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Abstract
OBJECTIVE

Neurosurgical emergencies, including traumatic brain injury, intracranial hemorrhage, brain tumors, and
CNS infections, impose a heavy burden of mortality and disability worldwide. In sub-Saharan Africa
(SSA), constrained access to specialized neurocritical care exacerbates preventable complications.
Understanding neurosurgical providers’ knowledge, attitudes, and training exposure is critical to inform
targeted capacity-building interventions.

METHODS

We conducted a cross-sectional online survey from April to July 2025 among neurosurgical trainees and
specialists affiliated with WACS, COSECSA, and SSA medical institutions. Participants reported their
neurocritical care knowledge, attitudes, practices, and clinical exposure. Data was analyzed using
descriptive statistics, correlation analyses, regression modeling, and geographic mapping to assess
disparities in ICU and Neuro-ICU access.

RESULTS

Of 52 participants, dedicated Neuro-ICU exposure was limited (median 2-4 weeks), despite high
theoretical knowledge (97% satisfactory). Attitudes and self-reported practices were positive, reflecting
strong motivation to apply neurocritical care principles. Regression analyses identified no significant
predictors of knowledge, while geographic mapping revealed marked inequities in Neuro-ICU availability
and training opportunities across SSA.

CONCLUSION

The contrast between robust theoretical knowledge and limited practical Neuro-ICU experience
underscores critical training gaps. Competency-based rotations, simulation-driven learning, and regional
mentorship networks are strategic interventions to enhance clinical skills, strengthen neurocritical care
delivery, and improve outcomes for critically ill neurological patients in resource-limited settings.

Introduction

Neurosurgical disorders contribute substantially to the global burden of disease and are a major cause
of mortality and long-term disability. Conditions such as traumatic brain injury (TBI), intracranial
hemorrhage, brain tumors, and central nervous system infections often require urgent neurosurgical

intervention and specialized perioperative care'. Access to neurosurgical services remains highly
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unequal, particularly in low- and middle-income countries (LMICs), where limited surgical access
contributes to preventable neurological morbidity and mortality?.

TBI is one of the most common neurosurgical emergencies worldwide, affecting approximately

69 million people annually, with most cases occurring in LMICsS. Patients with severe neurological injury
are vulnerable to secondary brain injury from intracranial hypertension, cerebral edema, hypoxia, and
systemic instability, requiring timely recognition and critical care interventions 4.

Neurocritical care has emerged as a specialized field for managing life-threatening neurological
conditions. Integrating neurology, neurosurgery, anesthesiology, and intensive care medicine, dedicated
neurocritical care units allow continuous monitoring, early detection of deterioration, and protocol-based
management of complex neurological emergencies®. Evidence suggests that care in dedicated units
staffed by trained specialists improves survival and functional outcomes®®. In high-income countries,
structured fellowship programs provide advanced training in neuromonitoring, ventilatory support,
hemodynamic optimization, and prevention of secondary brain injury”’.

Sub-Saharan Africa faces substantial challenges in neurosurgical service delivery, including limited
workforce capacity and restricted geographic access to specialized care’8. A global analysis
demonstrated that only about 25% of the population in SSA lives within two hours of a center capable of
providing neurosurgical care, highlighting major disparities in access to treatment &. These gaps
exacerbate the burden of neurosurgical disease and limit timely access to life-saving interventions.

Over the past two decades, neurosurgical training programs across Africa have expanded through
regional initiatives®. However, access to dedicated neurocritical care units and structured neurocritical
care education remains limited. In many hospitals, neurosurgical providers including both residents and
fully trained specialists, often manage critically ill neurological patients due to shortages of trained

intensivists, with variable exposure to neurocritical care principles'®.

Understanding the knowledge, attitudes, and exposure to neurocritical care among neurosurgical
providers is essential to identify gaps in training and guide educational improvements. Strengthening
neurocritical care competencies may enhance perioperative management and improve outcomes for
patients with severe neurological conditions in resource-limited settings. This study aimed to assess
these factors among neurosurgical providers in SSA through a cross-sectional survey, providing evidence
to guide curriculum development and training strategies to strengthen perioperative and neurocritical
care capacity.

