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INTRODUCTION

Brain tumors are a serious global health
concern and rank as the 1oth leading cause
of death worldwide. In 2020, 308,102 new
cases of central nervous system tumors
were diagnosed, resulting in 251,329
deaths. Affecting individuals of all ages,
these tumors place a substantial burden
on healthcare systems due to their high
mortality rates, significant impairments,
and severe impact on quality of life.
The epidemiology of brain tumors
varies widely around the world, and
information on brain tumors in low- and
middle-income countries (LMICs) is

BACKGROUND: Appropriate surgical infrastructure is important for
improving patient outcomes. However, low- and middle-income countries
(LMICs) often struggle to provide adequate brain tumor surgery due to fractured
infrastructure. This study aims to identify and evaluate barriers to surgical care
infrastructure for brain tumors in LMICs.

METHODS: A comprehensive literature search was conducted from inception
to October 20, 2022, using PubMed, Scopus, CINAHL, and Google Scholar. In-
clusion criteria were studies that focused on surgical care of brain tumors in
terms of infrastructure in low-resource settings. Studies were excluded if they
did not focus on surgical care or were not conducted in LMIC. Data was
extracted and analyzed qualitatively.

RESULTS: A final analysis of 39 studies showed significant barriers: 66% had
poor operating room infrastructure, 32% lacked specialized care centers and
imaging facilities, 26% faced long-distance travel issues, 13% had poor public
health infrastructure, and 11% had poor referral pathways and lacked advanced
diagnostic facilities. Additionally, 3% had an uneven distribution of quality
centers and inadequate ward capacity. Proposed strategies include cross-
border collaboration (29%), optimizing existing resources (29%), improving
referral pathways (7%), resource sharing within hospitals, and acquiring sur-
gical devices through donations (7%).

CONCLUSIONS: The review highlights key barriers in infrastructure while
providing effective neurosurgical care to brain tumors in LMICs. To overcome
these challenges, targeted strategies need to be implemented by stakeholders,
policymakers, and health ministries.

frequently limited due to the dearth of
population-based cancer registries. As a
result, it can be difficult to predict the
prognosis of brain tumors in these set-
tings. However, compared to LMICs
(around 4.81 instances per 100,000
person-years), high-income countries
(HICs) appear to have a greater incidence
of brain tumors (6.29 cases per 100,000
person-years), which may be due to case
ascertainment bias.?

There is a significant healthcare
disparity between HICs and LMICs. Five-
year survival rates have been reported to
be more than 80% for 45,000 children
with brain tumors in HICs versus less than

30% for 384,000 in LMICs.* Treatment
failure rates in the pediatric population
with brain tumors range from 37% to
83% in developing countries, owing
partially to a lack of resources and
infrastructure.’

In developing countries, the provision
of surgical care to brain tumors is hin-
dered by numerous factors, including
limited workforce, service delivery, infor-
mation management, governance,
financing, and infrastructure. Among
these, infrastructure is considered the
most critical aspect of establishing
successful surgical programs in devel-
oping nations. Unfortunately, inadequate
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infrastructure, including a lack of neces-
sary medical equipment, can impede
healthcare delivery and ultimately result in
poor patient outcomes.®

This systematic review aims to uncover
the challenges related to infrastructure of
brain tumors surgical management in
LMICs and provide recommendations for
future policies to address these issues. To
our knowledge, no similar study has been
conducted to highlight these shortcom-
ings in neurosurgical care in LMICs with
evidence from the literature.

MATERIALS AND METHODS

The systematic review of literature on
barriers and potential strategies for
neurosurgical care of brain tumors was
conducted according to best practices and
guidelines, including the population,
intervention, control, and outcome
framework and the Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses  guidelines.”®  The  study
protocol was registered on PROSPERO
(CRD 42023395882).

Search Strategy

A comprehensive search strategy was used
to identify relevant studies, including the
use of multiple databases such as Scopus,
PubMed, Google Scholar, and CINAHL
without any language restrictions. The
Medical Subject Headings database and
specific keywords (Neurosurgery OR
“Neurosurgical Procedures” AND “Capac-
ity Building” OR Infrastructure OR
“Health Resources” AND “Brain Neo-
plasms” OR “Brain Tumors” AND
“Developing Countries” OR “low- and
Middle-income Countries”) were used to
ensure that the most up-to-date and rele-
vant literature was captured. Furthermore,
additional sources such as the World
Health Organization Library, Research-
Gate, World Health Organization, United
Nations High Commissioner for Refugees,
and Gray Literature Report were searched
to include gray literature and unpublished
studies. The search was conducted from
inception to October 20, 2022, and back-
ward referencing from search results was
also done to ensure that a maximum
number of articles were screened. The
detailed search strategy for each database
is available in the Supplementary Data.

Study Selection

This study is a part of comprehensive re-
views on the barriers and strategies to the
surgical care of brain tumors in low-
resource settings. The review uses the
National Surgical, Obstetric, and Anes-
thesia Plan (NSOAP) framework to identify
the domains of workforce, infrastructure,
service delivery, financing, information
management, and governance.® This
review focuses on infrastructure-related
barriers to brain tumor care. Only articles
from countries identified as LMICs in data
provided by The World Bank (D.C.,
USA)." Different study designs, including
epidemiological ~ studies,  qualitative
studies, cross-sectional studies, cohort
studies, randomized or nonrandomized
controlled trials, commentary, and author/
expert opinions, were included. Both
population-based and  hospital-based
studies were included in the analysis,
and articles without full text, review arti-
cles, editorials, letters to the editor,
meeting abstracts, case reports, case se-
ries (n < 10), book chapters, guidelines,
animal testing, and biological studies were
excluded.

Screening of Studies

Two authors independently screened the
titles and abstracts of each article to
exclude studies that did not meet the in-
clusion criteria. The final selection of
studies included in this review was deter-
mined through independent full-text re-
views of the remaining articles.

Data Extraction

The data from the included studies were
extracted onto an Excel sheet (Microsoft
Excel) and independently verified by 2
authors (M. S. and A. H. K.). The re-
viewers resolved their disagreements
through discussion and consensus. In the
study, the primary objective was to identify
the barriers and challenges to surgical
treatment of brain tumors in terms of
infrastructure in LMICs. Based on the in-
clusion of the primary outcome in the
studies included, the authors assessed
study-level bias.

