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Dedication

To the tireless clinicians, nurses, and healthcare workers across the world who 
deliver neuroanesthesia care with skill and determination—often in the face of 

limited resources, overwhelming challenges, and unseen sacrifice.

To all neuroanesthesia professionals working in the most resource-constrained 
corners of the world—who bring knowledge and compassion to the operating 

room each day, often without recognition, and sometimes without the 
equipment they need.

Your courage to care under pressure, innovate under constraint, and advocate 
for your patients in the face of adversity is the true inspiration behind this book.
Your commitment to your patients, even when the equipment is few and the 

odds steep, is the true embodiment of excellence in medicine.
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This page intentionally left blank 



Contents 

List of contributors                                               xix
Foreword                                                           xxi
Preface                                                            xxiii
Acknowledgments                                               xxv

Part I 
Introduction to neuroanesthesia in 
LMICs

1. Understanding the challenges in 
resource-limited countries:  
the role of neuroanesthesia  

Indu Kapoor, Charu Mahajan and  
Hemanshu Prabhakar 

1.1 Introduction                                          3
1.2 Neuroanesthesiologist in low- and  

middle-income countries                         4
1.3 Training gaps and educational barriers       6
1.4 Conclusion                                            7
References                                                   7

2. Epidemiology of neurological diseases 
in resource-limited countries  

Faraz Shafiq, Mohsin Nazir Butt, Tanveer Baig, 
Dureshahwar Kanwar, Altaf Laghari and  
Khalid Ahsan 

2.1 Introduction                                         9
2.2 Common neurological abnormalities in  

low- and middle-income countries         11 
2.2.1 Stroke                                        11
2.2.2 Epilepsy                                     11
2.2.3 Neurodegenerative diseases           11
2.2.4 Alzheimer disease and dementia     13
2.2.5 Parkinson disease                         16
2.2.6 Huntington’s disease                     16
2.2.7 Amyotrophic lateral sclerosis          17
2.2.8 Spinocerebellar ataxias                  17

2.3 Central nervous system infections in  
low- and middle-income countries         18 
2.3.1 Viral infections affecting the  

central nervous system                  18
2.3.2 Bacterial infections                       20
2.3.3 Fungal infections                         20
2.3.4 Protozoan disease                        23

2.4 Infectious causes of pediatric 
neurodisability                                     23 
2.4.1 Neonatal meningitis                     23
2.4.2 Congenital and perinatal viral 

infections                                   24
2.4.3 Congenital malformations 

(myelomeningocele and 
craniosynostosis) and delayed  
surgical management in  
resource-limited settings                24

2.5 Neonatal encephalopathy and birth 
asphyxia                                             24

2.6 Regional epidemiological variations         25 
2.6.1 Human immunodeficiency virus 

neuropathy                                 25
2.6.2 Tuberculous meningitis                 26
2.6.3 Cerebral malaria                          27

2.7 Obstetric neuropathy and postpartum 
stroke challenges                                 28 
2.7.1 Obstetric neuropathy                    28
2.7.2 Postpartum stroke                        29

2.8 Neurocysticercosis                               30
2.9 Dengue encephalitis                             30

2.10 Spina bifida and untreated hydrocephalus   31
2.11 Zika congenital syndrome                     32
2.12 Chagas disease neuropathy                    32
2.13 Central nervous system tumor               33
2.14 Traumatic brain injury                           35
2.15 Traumatic spinal cord injury                   37
2.16 Challenges in data collection and  

reporting in low- and middle-income 
countries                                             39

2.17 The challenges associated with  
neurological care in resource-limited 
settings                                              39 
2.17.1 Financial and educational hurdles  39

vii



2.17.2 Geographic and cultural  
obstacles                                  39

2.17.3 Related diagnostics and other  
medical facilities                        39

2.17.4 Human resource                        40
2.17.5 Barriers to sustained treatment       41
2.17.6 The critical gap in rehabilitation  

and long-term care                     41
2.18 Summary: a consolidated view of the 

challenges and pathways                       41
2.19 Conclusion: the imperative for an  

integrated strategy                               42 
2.19.1 Robust policy and governance      42
2.19.2 Targeted investment                    42
2.19.3 Educational and workforce 

expansion                                 42
2.19.4 Holistic, patient-centered models   42

AI disclosure                                               42
References                                                  42

Part II 
Core principles of neuroanesthesia

3. Basic neuroanesthesia principles:  
a focus on safety and efficacy  

Cristiane Tavares, Waynice Paula-Garcia,  
Vanessa Carvalho and Marcelo Torres 

3.1 Introduction                                         53
3.2 High burden neurosurgical conditions       54 

3.2.1 Traumatic brain injury and low- and 
middle-income countries                54

3.2.2 Subarachnoid hemorrhage in low-  
and middle-income countries          56

3.2.3 Aging population and  
neuroanesthesia in low- and  
middle-income countries                57

3.3 Innovative practices and adaptations in  
Latin America                                       59

3.4 Ethical and logistical challenges                59
3.5 Practical strategies for neuroanesthesia in 

resource-limited scenarios                      60 
3.5.1 Pragmatic neuromonitoring in  

remote environments                     60
3.5.2 Essential pharmacology and drug 

selection for remote care                60
3.5.3 The role of neuroanesthesia in 

environmental sustainability            61
3.5.4 Education and training programs      61

3.6 Conclusion                                           62
References                                                  62

4. Assessment and monitoring in 
neuroanesthesia  

Dhania Santosa and Ahmad Akmaluddin 

4.1 Introduction                                         67
4.2 Preoperative assessment                         67 

4.2.1 History and physical examination     67
4.2.2 Supporting examination                  70
4.2.3 Medication management                71

4.3 Intraoperative monitoring                       73 
4.3.1 Principles of neuroanesthesia           73
4.3.2 Intraoperative management             73
4.3.3 Basic monitoring                           73
4.3.4 Specific neuromonitoring                75

4.4 Special considerations in low- and  
middle-income countries                        77

4.5 Conclusion                                           79
References                                                  79

Part III 
Equipment, drugs, and techniques

5. Essential equipment for 
neuroanesthesia in low- and  
middle-income countries  

Delphine Grant, Deep Sengupta and  
Hemanshu Prabhakar 

5.1 Introduction                                        85
5.2 Infrastructure ecosystem: power,  

oxygen, and environment                      85
5.3 Anesthesia delivery systems:  

adaptation and reliability                       87
5.4 Hemodynamic and respiratory  

monitoring                                          88 
5.4.1 Pulse oximetry                            88
5.4.2 Capnography (end-tidal CO2 

monitoring)                                 88
5.5 Blood pressure monitoring                    89 

5.5.1 Electrocardiography (ECG)             89
5.5.2 Neuro-specific monitoring             89
5.5.3 Intracranial pressure monitoring      89

5.6 Air embolism detection                         89
5.7 Neuromuscular monitoring                    90
5.8 Total intravenous anesthesia (TIVA)         90 

5.8.1 Airway management equipment      91
5.8.2 Head fixation                              91
5.8.3 Temperature management              91

5.9 Pediatric neuroanesthesia: essential 
equipment                                          92

5.10 Conclusion                                         93
References                                                  93

viii Contents



6. Medications in neuroanesthesia: 
availability and alternatives  

Ananya Abate Shiferaw and Amanuel Yishak 
Negash 

6.1 Introduction                                         95
6.2 Induction agents                                   96 

6.2.1 Overview of commonly used  
induction agents                           96

6.2.2 Inhalational induction                    97
6.2.3 Balanced induction techniques in  

low- and middle-income countries   97
6.2.4 Choosing the appropriate induction 

agent in low- and middle-income 
countries                                     97

6.3 Maintenance of anesthesia                      97 
6.3.1 Inhalational agents                        98
6.3.2 Total intravenous anesthesia            98
6.3.3 Alternatives when propofol is 

unavailable or unaffordable             99
6.3.4 Practical approaches in low- 

resource settings                           99
6.4 Muscle relaxants in neuroanesthesia       100 

6.4.1 Standard agents and their 
neuroanesthetic relevance              100

6.4.2 Challenges and practical alternatives  
in resource-limited settings               100

6.4.3 Monitoring, reversal, and  
systems considerations                  100

6.5 Analgesics and opioids in  
neuroanesthesia                                  101 
6.5.1 Nonopioid analgesics                   101
6.5.2 Opioid analgesics in 

neuroanesthesia                           102
6.5.3 Intraoperative opioid strategies        103
6.5.4 Postoperative opioid use and 

stewardship                                103
6.5.5 Ketamine as an analgesic and  

opioid-sparing agent                     103
6.5.6 Pragmatic analgesic regimens for  

low- and middle-income countries  104
6.6 Agents for intracranial pressure control  

and brain relaxation                             104 
6.6.1 Mannitol                                    104
6.6.2 Hypertonic saline                         105
6.6.3 Case-based example: management 

when hypertonic saline is 
unavailable                                 105

6.6.4 Loop diuretics                             105
6.6.5 Steroids                                     105

6.7 Anticonvulsants in neuroanesthesia         107 
6.7.1 Phenytoin                                   107
6.7.2 Phenobarbital                              107

6.7.3 Valproate                                   107
6.7.4 Levetiracetam                              108

6.8 Medications for hemodynamic support   108 
6.8.1 Vasopressors                               108
6.8.2 Fluids and hemodynamic  

adjuvants                                   108
6.8.3 Antihypertensive agents                 111

6.9 Conclusion                                         112
References                                                112

Part IV 
Special considerations

7. Neuroanesthesia for cranial procedures 
in resource-limited countries  

María Claudia Niño de Mejía, Juan Armando Mejía,  
Darwin Cohen Manrique,  
Gisela Maribel Llorente Mariñez and  
María Fernanda Parada Álvarez 

7.1 Introduction                                      119
7.2 Infrastructure and technology gap        119
7.3 Specialized human resources crisis        119
7.4 Epidemiology of the most common 

intracranial lesions requiring craniotomy  120 
7.4.1 Epidemiology of supratentorial 

tumors                                     120
7.4.2 Epidemiology of posterior fossa 

tumors                                     121
7.4.3 Epidemiology of aneurysms          121
7.4.4 Epidemiology of arteriovenous 

malformations                           122
7.4.5 Epidemiology of moya moya 

disease                                    122
7.4.6 Epidemiology of epilepsy             122
7.4.7 Epidemiology of pediatric 

hydrocephalus                           123
7.5 Overview of neuroanesthesia               123 