Methods
Study design and setting
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This study was a cross-sectional survey conducted via an online questionnaire among neurosurgical
trainees and specialists affiliated with the West African College of Surgeons (WACS), COSECSA
programs, and other medical universities offering postgraduate neurosurgery training across sub-
Saharan Africa.

Study participants and recruitment

This study included neurosurgical residents, fellows, and specialist neurosurgeons from selected
colleges, medical schools, and health facilities who provided informed consent to participate. To
maximize coverage, invitations to participate were disseminated through WACS and COSECSA country
representatives, neurosurgical program directors or coordinators, and the COSECSA Education Office in
Arusha. Multiple social media platforms commonly used by trainees and specialists were also employed
to encourage participation. At each participating institution or country, a senior neurosurgical faculty
member (country representative, division head, or training program director) was contacted by phone or
email, and the purpose of the study was explained. The senior faculty member then circulated the
Qualtrics survey via email to trainees, faculty, and house staff.

Data collection procedures and instrument

This cross-sectional study was conducted between April and July 2025 using a structured, self-
administered online questionnaire distributed via Qualtrics (Provo, UT, USA). The survey targeted
neurosurgical trainees and faculty across SSA and was disseminated through email and professional
social media networks. The questionnaire was developed by the study team using a knowledge-
attitudes-practices (KAP) framework adapted for neurocritical care. It comprised three domains:
knowledge (10 items), attitudes (5 items), and practices (5 items). Knowledge items assessed core
neurocritical and general critical care principles, including management of intracranial pressure, stroke,
status epilepticus, meningitis, sepsis, and airway management. Attitude items evaluated perceptions
regarding the relevance of neurocritical care, the need for dedicated training, and self-reported
confidence in managing neurocritical and general critical care conditions. Practice items assessed the
frequency of involvement in neurocritical care delivery, procedural experience, and competency in tasks
such as neuroimaging interpretation and intracranial pressure monitoring. The complete questionnaire is
provided in the Table 1. Content validity was assessed by two independent reviewers, and the instrument
was pilot tested among 10 general surgery residents at Mbarara University of Science and Technology;
these responses were excluded from the final analysis. Electronic informed consent was obtained from
all participants before survey completion. Knowledge responses were scored dichotomously (correct: 1,
incorrect or “I do not know”: 0), with total scores ranging from 0 to 10. Knowledge levels were
categorized as satisfactory when more than 50% of items were answered correctly and unsatisfactory
otherwise. Additional variables collected included age, sex, professional level (trainee or faculty), and
exposure to intensive care unit (ICU) and neurocritical care rotations (Tables 2 and Fig. 1), allowing
assessment of associations between training background and neurocritical care competencies.
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Table 1
Neurocritical care and general critical care knowledge, attitude and practice assessment

No. Item

Knowledge

1 Preferred agent for management of increased intracranial pressure in traumatic brain injury
2 Vasogenic edema due to a brain tumor should be treated with corticosteroids

3 Recommended systolic blood pressure target in hemorrhagic stroke

4 Decompressive craniectomy can be lifesaving in malignant middle cerebral artery infarction
5 First-line treatment for status epilepticus

6 Initial management of suspected community-acquired bacterial meningitis should include

corticosteroids

7 Standard reference level for zeroing an external ventricular drain

8 Suspected sepsis requires administration of intravenous antibiotics and fluids within 3 hours
irrespective of culture results

9 Effect of increasing respiratory rate on PaCO, and intracranial pressure

10 Indications for endotracheal intubation in trauma patients

Attitudes

1 Dedicated neurocritical care training would improve my ability to manage patients effectively

2 Neurocritical care requires a distinct set of knowledge and skills beyond standard
neurosurgical training

3 Neurocritical care is not relevant or useful in low-resource settings

4 | am confident in managing acute neurocritical care conditions (e.g., raised intracranial
pressure, seizures, meningitis, encephalitis, and external ventricular drains)

