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Foreword

One of the fascinating aspects of neuroanesthesia is the fact that this specialty is
alive, changing, and progressing. Many years ago while still a resident, I had the
opportunity to attend a lecture by Professor Adrian Gelb, one of the pioneers of neu-
roanesthesia. One of the messages that he already delivered at that time was that
neuroanesthesia is not only the field providing anesthesia for neurosurgical and neu-
roradiological interventions but also the subspecialty providing safe anesthesia for
vulnerable brains. Over the last two decades, our understanding that the brain is not
completely isolated from the rest of the body by an almost impenetrable blood-brain
barrier but is very much affected by systemic pathophysiology has developed enor-
mously. Today, general intensivists as well as neuroanesthesiologists and neurointen-
sivists are increasingly aware of the fundamental interdependence of systemic and
cerebral pathophysiology. They adapt their management accordingly to ensure the
best possible outcome for the large number of patients with vulnerable brains we
care for. Currently, a strong mission to further enlarge the scope of topics that is cov-
ered by our specialty is being led by neuroanesthesia societies. In 2017, Dr. George
Mashour, president of the Society for Neuroscience in Anesthesiology and Critical
Care (SNACCQ), presented the concept of the three pillars of neuroanesthesia includ-
ing not only the traditional anesthesiological care of neurosurgical patients but also
the foundational neuroscience of anesthesiology and in my view most importantly
neurologic outcomes of non-neurosurgical procedures. Particularly, this third pillar
represents a very ambitious but logical expansion of our field.

Despite these exciting developments driven by our specialty itself, the field of
neuroanesthesia is currently going through an intriguing development. On the one
hand, neuroanesthesia is diligently working toward becoming a broadly accepted
subspecialty, and accordingly, some centers have introduced or will introduce fel-
lowships in neuroanesthesia. This is already the case for other well-established sub-
specialties, such as cardiac anesthesia, and underscores the message that
neuroanesthesia is a specialty that needs supplementary training beyond the scope
of standard training in general anesthesiology. On the other hand, many neurosurgi-
cal procedures are no longer only performed in large neurosurgical centers but
increasingly in smaller hospitals or even on an outpatient basis. This confronts a
rising number of anesthesiologists without extensive training in neuroanesthesiol-
ogy with challenges particular to our field.
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viii Foreword

This new book edited by Prof. Hemanshu Prabhakar, Dr. Vasudha Singhal, and
Dr. Nidhi Gupta is one answer to this dichotomy. Professor Hemanshu Prabhakar is
to be congratulated for assembling this group of renowned authors from all over the
world to cover the manifold and complex topic of neuroanesthesia and co-existing
disease. Both experienced neuroanesthesiologists and the occasional neuroanesthe-
siologist will need the provided information when confronted with the ever increas-
ing number of patients who have relevant comorbidities or changed systemic
physiology. A profound understanding not only of cerebral pathophysiology but
also of the complete medical situation of any patient is key to our goal to protect the
vulnerable brain during the perioperative period. Many years of clinical experience
have been condensed into this book, and it will certainly help the reader to better
achieve the goals of modern neuroanesthesia.

Luzius A. Steiner
Anesthesiology
University Hospital Basel
Basel, Switzerland



Preface

Over years the practice of neuroanesthesia has evolved from the application of gen-
eral anesthesia to neurosurgical patients to formulation of specific neuroanesthetic
techniques and principles suitable for this patient population. Today, we are able to
conduct neurosurgical cases with unprecedented ease and safety, thereby contribut-
ing to improved outcomes for patients with a myriad of neurosurgical ailments.
However, as our techniques refine and our in-depth knowledge of cerebral patho-
physiology increases, our challenges are also increasing exponentially, with more
and more ASA III and ASA IV patients coming for neurosurgical interventions.