7.5.1 Preoperative assessment  
relevant to the context               123

7.5.2 Anesthetic induction                 124
7.5.3 Anesthetic maintenance             124
7.5.4 Intraoperative monitoring           125
7.5.5 Mechanical ventilation              125
7.5.6 Hemodynamic management       126
7.5.7 Hyperosmolar therapy and  

cerebral relaxation                    127
7.5.8 Positioning                              128
7.5.9 Analgesia, nausea and vomiting 

prophylaxis, and neuromuscular 
blockade                                128

7.5.10 Awake craniotomy                    128

Contents ix



7.6 Frequent complications and their 
management                                     129

7.7 Postoperative awakening and recovery  129
7.8 Mortality associated with craniotomy  

in low- and middle-income countries    130
7.9 Care strategies for neurosurgical  

pathologies adapted to the reality of  
low- and middle-income countries  
(LMICs): use of stratified protocols for 
cranial neurosurgery in LMICs              130 
7.9.1 Details of basic management for  

all pathologies within the care 
algorithm                                 133

7.10 Emphasis on transfer and 
communication                                 133

7.11 Postoperative management                  133
7.12 Considerations for special patient 

populations                                       134 
7.12.1 Pediatric patients                      134
7.12.2 Geriatric patients                      135

7.13 Opportunities to improve neurosurgical  
and neuroanesthetic care in low- and  
middle-income countries                      135 
7.13.1 Highly complex neurosurgical  

care in low- and middle-income 
countries                                136

7.14 Conclusion                                       137
AI disclosure                                             137
References                                                138

8. Neuroanesthesia for spinal procedures 
in resource-limited countries  

Debora Forden Madyedye, Salehe Mrutu and  
Hosiana Athanase 

8.1 Introduction                                      143
8.2 Preoperative considerations                 143 

8.2.1 Patient assessment and history      143
8.3 Patient optimization                           146 

8.3.1 Anemia                                    146
8.3.2 Respiratory optimization              146
8.3.3 Anticoagulants and antiplatelet 

medications                              146
8.3.4 Diabetes optimization                 146
8.3.5 Preoperative fasting                    146
8.3.6 Informed consent                       146
8.3.7 Anesthesia techniques                 147

8.4 Complication management                  147
8.5 Alternative techniques                        148 

8.5.1 Local anesthesia with sedation    148
8.5.2 Epidural anesthesia                   148
8.5.3 General anesthesia                   148
8.5.4 Preinduction                            148

8.5.5 Choice of anesthetic agents        148
8.5.6 Airway management                 148
8.5.7 Induction                                149
8.5.8 Positioning                              149
8.5.9 Maintenance                           149
8.5.10 Hemodynamic management       149
8.5.11 Intraoperative blood management   149
8.5.12 Wake-up test                           149

8.6 Intraoperative neuroprotection            150 
8.6.1 Emergence                               150

8.7 Postoperative care                             150 
8.7.1 Analgesia                                 150
8.7.2 Disposition                               150

8.8 Complications                                   152
8.9 Training and capacity building              152

8.10 Conclusion                                       152
References                                                152

9. Neuroanesthesia for pregnant patients 
in resource-limited countries  

Gisela Maribel Llorente Mariñez,  
María Claudia Niño de Mejía and  
Darwin Cohen Manrique 

9.1 Introduction                                      155 
9.1.1 Global context                          155
9.1.2 Neurosurgical challenge in 

pregnancy                                155
9.1.3 Multidisciplinary approach           155

9.2 Epidemiology of pregnancy and  
maternal mortality                             155 
9.2.1 Global overview                        155
9.2.2 Age and risk                             155
9.2.3 Fragility of health systems            156

9.3 Preeclampsia/eclampsia as a predictor  
of acute and long-term brain  
alterations in the pregnant patient        156 
9.3.1 Pathophysiology                        156
9.3.2 Prevention and management        156
9.3.3 Neurological sequelae                157

9.4 Prehospital and hospital management  
of obstetric neurosurgical emergencies  157 
9.4.1 Prehospital care                         157
9.4.2 Hospital care                            157

9.5 Anesthetic management in the pregnant 
patient with neurosurgical pathology       157 
9.5.1 General principles and 

multidisciplinary work                157
9.5.2 Airway management                   157
9.5.3 Intraoperative monitoring             158
9.5.4 Intracranial pressure and cerebral 

perfusion monitoring                  158
9.5.5 Surgical positioning                    159

x Contents



9.5.6 Safe anesthetic drugs                  159
9.5.7 Intraoperative emergencies           159
9.5.8 Recommendations                      159

9.6 Brain tumors in pregnant women         159 
9.6.1 Diagnosis                                 160
9.6.2 Therapeutic management             161

9.7 Awake craniotomy in pregnant women  162 
9.7.1 Incidence, prevalence, and 

maternal–fetal mortality               162
9.7.2 Indications and selection criteria   163
9.7.3 Anesthetic protocols and 

pharmacology                           163
9.7.4 Complications and monitoring      163

9.8 Control of intracranial hypertension: 
mannitol versus hypertonic saline 
solution                                            164 
9.8.1 Selection of the anesthetic 

technique                                 164
9.9 Brain aneurysm in pregnancy               164 

9.9.1 Epidemiology and pathophysiology  164
9.9.2 Clinical manifestations                165
9.9.3 Diagnosis                                 165
9.9.4 Anesthetic management and 

treatment                                 165
9.9.5 Surgical and endovascular 

treatment                                 166
9.10 Cerebral arteriovenous malformation  

in pregnant women: diagnosis and 
management in low- and middle- 
income countries                               167 
9.10.1 Epidemiology and risk factors      167
9.10.2 Diagnosis                               167
9.10.3 Anesthetic and surgical 

management                           168
9.10.4 Obstetric and pharmacological 

considerations                         168
9.10.5 Results and challenges in low-  

and middle-income countries      168
9.11 Magnitude of head trauma in pregnant 

women in low- and middle-income 
countries                                          169 
9.11.1 Introduction and global 

magnitude                              169
9.11.2 Epidemiology and context in  

low- and middle-income 
countries                                169

9.11.3 Mechanisms and  
pathophysiology                       169

9.11.4 Maternal and fetal mortality        169
9.11.5 Diagnosis and imaging methods  170
9.11.6 Anesthetic and surgical  

management of pregnant women  
with traumatic brain injury in  

low- and middle-income country 
settings                                   170

9.11.7 Obstetric and fetal  
management                           171

9.12 Spinal pathology in pregnant women: 
diagnosis and management in low- and 
middle-income countries                    172 
9.12.1 Pathophysiology and clinical 

presentation                            172
9.12.2 Diagnostic imaging                   172
9.12.3 Conservative management          173
9.12.4 Surgical and anesthetic 

management                           173
9.12.5 Rehabilitation and follow-up       173

9.13 Seizures in pregnant women:  
diagnosis and management in low-  
and middle-income countries              174 
9.13.1 Etiology and differential  

diagnosis                                174
9.13.2 Diagnosis and complementary 

studies                                   174
9.13.3 Acute management                   175
9.13.4 Long-term management and  

follow-up                                175
9.13.5 Challenges in low- and  

middle-income countries            175
9.14 Management of cardiorespiratory  

arrest in pregnant women                   175 
9.14.1 Etiology and pathophysiology      176
9.14.2 Diagnosis and recognition of 

cardiorespiratory arrest              176
9.14.3 Advanced management and 

anesthetic considerations           176
9.14.4 Perimortem cesarean section and 

obstetric priorities                     176
9.14.5 Challenges and strategies in  

low- and middle-income 
countries                                177

9.15 Final considerations                            177
References                                                177

10. Neuroanesthesia for pediatric patients 
in resource-limited countries  

Rashmi Thapa and Ritesh Lamsal 

10.1 Introduction                                      183
10.2 Epidemiology and global context          183
10.3 Core pediatric neuroanesthesia  

challenges in resource-limited settings   183 
10.3.1 Physiological and anatomical 

challenges                              183
10.3.2 Workforce shortage and training 

deficits                                   184

Contents xi



10.3.3 Infrastructure and equipment 
deficits                                   184

10.3.4 Limited access to anesthetic 
agents                                    184

10.3.5 Patient-related factors                184
10.3.6 Anesthetic management 

specificities                             184
10.4 Developmental considerations in  

pediatric neuroanesthesia                    185
10.5 Anesthetic management                      186 

10.5.1 Preoperative considerations        186
10.5.2 Intraoperative considerations       188
10.5.3 Postoperative considerations       190

10.6 Strategies to improve pediatric 
neuroanesthesia care in low- and  
middle-income countries                    191

10.7 Conclusion                                       192
References                                                192

11. Neuroanesthesia for geriatric  
patients in resource-limited countries  

Miguel Llano and Gerardo Granja 

11.1 Introduction                                      195
11.2 Epidemiology                                    195
11.3 Pathophysiology                                196
11.4 Preoperative assessment                     196 

11.4.1 Potential management strategies  197
11.5 Anesthetic management                      197
11.6 General anesthesia considerations        199 

11.6.1 Volatile versus intravenous 
anesthesia                               199

11.6.2 Fluid management                    199
11.7 Conclusions                                      200
References                                                202

12. Managing trauma and neuroanesthesia 
in emergency settings  

Chann Myei, Myat Min San, Hlaing Min Tun,  
Soe Wunna Htay and Aung Kaung Myat 

12.1 Introduction                                    203
12.2 Burden of neurotrauma in low- and 

middle-income countries                   203 
12.2.1 Incidence and mortality trends   203
12.2.2 Common causes: road traffic 

collisions, falls, and violence     204
12.2.3 Health system factors leading to 

poor outcomes                        204
12.2.4 Socioeconomic implications      205

12.3 Prehospital and emergency  
department care                              205 
12.3.1 Importance of the “golden hour”   205