5 | am confident in my general critical care management skills

Practice

1 | serve as the primary provider for patients with neurological emergencies (e.g., stroke,
traumatic brain injury)

2 | manage patients requiring neurological procedures or devices (e.g., external ventricular
drains, intracranial pressure monitoring, electroencephalography

3 | manage patients requiring critical care interventions (e.g., endotracheal intubation,
mechanical ventilation, tracheostomy, central venous access)

4 | am able to interpret basic trauma-related neuroimaging

5 | am able to insert an intracranial pressure monitoring device

Page 6/21




Table 2
Demographic and training exposure characteristics of respondents (N: 52)

Characteristic Trainees Faculty Total

Demographic characteristics

Mean Age (years), mean + SD 36.1+5.1 41.6+9.3 38.3%+7.5

Sex, n (%)

Female 11 3(14.3%) 14 (26.9%)
(35.5%)

Male 20 18 38 (73.1%)
(64.5%) (85.7%)

Mean Years of Training/Practice + SD 437 £ 10.38 -
2.48 8.76

Median Total Years Experience 4 (3-5) 10 (3-18) -

Neurosurgical ICU Involvement, n (%) :(30 ) 21 (100%) 51 (98.1%)
96.8%

Training exposure characteristics

Total years of training/practice, 4 (3-6) 10 (8-14) 6(4-10)
median (IQR)

I(CU Sotation duration (weeks), median 8 (4-12) 12 (8-16) 10 (6-14)
IQR

Neuro-ICU rotation duration (weeks), 2 (0-4) 4 (2-8) 3 (0-6)
median (IQR)
Formal neurocritical care curriculum Limited Limited Majority reported no structured
exposure curriculum
Perceived training adequate 10 4 (28.6%) 14 (40.0%)
(47.6%)
Perceived training inadequate 11 10 21 (60.0%)

(52.4%) (71.4%)

Data processing and analysis

The survey data were exported from Qualtrics in Microsoft Excel format and imported into STATA
version 15 (StataCorp, College Station, TX, USA) for preliminary cleaning and organization. Subsequent
analyses were conducted in R software. Continuous variables including age, years of training or practice,
ICU and Neuro-ICU rotation durations, and composite knowledge, attitude, and practice scores were
summarized as means with standard deviations or medians with interquartile ranges, depending on data
distribution, while categorical variables were tabulated as frequencies and percentages.
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To evaluate relationships among knowledge, attitudes, practices, and training exposure, Spearman
correlation coefficients were calculated for ordinal and non-normally distributed data. Differences in
knowledge scores by clinician role were tested using Fisher's exact test. Predictors of satisfactory
knowledge were modeled using logistic regression with bias-reduction techniques to mitigate quasi-
complete separation, while linear regression was applied to assess associations with continuous
knowledge scores. Patterns of association were visualized with a correlation heatmap, and multivariable
logistic regression results were summarized in a forest plot.

Subgroup analyses compared KAP characteristics between trainees and faculty and across geographic
regions. Statistical significance was set at a two-sided p-value < 0.05. Finally, geographic visualizations
were created to map ICU and Neuro-ICU exposure, providing actionable insight into regional variability in
neurocritical care training and infrastructure across Sub-Saharan Africa. All analyses were designed to
be descriptive and exploratory, guiding interpretation and identifying areas for targeted improvement.

Results

Participant demographics

Among the 52 neurosurgical providers surveyed, 31 (60%) were identified as trainees and 21 (40%) as
faculty. The mean age was 36.1 + 5.1 years for trainees and 41.6 + 9.3 years for faculty. Females
accounted for 35.5% of trainees and 14.3% of faculty, resulting in an overall female representation of
26.9%. Nearly all participants (98.1%) reported ICU experience, while exposure to dedicated Neuro-ICU
rotations remained limited (Table 2). The distribution of trainees and faculty across Sub-Saharan African
countries and their reported ICU and Neuro-ICU exposure is presented in Fig. 1.

