
review guarantees scientific rigor and openness (Moher et al., 2009). Multiple academic databases were
systematically searched in order to find studies on socioeconomic inequalities in neurosurgical treatment in
LICs. Among the databases searched were:

« PubMed, kept up to current by the National Library of Medicine

. Embase, organised by Elsevier

« The Cochrane Library has methodical reviews.

« African Journals Online (AJOL), with an eye toward regional health research

To guarantee a complete picture of the available data, the search includes peer-reviewed publications
released from conception through February 2024. To maximize inclusivity and narrow the search, medical
subject headings (MeSH) phrases and Boolean operators were applied (B Kramer et al., 2018). Using
"Neurosurgery” AND "disparities” AND "low-income countries™ among other search criteria, Access to
surgical procedures; socioeconomic hurdles; neurosurgical treatment; health disparities; global neurosurgery
Search phrases were customized for the syntax of every database in order to improve precision. Government
policy papers, World Health Organization (WHO) studies, and publications from foreign neurosurgical
societies (World Health Organization, 2017) provided further sources.

This study included both quantitative and qualitative research to reduce publishing bias and provide a whole
picture of neurosurgical variations (Higgins et al., 2011). Translation services' limited resources led to the
inclusion only studies written in English.

2.2 Exclusion and Inclusion Standards

Before the screening procedure, clear eligibility criteria were developed to guarantee the relevance and
quality of the included studies. Studies on socioeconomic inequalities influencing neurosurgical treatment in
low-income countries as defined by the World Bank (World Bank, 2023) must first take the stage. Research
has to point up obstacles to access include geographical inequalities, financial restrictions, staff shortages,
and poor infrastructure (Grimes et al., 2014). To guarantee methodological variety, included research have to
be systematic reviews, cohort studies, case studies, cross-sectional studies, or policy analyses ( Murray et al.,
2012). Studies have to be published in peer-reviewed publications in order to assure dependability and
scientific rigor (Moher et al., 2009).

Exclusion criteria:

o Studies on middle- or high-income countries devoid of comparison to LICs

. Editorials, opinion articles, non-peer-reviewed materials.

« Research on broad neurosurgical developments free from regard for socioeconomic differences.

« Animal studies or research having methodological flaws include insufficient data or inadequate sample
numbers (Higgins et al., 2011).

Studies failing these standards were eliminated during screening.
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2.3 Study Selection and Data Extraction

Multiple reviewers carried out a blinded screening process using the Rayyan QCRI platform, therefore

lowering selection bias (Ouzzani et al., 2016).

Selection Process

Title and Abstract Screening:

1. Two independent reviewers evaluated titles and abstracts from studies.
2. Eliminated were irrelevant research failing to satisfy the inclusion criteria.

Full text reviewed

1. Full texts were retrieved and extensively compared against inclusion/exclusion criteria.

2. Difference were settled by conversation or by consulting a third reviewer (Moher et al., 2009).

Data Extraction Method:

Extracted using a structured Microsoft Excel form were: sample size, study design, author, publication year.
Financial restrictions, staffing problems, legal and geographic barriers define barriers to neurosurgery; health
outcomes include death rates, surgical complications, treatment delays; government financial support and
policy measures (WHO, 2017).To improve repeatability and openness, a summary table evaluating quality
including the risk of bias for every study included in the review was created.

Table 1: Risk of Bias Assessment for Included Studies

Study Study Design  Sample  Selection
Size Bias
Dewan et Systematic High Low

al., 2018 Review
Park et al., CohortStudy Medium Moderate
2021

Lu et al., Randomized Large Low
2019 Trial
Sharma et Retrospective = Small High

al., 2022 Analysis
Mukherjee  Observational =~ Medium Moderate
etal.,, 2021  Study

Key Definitions:

« Selection Bias: Were study participants randomly or systematically selected?

Performance
Bias

Low

Low

Low

Moderate

Moderate

Detection
Bias

Low
Moderate
Low
High

Low

« Performance Bias: Were interventions applied equally across groups?

« Detection Bias: Was outcome assessment blinded or consistent?

« Attrition Bias: Were participants lost to follow-up?