12.3.2 Prehospital systems in low- and 
middle-income countries: 
challenges                             205

12.3.3 Airway management and  
spinal precautions                   205

12.3.4 Rapid neurological  
assessment                             206

12.4 Principles of neuroanesthesia in  
emergency trauma                            207 
12.4.1 Goals of neuroanesthesia          207
12.4.2 Physiological principles  

relevant to neuroanesthesia       207
12.4.3 Choice of anesthetic agents       207
12.4.4 Monitoring strategies                208

12.5 Resource limitations and adaptations  
in low- and middle-income  
countries                                        209 
12.5.1 Diagnostic and monitoring 

infrastructure challenges           209
12.5.2 Medication supply constraints  

and adaptations                      209
12.5.3 Human resource challenges       209
12.5.4 Task-shifting and use of  

general anesthetists                  209
12.5.5 Cost-effective approaches          211
12.5.6 Ethical considerations               211

12.6 Airway and ventilation management  
in emergency neurosurgery                211 
12.6.1 Airway protection in  

head injury patients                 211
12.6.2 Ventilation strategies to  

maintain normocapnia              212
12.6.3 Preventing secondary brain 

injury                                    212
12.7 Hemodynamic management               212 

12.7.1 Importance of avoiding  
hypotension and hypoxia          212

12.7.2 Fluid therapy: crystalloids versus 
colloids                                  212

12.7.3 Blood pressure targets,  
vasopressors, and inotropes       213

12.7.4 Autonomic dysregulation in 
traumatic brain injury               214

12.8 Monitoring techniques                      214 
12.8.1 Basics: electrocardiogram, pulse 

oximetry, noninvasive blood 
pressure                                214

12.8.2 Advanced: invasive monitoring  
and intracranial pressure 
monitoring                              214

12.8.3 Multimodal monitoring             214
12.9 Intraoperative considerations             215 

12.9.1 Positioning and physiological 
effects                                   215

xii Contents



12.9.2 Management of raised  
intracranial pressure                 216

12.9.3 Maintaining cerebral perfusion   216
12.10 Postoperative and intensive care         216 

12.10.1 Early postoperative 
neuroassessment                    216

12.10.2 Managing ventilation and 
sedation                               217

12.10.3 Detecting and managing  
secondary insults                   217

12.10.4 Intensive care unit challenges  
in low- and middle-income 
countries and cost-effective 
models                                217

12.11 Capacity building and systems 
strengthening                                  218 
12.11.1 Training programs in trauma  

and neuroanesthesia               218
12.11.2 Simulation-based learning        218
12.11.3 Enhancing interprofessional 

teamwork and communication 218
12.11.4 Strengthening referral and  

trauma networks                    219
12.11.5 Policy-level interventions         219

12.12 Future directions                              219 
12.12.1 Role of telemedicine and  

low-cost technologies             219
12.12.2 International partnerships and 

open-access educational 
platforms                             220

12.12.3 Research priorities                 220
12.13 Conclusion                                      220 

12.13.1 Summary of best practices  
and key takeaways                 220

12.13.2 The imperative of  
system-level change               220

References                                                221

13. Regional anesthesia and pain 
management in resource-limited 
countries  

Peter Kaahwa Agaba 

13.1 Introduction                                      225 
13.1.1 Unique challenges in  

resource-limited settings             225
13.2 Regional anesthesia in neurosurgery      226 

13.2.1 Scalp nerve block                     226
13.2.2 Regional techniques in awake 

craniotomy                             229
13.2.3 Regional anesthesia for spine 

surgery                                   231
13.2.4 Other regional blocks                231

13.2.5 Equipment needs and feasible 
adaptations                             231

13.2.6 Safety considerations                 231
13.2.7 Training and skill maintenance    231

13.3 Pain management approaches              232 
13.3.1 Acute pain management            232
13.3.2 Multimodal analgesia strategies   232
13.3.3 Pharmacologic options in low-  

and middle-income country 
context                                   234

13.3.4 Postoperative analgesia  
protocols                                235

13.3.5 Chronic pain management         235
13.3.6 Nonpharmacologic and 

organizational measures             236
13.3.7 Implementing pain programs in  

low- and middle-income country 
neurosurgical units                   236

13.3.8 Challenges and gaps                 237
13.4 Challenges in resource-limited settings  237 

13.4.1 Infrastructure and equipment 
limitations                             237

13.4.2 Drug shortages and cost  
barriers                                 238

13.4.3 Human resource and training 
gaps                                     238

13.4.4 Cultural, ethical, and policy 
barriers                                 238

13.4.5 Economic and logistical 
constraints                             239

13.4.6 Documentation and quality- 
assurance deficits                    239

13.4.7 Gender and equity 
considerations                        240

13.4.8 Environmental and  
sustainability factors                240

13.4.9 Summary of key challenges       240
13.4.10 The hidden cost of inaction      240

13.5 Innovative and context-appropriate 
solutions                                          240 
13.5.1 Landmark-based regional  

anesthesia techniques              241
13.5.2 Use of ketamine as an  

analgesic and adjuvant            241
13.5.3 Nurse-led pain services and  

task-sharing                           242
13.5.4 Mobile and outreach pain  

clinics                                  242
13.5.5 Educational and training 

innovations                           243
13.5.6 Institutional and policy 

innovations                           243
13.5.7 Integrating information 

technology                            244

Contents xiii



13.5.8 Research and data innovation    244
13.5.9 Innovation through collaboration  244
13.5.10 Sustainability and future 

directions                              244
13.6 Education and training                        245 

13.6.1 Current status of training in  
low- and middle-income 
countries                               245

13.6.2 Principles of effective training  
in resource-limited settings       245

13.6.3 Capacity-building models         246
13.6.4 Simulation and low-cost  

educational tools                    246
13.6.5 E-Learning and hybrid models   247
13.6.6 Integrating pain medicine into 

curricula                               247
13.6.7 Mentorship and peer networks   247
13.6.8 Research and academic 

development                          247
13.6.9 Advocacy and leadership 

training                                 247
13.6.10 Sustainability in training           248
13.6.11 Outcomes of training 

investments                           248
13.7 Conclusion and recommendations        248 

13.7.1 Summary of key insights            248
13.7.2 Practical recommendations         249
13.7.3 Research and data priorities        249
13.7.4 Future directions and advocacy   250
13.7.5 Final reflections                       250

AI disclosure                                             250
References                                                251

14. Neuroanesthesia for interventional 
neuroradiology  

Anshu Mahajan, Sai Teja and Gaurav Goel 

14.1 Introduction                                      257
14.2 Vascular imaging techniques                257 

14.2.1 Digital subtraction angiography   257
14.2.2 Three-dimensional rotational 

angiography                            258
14.2.3 Dynamic computed tomography  258

14.3 Practical considerations                       258 
14.3.1 Remote site anesthesia               258
14.3.2 Selection of anesthesiology  

mode                                     258
14.3.3 Postprocedure care and transport  260
14.3.4 Monitoring and vascular access   260
14.3.5 Maintenance of adequate  

cerebral perfusion pressure in 
neurointervention procedures      260

14.3.6 Radiation exposure                   260

14.3.7 Anticoagulation and antiplatelet 
agents                                    260

14.3.8 Periprocedural adverse events     261
14.4 Procedure specific anesthetic 

considerations                                   261 
14.4.1 Aneurysm                               261

14.5 Delayed cerebral ischemia after 
subarachnoid hemorrhage                   263 
14.5.1 Pathophysiology                       263
14.5.2 Diagnosis and monitoring          264
14.5.3 Medical and endovascular 

treatment                                264
14.5.4 Anesthetic considerations during 

vasospasm therapy                    264
14.5.5 Carotid stenting                        265
14.5.6 Acute ischemic stroke               267
14.5.7 Arteriovenous malformation        268
14.5.8 Venous sinus pressure  

monitoring and stenting             269
14.5.9 Carotico-cavernous fistula          269

14.6 Conclusion                                       270
References                                                271

Part V 
Postoperative care and neurocritical 
care in resource-limited countries

15. Postoperative neuroanesthesia care in 
resource-limited countries  

Oguzhan Arun and Funda Arun 

15.1 Introduction                                      275
15.2 General principles of postoperative  

care practices                                    275 
15.2.1 Emergence from anesthesia and 

tailoring extubation timing          275
15.3 Determining the optimal level of 

postoperative care and surveillance      276 
15.3.1 The postanesthesia care unit       276
15.3.2 Neurosurgical intensive care unit    277

15.4 Criteria for planned intensive care unit 
admission                                         279

15.5 Readmission to the intensive care unit   279
15.6 Common complications in the  

postoperative period                          280 
15.6.1 Pain                                      281
15.6.2 Postoperative nausea and vomiting 283
15.6.3 Venous thromboembolism and 

thromboprophylaxis                  284
15.6.4 Seizure                                   286
15.6.5 Decreased level of consciousness   286

xiv Contents



15.7 Neurocritical care in resource-limited 
settings                                            287 
15.7.1 Low-cost strategies                    288
15.7.2 Low-cost oxygen production       288
15.7.3 Low-cost medication                 288
15.7.4 Low-cost ventilators                  290
15.7.5 Low-cost wearable devices         290
15.7.6 Smartphone ultrasound and 

measurement of the diameter  
of the optic nerve sheath            291

15.7.7 Transcranial color-coded Doppler   291
15.7.8 Telemedicine programs and 

teleneurocritical care                 291
15.8 Relevance of neurocritical care  

guidelines to low- and middle-income 
country settings                                 291

AI disclosure                                             292
References                                                292

16. Ventilation and respiratory support  
in neuroanesthesia  

Alexander Kulikov and Vladimir Chaiko 

16.1 Introduction                                    297
16.2 Clinical aspects of intraoperative  

mechanical ventilation in neurosurgery  297
16.3 Ventilation-associated lung injury        298
16.4 Current international practice of 

intraoperative mechanical ventilation   298
16.5 Modern strategy of safe intraoperative 

mechanical ventilation in 
neuroanesthesia                               298

16.6 Risk factors of postoperative  
pulmonary complications                   299

16.7 Positioning in neuroanesthesia and 
mechanical ventilation                       300

16.8 Airway protection in neuroanesthesia  300
16.9 Monitoring                                      300

16.10 Postoperative extubation                   301
16.11 Conclusion                                      302
References                                                302