The following variables were collected
from the included studies: publication
year, study design, study setting, sample
size, barriers and challenges to brain tu-
mor surgical care, the strategies/

recommendations suggested by the au-
thors, the study objective, and outcome.

Data Analysis

For data processing and organization,
Microsoft Excel was used. The extracted
data was sorted using the NSOAP frame-
work.” Following the data extraction
process, we conducted a thematic
analysis, which allowed us to identify
and categorize themes. These themes
were subsequently presented, quantified,
and reported as percentages to provide a
comprehensive overview of the findings.

RESULTS

39 studies were included in our final
analysis.>""%® The kappa score for the full-
text review stage between M. S. and A. H.
K. was 0.79, and for the title and abstract
screening was 0.82.% A detailed of
screening can be found in Figure 1. No
studies have specifically explored the
barriers and challenges to infrastructure
of surgical care of brain tumors in LMICs
using the NSOAP framework. However,
the authors of the included studies have
reported potential barriers and strategies
to address them based on their
experience with patients, their medical
records, and their knowledge of
backgrounds. The details are outlined in
Table 1.

We found some barriers to the provi-
sion of effective neurosurgical care, 66%
of the included studies reported poor
infrastructure  of  operating  rooms
(ORS)’S,IHS,18,I9,23#7,23,30,3236,39,42»44,46»48
32% reported lack of specialized centers to

provide care, 32% lack of imaging
facilities, 5™ 15:18:19,21-20,33,34,38,30,41,43-45,48
b

26% long-distance
travel,'0:21203032,3437:42:44 1104 poor
referral  pathways,>>*>"4°  13% poor

public health infrastructure,*"3"3%37 3%
uneven distribution and disparity in
quality of centers across the country,”
11% lack of advanced diagnostic
facilities,™7*>* and 3% insufficient
capacity in wards and hospital units.**
Additionally, poor availability of surgical
equipment, shortage of anesthesia
medications, lack of uninterrupted power
supply in ORs, and unavailable blood
bank services. These challenges can
make it difficult for patients to access
specialized care and for healthcare
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Records identified from:
Databases (5)
PubMed (364)
Scopus (600)
CINHL (1014)
Google Scholar (1786)
Cochrane library (0)

}

Records removed before
screening:

Duplicate records
removed(n=965)

Records marked as ineligible by
automation tools (n =0)

Title/Abstract records screened

(n =2799)

Title/Abstract records excluded

(n = 2605)

)

Full text articles sought for
retrieval (n =194)

}

Full text articles not retrieved

(n=0)

Full text articles assessed for
eligibility (n =194)

Full text article excluded (n=155)

1. Lack of the required data
(n =155)

2. Lack of clear results (n =0)

3. Low quality assessment
(n=0)

Studies included in review

(n =39)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

providers to perform these complex
procedures effectively. The details are
outlined in Table 2 and Figure 2A .

To improve the provision of neurosur-
gical care in low-income settings, we
identified various strategies. These include
collaboration with other institutions and

healthcare centers across the borders
(29%),"+*>#4° optimization of existing
resources and sharing (29%),"353%4° the
use of awake craniotomy instead of
craniotomy under general anesthesia
(20%),2°3*3%4 and the use of thin-slice
computed tomography as an alternative

when magnetic resonance imaging (MRI)
is unavailable and using intraoperative
ultrasound as a neuronavigation alterna-
tive to MRI (14%).>*** Additionally,
improving referral pathways (7%),>
addressing  healthcare  infrastructural
issues (7%),** and exploring acquisition
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Table 1. Baseline Characteristics of included studies

Sample
Study Name Country Study Design Size Population
Abdelgadir et al. Uganda Retrospectively chart review 11/1440 Mixed
2017"
Abdelhameed et al. Egypt Retrospective series 20 Adult
2021
Adeleye et al. 2012' Nigeria Prospective, descriptive survey 51 Adult
Aristizabal et al. Mexico-United States Prospective 60 Mixed
2020
Ashraf et al. 2022'° Pakistan Prospective audit 37/148
Bajwa et al. 2022'° Pakistan Retrospective cross-sectional 2366 Mixed
Baskin et al. 2013° Paraguay Mixed methods Healthcare professional
Benyaich 2020% Morocco Retrospective review 20 Adult
Beygi et al. 2013"7 Iran Retrospective review (National Cancer 2052 Mixed
Registry)
Dewan et al. 2018% Global survey Mixed-question survey 459 Pediatric surgeons
Dwarakanath et al. India Prospective nonrandomized study 37 Adult
2007'
Elhassan et al. 2019™ Sudan Retrospective review 62 Pediatric
Elkady et al. 2020"° Egypt Retrospective cohort 101 Adult
Elmezughi et al. 20177 Africa Retrospective chart review 70 Adult
Filho et al. 2019 Brazil Retrospective (descriptive, longitudinal) 742 Mixed
Gandaho et al. 2016 Nigeria Retrospective analysis 38 Mixed
Govindan et al. 2018% India Retrospective descriptive 7 Pediatric
Hamid et al. 20227 Pakistan Retrospective chart review 518 Pediatric
Hammad et al. 20217 Egypt Retrospective cohort 47 Pediatric
Hatef et al. 20147 Uganda Retrospective cohort 411 Mixed
Helal et al. 20187 Egypt Retrospective chart review 193 Mixed
Howe et al. 20137 Indochina and Africa: Ghana, Nigeria, Retrospective cohort 38 Mixed
Indonesia, China
Ibrahim et al. 2018%° Egypt Prospective cohort 30 Adult
Jaju et al. 2014%° India Commentary
Kaale et al. 2021°° Tanzania Prospective 24 Mixed
Kakusa et al. 2019°' Uganda Retrospective 112 Mixed
Mansur et al. 2018% Indonesia Prospective mixed method 88 Neurosurgeons
Moiyadi et al. 2012 India Prospective 196 Mixed
Moreira et al. 2020° LMIC Commentary Pediatric
Tran 2019* Vietnam Mixed
Tesfaye Abebe 2022" Ethiopia Prospective study 239 Adult
Pant 2004 Nepal Commentary
Pascual 2021% Philippines Retrospective analysis 65 Adult
Qaddoumi 2011%’ Developing countries Online survey/cross-sectional 151 Pediatric Neurosurgeons
Riaz 2019°¢ Pakistan Retrospective observational study 175 Pediatric
Continues
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Table 1. Continued

Sample
Study Name Country Study Design Size Population
Sahlu 2019 Ethiopia Retrospective analysis 100 Adult
Shamim 2011°*° Pakistan Survey 36 Neurosurgery trainees and
neurosurgeons
Nyeko 2022*° Uganda Retrospective analysis 35 Pediatric
Stagno 2014 Uganda Retrospective analysis 172 Pediatric
LMIC, low- and middle-income country.

of surgical devices through donations
(7%).*" The details are outlined in
Table 3 and Figure 2B.

