


Contents

BASIC PRACTICAL ISSUESSECTION 1

	 1.	 Assessment and Initial Management: A Practical Approach...............................................................................3
Praveen Khilnani, Amit Gupta
•	 Evaluate, Identify, and Intervene  3  •  Initial Impression  3  •  Primary Assessment  4  •  Secondary Assessment  6

	 2.	 Pediatric Basic Life Support: 2020 Guidelines................................................................................................... 10
Gunjan Baweja, Suresh Kumar Angurana, Taneja LN
•	 Basic Difference in the Adult and Child Cardiac Arrest  10  •  In and Out of Hospital Cardiac Arrest  10 
•  Pediatric Chain of Survival  10  •  Chest Compression and Rescue Breaths (American Heart Association Update 2020)  12
•	 Automated External Defibrillator  13  •  Foreign-body Airway Obstruction or Choking  13
•	 Communication and Team Work  14

	 3.	 Pediatric Advanced Life Support: 2020 Guidelines Summary.......................................................................... 17
Gunjan Baweja, Suresh Kumar Angurana, Taneja LN
•	 Assessment  17  •  Recognition and Management of Cardiac Arrest  18
•	 Recognition of Respiratory Distress and Failure  18  •  Recognition and Management of Shock  19
•	 Rhythm Emergencies  23  •  Cardiac Arrest  27

	 4.	 Airway Management............................................................................................................................................ 32
Praveen Khilnani, Dhiren Gupta, Giuseppe Marrero
•	 Anatomical Differences  32  •  Physiological Differences  32  •  Airway Management Techniques  33
•	 Difficult Intubation  39

	 5.	 Transport of Critically Sick Children................................................................................................................... 45
Romit Saxena, Farhan Shaikh, Praveen Khilnani
•	 Why Pediatric Transport is Needed?  45  •  What to Transfer in?  46  •  How to Transport?  48
•	 When to Transport?  55  •  While on the Road: EN Route Monitoring  58  •  Whom to Transport with?  58
•	 Concept of Retrieval Medicine  59  •  Concept of Critical Care Transport and Dedicated Critical Care Transport Teams  59
•	 Current Situation in India  59  •  Special Situations: Aerotransport  60  •  Intrahospital Transport  60

	 6.	 Consensus Guidelines for Pediatric Intensive Care Units in India.................................................................... 63
Praveen Khilnani
•	 Unit Design  63  •  Equipment  68  •  Organization and Staffing  68  •  Ancillary Support Services  68
•	 Levels of PICU Care  69  •  Admission and Discharge Criteria  69  •  List of Recommended Drugs to be Available  69

	 7.	 Hemodynamic Monitoring in Pediatric Intensive Care Unit............................................................................. 71
Maninder S Dhaliwal
•	 Hemodynamic Monitoring  71  •  Step 1: Clinical Assessment  71
•	 Step 2: Basic Monitoring and Assessment of Global Perfusion  71  •  Step 3: Preload and Fluid Responsiveness  78
•	 Step 4: Cardiac Output Monitoring  86  •  Step 5: Assessment of Cardiac Contractility  89
•	 Step 6: Assessment of Microcirculation/Regional Tissue Perfusion  89

	 8.	 Intracranial Pressure Monitoring........................................................................................................................ 93
Rakshay Shetty, Swarnika Mishra, Suresh Panda
•	 Pathophysiology  93  •  Normal and Pathologic ICP  94  •  Causes of Raised ICP  94  •  Why Monitor ICP?  100

	 9.	 Respiratory Monitoring in Pediatric Intensive Care Unit................................................................................ 103
Vishram B Buche, Anand Bhutada
•	 Physical Examination  103  •  Noninvasive Respiratory Monitoring  103  •  Pulmonary Function Tests  109
•	 Invasive Monitoring  110

	 10.	 Nursing Care in Pediatric Intensive Care Unit.................................................................................................. 114
Praveen Khilnani, Sister Gracey, Puneet A Pooni
•	 Patients Transport  114  •  Patient Needing Intubation  115  •  Basic Life Support Protocol  115
•	 Care of the Hemodynamically Unstable Ventilated Pediatric Patient  121 



Contentsxxvi

•  Routine Ventilator Management Protocol  123  •  Care of a Patient with Intracranial Pressure Monitoring  127
•	 Legal Considerations in Withdrawing Treatment  128  •  Breaking Bad News: The Nurses Role (For Pediatrics)  129