Neuroanesthesiologists worldwide are perplexed with ideal/optimal manage-
ment of neurosurgical patients having comorbid conditions ranging from coexistent
hypertension and diabetes mellitus, to patients with complex conditions like intra-
cranial bleed in a patient with end-stage renal failure or patients with a recent liver
transplant. Furthermore, the effects of concomitant pharmacological therapy have
serious implications in neurosurgical patients such as in patients with intracardiac
stents, receiving dual antiplatelet therapy. Moreover, unlike other surgical proce-
dures, the preoperative optimization phase of these patients is short in view of the
urgent or emergent nature of neurosurgical interventions.

Hence, not just the knowledge of neuroanesthetic techniques, it is imperative for
us to understand the effect of altered cerebral physiology on the already compro-
mised systemic homeostasis as well as the effects of concomitant polypharmacy on
our perioperative management and vice versa. We felt the lacunae in the existing
literature regarding the ideal perioperative management of such cases and thus came
with this unique textbook providing the detailed description of the ‘“‘anesthetic
management of neurosurgical patients with comorbid conditions.”

This book will provide an insight into all possible aspects of perioperative
management of neurosurgical and neurologic patients with comorbid conditions. It
covers all the coexistent systemic comorbidities affecting organ systems like
cardiac, respiratory, endocrinal, renal, and coagulation problems. It also includes
chapters on the less discussed topics like neuroanesthesia in patients with genetic
problems and transplanted organs.

We are grateful to all our authors from across the globe for sharing their experi-
ence and knowledge on the relevant topics. We sincerely hope that this book would
obviate the necessity of referring to multiple books that at best provides only frag-
mented information. This book would, undoubtedly, be a great asset for the



X Preface

occasional as well as experienced practicing neuroanesthesiologists. We sincerely
hope this book will improve our existing knowledge about anesthetic management
in patients with compromised cerebral and systemic physiology, providing us facts
and realistic goals, to help improve the outcomes of these precarious patients with
vulnerable brains.

New Delhi, India Nidhi Gupta
Gurugram, India Vasudha Singhal
New Delhi, India Hemanshu Prabhakar
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Introduction

Vasudha Singhal, Charu Mahajan,
and Hemanshu Prabhakar

Neuroanesthesiology, as a branch, has been rapidly diversifying with the recent
advancements in neurosurgical practices, anesthetic drugs, and neuromonitoring
techniques, leading to better clinical outcomes. Evolution of neurosurgical expertise
poses new challenges for the neuroanesthesiologist. The emphasis, however, still
remains on a basic understanding of the disease process, and a thorough preopera-
tive evaluation and optimization of patients prior to surgery, so as to provide a rapid,
high-quality recovery.

A comprehensive understanding of the coexisting diseases in a patient who pres-
ents for a brain surgery is of paramount importance, in order to plan anesthesia
appropriately and ensure optimal operating conditions for the surgeon, thereby
ensuring a smooth recovery and good patient outcome. In elective surgery, the
patient can be adequately investigated and optimized prior to surgery. In emergency
scenarios, the anesthetic technique can be planned in a way that would have mini-
mal bearing of the coexisting disease on the neurological outcome of the patient.

The patients presenting for neurosurgery usually have varied issues, ranging
from hypertension, diabetes mellitus, kidney disease, chronic obstructive pulmo-
nary disease (COPD), and hypothyroidism. Patients with liver disease and associ-
ated coagulation derangements may present with intracranial bleeds that may need
decompression. Patients with coronary artery disease, on dual antiplatelets, present-
ing with ischemic or hemorrhagic stroke, are a common scenario in routine clinical
practice. A pregnant female admitted with acute hydrocephalus from a concurrent
intracranial tumor, warranting a ventriculoperitoneal shunt, may not be uncommon
in tertiary care centers. What is expected from a neuroanesthesiologist in all such
patients is a detailed knowledge of the coexisting disease, its manifestations,

V. Singhal
Medanta, The Medicity, Gurugram, India

C. Mahajan - H. Prabhakar
All India Institute of Medical Sciences, New Delhi, India
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H. Prabhakar et al. (eds.), Co-existing Diseases and Neuroanesthesia,
https://doi.org/10.1007/978-981-13-2086-6_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-2086-6_1&domain=pdf