DISCUSSION

Neurosurgical care of brain tumors in
settings with limited resources is a sig-
nificant challenge due to a number of
barriers. One of the major deterrents
identified in the literature is the lack of
proper infrastructure to hold up the de-
livery of care. This includes inadequate
facilities, medical equipment, and limited
access to technology. These issues can
greatly impact healthcare services to pa-
tients, ultimately leading to poor patient
outcomes. The present study highlights
some of the infrastructure-related barriers
and potential strategies to improve
neurosurgical care of brain tumors.

The provision of brain tumor treatment
can pose significant challenge in regions
that lack specialized medical centers and
healthcare professionals who lack proper
training. In South Africa, for instance, one
hospital serves a population of 100,000.%°
In many developing countries, there is a
shortage of well-trained and motivated
healthcare teams. The involvement of a
multidisciplinary team, including neuro-
surgeons, anesthesiologists, neuropsy-
chologists,  neurophysiologists, = and
speech therapists, is essential to achieve
better — postoperative outcomes and
improve the quality of life of patients with
brain tumors.*?

Dell et al. report approximately 4 ORs

Uganda, Zimbabwe, Tanzania, Ethiopia,
and Rwanda, had approximately one OR
per 100,000 population. On the other
hand, HICs such as the United States had
approximately 14 ORs per 100,000 popu-
lation as of 2014.>° Postoperatively,
patients are admitted to wards or
intensive care units, and the provision of
surgical care has been restricted by a
small number of beds.” The disparity in
hospital bed availability per 100,000
population is notable based on the
country’s economic status. In low-income
countries such as Uganda and Tanzania,
the availability of hospital beds is reported
to be less than 200 per 100,000 popula-
tion. In contrast, HICs such as the United
Kingdom, the United States, and Australia
had a more substantial number of hospital
beds, ranging from 294 to 382 per 100,000
population.>® Given this disparity, it is
crucial to increase the number of ORs
and hospital beds in LMICs.

Poor infrastructure also refers to an
insufficient dispersion of neurological fa-
cilities including travel distance. But in
connection with it, the travel distance is a
significant problem. The average distance
for surgical care varies from 20 to 40 km,
and even more than 100 km>* in LMICs
compared to 10 km in HICs.”
Furthermore, due to the poor transport
systems often found in the LMICs, the
distance to care does not completely
depict the inconvenience caused by
travel. The traveling distance may be
more than 50 km in some LMICs, which
is frequently considered as a benchmark

association of greater travel distance with
delayed detection of disease,” delayed
operative treatment,> and the effect on
health outcomes has also been heavily
studied.”

Another critical aspect of poor infra-
structure in LMICs is the lack of adequate
surgical instrument maintenance and
renewal. This is a significant issue affecting
the delivery of optimal care. Public sector
institutions may have expensive equip-
ment, but due to a lack of funding for
consumables, such as drapes and mainte-
nance, these one-time big-ticket item pur-
chases are often wasted. Although specific
articles are scarce on this topic, this prob-
lem is well recognized in the field.

It is also essential for ORs to be well
equipped with safe and effective operating
tools to manage patients with brain tu-
mors. According to a review conducted in
the Philippines, which included studies
from 6 different LMICs, negative pressure
ORs were not found in Brazil and
Turkey.>° The shortage of these facilities is
further compounded by inadequate
sterilization practices in ORs,
sterilization equipment, and
postanesthesia care units,” leading to
increased risk of postsurgical
complications, including infections.>"’

The absence of a stable power source is
a significant challenge in low-income
countries. Interruptions in electricity or
inadequate provision of generators can
result in delays in medical procedures and
diagnoses. Unfortunately, only two thirds
of the 21 LMICs surveyed had access to an

for a population of 100,000 in South Africa for sufficient infrastructure to provide uninterrupted  power  supply.”” In
) . ..
and Brazil. Most LMICs, including safe surgery.”® Studies have shown the neurosurgery, where precision and
. b
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Table 2. Infrastructure Barriers to Surgical Care of Brain Tumors

Study Name

Barriers

Lack of
specialized
centers to
provide
care

Poor operating room
infrastructure
(intraoperative mapping,
surgical equipment, power
supply, and anesthesia)

Lack of
intraoperative
and
postoperative
imaging
facilities

Long-
distance
travel

Disparity Lack of Inadequate
Poor Poor public in the advanced capacity of
referral health quality of diagnostic  hospital
pathways infrastructure centers facilities units

Abdelgadir
et al. 2017"

Abdelhameed
et al. 2021'

Adeleye et al.

2012"

Aristizabal
et al. 2020

Ashraf et al.
2022'°

Bajwa et al.
2022'°

Baskin et al.
2013°

Benyaich
2020%

Beygi et al.
2013"

Dewan et al.
2018"

Dwarakanath
et al. 2007"®

Elhassan et al.

2019

Elkady et al.
2020"°

Elmezughi
et al. 2017%°

Filho et al.
2019

Gandaho et al.

2016%

Govindan
et al. 20187

Hamid et al.
20227

Hammad et al.