Part VI 
Training, education, and capacity 
building

17. Building neuroanesthesia capacity in 
resource-limited countries  

Ruquan Han, Wanning Yang, Yi Liang and Jing Wang 

17.1 Introduction to inadequacy of 
neuroanesthesia capacity                     309 

17.1.1 Anesthesia provider shortages     309
17.1.2 Neuroanesthesia specialist 

shortages                                309
17.1.3 Anesthesia equipment shortages  311

17.2 Educational framework for 
neuroanesthesia                                 312 
17.2.1 Neuroanesthesia discipline         312
17.2.2 Education and cultivation           313
17.2.3 Standardization and certification  314
17.2.4 Continuing education programs   316

17.3 Participate in scientific research            318 
17.3.1 Clinical research for low- and  

middle-income countries            318
17.3.2 Capacity improvement               318
17.3.3 Low-cost solution                     319

17.4 Conclusion                                       320
References                                                320

18. Role of simulation and remote learning 
in resource-limited countries  

Manee Raksakietisak and Kasana Raksamani 

18.1 Introduction                                      325 
18.1.1 The complexity of  

neuroanesthesia training            325
18.1.2 Simulation in neuroanesthesia     325

18.2 Benefits and rationale for simulation in 
neuroanesthesia                                 325 
18.2.1 Why simulation is essential in 

neuroanesthesia?                      326
18.2.2 Enhancing patient safety  

through risk-free practice           326
18.2.3 Standardization and structured 

learning opportunities                326
18.2.4 Feedback, reflection, and  

deliberate practice                    326
18.2.5 Technical skill acquisition and 

retention                                 326
18.2.6 System testing and quality 

improvement                           326
18.2.7 Professional identity formation  

and nontechnical skills              327
18.2.8 Interprofessional education and  

team-based practice                  327
18.3 Theoretical foundations of simulation    327 

18.3.1 Kolb’s experiential learning theory  327
18.3.2 Mastery learning                      328
18.3.3 Cognitive load theory                328

18.4 Pedagogy and modalities of simulation  
in neuroanesthesia: a seven-step 
approach                                          329 
18.4.1 Step 1: define clear clinical  

learning objectives                    329

Contents xv



18.4.2 Step 2: select the appropriate 
simulation modality                  329

18.4.3 Step 3: prepare learners through 
prebriefing and psychological 
safety                                     329

18.4.4 Step 4: run the scenario with  
focused facilitation                   330

18.4.5 Step 5: debrief to convert  
experience into learning            330

18.4.6 Step 6: reinforce learning with 
feedback and deliberate  
practice                                  330

18.4.7 Step 7: expand scope to teams, 
assessment, and system 
improvement                           330

18.5 Assessment in simulation-based  
medical education for neuroanesthesia  330 
18.5.1 Formative assessment:  

feedback for learning                331
18.5.2 Summative assessment:  

determining competence            332
18.5.3 Assessment tools and  

frameworks                             332
18.5.4 Integration with competency- 

based training                          332
18.6 Simulation-based medical education in 

limited-resource settings                     332 
18.6.1 Challenges in resource-limited 

settings                                   332
18.6.2 Principles of low-cost  

simulation-based medical 
education                               333

18.6.3 Simulation modalities adapted  
for neuroanesthesia                   333

18.6.4 Pedagogical emphasis               333
18.6.5 Impact and value                     333
18.6.6 Spectrum of neuroanesthesia  

and neurocritical care scenarios 
suitable for simulation               333

18.7 Example simulation scenarios in 
neuroanesthesia                                 335 
18.7.1 Scenario A—difficult airway in 

acromegaly patient for 
transsphenoidal pituitary  
surgery                                   335

18.7.2 Scenario B—intraoperative  
aneurysm rupture during  
craniotomy/clipping                  335

18.7.3 Scenario C—awake craniotomy: 
patient becomes agitated with  
seizure during cortical mapping   336

18.8 Safety and limitations                         336
18.9 Conclusion                                       337
References                                                337

Part VII 
Global collaboration, advocacy, and 
future directions

19. Advocacy and global initiatives for 
neuroanesthesia in resource-limited 
countries  

Samuel Ern Hung Tsan, Chuan Sin Tan and  
Haw Shyan Ng 

19.1 Introduction                                      343
19.2 Challenges faced in neuroanesthesia  

in low- and middle-income countries    343 
19.2.1 Epidemiological burden             343
19.2.2 Workforce constraints                344
19.2.3 Health system challenges           344
19.2.4 Research and data gaps             344

19.3 Advocacy through healthcare policy      344 
19.3.1 The National Surgical,  

Obstetric and Anaesthesia Plan   344
19.3.2 Service delivery                       345
19.3.3 Infrastructure, equipment, and 

supplies                                  346
19.3.4 Human resources                     346
19.3.5 Information management and 

research                                 346
19.3.6 Leadership and governance        347
19.3.7 Global Neurosurgery Initiative     347

19.4 Advocacy through education initiatives  347 
19.4.1 Neuroanesthesia fellowship 

initiatives                                348
19.4.2 Standardization of  

neuroanesthesia training            348
19.4.3 National neuroanesthesia  

societies and international 
collaborations                          348

19.5 Advocacy through technology and 
telemedicine                                     349 
19.5.1 Telemedicine and technological 

innovations in neuroanesthesia    349
19.5.2 Preoperative phase: 

teleconsultation                        349
19.5.3 Intraoperative phase:  

telemedicine for remote guidance  
and monitoring                        349

19.5.4 Postoperative phase: telehealth  
for ongoing care                       350

19.5.5 Provider readiness and research 
gaps                                      350

19.5.6 Emerging technologies: artificial 
intelligence and precision 
medicine                                350

19.5.7 Advocacy and the way forward   350

xvi Contents



19.6 Conclusion                                       350
AI disclosure                                             350
References                                                351

20. Artificial intelligence and machine 
learning in resource-limited countries  

Chandini Kukanti, Indu Kapoor, Charu Mahajan 
and Hemanshu Prabhakar 

20.1 Introduction                                    353
20.2 Evolution of artificial intelligence in 

anesthesia                                       353
20.3 Machine learning                              353
20.4 Robotic systems                               354
20.5 Role of artificial intelligence in 

preanesthetic checkup                      354

20.6 Intraoperative uses                           355
20.7 Utility of artificial intelligence in 

neuromonitoring                              355
20.8 Barriers to the implementation of  

artificial intelligence in low- and  
middle-income countries                   356

20.9 Ethical considerations                        356
20.10 Integration of artificial intelligence  

into the curriculum                           356
20.11 Conclusion                                      356
References                                                357

Index                                                               359

Contents xvii



This page intentionally left blank 



List of contributors

Peter Kaahwa Agaba Department of Anaesthesia, 
Critical Care, and Emergency Medicine, Mulago 
National Referral Hospital, Makerere University 
College of Health Sciences, Kampala, Uganda

Khalid Ahsan Department of Anaesthesiology, The Aga 
Khan University, Karachi, Pakistan

Ahmad Akmaluddin Department of Anesthesiology and 
Intensive Care, Dr Soetomo General Academic 
Hospital, Surabaya, East Java, Indonesia

Funda Arun Department of Pedodontics, Faculty of 
Dentistry, Division of Anesthesiology, Selcuk 
University, Konya, Turkey

Oguzhan Arun Department of Anesthesiology and 
Reanimation, Faculty of Medicine, Selcuk University, 
Konya, Turkey

Hosiana Athanase Department of Anaesthesiology and 
Critical Care, Bugando Medical Centre, Mwanza, 
Tanzania

Tanveer Baig Department of Anaesthesiology, Aga Khan 
University Hospital, Karachi, Pakistan

Mohsin Nazir Butt Department of Anaesthesiology, The 
Aga Khan University, Karachi, Pakistan

Vanessa Carvalho Department of Anaesthesiology, State 
University of Campinas, UNICAMP, Campinas, SP, 
Brazil

Vladimir Chaiko Department of Anesthesiology, 
Burdenko National Medical Research Center of 
Neurosurgery, Moscow, Russia

Gaurav Goel Department of Neurointervention, Medanta – 
The Medicity, Gurugram, Haryana, India

Gerardo Granja Faculty of Medical Sciences, 
Universidad de las Fuerzas Armadas ESPE, Quito, 
Ecuador

Delphine Grant Department of Anaesthesia and Critical 
Care, Greater Accra Regional Hospital, Accra, Ghana

Ruquan Han Department of Anesthesiology, Beijing 
Tiantan Hospital, Capital Medical University, Beijing, 
P.R. China

Soe Wunna Htay Department of Anaesthesia, No (1) 
Military Hospital, PyinOoLwin, Myanmar

Dureshahwar Kanwar Department of Medicine, The 
Aga Khan University, Karachi, Pakistan

Indu Kapoor Department of Neuroanaesthesiology and 
Neurocritical Care, All India Institute of Medical 
Sciences, New Delhi, India

Chandini Kukanti Department of Neuroanaesthesiology 
and Neurocritical Care, All India Institute of Medical 
Sciences, New Delhi, India

Alexander Kulikov Department of Anesthesiology, 
Burdenko National Medical Research Center of 
Neurosurgery, Moscow, Russia

Altaf Laghari Department of Surgery, Section 
Neurosurgery, The Aga Khan University, Karachi, 
Pakistan

Ritesh Lamsal Department of Anaesthesiology, 
Tribhuvan University Teaching Hospital, Institute of 
Medicine, Tribhuvan University, Kathmandu, Bagmati 
Province, Nepal

Yi Liang Department of Anesthesiology, Beijing Tiantan 
Hospital, Capital Medical University, Beijing, P.R. 
China

Miguel Llano Intensive Care Unit, Hospital de 
Especialidades de las Fuerzas Armadas No. 1, Quito, 
Ecuador; Faculty of Medical Sciences, Universidad de 
las Fuerzas Armadas ESPE, Quito, Ecuador

Gisela Maribel Llorente Mariñez Neuroanesthesiology 
Section, Department of Anesthesiology, Centro de 
Medicina Avanzada Dr. Abel González, Hospital Docente 
Padre Billini, Santo Domingo, Dominican Republic

Debora Forden Madyedye Department of Anaesthesiology 
and Critical Care, Bugando Medical Centre, Mwanza, 
Tanzania