	Foreword
	Preface
	Acknowledgments
	Contents
	About the Editors
	1: Introduction
	References

	2: Basics of Neuroanesthesia: Anatomy, Physiology, and Pharmacology
	2.1	 Neuroanatomy
	2.2	 Brain
	2.3	 Spinal Cord
	2.4	 Blood Supply
	2.5	 Venous Drainage
	2.6	 Cerebrospinal Fluid [CSF]
	2.7	 Neurophysiology
	2.7.1	 Cerebral Blood Flow
	2.7.2	 Intracranial Pressure
	2.7.3	 Spinal Cord Blood Flow

	2.8	 Neuropharmacology
	2.9	 Monitoring in Neuroanesthesia
	2.10	 Basic Considerations in Neuroanesthesia
	2.10.1	 Position
	2.10.2	 Temperature
	2.10.3	 Ventilation
	2.10.4	 Fluids
	2.10.5	 Hyperosmolar Therapy

	2.11	 Basic Care in Neuro: Intensive Care Unit
	References

	3: Neuroanesthesia and Coexisting Cardiac Problems: Congenital
	3.1	 Introduction
	3.2	 Basic Anatomy and Physiology of CHD
	3.2.1	 Anatomy
	3.2.2	 Physiology
	3.2.2.1	 Shunting Lesions
	Atrial Septal Defect (ASD)
	Ventricular Septal Defect (VSD)
	Patent Ductus Arteriosus (PDA)

	3.2.2.2	 Obstructive Lesions
	Pulmonary Valve Stenosis
	Subvalvar Aortic Stenosis
	Valvar Aortic Stenosis
	Coarctation of the Aorta

	3.2.2.3	 Complex Lesions
	Ebstein’s Anomaly
	Tetralogy of Fallot
	Eisenmenger’s Syndrome
	Single Ventricle Anomaly



	3.3	 Effects of CHD on Cerebral Physiology and Cerebral Autoregulation
	3.3.1	 Cerebral Blood Flow (CBF)
	3.3.2	 Cerebral Oxygen Metabolism

	3.4	 Anesthetic Considerations
	3.4.1	 Neurosurgical Anesthetic Considerations
	3.4.1.1	 Chronic Brain Hypoxemia
	3.4.1.2	 Acute Brain Ischemia
	3.4.1.3	 CNS Infection
	3.4.1.4	 Seizures

	3.4.2	 Non-neurological Anesthetic Considerations
	3.4.2.1	 Pulmonary Hypertension
	3.4.2.2	 Existing or Residual Shunt
	3.4.2.3	 Arrythmias
	3.4.2.4	 Ventricular Dysfunction


	3.5	 Perioperative Course
	3.5.1	 Preoperative Assessment
	3.5.2	 Preoperative Preparation
	3.5.2.1	 Preoperative Fluid Status
	3.5.2.2	 Preoperative Medication
	3.5.2.3	 Antibiotic Prophylaxis for Subacute Bacterial Endocarditis (SBE)

	3.5.3	 Intraoperative Course
	3.5.3.1	 Decreased ICP and Lax Brain [27]
	3.5.3.2	 Paradoxical Embolism
	3.5.3.3	 Bleeding and Thrombosis
	3.5.3.4	 Monitoring


	3.6	 Postoperative Complications and Outcome
	References

	4: Neuroanesthesia and Coexisting Cardiac Problems: Acquired
	4.1	 Introduction
	4.2	 Physiology of the Problem
	4.2.1	 Neurocardiology
	4.2.2	 Neurocardiac Axis [10]
	4.2.3	 Cerebral Autoregulation