20217

Hatef et al.
2014%

’/

"

v

"

Continues
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Table 2. Continued

Barriers
Lack of
Lack of Poor operating room intraoperative
specialized infrastructure and Disparity Lack of Inadequate
centers to (intraoperative mapping,  postoperative Long- Poor Poor public in the advanced capacity of
provide  surgical equipment, power imaging distance referral health quality of diagnostic  hospital
Study Name care supply, and anesthesia) facilities travel pathways infrastructure centers facilities units
Helal et al. 7 1
20187
Howe et al. 7
20137
lbrahim et al. 17
20187
Jaju et al. 174
20147
Kaale et al. 1
2021%
Kakusa et al. 17 7
2019%
Mansur et al. 174 7
2018%
Moiyadi et al. 4 4 17
2012%
Moreira et al. 17 174 7
2020
Tran 2019% v v P v v
Tesfaye Abebe 17
2022
Pant 2004% -
Pascual 174
20217
Qaddoumi 7 7
2011%
Riaz 2019% »
Sahlu 2019 P P
Shamim 7 7
2011%
Stagno 2014*' - v

delicacy are crucial, electrical failures can
have devastating repercussions during
procedures. Adeleye et al. report the use
of rechargeable overhead lights to
compensate for the lack of overhead OR
lights.”® There is also a lack of functional
blood bank services in many LMICs.>"

Countries that have medical equipment
available often cannot use it efficiently’
due to various reasons, including
missing parts and untrained staff, which
impair service delivery. About 40% of the
medical equipment is found to be out of
service  in  developing  countries.®

Technicians and biomedical staff need to
be adequately trained to make full use of
the available technology.

Lack of intraoperative imaging, neuro-
navigation, and mapping facilities is
another barrier faced in LMICs.>* These
facilities aid in assessing tumor
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A Barriers to Surgical Care

B Lack of specialized
centers to provide care

B Poor Operating room
infrastructure

' Lack of intra op and post
op imaging facilities

Long distance travel
Poor referral pathways

Poor public health
infrastructure

Disparity in the quality of
centers

Lack of advanced
diagnostic facilities

Inadequate capacity of
hospital units

0% 20% 40% 60%

Percentage of Studies

B Strategies to Surgical Care

B Multicenter Collaborations

B Optimisation of avalaible
resources (sharing of
resources within hospital)

Awake Craniotomy
(without non-invasive
mapping methods)

B Improved referral
pathways

B MRI alternatives (intra op
ultrasound or CT thin
slice)

I Improved infrastructure

[ Acquiring donations
0% 10% 20% 30%

Percentage of Studies

Figure 2. (A) Infrastructure barriers to surgical care of
brain tumors. (B) Strategies to improve infrastructure

for surgical care of brain tumors and the percentage of
studies reporting them.

extensions to attempt maximum total
resection for improved outcomes, and to
assess the cognitive function in awake
craniotomy for brain tumors. Wu et al.
demonstrate a significantly improved
extent of resection of gliomas with the
use of intraoperative MRI,>® which
subsequently improves outcomes. Where

unavailable, intraoperative MRI can be

replaced by intraoperative
ultrasonography in certain cases to
identify the tumor boundaries and
achieve maximum safe resection.®

Pascual et al. have reported their success
in performing awake craniotomy for
multiple indications including tumor

resection in eloquent areas despite the
absence of neuronavigation.>® This work
from the Philippines can be replicated in
other LMICs and use awake craniotomy
as an alternative to neuronavigation,
relying on crude intraoperative function
rather than intraoperative structural and
functional imaging. However, teams
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Table 3. Potential strategies to improve infrastructure for surgical care of brain tumors

Strategies

Multicenter
collaborations

Study
Name

Optimization of available
resources (sharing of
resources within hospitals)

Awake craniotomy
(without noninvasive
mapping methods)

Improved
referral
pathways

MRI alternatives
(intraoperative
ultrasound or CT)

Improved  Acquiring
infrastructure donations

Aristizabal 1%
et al.
2020"

Ashraf 7
et al.
2022"°

Benyaich
2020%

Hatef et al. 1%
2014%

Helal et al.
2018%

Ibrahim
et al.
2018%

Mansur
et al.
2018%

Moiyadi
et al.
2012%

Moreira | v
et al.
2020

Nyeko
2022%°

Pant [
2004°°

Pascual 7
2021%

Sahlu
2019"®

Stagno 17
2014"

MRI, magnetic resonance imaging; CT, computed tomography.

need to be cognizant and prepared for the
risk  of  complications such as
intraoperative seizures when performing
awake craniotomies.*

Moreover, well-trained healthcare pro-
viders prefer to reside in big cities as
opposed to rural areas. A study revealed
that 30% of the neurologists and

neurosurgeons in India reside in big cities
and capitals.” Another example is that of
Haiti, where residents train in private
setups instead of the educational system
because of a poor lack of resources in
these setups.”® This effect training and
capacity building for future trainees.
Patients are often from rural areas where

the level of surgical care required for
brain tumors is not available. Long-
distance travel® and logistics make it
difficult for patients to travel from
remote areas to the main hospital.
Housing options should be provided to
these patients and their families.
Alternatively, incentives for physicians
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and surgeons can be provided to meet the
needs of distant cities.

Training programs need to be initiated
in all developing countries to increase
workforce and train surgeons who under-
stand their own culture and environment.
An example is the establishment of the
training center in Rabat, which has led to
the training of young neurosurgeons in
Africa.”" The formation of local training
programs and getting the necessary
equipment has been suggested to ensure
long-term results in Africa.’

Surgical capacity building plays a perti-
nent role in improving the infrastructure
of surgical care in brain tumors. This can
be achieved by acquiring surgical equip-
ment as donations®® and through local,
multicenter, and cross-border collabora-
tions. But it should be ensured that
expertise, cost, need assessment, and
clinical guidelines should be considered
while acquiring these devices.’

Finances are a major limitation when it
comes to improving infrastructure in sur-
gical care for brain tumors. Major in-
vestments in facilities and surgical
resources are required.”’ Surgical teams
from HICs can visit LMICs and train
local surgeons to make a sustainable and
long-lasting impact.>" Examples include
the establishment of an oncology
twinning program in Madrid®> and
between a San Diego hospital and a
hospital in Tijuana. Besides the provision
of resources, chemotherapy protocols
were also tailored according to the local
resources.'* These global partnerships
then lead to improved patient outcomes.*