Anshu Mahajan Department of Neurointervention, 
Medanta – The Medicity, Gurugram, Haryana, India

Charu Mahajan Department of Neuroanaesthesiology 
and Neurocritical Care, All India Institute of Medical 
Sciences, New Delhi, India

xix



Darwin Cohen Manrique Neuroanesthesiology Section, 
Department of Anesthesiology, Fundación Santa Fe de 
Bogotá, Bogotá, Colombia

Juan Armando Mejía Department of Neurosurgery, 
Fundación Santa Fe de Bogotá, Bogotá, Colombia

Salehe Mrutu Department of Anaesthesiology, 
Muhimbili University of Health and Allied Sciences 
(MUHAS), Dar Es Salaam, Tanzania

Aung Kaung Myat Department of Anaesthesia and 
Intensive Care, No (2) Defence Services General 
Hospital, Naypyitaw, Myanmar

Chann Myei Department of Anaesthesia and Intensive 
Care, No (1) Defence Service General Hospital, 
Yangon, Myanmar

Amanuel Yishak Negash Department of Anesthesiology, 
Addis Ababa University, College of Health Sciences, 
School of Medicine, Addis Ababa, Ethiopia

Haw Shyan Ng Department of Anaesthesiology and 
Intensive Care, Sarawak General Hospital, Kuching, 
Sarawak, Malaysia

María Claudia Niño de Mejía Neuroanesthesiology 
Section, Department of Anesthesiology, Fundación 
Santa Fe de Bogotá, Bogotá, Colombia

María Fernanda Parada Álvarez Neuroanesthesiology 
Section, Department of Anesthesiology, Instituto 
Roosevelt, Bogotá, Colombia

Waynice Paula-Garcia AC Camargo Center, São Paulo, 
Brazil

Hemanshu Prabhakar Department of Neuroanaesthesiology 
and Neurocritical Care, All India Institute of Medical 
Sciences, New Delhi, India

Manee Raksakietisak Department of Anesthesiology, 
Faculty of Medicine, Siriraj Hospital, Mahidol 
University, Bangkok, Thailand

Kasana Raksamani Department of Anesthesiology, 
Faculty of Medicine, Siriraj Hospital, Mahidol 
University, Bangkok, Thailand

Myat Min San Department of Anaesthesia, No (1) Defence 
Services Medical Academy, Yangon, Myanmar

Dhania Santosa Department of Anesthesiology and 
Intensive Therapy, Dr Soetomo General Academic 
Hospital, Surabaya, East Java, Indonesia

Deep Sengupta Asian Institute of Gastroenterology, 
Consultant Neuroanesthesia, Hyderabad, Telangana, 
India

Faraz Shafiq Department of Anaesthesiology, The Aga 
Khan University, Karachi, Pakistan

Ananya Abate Shiferaw Department of Anesthesia and 
Critical Care, University of Botswana, School of 
Medicine, Gaborone, Botswana

Chuan Sin Tan Department of Anaesthesiology and 
Intensive Care, Sarawak General Hospital, Kuching, 
Sarawak, Malaysia

Cristiane Tavares Neuroanesthesiology Department, 
Hospital das Clinicas of University of São Paulo 
School of Medicine, São Paulo, SP, Brazil

Sai Teja Department of Neurointervention, Medanta – 
The Medicity, Gurugram, Haryana, India

Rashmi Thapa Department of Anaesthesiology, 
Tribhuvan University Teaching Hospital, Institute of 
Medicine, Tribhuvan University, Kathmandu, Bagmati 
Province, Nepal

Marcelo Torres School of Medicine, The University of 
São Paulo, São Paulo, Brazil

Samuel Ern Hung Tsan Department of Anaesthesiology 
and Critical Care, Faculty of Medicine and Health 
Sciences, University of Malaysia Sarawak, Kota 
Samarahan, Sarawak, Malaysia

Hlaing Min Tun Department of Anaesthesia and 
Intensive Care, No (1) Defence Service General 
Hospital, Yangon, Myanmar

Jing Wang Department of Anesthesiology, Beijing 
Tiantan Hospital, Capital Medical University, Beijing, 
P.R. China

Wanning Yang Department of Anesthesiology, Beijing 
Tiantan Hospital, Capital Medical University, Beijing, 
P.R. China

xx List of contributors



Foreword

Imagine a man who was injured in a road traffic accident and brought to a district hospital in the night. He was 
semiconscious with dilated pupils. There was no CT scanner available and no anesthesiologist on duty. His condition 
progressively deteriorated, and he died the following morning. Another patient presented with a sudden severe headache 
and lapsed into an unconscious state but regained consciousness within a few hours. He was brought to the hospital. A CT 
scan of his head showed a subarachnoid hemorrhage. However, the hospital had neither a neurosurgeon nor an intensive 
care unit to provide specialized care to the patient. In another case, a 15-year-old boy suffered generalized tonic–clonic 
seizures for 2 hours at home. In the hospital, he was administered injection of diazepam and phenytoin, but the seizures 
remained uncontrolled. No other antiepileptic drug was available in the hospital, and the seizures continued for another 24 
hours. Although the seizures eventually stopped, the boy developed severe cognitive deficits. Such scenarios are not 
uncommon in middle- and low-income countries.

Patients with neurological conditions often lack financial resources and present late to the hospital with advanced 
disease states. This delays treatment, increases complexity of care, and results in higher morbidity and mortality.

Neuroanesthesia is a vital subspecialty that supports complex neurosurgical procedures and provides care for patients 
with critical neurological illness. Conditions such as traumatic brain injury, cerebrovascular diseases, epilepsy, and 
neuroinfections require specialized management. In resource-limited countries, however, the delivery of neuroanesthesia 
care is hampered by infrastructural deficits, workforce shortages, and limited access to essential drugs and equipment. This 
book explores the barriers to neuroanesthesia in such settings and proposes scalable strategies to improve the quality of 
care and patient outcomes.

Operating rooms in low- and middle-income countries often lack neurosurgery-specific equipment. Unreliable 
electricity and oxygen supply further compromise patient safety. Imaging modalities like CT and MRI are frequently 
unavailable or inaccessible. There is also a shortage of anesthesiologists trained in neuroanesthesia. There are limited 
opportunities for continuing education and subspecialty training in neuroanesthesia. High patient volumes, limited 
staffing, and the absence of essential drugs reduce care quality. Postoperative care is hindered by lack of neurocritical care 
units, while rehabilitation services remain underdeveloped, affecting long-term recovery of the patient. Brain 
drain—immigration of trained professionals to high-income countries—further undermines the health care.

According to the Lancet Commission on Global Surgery (www.thelancet.com, Vol. 386, August 2015), over five 
billion people worldwide lack access to safe, timely, affordable, and essential surgical and anesthetic care. Limited 
neurosurgical access contributes significantly to preventable mortality and disability. Patients with traumatic brain injury 
constitute 55–69 million cases every year.

Equitable distribution of healthcare resources is critical to achieving health for all. For example, Sub-Saharan Africa 
accounts for 11% of the global population and 24% of the disease burden but has only 3% of healthcare workers. Per 
capita healthcare expenditure remains below USD 100 for nearly 35% of the world’s population, while only 15.6% of 
people benefit from annual spending above USD 1000 per head. Surgery is an indispensable part of health care. One 
hundred and forty-three million surgical procedures are required annually to save lives and prevent disability. Investment 
in surgical and anesthetic care not only saves lives but also promotes economic growth.

Several approaches can strengthen neuroanesthesia care in resource-limited countries. Capacity can be built by 
developing regional training centers and online education platforms to upskill general anesthesiologists. Mentorship 
programs, fellowships, and knowledge exchange programs can foster knowledge transfer. Standardized neuroanesthesia 
protocols tailored to available resources can be implemented. Checklists and simplified algorithms to guide perioperative 
management can be developed. Targeted investments in equipment, drug procurement, and infrastructure can be made. 
Private sector stakeholders can be engaged in developing neuroanesthesia capacity in public hospitals. Partnering with 
international neurosurgical and neuroanesthesia societies for training and research should be encouraged. The 
International Council for Perioperative Training in Neuroscience in Anesthesiology is an accrediting body that engages 
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with training programs internationally. Training programs in resource-limited countries should try accreditation by this 
body to maintain the quality of neuroanesthesia education. To address the issue of brain drain, trainees should be 
encouraged to return home after overseas training by offering career incentives and growth opportunities. Raising 
awareness about neurosurgical conditions and the importance of timely intervention is essential. Policymakers must 
recognize the importance of neurosurgical and neuroanesthetic care and allocate resources and manpower accordingly. 
Collaborative initiatives between high-income and resource-limited countries can accelerate training and infrastructure 
development.

This volume compiles knowledge and experience from experts mostly working in resource-limited countries. It 
provides insights into the realities of neuroanesthesia and neurocritical care in these countries. Progress in neuroanesthesia 
can be made by learning from one another. With strategic investment in training, infrastructure, and innovation, safe and 
effective neuroanesthesia care is achievable even in the most constrained settings.

G.S. Umamaheswara Rao, MD
Former Senior Professor, Department of Neuroanaesthesia and Neurocritical Care, 

National Institute of Mental Health and Neurosciences (NIMHANS), 
Bangalore, Karnataka, India
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Preface

Neuroanesthesia is a critical and highly specialized branch of anesthesiology that plays a pivotal role in the management 
of patients undergoing neurosurgical procedures. It demands an intricate understanding of both neuroscience and 
anesthetic principles, with patient outcomes closely tied to the precision and timeliness of clinical decisions. While 
significant advances in neuroanesthesia have been made in high-resource settings, the practice in resource-limited 
countries remains a complex endeavor—marked by ingenuity, resilience, and an unwavering commitment to patient care 
despite often formidable constraints.

Practice of Neuroanesthesia in Resource Limited Countries is a timely and much-needed contribution to global 
medical literature. It offers a window into the challenges and adaptive strategies employed by neuroanesthesiologists 
working in environments where essential equipment may be scarce, training opportunities limited, and access to advanced 
monitoring or medications inconsistent. Yet, within these contexts, dedicated professionals continue to deliver safe, 
effective care—often using creative problem-solving, localized protocols, and shared experiential knowledge passed down 
through mentorship and collaboration.