	4.3	 Effect of the Coexisting Cardiac Problem on Cerebral Pathophysiology and Vice Versa
	4.3.1	 Effect of Coexisting Cardiac Problems on Cerebral Physiology
	4.3.1.1	 Hypertension and Cerebral Physiology
	4.3.1.2	 Cardiomyopathies
	4.3.1.3	 Atherosclerotic Cardiovascular Diseases: Coronary Artery Disease and Carotid Artery Disease
	4.3.1.4	 Valvular Heart Diseases
	Mitral Valve Diseases
	Isolated Aortic Valve Disease
	Arrhythmias Especially Atrial Fibrillation


	4.3.2	 Effect of Neurosurgical Diseases on Cardiac Pathophysiology
	4.3.2.1	 Increased ICP and Effects of Cerebral Herniation on Cardiovascular System
	4.3.2.2	 Neurogenic Stunned Myocardium and Takasubo’s Cardiomyopathy
	4.3.2.3	 Neurogenic Pulmonary Edema
	4.3.2.4	 Coronary Spasm in Neurosurgical Patients and Role of Trigeminocardiac Reflex


	4.4	 Anesthetic Consideration in the Neurosurgical Patients with Cardiovascular Problems
	4.4.1	 Pre-evaluation
	4.4.1.1	 Emergency vs. Elective Cases
	4.4.1.2	 Cardiology Workup and Optimization Plan
	4.4.1.3	 Cardiac vs. Neurological Prognostication
	4.4.1.4	 Increased ICP and Effects of Cerebral Herniation
	4.4.1.5	 Subarachnoid Aneurysm and Subarachnoid Hemorrhage
	4.4.1.6	 Stroke Patients and Associated Coronary Artery Disease, Valvular Heart Disease, and Atrial Fibrillation
	4.4.1.7	 Traumatic Brain Injury Patient with Acquired Cardiac Problems

	4.4.2	 General Anesthetic Considerations in Neuroanesthetic Management in Patients with Coexisting Cardiac Disorders
	4.4.2.1	 Hemodynamic Goals in Neurosurgical Patients with Cardiovascular Problems
	4.4.2.2	 Increased ICP Therapy and Its Impact on Cardiovascular System
	4.4.2.3	 Antiepileptic Drugs’ (AEDs) Impact on Cardiovascular System
	4.4.2.4	 Cardiovascular Effects of Specific Positioning During Surgery
	4.4.2.5	 Intraoperative Cardiovascular Monitoring

	4.4.3	 Anesthetic Considerations in Specific Neurosurgical Conditions
	4.4.3.1	 Supratentorial Tumors
	4.4.3.2	 Infratentorial Tumors
	4.4.3.3	 Subarachnoid Hemorrhage
	4.4.3.4	 Stroke Embolectomy/Angioplasty
	4.4.3.5	 Arteriovenous Malformations
	4.4.3.6	 Traumatic Brain Injury
	4.4.3.7	 Transsphenoidal Surgery


	4.5	 Perioperative Course
	4.5.1	 Induction
	4.5.2	 Maintenance
	4.5.3	 Emergence/Extubation
	4.5.4	 Intraoperative Cardiac Emergencies in Neurosurgical Patients
	4.5.5	 ICU Management
	4.5.5.1	 General Care in Neuro ICU
	4.5.5.2	 Several Key Elements to Manage
	4.5.5.3	 ICU Monitoring in Neurosurgical Patients


	4.6	 Complications
	4.6.1	 Postoperative Neurological Emergencies
	4.6.2	 Cardiac Emergencies in the Postoperative Neurosurgical Patients
	4.6.2.1	 Rhythm Disturbances
	4.6.2.2	 Ischemic Events
	4.6.2.3	 Autonomic Dysfunction


	References

	5: Neuroanesthesia and Coexisting Respiratory Problems
	5.1	 Introduction
	5.2	 Basic Anatomy and Physiology
	5.2.1	 Hypoventilation
	5.2.2	 V/Q Mismatch
	5.2.3	 Right-to-Left Shunt
	5.2.4	 Diffusion Limitation
	5.2.5	 Increased CO2 Production