Telemedicine is more feasible in today’s
era to deal with the shortcomings in
infrastructure. Teleclinics make remote
areas more accessible, reducing travel
time and costs. One hundred fifty medical
colleges with a high-speed network have
been linked to remote areas for tele-
consultation in India,”" and regional
satellite clinics are in place in Paraguay.*
Referral pathways need to be improved,
and one way to do so is to refer patients
for neurosurgery via teleconsultation.
Awareness regarding the brain tumors

presentation, treatment, and referral
pathway should be raised.®
Most infrastructural challenges to

neurosurgical care as described in LMICs
are too large to be tackled individually.
The unavailability of advanced equipment,

facilities, personnel, and even nonsurgical
infrastructure such as uninterrupted po-
wer supply, public transport systems,
network connectivity, all require great
initial and continued investment, and
cannot be feasibly addressed in the short-
term period. These are a result of decades
of neglect, driven by internal and external
political instability, lack of finances in the
national health budget, and inappropriate
public health policies among other fac-
tors.** We can only hope and advocate for
improved public health policy and global
surgical care, while advocating for
immunity of healthcare systems to
instabilities due to political instability
and conflict. Furthermore, the generosity
of decision-makers in high-income econ-
omies as charitable missions and twinning
programs is greatly needed and has
already proven to be extremely beneficial
for many health systems.®® Such
comprehensive efforts have had great
impact, such as the revolution in
ophthalmic care in Pakistan.”®

Furthermore, smaller, public-private
partnerships in healthcare to provide
equitable access to those visiting public
setups, such as the Mini-Public-Private
Partnerships in Malaysia,®> have shown
immediate improvements in healthcare
equity with great return on investment.
Global twinning models such as the
International ~Neurosurgical Twinning
Modeled for Africa®® have shown
improvement in patient care, directly via
operative expertise, as well as by
donating and servicing equipment to
LMICs, addressing challenges of initial
investment and maintenance. Such
efforts have proven to be financially
feasible and sustainable.®

Limitations

A comprehensive search strategy was used
to collect data on surgical care of brain
tumors in LMICs. However, a specific
search focused on the infrastructure of
brain tumor care was not used as the
literature in this area is limited. It is also
important to acknowledge that some of
the data in this study were based on the
observations of the authors of the included
studies regarding the surgical care of brain
tumors. This could introduce bias into the
data and must be considered when inter-
preting the results. It is also worth
mentioning that an assessment of the

quality of all studies was performed due to
the diverse study designs used in the
analysis.

CONCLUSION AND FUTURE DIRECTION

The review highlights some key barriers to
providing effective neurosurgical care to
brain tumors in LMICs, including long-
distance travel, lack of specialized hospi-
tals, inadequate equipment, and poor
availability of diagnostic facilities. Strate-
gies to overcome these challenges include
collaboration with other institutions,
optimization of existing resources, and the
use of alternative and cost-effective tech-
niques. The review highlights the need for
widespread policy and system change
within LMICs, with financial and technical
aid from more established health systems.
Improving referral pathways, addressing
infrastructural limitations, and exploring
options such as resource sharing and
acquiring equipment through donations
will be key in improving patient care. To
improve surgical care of brain tumors in
settings with limited resources, it is
crucial to conduct comprehensive studies
that reveal the underlying issues, and po-
tential solutions to address them. This will
help in identifying areas that require
improvement and provide guidance in
developing and implementing effective
strategies.
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SUPPLEMENTARY DATA

Search Strategy:

Concept# o1: (Surgical Care). ("Neuro-
surgery"[Mesh] OR "Neurosurgical Proce-
dures"[Mesh] OR "Craniotomy"[Mesh]
OR "Radiosurgery"[Mesh] OR "Perioper-
ative Care"[Mesh] OR "Preoperative
Care"[Mesh] OR '"Intraoperative Care"[-
Mesh] OR "Postoperative Care"[Mesh] OR
“Neurosurgical management” OR
“Neurosurgical Intervention” OR “Neuro-
surgical care” OR “Surgical Management”
OR “Awake craniotomy”

OR "Perioperative Nursing"[Mesh] OR
"Operating Room Nursing"[Mesh] OR
"Postanesthesia Nursing"[Mesh] OR “Post
Surgical Nursing” OR “Recovery Room
Nursing”

OR "Capacity Building"[Mesh] OR
"Health Resources"[Mesh] OR "Health
Care Facilities, Manpower, and Service-
s"[Mesh] OR "Workforce"[Mesh] OR
"Health Workforce"[Mesh]OR "Personnel,
Hospital"[Mesh] OR "Health Person-
nel"[Mesh] OR "Personnel, Hospital"[-
Mesh] OR "Health Personnel"[Mesh] OR
"Operating Room Technicians"[Mesh] OR
"Operating Room Information System-
s"[Mesh] OR “Operating Tables"[Mesh])

Concept# 02: (Brain Tumors). "Brain Neo-
plasms"[Mesh] OR "Central Nervous Sys-
tem Neoplasms"[Mesh] OR  “Brain
tumor*” OR “brain cancer*” OR “CNS
tumor*” OR “Nervous system tumor*” OR
“Neuro-Oncology” OR  “Intracranial
neoplasm*” OR "Primary brain tumor*”
OR "Skull Base Neoplasms"[Mesh] OR
"Meningioma"[Mesh] OR "Glioma"[-
Mesh] OR "Chordoma"[Mesh] OR "Cra-
niopharyngioma"[Mesh] OR "Glomus
Jugulare"[Mesh] OR "Glomus Jugulare
Tumor"[Mesh] OR "Pinealoma"[Mesh]
OR "Pituitary Neoplasms"[Mesh] OR

"Prolactinoma"[Mesh] OR "Neuroma,
Acoustic"[Mesh] OR  "Astrocytoma"[-
Mesh] OR "Glioma, Sub-
ependymal”[Mesh] OR

"Oligodendroglioma"[Mesh] OR "Glio-
blastoma"[Mesh] OR "Ependymoma"[-
Mesh] OR "Medulloblastoma"[Mesh] OR

"Cerebellar ~ Neoplasms"[Mesh] OR
"Infratentorial Neoplasms"[Mesh] OR
"Supratentorial Neoplasms"[Mesh] OR
"Brain Stem Neoplasms"[Mesh] OR

“Schwannomas” OR “Pediatric brain tu-
mor*” OR “Adult brain tumor*”