Attrition
Bias

Low
Low
Low
Moderate

High

Overall
Risk of
Bias

Low
Moderate
Low

High

Moderate
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Summary of Bias:

« Low Risk Studies (v): Dewan et al., 2018 and Lu et al., 2019 had rigorous methodologies with
minimal bias.

o Moderate Risk Studies (A): Park et al., 2021 and Mukherjee et al., 2021 showed potential bias in
sample selection and follow-up.

« High Risk Studies (®): Sharma et al., 2022 had significant limitations in selection and detection bias.

2.4 PRISMA Flow Map
Figure 1

IDENTIFICATION
Records identified from databases (PubMed, Embase, Cochrane): 4,377
Duplicates removed: 1,123

SCREENING
Records screened: 3,254
Records excluded due to irrelevance: 2,500
Full-text articles assessed for eligibility: 754

ELIGIBILITY

Full-text articles excluded (due to lack of neurosurgical focus or incomplete data): 512
Studies included in qualitative synthesis: 242

INCLUDED

Studies included in final systematic review: 42

2.5 Data Integration and Statistical Evaluation

Following data extraction, results were synthesized using both qualitative and quantitative approaches, in-
cluding thematic analysis and meta-analysis.

1. Thematic Analysis

Qualitative thematic analysis was conducted to categorize key barriers in neurosurgical access into four do-
mains:

« Infrastructural limitations (e.g., lack of CT/MRI scanners).

« Financial constraints (e.g., high out-of-pocket costs).

« Human resource shortages (e.g., low neurosurgeon-to-population ratio).

« Geographic disparities (e.g., long travel distances to surgical centers) (Dewan et al., 2018).
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2. Meta-Analysis Using RevMan 5.4

For studies with comparable statistical measures, a meta-analysis was performed using RevMan 5.4 software
(Review Manager, Cochrane Collaboration).

« Outcome measures included odds ratios (ORs) and risk ratios (RRs).

« A forest plot was generated to assess the impact of policy interventions (e.g., Universal Health
Coverage (UHC), Public-Private Partnerships (PPPs)).

3. Heterogeneity Assessment Using 12 Statistic

To evaluate study variability, the 12 statistic was applied:
12 < 25% — Low heterogeneity

12 25-50% — Moderate heterogeneity

12> 50% — High heterogeneity (substantial variation across studies).

Table 2. Key Findings from Meta-Analysis

Study Policy Intervention (Rr\:;k) Ratio 95% CI zz/o ) Score Il:|ee\’5(;lrogeneity
?Z%Vi/g;] et al tJLT'i_Ivg;sal Health Coverage 0.78 80962%;— 42% Moderate

Park et al. (2021) (PF‘,‘FE)E)C'P”"ate Partnerships , o, (()(_3976(;‘ 47% Moderate
Luetal. (2019) Task-Sharing in Neurosurgery 0.85 809;3)_ 53% High

(Szhc?zrga ol Telemedicine Expansion 0.80 (()0923_ 61% High

Interpretation of 12 Scores:
« Moderate heterogeneity (12 = 42-47%) indicates reasonably consistent results across studies.
« High heterogeneity (12 > 50%) suggests substantial differences, possibly due to study design
variations or regional disparities (Higgins et al., 2011).

Conclusion of Statistical Evaluation

Since some studies exhibited high heterogeneity (12 > 50%), further subgroup analysis and meta-regression
may be needed to adjust for confounding variables.

Heterogeneity Assessment Using 12 Statistic

To assess the variability among the included studies, the 12 statistic was used. This metric quantifies the de-
gree of heterogeneity across studies, where:

o 12<25% — Low heterogeneity
o 1225-50% — Moderate heterogeneity
o 12>50% — High heterogeneity (substantial variation across studies)
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Table 3: Heterogeneity (12) Assessment for Included Studies

i . Risk Ratio ., 2. Score Heterogeneity
Study Policy Intervention (RR) 95% CI (%) Level
Dewan et al., Universal Health Coverage (0.65- 0
2018 (UHC) 0.78 0.92) 42% Moderate
Public-Private  Partnerships (0.70- 0
Park et al., 2021 (PPP) 0.82 0.96) 47% Moderate
. (0.73- :
Luetal., 2019 Task-Sharing in Neurosurgery 0.85 0.98) 53% High
Sharma et al., - . (0.68—- 0 ,
2022 Telemedicine Expansion 0.80 0.94) 61% High

Interpretation of 12 Scores:

o Studies by Dewan et al. (2018) and Park et al. (2021) show moderate heterogeneity (12 = 42-47%),
meaning results are fairly consistent.

o Studies by Lu et al. (2019) and Sharma et al. (2022) show high heterogeneity (12 > 50%), indicating
substantial variability in intervention effects.