	5.3	 Respiratory Impairment and Cerebral Physiology
	5.4	 Anesthetic Considerations and Perioperative Course
	5.4.1	 Smoking Cessation
	5.4.2	 Intravascular Access and Monitoring
	5.4.3	 Premedication
	5.4.4	 Oxygenation and Ventilation
	5.4.5	 Selection of Anesthetic Agents
	5.4.6	 Bronchospasm
	5.4.7	 Venous Air Embolism

	5.5	 Postoperative Complications
	5.5.1	 Prevention
	5.5.2	 Ventilator-Associated and Nosocomial Pneumonia
	5.5.3	 Acute Lung Injury and Acute Respiratory Distress Syndrome
	5.5.4	 Cardiogenic Pulmonary Edema
	5.5.5	 Neurogenic Pulmonary Edema
	5.5.6	 Pulmonary Embolism

	References

	6: Neuroanesthesia and Coexisting Endocrine Problems
	6.1	 Introduction
	6.2	 Anterior Pituitary Dysfunction
	6.2.1	 Relevant Anatomy and Physiology
	6.2.2	 Clinical Presentation
	6.2.3	 Diagnosis
	6.2.4	 Management

	6.3	 Diabetes Insipidus
	6.3.1	 Relevant Anatomy and Physiology
	6.3.2	 Clinical Presentation
	6.3.3	 Management

	6.4	 Approach to Neurosurgical Hyponatremia
	6.4.1	 Management

	6.5	 Perioperative Glucose Control
	6.5.1	 Relevant Anatomy and Physiology
	6.5.2	 Definition of Hyperglycemia and Hypoglycemia
	6.5.3	 Effect of Hyperglycemia and Hypoglycemia on Cerebral Physiology
	6.5.3.1	 Hyperglycemia
	6.5.3.2	 Hypoglycemia

	6.5.4	 Perioperative Management

	6.6	 Perioperative Steroid Uses and Replacement
	6.6.1	 Pharmacological Action of Steroid to the Central Nervous System
	6.6.2	 Perioperative Management

	References

	7: Neuroanesthesia and Coexisting Renal Problems
	7.1	 Introduction
	7.2	 Definition of Renal Disorders
	7.3	 Brain and Kidney: What Is the Link?
	7.4	 Acute Kidney Injury in Neurocritically Ill Patients
	7.5	 Management of AKI in Neurosurgical Patients
	7.5.1	 Clinical Assessment
	7.5.2	 Hemodynamic Management
	7.5.3	 Dose Adjustment or Discontinuation of Nephrotoxic Medications
	7.5.4	 Nutrition and Glucose Control
	7.5.5	 Role of Renal Replacement Therapy

	7.6	 Contrast-Induced Acute Kidney Injury
	7.6.1	 Pathophysiology
	7.6.2	 Incidence in Neurocritically Ill Patients
	7.6.3	 Management

	7.7	 Renal Replacement Therapy
	7.7.1	 Complications of RRT
	7.7.2	 Modifications of Renal Replacement Therapy Techniques in Patients with ABI

	7.8	 Chronic Kidney Disease in Neurocritically Ill Patients
	7.8.1	 Systemic Complications

	7.9	 Anesthetic Considerations in Neurosurgical Patients with Coexisting Chronic Renal Disease
	7.9.1	 Preoperative Evaluation
	7.9.2	 Preoperative Dialysis
	7.9.3	 Anemia Management
	7.9.4	 Perioperative Pharmacological Considerations
	7.9.5	 Anesthetic Induction and Maintenance
	7.9.6	 Intraoperative Monitoring
	7.9.7	 Hemodynamic Management
	7.9.8	 Fluid Management
	7.9.9	 Minimizing Intraoperative Bleeding Risk
	7.9.10	 Perioperative Glycemic Control
	7.9.11	 Venous Thromboembolism (VTE) Prophylaxis
	7.9.12	 Postoperative Care