Concept#  03:  (LMICs). ("Developing
Countries"[MeSh] OR "Low-and Middle-
income countries" OR LMIC OR "afgha-
nistan"[MeSH] OR  "guinea-bissau"[-
MeSH] OR "somalia"[MeSH] OR "burkina
faso"[MeSH] OR ‘'"korea"[MeSH] OR
"south  sudan"[MeSH] OR  "bur-
undi"[MeSH] OR ‘liberia"[MeSH] OR
"sudan"[MeSH] OR ‘"central african
republic"[MeSH] OR "mada-
gascar"[MeSH] OR "syria"[MeSH] OR
"chad"[MeSH] OR "malawi"[MeSH] OR
"togo"[MeSH] OR "congo"[MeSH] OR
"mali"[MeSH] OR "uganda"[MeSH] OR
"eritrea"[MeSH] OR "mozambique"[-
MeSH] OR "yemen"[MeSH] OR "ethio-
pia"[MeSH] OR ‘"niger"[MeSH] OR
"gambia"[MeSH] OR "rwanda"[MeSH]
OR "guinea"[MeSH] OR "sierra leone"[-
MeSH] OR "angola"[MeSH] OR "hondur-
as"[MeSH] OR '"algeria"[MeSH] OR
"india"[MeSH] OR "samoa"[MeSH] OR
"bangladesh"[MeSH] OR "indonesia"[-
MeSH] OR "sao tome and principe"[-
MeSH] OR  "belize"[MeSH] OR
"iran"[MeSH] OR "senegal"[MeSH] OR
"benin"[MeSH] OR "kenya"[MeSH] OR
"bhutan"[MeSH] OR "sri lanka"[MeSH]
OR  '"bolivia"[MeSH] OR  "kyrgyz-
stan"[MeSH] OR "tanzania"[MeSH] OR
"cabo  verde"[MeSH] OR  "tajikis-
tan"[MeSH] OR "cambodia"[MeSH] OR
"lesotho"[MeSH] OR "timor-leste"[MeSH]
OR ‘"cameroon"[MeSH] OR "maur-
itania"[MeSH] OR "tunisia"[MeSH] OR
"comoros"[MeSH] OR "micro-
nesia"[MeSH] OR "ukraine"[MeSH] OR
"congo"[MeSH] OR "mongolia"[MeSH]
OR  "uzbekistan"[MeSH] OR "cote
d’ivoire"[MeSH] OR "morocco"[MeSH]
OR 'vanuatu"[MeSH] OR "djibouti"[-
MeSH] OR "myanmar"[MeSH] OR "viet-
nam"[MeSH] OR ‘"egypt'[MeSH] OR
"nepal"[MeSH] OR "el salvador"[MeSH]
OR '"nicaragua"[MeSH] OR "zambia"[-
MeSH] OR "eswatini"[MeSH] OR "niger-
ia"[MeSH] OR '"zimbabwe"[MeSH] OR
"ghana"[MeSH] OR "pakistan"[MeSH] OR
"haiti"[MeSH] OR "Papua new guinea"[-
MeSH] OR "Africa"[MeSh] OR "Africa,
Eastern"[MeSh] OR "Africa, Central"[-
MeSh] OR "Africa South of the Sahar-

PubMed: (No of articles retrieved, 364).
(("Neurosurgery"[Mesh] OR "Neurosur-
gical Procedures"[Mesh] OR "Cranioto-
my"[Mesh] OR "Radiosurgery"[Mesh] OR
"Perioperative Care"[Mesh] OR "Preoper-
ative Care"[Mesh] OR '"Intraoperative
Care"[Mesh] OR "Postoperative Care"[-
Mesh] OR "Neurosurgical management"
OR "Neurosurgical Intervention" OR
"Neurosurgical care” OR "Surgical Man-
agement" OR '"Perioperative Nursing"[-
Mesh] OR "Operating Room
Nursing"[Mesh] OR "Postanesthesia Nur-
sing"[Mesh] OR "Post Surgical Nursing"
OR "Recovery Room Nursing" OR "Ca-
pacity Building"[Mesh] OR "Health
Resources"[Mesh] OR "Health Care Fa-
cilities, Manpower, and Services"[Mesh]
OR "Workforce"[Mesh] OR "Health
Workforce"[Mesh]OR "Personnel, Hospi-
tal"[Mesh] OR "Health Personnel"[Mesh]
OR '"Personnel, Hospital"[Mesh] OR
"Health Personnel"[Mesh] OR "Operating
Room Technicians"[Mesh] OR "Operating
Room Information Systems"[Mesh] OR
"Operating Tables"[Mesh]) AND ("Brain
Neoplasms"[Mesh] OR "Central Nervous
System Neoplasms"[Mesh] OR "Brain tu-
mor*" OR "brain cancer*" OR "CNS tu-
mor*" OR "Nervous system tumor*" OR
"Neuro-Oncology"  OR  "Intracranial
neoplasm*" OR "Primary brain tumor*"
OR "Skull Base Neoplasms"[Mesh] OR
"Meningioma"[Mesh] OR "Glioma"[-
Mesh] OR "Chordoma"[Mesh] OR "Cra-
niopharyngioma"[Mesh] OR "Glomus
Jugulare"[Mesh] OR "Glomus Jugulare
Tumor"[Mesh] OR "Pinealoma"[Mesh]
OR '"Pituitary Neoplasms"[Mesh] OR

"Prolactinoma"[Mesh] OR "Neuroma,
Acoustic"[Mesh] OR  "Astrocytoma"[-
Mesh] OR "Glioma, Sub-
ependymal”[Mesh] OR

"Oligodendroglioma"[Mesh] OR "Glio-
blastoma"[Mesh] OR "Ependymoma"[-
Mesh] OR "Medulloblastoma"[Mesh] OR

"Cerebellar ~ Neoplasms"[Mesh] OR
"Infratentorial Neoplasms"[Mesh] OR
"Supratentorial Neoplasms"[Mesh] OR
"Brain Stem Neoplasms"[Mesh] OR

"Diffuse Intrinsic Pontine Glioma"[Mesh]
OR '"Pituitary Neoplasms"[Mesh] OR
"Schwannomas" OR "Pediatric brain tu-
mor*" OR "Adult brain tumor*") AND
("Developing Countries"[MeSh] OR "Low-
and Middle-income countries” OR LMIC