Conclusion:

« Since some studies exhibit high heterogeneity (12 > 50%), subgroup analyses or meta-regression may
be required to adjust for confounders.

3. Consequences
3.1 Selection of Study

A total of 4,377 entries were obtained from the initial database search and systematically assessed using the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al.,
2009). After removing 1,123 duplicates, 3,254 original records were screened by title and abstract. During
this process, 2,500 studies were excluded due to irrelevance, poor study design, or focus on high-income
countries (HICs).

Subsequently, 754 full-text articles were assessed for eligibility based on inclusion and exclusion criteria,
and 512 studies were excluded due to methodological deficiencies, missing data, or failure to address signifi-
cant barriers to neurosurgical care (Dewan et al., 2018). Ultimately, 42 high-quality studies were selected for
systematic review. The PRISMA Flow Diagram (Figure 1) provides a visual summary of the study selection
process.

3.2 Principal Barriers to Neurosurgical Care in LICs

The 42 included studies highlight several barriers to neurosurgical care in low-income countries (LICs), cat-
egorized into financial, infrastructural, logistical, and workforce-related challenges.

1. Elevated Out-of-Pocket (OOP) Expenses

In LICs, neurosurgical treatments are primarily funded out-of-pocket, requiring patients to cover expenses
for imaging, hospitalization, surgery, and postoperative care (Grimes et al., 2014). Due to minimal govern-
ment funding, 80% of patients must pay for neurosurgical services independently, leading to financial dis-
tress and untreated conditions (Meara et al., 2015).
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Table 4: Out-of-Pocket (OOP) Expenses for Neurosurgical Care

. . 0 .
Cost Eactor LICs (Avg. Cost in HICs (Avg. Costin % of Annual Household Income in

USD) USD) LICs
Brain Tumor $2,500 - $5,000 $50,000 - $100,000  150% - 500%
Surgery
Spinal Surgery  $3,000 - $7,000 $80,000 - $150,000  200% - 700%
ICU Stay (Per Day) $50 - $100 $2,000 - $5,000 30% - 100%
MRI Scan $150 - $500 $1,500 - $3,000 10% - 50%

(i) Key Insights:

« Neurosurgical procedures often cost more than an entire family's annual income, resulting in
catastrophic healthcare expenditures (Dewan et al., 2018).

« Limited insurance coverage and government funding force patients to pay entirely out of pocket,
delaying or preventing surgeries (Murray et al., 2012).

« A small percentage of LIC patients can afford advanced neurosurgical care, exacerbating global
health disparities.

(ii) Proposed Solutions:
« Expand Universal Health Coverage (UHC) to include neurosurgical procedures (Park et al., 2016).

« Increase public-private partnerships (PPPs) to subsidize surgical costs.
«  Develop micro-insurance schemes to reduce OOP expenses for low-income families.

2. Lack of Insurance Coverage
Fewer than 12% of LICs provide state-funded health insurance for neurosurgical conditions, leaving patients
with no financial support (Meara et al., 2015). High treatment costs force families to liquidate assets, borrow

money, or forego treatment altogether, resulting in delayed interventions and higher mortality rates (Weiss et
al., 2019).

3.3 Workforce and Infrastructure Deficiencies

A severe shortage of trained neurosurgeons and medical infrastructure in LICs creates long waiting times,
delayed diagnoses, and higher postoperative complications.

Table 5: Neurosurgical Infrastructure in LICs vs. HICs

Facility Availability in LICs (%) Availability in HICs (%)
MRI Machines < 30% > 95%
CT Scanners 40% > 98%
Dedicated Neurosurgical ICU < 20% > 90%
Operating Microscope 35% > 95%
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Key Insight:

o Limited access to MRI, CT scans, and neurosurgical ICUs results in delayed diagnosis and poorer
outcomes in LICs (Dewan et al., 2018).