	References

	8: Neuroanesthesia and Liver Disease
	8.1	 Introduction
	8.2	 Pathophysiology
	8.2.1	 Cirrhosis with Portal Hypertension
	8.2.2	 Cardiovascular System Involvement
	8.2.3	 Pulmonary System Involvement
	8.2.4	 Hematologic Dysfunction
	8.2.5	 Gastrointestinal Complications

	8.3	 General Principles of Anesthetic Management in a Patient with Liver Disease
	8.3.1	 Preoperative Risk Assessment

	8.4	 Cirrhosis as a Perioperative Risk Factor
	8.4.1	 Intraoperative Management

	8.5	 Perioperative Concerns
	8.6	 ICP Management
	8.7	 Positioning and Environment
	8.8	 Postoperative Jaundice
	8.9	 Hepatic Encephalopathy
	8.10	 Glycemic Control
	8.11	 Infection Prophylaxis
	8.12	 Fluid Management and Osmotherapy
	8.13	 Strategies for Treating Refractory Increases in ICP Barbiturate Coma
	8.14	 Therapeutic Hypothermia
	8.15	 ICP Monitoring in Acute Liver Failure
	References

	9: Neuroanesthesia and Coexisting Ophthalmic Problems
	9.1	 Glaucoma
	9.2	 Diabetic Eye Disease
	9.3	 Hypertensive Eye Disease
	9.3.1	 Diabetic/Hypertensive Eye Disease and POVL
	9.3.1.1	 Prevention of Postoperative Visual Loss Associated with Diabetic/Hypertensive Eye Disease
	9.3.1.2	 Management of Postoperative Visual Loss


	9.4	 Ocular Trauma
	9.5	 Oculocardiac Reflex
	9.5.1	 Prevention and Management Options

	References

	10: Neuroanesthesia and Coexisting Coagulation Problems
	10.1	 Introduction
	10.2	 Physiology of the Problem
	10.2.1	 Primary Hemostasis
	10.2.2	 Coagulation Cascade
	10.2.3	 Natural Anticoagulants

	10.3	 Effect of the Coexisting Problem on Cerebral Physiology
	10.3.1	 Inherited Bleeding and Clotting Disorders
	10.3.1.1	 Hemophilia
	10.3.1.2	 Thrombophilias

	10.3.2	 Acquired Bleeding and Clotting Disorders

	10.4	 Anesthetic Consideration in the Operation Theater, Intensive Care Unit, and Neuroradiological Suite
	10.4.1	 Preoperative Assessment
	10.4.1.1	 History
	10.4.1.2	 Physical Examination
	10.4.1.3	 Laboratory Coagulation Tests

	10.4.2	 Preoperative Management

	10.5	 Perioperative Course
	10.5.1	 Adequate Coagulation Monitoring and Venous Access Is Essential for a Safe Surgical Intervention

	10.6	 Complications
	References

	11: Neuroanaesthesia and Coexisting Psychiatric Problems
	11.1	 Challenges in Psychiatric Illness
	11.2	 Major Depressive Disorder
	11.2.1	 Diagnostic Criteria
	11.2.2	 Prevalence
	11.2.3	 Management of Depression and Its Clinical Significance

	11.3	 Bipolar Disorder
	11.3.1	 Clinical Implication of Patients Receiving Lithium
	11.3.2	 Intraoperative Management of Patients with Lithium

	11.4	 Anxiety Disorders
	11.4.1	 Management of Anxiety Disorders

	11.5	 Non-affective Psychosis (Schizophrenia)
	11.5.1	 Diagnostic Criteria
	11.5.2	 Treatment Options

	11.6	 Syndromes Associated with Psychotropic Drugs
	11.6.1	 Serotonergic Syndrome
	11.6.2	 Discontinuation Syndrome [22, 27]
	11.6.3	 Neuroleptic Malignant Syndrome

	11.7	 Perioperative Management of Psychotropic Drugs
	11.7.1	 Monoamine Oxidase Inhibitors (MAOIs)
	11.7.2	 Lithium
	11.7.3	 Tricyclic Antidepressant Agents
	11.7.4	 Selective Serotonergic Reuptake Inhibitors (SSRIs)
	11.7.5	 First-Generation Antipsychotics
	11.7.6	 Second-Generation Antipsychotics
	11.7.7	 Clozapine