"Diffuse Intrinsic Pontine Glioma"[Mesh] a"[MeSh] OR "Asia, OR T"afghanistan"[MeSH] OR "guinea-
OR '"Pituitary Neoplasms"[Mesh] OR Southeastern"[MeSh]) bissau"[MeSH] OR "somalia"[MeSH] OR
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"burkina faso"[MeSH] OR "korea"[MeSH]
OR "south sudan"[MeSH] OR '"bur-
undi"[MeSH] OR ‘"liberia"[MeSH] OR
"sudan"[MeSH] OR ‘"central african
republic"[MeSH] OR "mada-
gascar"[MeSH] OR ‘"syria"[MeSH] OR
"chad"[MeSH] OR "malawi"[MeSH] OR
"togo"[MeSH] OR "congo"[MeSH] OR
"mali"[MeSH] OR "uganda"[MeSH] OR
"eritrea"[MeSH] OR  "mozambique"[-
MeSH] OR '"yemen"[MeSH] OR "ethio-
pia"[MeSH] OR ‘"niger"[MeSH] OR
"gambia"[MeSH] OR "rwanda"[MeSH]
OR "guinea"[MeSH] OR "sierra leone"[-
MeSH] OR "angola"[MeSH] OR "hondur-
as"[MeSH] OR 'algeria"[MeSH] OR
"india"[MeSH] OR "samoa"[MeSH] OR
"bangladesh"[MeSH] OR "indonesia"[-
MeSH] OR "sao tome and principe"[-
MeSH]  OR  "belize"[MeSH] ~ OR
"iran"[MeSH] OR "senegal"[MeSH] OR
"benin"[MeSH] OR "kenya"[MeSH] OR
"bhutan"[MeSH] OR "sri lanka"[MeSH]
OR  "bolivia"[MeSH] OR  "kyrgyz-
stan"[MeSH] OR "tanzania"[MeSH] OR
"cabo  verde"[MeSH] OR  "tajikis-
tan"[MeSH] OR "cambodia"[MeSH] OR
"lesotho"[MeSH] OR "timor-leste"[MeSH]
OR ‘"cameroon"[MeSH] OR "maur-
itania"[MeSH] OR "tunisia"[MeSH] OR
"comoros"[MeSH] OR "micro-
nesia"[MeSH] OR "ukraine"[MeSH] OR
"congo"[MeSH] OR "mongolia"[MeSH]
OR  '"uzbekistan"[MeSH] OR "cote
d’ivoire"[MeSH] OR "morocco"[MeSH]
OR '"vanuatu"[MeSH] OR "djibouti"[-
MeSH] OR "myanmar"[MeSH] OR "viet-
nam"[MeSH] OR ‘'"egypt"[MeSH] OR
"nepal"[MeSH] OR "el salvador"[MeSH]
OR '"nicaragua"[MeSH] OR "zambia"[-
MeSH] OR "eswatini"[MeSH] OR "niger-
ia"[MeSH] OR '"zimbabwe"[MeSH] OR
"ghana"[MeSH] OR "pakistan"[MeSH] OR
"haiti"[MeSH] OR "Papua new guinea"[-
MeSH] OR "Africa"[MeSh] OR "Africa,
Eastern"[MeSh] OR "Africa, Central"[-
MeSh] OR "Africa South of the Sahar-
a"[MeSh] OR "Asia,
Southeastern"[MeSh]))

Scopus: (Number of articles tetrieved, 600).
(Neurosurgery OR "Neurosurgical Pro-
cedures" OR Craniotomy OR Radiosurgery
OR "Perioperative Care" OR "Preoperative
Care" OR ‘'Intraoperative Care" OR
"Postoperative Care" OR "Neurosurgical

management” OR "Neurosurgical Inter-
vention" OR "Neurosurgical care" OR
"Surgical Management" OR "Awake
craniotomy" OR "Perioperative Nursing"
OR "Operating Room Nursing”" OR
"Postanesthesia Nursing" OR "Post Sur-
gical Nursing" OR "Recovery Room
Nursing" OR "Capacity Building" OR
"Health Resources" OR "Health Care Fa-
cilities, Manpower, and Services" OR
"Workforce" OR "Health Workforce" OR
"Personnel, Hospital" OR "Health
Personnel" OR "Personnel, Hospital" OR
"Health Personnel" OR "Operating Room
Technicians" OR "Operating Room Infor-
mation Systems" OR "Operating Tables")

AND

("Brain Neoplasms" OR "Central Ner-
vous System Neoplasms" OR "Brain tu-
mor" OR "brain cancer" OR "CNS tumor"
OR "Nervous system tumor" OR "Neuro-
Oncology" OR "Intracranial neoplasm"
OR "Primary brain tumor" OR "Skull Base
Neoplasms" OR Meningioma OR Glioma
OR Chordoma OR Craniopharyngioma
OR "Glomus Jugulare" OR "Glomus Jug-
ulare Tumor" OR Pinealoma OR "Pituitary
Neoplasms" OR Prolactinoma OR "Neu-
roma, Acoustic" OR Astrocytoma OR
"Glioma, Subependymal" OR Oligoden-
droglioma OR Glioblastoma OR Ependy-
moma OR  Medulloblastoma  OR
"Cerebellar Neoplasms" OR "Infratentorial
Neoplasms" OR "Supratentorial Neo-
plasms" OR "Brain Stem Neoplasms" OR
"Diffuse Intrinsic Pontine Glioma" OR
"Pituitary Neoplasms" OR Schwannomas
OR '"Pediatric brain tumor" OR "Adult
brain tumor")

AND

("Developing Countries" OR "Low-and
Middle-income countries” OR LMIC OR
Afghanistan OR "guinea-bissau" OR so-
malia OR "burkina faso" OR korea OR
"south sudan" OR burundi OR liberia OR
sudan OR "central african republic" OR
Madagascar OR syria OR chad OR malawi
OR togo OR congo OR mali OR Uganda
OR eritrea OR Mozambique OR yemen OR
ethiopia OR niger OR gambia OR rwanda
OR guinea OR "sierra leone" OR angola
OR Honduras OR algeria OR india OR
samoa OR Bangladesh OR indonesia OR
"sao tome and principe" OR belize OR
iran OR Senegal OR benin OR kenya OR
bhutan OR srilanka OR bolivia OR