3.3 Workforce and Infrastructure Deficiencies
1. Insufficient Personnel in Neurosurgery

The median ratio of neurosurgeons per million in high-income countries (HICs) is 7.1, whereas in low-
income countries (LICs), it is only 0.1 (Dewan et al., 2018). The shortage is particularly severe in regions
like South Asia and Africa, where countries with populations exceeding 50 million often have fewer than 10
qualified neurosurgeons (Kanmounye et al., 2020). The "brain drain” phenomenon, in which trained neuro-
surgeons leave for better opportunities in HICs, further exacerbates the workforce crisis (Karekezi et al.,
2020).

2. Limited Instructional and Investigative Capabilities

A lack of neurosurgical training programs is a key challenge in LICs. Fewer than five universities in sub-
Saharan Africa offer neurosurgical training, limiting the pipeline of future specialists (Dada et al., 2021).
Additionally, 43% of LICs have little to no published neurosurgical research, further hindering academic
progress (Robertson et al., 2019).

3. Insufficient Neurosurgical Instruments

e 60% of LIC hospitals lack adequate neurosurgical ICU beds, leading to higher postoperative
complications (Park et al., 2016).

e 75% of LIC hospitals lack contemporary CT/MRI imaging equipment, delaying diagnoses and
emergency interventions (Perera et al., 2022) .

3.4 Geographic and Logistical Barriers
1. Long-Distance Travel

Patients in rural LICs often travel over 100 kilometers to reach a neurosurgical hospital, causing delayed
presentations and worsened surgical outcomes (Dewan et al., 2018). Traumatic brain injury (TBI) emergen-
cies frequently deteriorate before reaching a neurosurgical facility, increasing mortality risks (Kanmounye et
al., 2020).

2. Restricted Imaging and Diagnostic Access

e Only 20% of district hospitals in LICs have functional CT scanners, significantly impeding early
diagnosis of neurological conditions (Meara et al., 2015).

e The absence of preoperative imaging contributes to high postoperative morbidity and mortality rates
(Weiss et al., 2019).
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Table 6: Key Barriers to Neurosurgical Care in LICs

Barrier Category Challenges Identified Impact on Neurosurgical Care
- Fewer than 1 neurosurgeon per million
Workforce In many LICs. - Severe delays in surgical care.

- High brain drain to HICs.

Deficiency - Limited neurosurgical training - Higher postoperative mortality rates.

programs.

- High out-of-pocket (OOP) expenses (up

to 50% of annual income). - Many patients forgo treatment, leading to
Financial Barriers - Minimal government funding for untreated neurological disorders.

neurosurgical care. - Higher financial burden on families.

- Low insurance coverage.

- Fewer than 30% of hospitals have MRI

machines. - Delays in diagnosis due to lack of imaging.
Infrastructure - . - o . . .

AR - Limited neurosurgical ICU facilities. - Limited postoperative care, increasing

Deficiencies . ) ]

- Shortage of essential surgical complication rates.

equipment.

- Long travel distances to neurosurgical
Geographic centers. - Patients arrive in critical condition, reducing
Barriers - Weak emergency referral systems in ~ survival rates.

rural areas.

3.5 Perspectives and Cultural Barriers
1. Influence of Cultural and Religious Beliefs

The perception of neurosurgical conditions varies across different LICs. In Ethiopia and Nigeria, some neu-
rosurgical disorders are believed to be caused by supernatural forces, leading to delayed medical intervention
(Kanmounye et al., 2020). Patients often seek advice from traditional healers before consulting a medical
professional, further prolonging treatment delays (Rosseau et al., 2020).

2. Social Stigma and Misinformation

Many low-income communities stigmatize neurological conditions like epilepsy and brain disorders, often
misinterpreting them as spiritual ailments (Dada et al., 2021). This cultural perception discourages early
medical intervention, leading to worsened health outcomes.

4. Discussion
4.1 Analysis of Results

This systematic review highlights significant disparities in neurosurgical accessibility across low-income
countries (LICs). The findings reinforce previous studies on global surgical disparities, emphasizing the ur-
gent need for targeted efforts to improve neurosurgical funding, training, and availability (Dewan et al., 2018)

» Key Findings:

« Financial barriers are the most significant obstacle, with 80% of neurosurgical patients in LICs consider-
ing their treatment unaffordable (Meara et al., 2015).

«  The neurosurgeon-to-population ratio is critically low in LICs (0.1 per million) compared to 7.1 per mil-
lion in high-income countries (HICs) (Dada et al., 2021).