This book brings together a wealth of expertise and real-world insight from renowned practitioners who have 
navigated these challenges first-hand. By doing so, it provides more than just a clinical manual; it offers a powerful 
narrative of innovation under constraint. Readers will find pragmatic guidance on optimizing care with limited resources 
and reflections on ethical dilemmas that arise when ideal standards must be balanced with practical realities. The authors 
bridge the gap between global best practices and local applicability, making this volume a vital resource for both current 
and aspiring neuroanesthesia providers in low- and middle-income countries (LMICs).

To those training in anesthesia, to those already working in challenging environments, and to educators and 
policymakers seeking to support these efforts, this book serves as both a guide and an inspiration. It affirms that high- 
quality neuroanesthesia is not the exclusive domain of technologically advanced centers but an achievable standard 
wherever there is dedication, adaptability, and a patient-centered ethos.

I commend the authors from different LMICs for compiling this significant work. Their commitment to advancing 
neuroanesthesia practice in under-resourced settings is evident on every page. This book stands not only as an educational 
tool but also as a testament to the quiet heroism of clinicians working behind the scenes, often with little recognition, but 
with immense impact.

Let this book inspire us all—to learn, to teach, to collaborate, and to act—toward a future where the quality of care is 
not dictated by geographical boundaries but defined by shared commitment and human dignity.

Hemanshu Prabhakar
Indu Kapoor

Charu Mahajan
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Advocacy and global initiatives for 
neuroanesthesia in resource-limited 
countries
Samuel Ern Hung Tsan1, Chuan Sin Tan2, and Haw Shyan Ng2

1Department of Anaesthesiology and Critical Care, Faculty of Medicine and Health Sciences, University of Malaysia Sarawak, Kota Samarahan, 

Sarawak, Malaysia, 2Department of Anaesthesiology and Intensive Care, Sarawak General Hospital, Kuching, Sarawak, Malaysia

19.1 Introduction
Globally, the burden of neurological diseases leading to disability and death is greatest in low- and middle-income 
countries (LMICs). Based on the Global Burden of Disease, Injuries and Risk Factors Study, in 2016, neurological 
disorders (including central nervous system cancers and traumatic brain and spinal cord injuries) were the leading cause of 
disability-adjusted life-years (DALYs; defined as years of healthy life lost due to premature death and disability) and the 
second leading cause of deaths worldwide. The bulk of this burden affected LMICs disproportionately (77.3% DALYs 
and 78.5% deaths; Feigin et al., 2019). In view of the burden of neurological disease in LMICs, there is a need for optimal 
neuroanesthetic care in LMICs, as part of a multidisciplinary team to improve patient outcomes.

The practice of neuroanesthesia is crucial to patient safety during neurosurgery and neurointerventional radiology 
procedures. Effective neuroanesthetic care can improve surgical outcomes, reduce morbidity and mortality, and enhance 
the quality of life for patients with neurological disorders (Khandelwal et al., 2021). However, providing comprehensive 
neuroanesthesia care faces significant challenges in LMICs, including resource and infrastructure limitations, workforce 
shortages, and organizational and policy barriers. Recognition of these challenges is important to designing strategies to 
overcome them. These strategies include national and international initiatives aimed at improving neuroanesthesia 
services in LMICs.

This chapter explores the challenges LMICs face in providing quality neuroanesthetic services, followed by national 
and international strategies that are able to strengthen neuroanesthetic practices in these settings. Finally, recommenda
tions to align resources, training, policy, and research towards sustainable improvements are given.

19.2 Challenges faced in neuroanesthesia in low- and middle-income countries
19.2.1 Epidemiological burden

Many LMICs now face a double burden of disease, with communicable diseases remaining prevalent alongside a rapidly 
rising number of noncommunicable conditions. Neurological illnesses that were once seen mainly in high-income settings, 
such as stroke and traumatic central nervous system injury, are becoming more common in LMICs (Shrestha and Lamsal, 
2020; GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators, 2019).

The rapid increase in motor vehicle use in many LMICs has exceeded the development and enforcement of effective 
road safety and vehicle regulations. Weak enforcement of speed limits, low seatbelt and child restraint usage, and poor 
control of drunk driving significantly contribute to the rising incidence of traumatic brain and spinal cord injuries. At the 
same time, the ageing global population is causing a steady rise in fall-related TBI. In many LMICs, improvements in life 
expectancy have not been accompanied by the development of fall-prevention programs or sufficient geriatric care 
systems.
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19.2.2 Workforce constraints

A critical barrier to the provision of optimal neuroanesthesia services in LMICs is the severe shortage of trained anesthesia 
providers. Based on the Global Anesthesia Workforce Survey conducted by the World Federation of Societies of 
Anesthesiologists, the total anesthesia provider density was 9.4 per 100,000 population in upper-middle-income countries, 
3.5 per 100,000 in lower-middle-income countries, and 2.0 per 100,000 in low-income countries. This represents a 2.5- to 
8-fold difference compared to high-income regions (Law et al., 2024). The number of anesthesiologists specialized in 
neuroanesthesia is even smaller.

There is a shortage of trained neuroanesthesiologist in many LMICs. Most anesthesia training programs in LMICs offer 
limited exposure to neurosurgical cases, and formal neuroanesthesia fellowships remain rare (Khandelwal et al., 2021). As 
a result, complex procedures are often managed by anesthesiologists without specialised training in neurophysiology, 
neuropharmacology, or intracranial dynamics.

19.2.3 Health system challenges

In many LMICs, anesthesia, and by extension neuroanesthesia, has historically received limited attention in national 
health policies. Many countries, primarily in low- and lower-middle-income countries, do not have dedicated anesthesia 
councils or regulatory bodies to oversee practice standards. Weak governance structures, fragmented leadership, and 
underdeveloped data systems contribute to poor planning and inadequate resource allocation in anesthesia service 
provision. Without policy recognition, neuroanesthesia will continue to remain on the margins of national health priorities.

Infrastructure gaps remain one of the most visible obstacles to safe neuroanesthesia care. Anesthesiologists in LMICs 
often work with basic monitoring tools, limited to noninvasive blood pressure, electrocardiography, and pulse oximetry, 
without access to capnography, invasive arterial monitoring, or temperature measurement. Equipment breakdowns are 
common, and with few biomedical engineers available, even simple faults can take weeks to repair. Outdated machines, 
defective vaporizers, and incomplete maintenance systems further compromise patient safety (Adams and Dobson, 2025).

Drug shortages are a persistent and frustrating reality for anesthesiologists in LMICs. The causes are complex and often 
interlinked, ranging from manufacturing and regulatory problems to fragile supply chains and, in some cases, stockpiling 
or smuggling. When essential agents such as propofol or short-acting opioids are unavailable, clinicians are forced to use 
less optimal substitutes. These alternatives can delay emergence, complicate postoperative neurological assessments, and 
increase the risk of medication errors. Beyond patient safety, such shortages carry significant cost implications for both 
institutions and patients (Khan, 2019).

Postoperative management of neurosurgical patients in LMICs is often limited by the lack of neurocritical care infrastructure. 
Advanced monitoring technologies such as continuous electroencephalography (EEG) or brain tissue oxygen monitoring are rarely 
available. Invasive intracranial pressure (ICP) monitoring is conducted only in a few centers, usually in urban tertiary hospitals. 
The shortage of neurointensivists, trained ICU nurses, pharmacists, and respiratory therapists adds to these difficulties and reduces 
the level of vigilance that complex neurosurgical patients require (Prabhakar et al., 2025).

19.2.4 Research and data gaps

Research capacity in neuroanesthesia across LMICs remains limited. Most existing guidelines and evidence are derived 
from high-income settings, which may make them difficult to apply in resource-limited settings. Few countries in LMICs 
have neurosurgical or anesthesia registries that capture neurotrauma- or neurosurgical-specific data (Rajajee, 2025).

This lack of reliable data weakens advocacy efforts for funding, equipment, and training. Systemic barriers such as 
limited time for academic work, lack of mentorship in research and writing, minimal funding for publication costs, and 
undervaluation of nonsignificant results also contribute to limiting scholarly productivity, thereby creating a barrier to 
improving neuroanesthesia care in LMICs.

In view of the many challenges to providing optimal neuroanesthesia care in LMICs, there must be advocacy efforts at 
the local level, along with global initiatives to drive improvement in this area. Examples of local and global strategies to 
establish effective neuroanesthesia care will be described in the next sections, along with suggestions on implementation.

19.3 Advocacy through healthcare policy
19.3.1 The National Surgical, Obstetric and Anaesthesia Plan

The National Surgical, Obstetric and Anaesthesia Plan (NSOAP) is a strategic, country-led framework designed to strengthen 
surgical, obstetric, and anesthesia (SOA) care as an essential component of national health systems. Originating from the Lancet 
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Commission on Global Surgery in 2015, the NSOAP framework aims to achieve safe, affordable, and timely SOA care for all 
populations, forming a foundation for the attainment of Universal Health Coverage by 2030. This framework provides a roadmap 
for national governments and ministries, implementing partners, funders, and other parties to improve SOA care through national 
health policies. It covers analysis of situation, engagement of stakeholders, drafting, monitoring, evaluation, financing, and 
governance (UNITAR, 2020). Several LMICs, including Zambia, Pakistan, and member states of the Southern African 
Development Community, have already developed and implemented their NSOAPs.

While NSOAPs primarily focus on ensuring access to emergency and essential SOA services, their principles are highly 
applicable to specialized fields such as neurosurgery and neuroanesthesia. Given the rising incidence of neurotrauma and 
noncommunicable neurological diseases such as brain and spine neoplasms, these specialties are essential for 
comprehensive perioperative and critical care. NSOAPs are structured around six core components: service delivery, 
workforce, infrastructure, information management, finance, and governance. These six core components are based on the 
World Health Organization’s building blocks of health systems (Fig. 19.1). Each component can be adapted to address 
neuroanesthesia needs within national systems.

19.3.2 Service delivery

The goal of service delivery under NSOAP is to ensure safe, equitable, and timely access to SOA care across all levels of 
the health system. Implementation strategies are typically defined for three tiers of facilities: Level 1 (district), Level 2 
(provincial), and Level 3 (tertiary).