Kyrgyzstan OR tanzania OR "cabo verde"
OR Tajikistan OR Cambodia OR Lesotho
OR ‘"timor-leste" OR Cameroon OR
mauritania OR tunisia OR comoros OR
Micronesia OR ukraine OR congo OR
Mongolia OR uzbekistan OR "cote
d’ivoire" OR morocco OR vanuatu OR
djibouti OR myanmar OR vietnam OR
egypt OR nepal OR "el salvador" OR
Nicaragua OR zambia OR eswatini OR
Nigeria OR zimbabwe OR ghana OR
pakistan OR haiti OR "Papua new guinea"
OR Africa OR "Africa, Eastern" OR "Af-
rica, Central" OR "Africa South of the
Sahara" OR "Asia, Southeastern")

CINHAL: (Number of articles retrieved, 1014).
((MH "Perioperative Nursing") OR (MH
"Perianesthesia  Nursing") OR (MH
"Waiting Rooms") OR (MH '"Patients’
Rooms+") OR (MH "Post Anesthesia Care
Units") OR (MH "Operating Room Per-
sonnel+") OR (MH "Operating Room In-
formation Systems") OR (MH
"Recovery+") OR (MH "Anesthesia Re-
covery") OR (MH "Operating Room Traffic
Patterns") OR (MH "Practical Nurses") OR
(MH "Surgery Schedule+") OR (MH
"Surgical Technologists") OR (MH
"Operating Rooms") OR (MH "Alternative
Health Facilities") OR (MH "Surgery,
Operative+") OR (MH  "Operating
Rooms") OR (MH "Operating Systems")
OR (MH "Systems Analysis+") OR (MH
"Surgery Outside the OR") OR (MH
"Management Information Systems+"))

AND

((MH "Neurosurgery+") OR (MH "Brain
Neoplasms+") OR (MH  "Neuro-
ectodermal Tumors, Primitive+") OR (MH
"Diffuse Intrinsic Pontine Glioma") OR
(MH "Nerve Sheath Tumors+") OR (MH
"Infratentorial Neoplasms+") OR (MH
"Neoplasms, Nerve Tissue+") OR (MH
"Hypothalamic Neoplasms+"))

AND

((MH "Developing Countries") OR (MH
"Low and Middle Income Countries") OR
(MH "Madagascar") OR (MH "Asia, Cen-
tral+") OR (MH "Asia, Southeastern+")
OR (MH "Asia, Western+") OR (MH
"Nepal") OR (MH "Pakistan") OR (MH
"Sri Lanka") OR (MH "Afghanistan") OR
(MH "Iran") OR (MH "Iraq") OR (MH
"Lebanon") OR (MH "Syria") OR (MH
"Jordan") OR (MH "Turkey") OR (MH
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"China+") OR (MH "North Korea") OR
(MH "Mongolia") OR (MH "Armenia") OR
(MH "Azerbaijan") OR (MH "Albania") OR
(MH "Bosnia-Herzegovina") OR (MH
"Bulgaria") OR (MH "Belarus") OR (MH
"Macedonia (Republic)") OR (MH "Mol-
dova") OR (MH "Romania") OR (MH
"Russia") OR (MH "Serbia") OR (MH
"Ukraine") OR (MH "Georgia (Republic)")
OR (MH 'Kazakhstan") OR (MH
"Kyrgyzstan") OR (MH "Turkmenistan")
OR (MH "Uzbekistan") OR (MH
"Commonwealth of Independent
States+") OR (MH "Egypt") OR (MH
"Libya") OR (MH "Yemen") OR (MH "New
Guinea") OR (MH "Tajikistan") OR (MH
"Papua  New Guinea") OR (MH
"Samoa+") OR (MH "Independent State
of Samoa") OR (MH "American Samoa")
OR (MH "Algeria") OR (MH "Morocco")
OR (MH '"Tunisia") OR (MH "Africa,
Central+") OR (MH "Africa, Eastern+")
OR (MH "Africa, Southern+") OR (MH
"Africa, Western+") OR (MH "India") OR
(MH "Bhutan") OR (MH "Bangladesh")
OR (MH "Africa+") OR (MH "Africa,

Northern+") OR (MH "Africa South of the
Sahara+") OR (MH "Belize") OR (MH
"Costa Rica") OR (MH "Guatemala") OR
(MH "EI Salvador") OR (MH "Nicaragua")
OR (MH "Honduras") OR (MH "Central
America+") OR (MH "Latin America") OR
(MH "Mexico") OR (MH "Bolivia") OR
(MH "Brazil") OR (MH "Colombia") OR
(MH "Ecuador") OR (MH "French Gui-
ana") OR (MH "Guyana") OR (MH "Peru")
OR (MH "Suriname") OR (MH
"Venezuela") OR (MH "Cuba") OR (MH
"Dominica") OR (MH "Dominican Re-
public") OR (MH "Haiti") OR (MH "Ja-
maica") OR (MH "Martinique") OR (MH
"Netherlands Antilles") OR (MH "Tibet"))
Google Scholar: (Using Publish or
Perish, Restricted to 500 articles and
Years = 2000—2022)
Neurosurgery|"Neurosurgical Procedur-
es"|Radiosurgery “Brain Neo-
plasms”|"CentralNervous System
Neoplasms"|“Brain tumor”|“Primary brain
tumor”|“Pediatric  brain tumor”|“Adult
brain  tumor”  "Developing  Coun-
tries"|“Low-and Middle-income countries”

Google Scholar: (Using Publish or
Perish, Restricted to 500 articles and
Years=2000—2022)

Perioperative|Preoper-
ative|Intraoperative|Postoperative ~ “Brain
Neoplasms”|"CentralNervous System
Neoplasms"|“Brain tumor”|“Primary brain

tumor”|“Pediatric  brain  tumor”|“Adult
brain  tumor”  "Developing  Coun-
tries"|“Low-and Middle-income countries”

Google Scholar: (Using Publish or
Perish, Restricted to soo articles and
Years = 2000—2022)

"Capacity Building"|"Health Resour-
ces"|“Services”|Workforce “Brain Neo-
plasms”|"CentralNervous System
Neoplasms"|“Brain tumor”|“Primary brain

n‘

tumor”|“Pediatric  brain tumor”|“Adult
brain  tumor”  "Developing  Coun-
tries"|“Low-and Middle-income countries”

OR "Personnel, Hospital" OR "Health
Personnel" OR "Personnel, Hospital" OR
"Health Personnel" OR "Operating Room
Technicians" OR "Operating Room Infor-
mation Systems" OR “Operating Tables”
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