Dedicated Neuro-ICU experience was limited, particularly among trainees. Median ICU rotation duration
was 8 weeks for trainees and 12 weeks for faculty, while Neuro-ICU rotations were 2 and 4 weeks,
respectively. Exposure to a formal neurocritical care curriculum was limited, and fewer than half of
respondents (40.0%) considered their training adequate (Table 2).

From a systems perspective, neurocritical care is predominantly delivered within general ICU settings, as
dedicated Neuro-ICU units remain uncommon. Access to advanced neuromonitoring technologies is
limited, and multidisciplinary neurocritical care teams are inconsistently available (Table 3).
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Table 3
Institutional capacity for neurocritical care

Category Availability Notes

Dedicated Neuro-ICU Rare :\éast institutions rely on general

General ICU access Widely available Primary care location for
neurocritical patients

ICP monitoring devices Limited Not universally available

External Ventricular Drain (EVD) Available in Variable access

capability tertiary centers

Mechanical ventilation Widely available Standard in ICU settings

Advanced neuromonitoring (brain tissue Rare Largely unavailable

oxygen, multimodal monitoring)

Multidisciplinary neurocritical team Inconsistent Often neurosurgeon-led without
intensivist specialization

Knowledge

Knowledge scores were uniformly high, with 97% of participants achieving satisfactory performance.
There was no statistically significant difference in knowledge scores by role (Fisher’s exact test, p = 0.4)
(Table 4). Performance was lower on specific questions: Q38 (49%), Q41 (43%), and Q45 (62%) (Fig. 2).
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Table 4
Neurocritical care knowledge, attitudes and self-reported practices of respondents

Variable

Knowledge

Knowledge Score (0-10)

Median (IQR)

Knowledge Score (0-10)
Satisfactory Knowledge

Score Distribution Pattern

Trainees

8 (7-9)

4-10
20 (95%)

Clustered at
7-9

Attitudes toward neurocritical care

Total Attitude Score (5-25)

Median (IQR)

Total Attitude Score (5-25)

Overall Attitude Interpretation

Dominant Response Pattern

Neutral Responses

21 (19-23)
High
clustering
Positive

Majority
“Agree”

Low
frequency

Self-reported neurocritical care practices

Median Practice Score (IQR)

Range

Highest Frequency Iltem

Lowest Frequency Item

Association with Knowledge

17 (15-19)

12-20
prac4 (70%)

prac5 (20%)

Not
significant

Faculty

9 (8-9)

7-10
14 (100%)

Greater concentration
ato

20 (19-22)
High clustering

Positive

Majority “Agree”

Low frequency

17 (16-19)

13-20
prac4 (70%)

prac5 (20%)

Not significant

Total (N: 35)

8 (7-9)

4-10
34 (97%)

High clustering at 7-9

21 (19-22)

Positive

Majority “Agree”

Low

Median Practice Score
(IQR)

Range

Highest Frequency
[tem

Lowest Frequency
[tem

Association with
Knowledge

Attitudes and Practices

Attitude and practice scores were generally positive and high among participants. The median total
attitude score was 21 (IQR 19-23) for trainees and 20 (IQR 19-22) for faculty (Table 4). Self-reported
practice scores were similarly high, with a median practice score of 17 (IQR 15-19) for trainees and 17
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(IQR 16-19) for faculty (Table 4). Most participants reported frequent use of recommended practices,
though practice 5 was reported at the lowest frequency (20%) across both groups (Fig. 3).

Multivariable Associations

None of the examined factors including attitude score, practice score, clinical experience (years), ICU or
neuro-ICU rotation time, role (Consultant vs Resident), or self-perceived adequacy of training show any
meaningful association with having a “satisfactory” knowledge score. All adjusted odds ratios are
approximately 1.0, indicating that no association with satisfactory knowledge (Table 5, Fig. 4-5).