« Infrastructure constraints and geographic distances significantly delay neurosurgical interventions, lead-
ing to poor patient outcomes (Robertson et al., 2019).
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4.2 Strengths and Limitations
Advantages:

« Comprehensive and systematic approach, utilizing multiple databases (PubMed, Cochrane, Embase,
AJOL).

. PRISMA-compliant methodology, ensuring transparent study selection and data synthesis (Moher et al.,
2009).

« Holistic evaluation of infrastructural, cultural, and economic barriers affecting neurosurgical access.

Limitations:

« Language constraints—only English-language studies were included, potentially excluding relevant re-
gional findings.

« Publication bias—a lack of unpublished or informal reports may have resulted in underrepresentation of
specific challenges.

. Limited regional data, as neurosurgical records in some LICs remain fragmented or incomplete (Dewan
etal., 2018).

4.3 Implications for Policy and Clinical Practice

1. Enhancing Neurosurgical Education in LICs

. International collaboration is crucial for developing sustainable neurosurgical training programs.

« Task-sharing frameworks can allow general surgeons to acquire basic neurosurgical skills, helping miti-
gate workforce shortages (Robertson et al., 2019).

2. Financial Interventions

« Government-subsidized neurosurgical treatment can significantly increase accessibility.
. Expanding Universal Health Coverage (UHC) is essential to reduce catastrophic health expenditures.

3. Technology-Driven Solutions

« Telemedicine and Al-driven diagnostics can bridge knowledge gaps and improve early detection of neu-
rosurgical conditions.

. Portable imaging systems should be implemented in district hospitals to improve rural neurosurgical ac-

Cess.

Table 7: Policy Interventions & Their Impact on Neurosurgical Access

Policy Country Impact
Universal Health Coverage (UHC) Thailand 70% increase in neurosurgical access
Public-Private Partnerships (PPPs) India 500 million people covered under free
neurosurgery
Task-Sharing (Training General Surgeons in Rwanda 50% reduction in surgical delays
Neurosurgery)
Telemedicine Networks Kenya, Expanded neurosurgical care in rural
Bangladesh areas

« Key Insight: UHC and PPP models significantly reduce financial barriers and improve neurosurgical
access in LICs.
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4.4 Opportunities for Further Research- Future studies should focus on:

« Longitudinal research to assess patient outcomes in LIC neurosurgical interventions.
. Evaluating cost-effective training models, such as task-sharing and mobile surgical units.

. Innovative low-cost neurosurgical tools, including portable operating theaters and 3D-printed surgical
Instruments.

5. Conclusion

This comprehensive study highlights the significant socioeconomic disparities in neurosurgical treatment in
low-income countries, underscoring the urgent necessity for targeted initiatives to address personnel,
infrastructure, and financial challenges. The findings indicate that the primary barrier remains financial; the
majority of patients must finance their entire therapy regimen independently due to inadequate government
subsidies and subpar health insurance coverage. This results in exorbitant medical costs that frequently leave
families in a precarious financial state, hindering their access to necessary neurosurgical procedures.
Workforce shortages exacerbate the problem, as LICs possess an unacceptably low neurosurgeon-to-
population ratio, much below the global benchmark. The phenomenon termed "brain drain,” characterized by
the exodus of highly skilled neurosurgeons to affluent countries in search of enhanced opportunities,
exacerbates the deficit of trained experts and heightens the vulnerability of already fragile healthcare systems.
Moreover, the infrastructural challenges impacting patient outcomes and diagnostic delays include
inadequate facilities for contemporary imaging, critical care units, and surgical procedures, particularly for
patients in remote areas who are required to travel significant distances to access the nearest neurosurgical
center. Swift and synchronized national and global measures are required to rectify these disparities.
Enhancing access necessitates investment in infrastructure, the incorporation of affordable technological
solutions such as telemedicine and mobile surgical units, the strengthening of financial support systems, and
the expansion of neurosurgery training programs. Sustainable, long-term solutions prioritizing equitable
healthcare will shape the future of neurosurgery treatment in low-income countries. A global commitment to
reducing these discrepancies is not only a moral imperative but also a crucial step toward attaining greater
health equity, guaranteeing universal access to life-saving neurosurgical interventions -irrespective of
socioeconomic status or geographical
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