FIGURE 19.1 Core components of National Surgical, Obstetric and Anaesthesia Plan for building a health system. 
From United Nations Institute for Training and Research (UNITAR), 2020. National Surgical, Obstetric and Anaesthesia Planning Manual, United 
Nations Institute for Training and Research (UNITAR), Geneva, Switzerland.

Advocacy and global initiatives for neuroanesthesia in resource-limited countries Chapter | 19 345



At Level 1, strategies focus on establishing and strengthening essential and emergency surgical services, including 
trauma care and basic neurosurgical procedures such as burr hole drainage. Facilities are also expected to develop the 
capacity to identify and refer surgical oncology and congenital neurological conditions, such as brain and spine tumors, 
spina bifida, and hydrocephalus. Safe management of these cases requires reliable neuroanesthesia and neurocritical care 
services, especially during stabilization and interfacility transfers.

To support this, Level 1 hospitals’ strategies include scaling up in-service anesthesia training and implementing 
mentorship networks for SOA providers at the district level. From a neuroanesthesia perspective, developing tiered 
referral systems with clear anesthetic stabilization and transfer criteria for head and spinal trauma is essential. 
Telemedicine may also support real-time neuroanesthetic guidance during pretransfer stabilization.

At Level 2 and Level 3 facilities, NSOAPs emphasize establishing comprehensive and specialized surgical and 
anesthesia services. Examples include the creation of trauma centers at secondary and tertiary hospitals, strengthening 
neurosurgical units, and developing dedicated spinal surgery services at major referral hospitals. These facilities are also 
encouraged to develop standardized intensive care unit (ICU) admission and management protocols, expand mobile health 
outreach for specialized services, and ensure the availability of highly trained neuroanesthesia staff.

19.3.3 Infrastructure, equipment, and supplies

For Level 1 facilities, the objective is to ensure basic infrastructure and standard equipment for essential and emergency 
SOA care. This includes reviewing and updating the standard equipment list in collaboration with end users and procuring 
anesthesia machines with built-in oxygen concentrators.

At Level 2 and Level 3 facilities, equipment procurement focuses on supporting safe and comprehensive surgical 
services. In neuroanesthesia, this includes acquiring basic neuromonitoring systems such as processed EEG, ICP monitors, 
and neurophysiological monitoring devices. Maintenance plans, service contracts, and local biomedical engineering 
support are vital to sustain functionality.

NSOAPs also advocate maintaining adequate stocks of essential drugs and consumables for advanced anesthesia care. 
For neuroanesthesia, this includes agents such as propofol and remifentanil used in total intravenous anesthesia. Given the 
increasing reliance on these drugs, national protocols for substitute medications should also be defined to ensure continuity 
during supply shortages.

19.3.4 Human resources

Human resource strategies under NSOAP include workforce planning, training, and continuing professional develop
ment (CPD). 

• Workforce planning and training: The goal is to expand and equitably distribute the SOA workforce across healthcare 
levels. This involves revising staffing structures, creating additional posts at district and tertiary levels, and aligning 
salary scales to retain specialized practitioners, including neuroanesthesiologists. Collaboration with universities and 
professional societies is encouraged to review curricula, fast-track training, and maintain educational standards. In 
neuroanesthesia, courses such as the Emergency Neurological Life Support program by the Neurocritical Care Society 
are examples of capacity-building initiatives suitable for inclusion in NSOAP training plans.

• Continuous professional development: Regulatory bodies are encouraged to set SOA-specific CPD requirements. 
Ongoing medical education, including advanced perioperative skills and trainer training in life support and neurocritical 
care, helps practitioners stay competent and up-to-date.

19.3.5 Information management and research

A strong health information management system forms the backbone of evidence-based planning, implementation, and 
evaluation within NSOAPs. The information management component of NSOAP highlights systematic data collection, 
accurate record-keeping, and routine analysis of service delivery and outcomes. These systems are vital for identifying 
gaps, prioritizing research in surgery, obstetrics, and anesthesia, and for establishing actionable targets.

NSOAP strategies promote strengthening national research capacity through targeted investments in training, 
institutional collaborations, and sustainable funding for local scholarship. Regular updates of surgical indicators and 
national health metrics enable tracking of progress over time, allowing for iterative policy changes and ongoing quality 
improvements. Ultimately, integrating information management and research within NSOAP ensures reforms remain 
data-driven, contextually appropriate, and responsive to changing population health needs.
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For neuroanesthesia, data collection should incorporate neurosurgical and anesthetic outcome indicators—such as 
perioperative mortality, postoperative neurological deficits, anesthetic risk class (e.g., ASA grade), mean arterial pressure 
variations, ICP trends, and other postoperative morbidities into national databases. This approach enables benchmarking 
and continuous quality improvement.

19.3.6 Leadership and governance

Strong governance ensures coordination and accountability in NSOAP implementation. Ministries of Health at the 
national level, followed by Departments of Health at the provincial or district levels, are responsible for leading SOA 
service delivery and establishing coordination mechanisms through national committees. Regular stakeholder meetings 
should review progress toward service integration and system harmonization.

Incorporating neuroanesthesiologists into NSOAP leadership committees is vital to developing essential clinical 
protocols and ensuring representation of neurosurgical and neurocritical care needs. Legal and regulatory frameworks 
should be strengthened by developing national protocols and operating standards, for example, for emergency 
management of raised ICP, aneurysm rupture, and perioperative management of traumatic brain injury.

19.3.7 Global Neurosurgery Initiative

The Global Neurosurgery Initiative, established by the Program in Global Surgery and Social Change at Harvard Medical 
School in 2018, is another global advocacy effort in advancing neurosurgical care. It is dedicated to advancing research, 
policy, and advocacy within global neurosurgery (Blavatnik Institute Harvard Medical School, n.d.). The Initiative’s 
policy work has led to the development of two comprehensive frameworks: “Comprehensive Policy Recommendations for 
Head and Spine Injury Care in Low- and Middle-Income Countries” and “Comprehensive Policy Recommendations for 
the Management of Spina Bifida & Hydrocephalus in Low- and Middle-Income Countries” (Corley et al., 2019; Park 
et al., 2021).

The recommendations for head and spine injury care were systematically developed using the best available evidence 
and expert consensus. These policy guidelines were designed to help policymakers in designing contextualized national 
plans aimed at reducing mortality and morbidity from road traffic accidents. The recommendations used a policy-oriented 
methodology derived from the NSOAP framework and, at the same time, integrated established trauma guidelines to 
ensure a holistic approach to the development of neurotrauma systems. Beyond the six foundational NSOAP building 
blocks, the Initiative’s framework delineated five essential domains within each block: surveillance, prevention, 
prehospital care, surgical system, and rehabilitation (Corley et al., 2019).

Similarly, the “Comprehensive Policy Recommendations for the Management of Spina Bifida & Hydrocephalus in 
Low- and Middle-Income Countries” provided a guide for healthcare personnel, hospitals, ministries of health, and 
governments to develop robust management frameworks for spina bifida and hydrocephalus. These policy recommenda
tions adopted the NSOAP health systems model and are organized into six key sections. Of specific relevance to 
neuroanesthesia was the endorsement of telemedicine, which was recommended for pretransfer consultation and 
perioperative anesthesia planning. The timely surgical closure of open spina bifida remains a challenge for most LMICs. 
However, the initiative stressed that immediate medical care, such as antibiotic coverage and protection of the exposed 
placode, enables preoperative evaluation for concurrent congenital anomalies, which is critical for anesthesia assessment 
and planning. Furthermore, the guidelines highlighted hydrocephalus shunt failure as a neurosurgical emergency and 
advocated for the strategic placement of district-level hydrocephalus treatment centers so that 80% of the population 
resides within two hours of care. This approach necessitates the availability of neuroanesthesia services to support timely 
and safe surgical intervention.

These comprehensive, system-level policy recommendations provide actionable frameworks for governments and 
healthcare practitioners in LMICs to strengthen neurotrauma and pediatric neurosurgical care. Incorporating neuroa
nesthesia into these policy guidelines as a fundamental part of multidisciplinary service delivery and policy development 
is a key advocacy strategy for neuroanesthesia. These examples of global advocacy efforts are worth replicating and can 
be expanded upon to improve neuroanesthesia care in LMICs.

19.4 Advocacy through education initiatives
To address the escalating demand for neuroanesthesia services, LMICs must prioritize the development and retention of a 
skilled anesthesia workforce, specifically within the neuroanesthesia subspecialty. However, in many LMICs, 
neuroanesthesia residency and fellowship programs have evolved in a nonuniform manner due to the absence of 

Advocacy and global initiatives for neuroanesthesia in resource-limited countries Chapter | 19 347



standardized guidelines or regulatory oversight. Program lengths are variable, commonly lasting 1–3 years, but most 
include clinical apprenticeship, formal didactics, and introduction to research methods (Khandelwal et al., 2021). 
Therefore, to improve the quality of neuroanesthesia services in LMICs, advocacy and global initiatives should be carried 
out to improve the education and training of specialist neuroanesthesiologists.

19.4.1 Neuroanesthesia fellowship initiatives

The World Federation of Societies of Anaesthesiologists (WFSA) supports global fellowship opportunities, including 
dedicated neuroanesthesia fellowship, for early-career anesthesiologists from LMICs. An example is the WFSA and the 
Royal College of Anesthesiologists of Thailand collaboration for neuroanesthesia fellowship, called the Bangkok 
Anesthesia Regional Training Centre: Neuroanesthesia Fellowship. Successful applicants will receive financial support 
from the WFSA to complete this fellowship (World Federation of Societies of Anaesthesiologists, 2025). These initiatives 
offer a complete clinical experience in high-volume academic centers. Fellows benefit from direct supervision in 
neuroanesthesia, neurocritical care, and neurophysiological monitoring, alongside exposure to research mentorship and 
academic activities. There is also evidence that the alumni of these fellowship programs reported increased clinical 
confidence and improved decision-making upon fellowship completion, with the ability to bring improvement in service 
delivery, research, and teaching to their home country (Bould et al., 2024).