Multivariable associations with s-e:?iz:‘Zc?tory neurocritical care knowledge
Predictor Variable Adjusted OR (95% CI)  p-value
Attitude score (continuous) 1.05(0.44-2.47) >0.90
Practice score (continuous) 0.92 (0.40-2.13) 0.90
Total years of training/practice 1.06 (0.60-1.89) 0.80
ICU rotation duration (weeks) 1.01 (0.59-1.72) >0.90
Neuro-ICU rotation duration (weeks) 0.99 (0.90-1.10) >0.90
Consultant vs Trainee 1.03 (0.04-29.4) >0.90
Perceived adequacy of training (Yes vs No)  0.85 (0.02-37.1) >0.90

Discussion

This study demonstrates that neurosurgical providers in Sub-Saharan Africa generally demonstrate high
theoretical knowledge of neurocritical care, yet structured exposure to dedicated Neuro ICU training
remains limited. While most participants reported experience in general ICUs, formal Neuro ICU rotations
and structured curricula were uncommon, particularly among trainees. Attitudes toward neurocritical
care were positive, and self-reported practices broadly aligned with core principles. Despite this,
knowledge scores were only weakly correlated with practice behaviors, and regression analyses did not
identify significant predictors of performance. Geographic mapping revealed that ICU and Neuro ICU
exposure exists across multiple countries, but availability and intensity vary considerably, suggesting
inequities in experiential opportunities.

Neurosurgical disorders including traumatic brain injury (TBI), intracranial hemorrhage, brain tumors, and
central nervous system infections contribute substantially to global mortality and long-term disability

and often require urgent surgical and specialized perioperative care'®. Access to neurosurgical services
in low- and middle-income countries remains highly unequal, which contributes to preventable

Page 11/21



neurological morbidity and mortality>®. In Sub-Saharan Africa, geographic barriers and limited

specialized care capacity further constrain timely access to life-saving interventions®.

Neurocritical care has emerged as a distinct subspecialty that integrates neurology, neurosurgery, and
intensive care to optimize outcomes among critically ill neurological patients ©. Landmark multicenter
studies and meta-analyses have demonstrated that neurocritical care services staffed by specialists or
delivered in dedicated Neuro ICUs are associated with improved survival and functional outcomes. For
instance, a systematic review and meta-analysis of over 55,000 adults with acute brain injury found that
specialized neurocritical care was associated with a 17% relative reduction in mortality and unfavorable
functional outcomes compared with general ICU care''. The PRINCE study further documented
worldwide variability in neurocritical care organization but confirmed the feasibility of international
collaboration to characterize neurocritical practice and improve outcomes globally '2.

In the African context, studies highlight both the burden of critical neurological illness and opportunities
for targeted capacity building. A retrospective audit from a South African Neuro ICU reported a high
incidence of complications among critically ill neurological patients, emphasizing the need for structured
training and quality improvement initiatives'®. Similarly, an online neurocritical care course evaluation
among African healthcare workers showed significant improvement in provider confidence and
competence in managing neurological emergencies, demonstrating the feasibility of remote capacity-
building interventions'#. These regional findings reinforce the need for contextually relevant, structured
neurocritical care education across Sub-Saharan Africa.

The gap between high theoretical knowledge and limited structured Neuro ICU exposure has direct
clinical consequences "6, Providers with strong theoretical understanding but limited hands-on
training may be less prepared to manage complex physiological derangements, such as intracranial
hypertension, cerebral edema, and systemic instability, which contribute to secondary brain injury®.
Without dedicated Neuro ICU experience, early recognition and timely interventions may be delayed or
inconsistently applied.