	11.8	 Patients with Substance Abuse
	11.9	 Psychiatric Illnesses and Neurosurgery
	References

	12: Neuroanesthesia and Pregnancy
	12.1	 Introduction
	12.2	 Basic Anatomy: Physiology
	12.3	 Effect of Pregnancy on Cerebral Physiology
	12.4	 Anesthetic Consideration in the Operation Theater, Intensive Care Unit, and Neuroradiological Suite
	12.4.1	 Brain Tumors in Pregnancy and Anesthetic Management
	12.4.2	 Brain Vascular Lesions in Pregnancy and Anesthetic Management
	12.4.2.1	 Acute Subarachnoid Hemorrhage in Pregnancy
	12.4.2.2	 Stroke
	12.4.2.3	 Venous Thrombosis

	12.4.3	 Traumatic Brain Injury in Pregnancy and Anesthetic Management

	12.5	 Intensive Care Unit
	12.6	 Perioperative Course
	12.7	 Fetal Monitoring
	12.8	 Complications
	12.9	 Conclusion
	12.10	 Key Points
	References

	13: Neuroanesthesia and Coexisting Genetic Problems
	13.1	 Craniosynostosis
	13.2	 Craniopagus Twins
	13.3	 Neural Tube Defects (NTDs)
	13.4	 Cervical Vertebral Anomalies
	13.5	 Congenital Spinal Vertebral Anomalies
	13.6	 Intracranial Aneurysms
	13.7	 Intracranial Tumors
	13.8	 Spinal Tumors
	References

	14: Neuroanesthesia and Coexisting Transplanted Organs
	14.1	 Introduction
	14.2	 General Considerations
	14.2.1	 Preoperative Evaluation
	14.2.2	 Monitoring
	14.2.3	 General Anesthesia

	14.3	 Immunosuppression
	14.3.1	 Calcineurin Inhibitors
	14.3.1.1	 Cyclosporine
	14.3.1.2	 Tacrolimus

	14.3.2	 T-Cell Proliferation Inhibitors
	14.3.2.1	 Mycophenolate
	14.3.2.2	 Azathioprine

	14.3.3	 Mammalian Target of Rapamycin Inhibitors
	14.3.3.1	 Sirolimus and Everolimus

	14.3.4	 Corticosteroids

	14.4	 Neurologic Complications of Transplantation
	14.4.1	 Encephalopathy
	14.4.2	 Seizure
	14.4.3	 Stroke
	14.4.4	 Infection
	14.4.5	 Posttransplant Lymphoproliferative Disorder
	14.4.6	 Posterior Reversible Encephalopathy Syndrome

	14.5	 Organ-Specific Considerations
	14.5.1	 Heart Transplantation
	14.5.2	 Lung Transplantation
	14.5.3	 Liver Transplantation
	14.5.4	 Kidney Transplantation
	14.5.5	 Small Bowel Transplantation
	14.5.6	 Pancreas Transplantation

	References

	15: Neuroanesthesia and Brain Death
	15.1	 Introduction
	15.2	 Hemodynamic Management: Vasoactive Drugs, Fluids, and Electrolytes
	15.2.1	 Fluids and Electrolytes
	15.2.2	 Vasoactive Drugs
	15.2.3	 Hemodynamic Monitoring
	15.2.4	 Arrhythmias

	15.3	 Hypothermia
	15.4	 Endocrine Disorders
	15.4.1	 Diabetes Insipidus
	15.4.2	 Thyroidal Dysfunction
	15.4.3	 Cortisol Disorders
	15.4.4	 Hyperglycemia

	15.5	 Ventilatory Management
	15.6	 Coagulopathy
	15.7	 Infections
	15.8	 Nutritional Aspects
	15.9	 Immunological and Inflammatory Response
	References