19.4.2 Standardization of neuroanesthesia training

Another aspect of improving neuroanesthesia care from an educational perspective is through the standardization of 
neuroanesthesia training. Standardized accreditation of neuroanesthesia training, based on a globally recognized 
curriculum, allows consistent trainee competencies, safe, and high-quality patient care in LMICs. On the other hand, a 
curriculum that is too rigid may limit the flexibility required for local adaptation or a more specialized subspecialty focus. 
Hence, training models should include mechanisms that allow adaptation to specific institutional strengths and the diverse 
educational or research interests of fellows (Rajan et al., 2021).

The need for an international body to establish standards of specialty training in the field of perioperative neuroscience 
led to the formation of the International Council for Perioperative Neuroscience Training (ICPNT), which is 
administratively managed by the Society of Neuroscience in Anesthesia and Critical Care (SNACC). The ICPNT was 
established to support regional differences in training culture and regulations while maintaining a minimum required 
curriculum and clinical experience for a neuroanesthesia fellowship program. The main difference between the ICPNT 
accreditation system and traditional accreditation systems is the collaborative framework of accredited neuroanesthesia 
fellowship programs with the ICPNT. This collaborative framework enables clinical and research networking among the 
programs (Rajan et al., 2021). In the ICPNT accreditation system, the “three pillars of neuroanesthesiology,” first 
introduced by Dr. George Mashour, are incorporated. The three pillars are as follows: 

• The first pillar is clinical management of neurosurgical patients, involving the disciplines of neuroanesthesia, 
neurocritical care, and neuromonitoring.

• The second pillar is the foundational neuroscience relevant to anesthesiology, which is how anesthesia drugs target the 
brain, along with research on the central nervous system.

• The third pillar is the neurological outcomes of nonneurosurgical interventions, for example, anesthetic neurotoxicity, 
cognitive dysfunction, perioperative brain health, and stroke.

Many neuroanesthesia fellowship programs primarily focus on the first pillar, namely, perioperative care for 
neurosurgical and neuroradiological procedures. On the other hand, the ICPNT curriculum recommends that 
comprehensive neuroanesthesia programs should integrate both foundational neurosciences (for example, nervous system 
networks, memory, neuromuscular, and autonomic systems) and emerging neurological outcomes domains such as 
postoperative cognitive outcomes, delirium, and perioperative brain health (Rajan et al., 2021).

By standardizing neuroanesthesia fellowship programs, aspiring neuroanesthesiologists in LMICs will be comprehen
sively trained, empowering them to deliver effective, safe neuroanesthesia care in their home countries.

19.4.3 National neuroanesthesia societies and international collaborations

Regional and national neuroanesthesia societies serve as focal points for advocacy of neuroanesthesia in LMICs. The 
creation of these societies can spearhead the improvement of neuroanesthesia care in their respective countries by 
providing a platform for education in perioperative neurosciences. Examples include the Indian Society of 
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Neuroanesthesiology and Critical Care, the Malaysian Society of Neuroanesthesiology and Neurocritical Care 
(MSNACC), the Thai Society for Neuroanesthesia, and many more. Each of these societies organizes numerous 
educational initiatives, including symposia, workshops, tutorials, and short courses, bringing immense benefit not only to 
the societies' members but also to the whole anesthesia fraternity in their own countries.

In Asia, regional collaborations involving national neuroanesthesia societies led to the formation of the Asian Society 
for Neuroanaesthesia and Critical Care (ASNACC). The ASNACC was founded by Japan, South Korea, India, Indonesia, 
China, and Singapore and was subsequently joined by the Philippines, Malaysia, Thailand, and Myanmar. The formation 
of ASNACC became a platform for the exchange of ideas among the regional neuroanesthesia societies, with the objective 
of improving neuroanesthesia and neurocritical care services in Asian countries. In addition, the ASNACC also allowed 
research and training networks to be established among member countries. The member countries of ASNACC take turns 
to organize the biennial ASNACC Congress, with eight congresses held so far, and the ninth congress scheduled for May 
2027 in Malaysia (Asian Society for Neuroanesthesia and Critical Care. ASNACC, 2025). This regional model of 
collaboration among national neuroanesthesia societies is an example of an advocacy measure to improve neuroanesthesia 
care in LMICs through education initiatives.

Globally, collaboration with neuroanesthesia societies from high-income countries such as the SNACC and the 
Neuroanesthesia and Critical Care Society (NACCS) based in the United Kingdom will also allow the exchange of ideas 
and knowledge, thereby advancing neuroanesthesia care in LMICs. An example is the MSNACC, which jointly organized 
the 7th Neuroanesthesia Symposium 2025 in Malaysia with SNACC and NACCS UK. This collaboration enabled 
anesthesiology doctors in Malaysia to gain knowledge and insights into neuroanesthesia care in high-income countries, 
which will help improve neuroanesthetic care in Malaysia (Yeap, 2025).

19.5 Advocacy through technology and telemedicine
19.5.1 Telemedicine and technological innovations in neuroanesthesia

Over the past decade, telemedicine has undergone rapid development, a process notably accelerated by the COVID-19 
pandemic. It now represents a revolutionary approach to tackling significant challenges faced by neuroanesthesia in 
LMICs, such as workforce shortages, delayed access to specialists, and high costs. The earliest use of telemedicine in 
anesthesiology was documented in a 2004 case series that described preoperative assessments conducted via remote 
videoconferencing platforms (Wong et al., 2004). Benefits included reduced travel and waiting times, greater convenience, 
expanded rural outreach, and significant cost savings. Importantly, surgical cancellation rates were not negatively 
impacted (Kamdar et al., 2020). However, the successful implementation of telemedicine is still hindered by 
infrastructural barriers, technical issues, and the need for substantial initial investments.

In the context of LMICs, integrating telemedicine into neuroanesthesia care offers significant opportunities to improve 
patient outcomes, especially in underserved, remote, and resource-limited settings. Despite challenges such as unreliable 
internet, cultural resistance, regulatory hurdles, and limited funding, ongoing collaborative initiatives continue to 
demonstrate that scalable and sustainable solutions are achievable.

19.5.2 Preoperative phase: teleconsultation

Teleconsultations during the preoperative phase have achieved high satisfaction rates among both patients and providers, 
considerably reduced travel and waiting times, and resulted in surgical cancellation rates similar to face-to-face 
consultations (Kamdar et al., 2020). Although remote consultations naturally limit the ability to conduct certain physical 
assessments (for example, airway evaluation and auscultation), hybrid models that combine targeted in-person 
examinations based on clinical and procedural risk have demonstrated feasibility and high satisfaction among patients.

19.5.3 Intraoperative phase: telemedicine for remote guidance and monitoring

During surgery, telemedicine can improve care delivery through remote expert guidance in rural areas and real-time 
monitoring of multiple operating theaters. The safety and reliability of these systems depend heavily on continuous data 
transmission and strong communications. Initiatives such as remote vital sign monitoring and using telecommunication 
tools to extend anesthetic expertise to underserved regions can be highly effective. For example, in the Ecuadorian 
Amazon, vital signs and intraoperative video were transmitted from a remote theater to enable specialist supervision and 
guidance, demonstrating how high-quality care advice can reach remote anesthetic teams (Cone et al., 2004). 
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Telemedicine also supports remote intraoperative training, as shown by video-guided real-time ultrasound instruction, 
promoting capacity building and skills transfer (Miyashita et al., 2014).

19.5.4 Postoperative phase: telehealth for ongoing care

Telehealth platforms have been effectively utilized for postoperative follow-up of surgical patients. For those in rural areas 
or at substantial distance from tertiary centers, telehealth reduces the follow-up burden and ensures ongoing specialty 
oversight. There is evidence from an observational study that telehealth neurosurgical follow-up of patients after brain 
tumor surgeries is safe (Morell et al., 2023). Although at the moment there is no report of telemedicine anesthetic follow- 
up, digital platforms have the potential to enable postoperative neuroanesthesia and neurocritical care follow-up, for 
example, monitoring for pain, recovery, or neurologic complications in rural care settings.

19.5.5 Provider readiness and research gaps

Despite many successes, significant challenges still exist in the widespread use of telemedicine in neuroanesthesia within 
LMICs. A survey of anesthetists in Northwest Ethiopia found that only 48.25% of respondents were aware of 
telemonitoring technologies. In the same study, over 90% of respondents in the same study expressed a strong willingness 
to adopt these platforms if given proper infrastructure and training (Endeshaw et al., 2025). There is a notable lack of 
neuroanesthesia-specific telemedicine data from LMICs, emphasizing a critical need and opportunity for research in areas 
such as remote telemetry of advanced perioperative monitoring, remote mentorship, and outcome-focused studies (for 
example, perioperative brain swelling, ICU stay, postoperative complications).

19.5.6 Emerging technologies: artificial intelligence and precision medicine

Recent advances in artificial intelligence (AI), machine learning, and big data analytics further expand the potential for 
telemedicine in perioperative neuroscience. AI-enabled telemedicine systems show promise for improving preoperative 
risk assessment, intraoperative support, and postoperative recovery monitoring. As these technologies develop, they may 
enable precision medicine approaches and enhance safety and efficiency in neuroanesthesia, especially in resource-limited 
settings.

19.5.7 Advocacy and the way forward

The accumulated evidence and illustrative case studies in digital and telemedicine innovation provide compelling 
advocacy tools for neuroanasthesia in resource-limited settings. For policymakers in LMICs, demonstrated clinical 
effectiveness, cost-efficiency, and integration into existing health systems are convincing. Leadership from neuroanesthe
siologists and professional societies will be essential, both in launching and sharing pilot projects, developing evidence- 
based guidelines for remote anesthesia and neurocritical care, and ensuring telemedicine reaches rural and marginalized 
populations.

19.6 Conclusion
It is essential to improve neuroanesthetic care in resource-limited countries to improve surgical outcomes, reduce 
morbidity and mortality, and enhance the quality of life for patients with neurological disorders. Achieving this requires 
coordinated, cross-sectoral investment in training, infrastructure, policy integration, research, and digital innovation. A list 
of future directions and recommendations for neuroanesthesia advocacy in LMICs is summarized in Table 19.1. Regional 
leadership, global partnerships, and robust advocacy networks must collaborate to develop equitable and sustainable 
systems of care in neuroanesthesia. Empowering neuroanesthesiologists in LMICs to lead this transformation will be vital 
in addressing current disparities in access and outcomes.
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