Positive attitudes toward neurocritical care suggest a strong motivation to integrate best practices,
providing an opportunity for educational and system-level interventions '°. However, the weak correlation
between knowledge and practice behaviors indicates that didactic learning alone is insufficient for
clinical competence. Evidence from global and African studies supports this conclusion: supervised
hands-on practice and mentorship improve guideline adherence and clinical decision-making more
effectively than theoretical knowledge alone'*'”. Geographic disparities in ICU and Neuro ICU exposure
further highlight inequities in practical training that may affect patient outcomes.

To address these gaps, neurosurgical training programs should integrate dedicated Neuro ICU rotations
with structured supervision and clearly defined competencies. Training should include intracranial
pressure monitoring, cerebral perfusion optimization, multimodal neuromonitoring, advanced ventilatory
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strategies, and early recognition of neurologic deterioration®. Competency-based rotations embedded
within residency curricula ensure repeated supervised exposure and skill consolidation.

Simulation-based training and structured case discussions can supplement clinical exposure, especially
where dedicated Neuro ICU resources are limited. Simulation has been shown to enhance clinical

performance, knowledge retention, and provider confidence'”'®. Regional hub-and-spoke training
networks may allow trainees from under-resourced centers to rotate through well-equipped Neuro ICUs,
while tele-mentoring can extend expert supervision to remote sites. Prospective adaptation of
neurocritical care protocols to local resources and patient populations is essential to ensure feasibility
and sustainability'®'3. Continuous professional development programs, including refresher courses and
competency assessments, will support long-term maintenance and growth of clinical skills.

Although this study included a relatively modest cohort of neurosurgical providers, it captures a diverse,
multicountry sample across Sub-Saharan Africa, encompassing both trainees and fully qualified
specialists. This breadth provides valuable insight into neurocritical care knowledge, attitudes, and
practices across varied healthcare settings, highlighting specific gaps in structured training, hands-on
experience, and regional accessibility. Such findings offer actionable guidance for the development of
targeted educational interventions and health system strengthening initiatives.

The limited sample size may constrain the generalizability of the results and reduce statistical power for
detecting subtle associations. In addition, the cross-sectional design does not permit causal inference,
and reliance on self-reported practices introduces the potential for reporting bias. Direct assessment of
clinical performance or patient outcomes was not conducted, leaving the practical impact of training
gaps unmeasured. Furthermore, institutional and contextual factors such as staffing models, local
policies, and resource availability were not comprehensively captured.

Despite these limitations, the study provides robust, contextually relevant evidence in a region where
data on neurocritical care capacity are scarce. By identifying critical areas for improvement, these
findings form a foundation for strategic educational and system-level interventions aimed at enhancing
neurocritical care delivery in resource-limited settings.

Conclusion

Neurosurgical providers in Sub-Saharan Africa possess strong theoretical knowledge of neurocritical
care, yet structured exposure to dedicated Neuro ICU training remains limited and inconsistently
available. While positive attitudes and self-reported practices suggest motivation to apply neurocritical
care principles, gaps between knowledge and practical experience persist. Implementing competency-
based rotations, simulation-based learning, and regional mentorship networks can bridge these gaps,
enhance clinical skills, and improve outcomes for critically ill neurological patients. This study identifies
clear targets for educational and system-level interventions to strengthen neurocritical care capacity in
resource-limited settings.
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Respondent-reported ICU and Neuro-ICU exposure by country
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Figure 1

Participants reporting ICU or Neuro-ICU exposure across SSA country
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Figure 2

Items of knowledge Toward Neurocritical Care. Note that Q36-45: are equal to questions or items
number 1 to 10 of knowledge
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Figure 3

Item-Level of Practice Frequency across participants. Noted that: prac1-cat: practice item 1; prac2-cat:
practice item 2 ; prac3-cat : practice item 3; prac4-cat : practice item 4; prac5-cat: practice item 5
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Figure 4

Heatmap of associations with Satisfactory Neurocritical Care Knowledge
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Figure 5

Logistic regression forest plot of predictors of satisfactory neurocritical care knowledge
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