Appendix: Commonly done PICU Nursing Procedures and Policies
•	 Oxygen Therapy  130  •  Blood Transfusion  131  •  Electrocardiogram  131  •  Securing and Care of ET Tubes  132
•	 Drawing Arterial Blood Gas for Blood Gas Analysis  132  •  Guidelines for Blood Culture Collection  133
•	 Care of a Patient with Central Line  133  •  Arterial Pressure Monitoring  136  •  Procedure: Pericardiocentesis  139
•	 Procedure Thoracocentesis and Chest Tube Placement  140  •  Care of the Patient with Chest Tube  140
•	 Urinary Catheterization  142  •  Suctioning a Patient with a Tracheostomy Tube  142
•	 Suctioning a Patient with an ET Tube  142  •  Tracheostomy Care  143  •  Tracheostomy Dressing  144
•	 Insertion of Peritoneal Dialysis Catheter  145

	 11.	 Procedures in Pediatric Intensive Care Unit..................................................................................................... 148
Rachna Sharma, Maninder S Dhaliwal, Praveen Khilnani
•	 Intubation  148  •  Laryngoscopy  154  •  Central Line Placement  157  •  Arterial Line Placement  162
•	 Intracranial Pressure Monitoring  165  •  Chest Tube Placement  169  •  Intra-abdominal Pressure Monitoring  175

	 12.	 Flexible Bronchoscopy in Infants and Children............................................................................................... 179
Praveen Khilnani, Jyotinder Kaur, Mritunjay Pao
•	 Indications  179  •  Contraindications  182  •  Bronchoscopic Equipment  182
•	 Physics of Flexible Fiberoptic Endoscopes  184  •  Basic Anatomy of a Bronchofiberscope  185
•	 Comparison of Available Fiberscopes  187  •  Accessory Instruments  188  •  Cleaning and Sterilization  188
•	 Fiberoptic Cart  189  •  Suggestions for Fiberscope Usage  189  •  Anatomy for the Bronchoscopist  190
•	 Preparation of the Patient  191  •  Postbronchoscopy Care of the Patient  197
•	 Technical Problems During Bronchoscopy  197  •  Technical Problems of the Bronchoscope  198

	 13.	 Pediatric Thoracoscopy...................................................................................................................................... 200
Prashant Jain, Ashish Prasad
•	 Indications of Thoracoscopy in Children  200  •  Preoperative Workup  201
•	 Anesthesia and Operative Technique  202  •  Role of Thoracoscopy in Lung Biopsy  202
•	 Role of Thoracoscopy in Empyema  202  •  Thoracoscopy in Mediastinal Tumors and Mediastinal Cysts  202
•	 Thoracoscopy in Congenital Lung Malformations  203  •  Thoracoscopy in Congenital Tracheoesophageal Fistula  203
•	 Role of Thoracoscopy in the Repair of Congenital Diaphragmatic Hernia  203  •  Postoperative Care  203

	 14.	 Ultrasound in Pediatric Intensive Care Unit..................................................................................................... 206
Vikram Gagneja, Praveen Khilnani
•	 Basic Technology  206  •  Clinical Application of Ultrasound  207  •  Procedural and Therapeutic Guidance  207
•	 Diagnostic Approach  209  •  Diaphragmatic Movements  211  •  Fast Examination  211

RESPIRATORY SYSTEM ISSUESSECTION 2

	 15.	 Respiratory Physiology...................................................................................................................................... 217
Praveen Khilnani
•	 Basic Respiratory Physiology  217  •  Applied Respiratory Physiology for Mechanical Ventilation  220

	 16.	 Oxygen Therapy and High-flow Nasal Cannula in Pediatric Intensive Care.................................................. 222
Pradeep Sharma, Satish Deopujari, Suchitra Ranjit, Praveen Khilnani
•	 Oxygen Transport  222  •  Oxygen Content and Delivery  222  •  Indications for Oxygen Therapy  223
•	 Oxygen-dissociation Curve  223  •  Administration of Oxygen Therapy  223  •  Oxygen Hood  224
•	 Goals of Oxygen Therapy  225  •  Cautions for Oxygen Therapy  225  •  Devices Available  227

	 17.	 Blood Gas and Acid–Base Interpretation......................................................................................................... 233
Kundan Mittal, Aninday Mittal, Ricardo Munoz, Praveen Khilnani
•	 Modified Allen Test  233  •  Metabolic Acidosis and Metabolic Alkalosis  240

	 18.	 Upper Airway Obstruction in Children............................................................................................................. 250
(Late) David Todres I, Giuseppe Marrero, Praveen Khilnani
•	 Pediatric Airway  250  •  Specific Diseases  253  •  Infectious Diseases  258  •  Supraglottitis (Epiglottitis)  258
•	 Laryngotracheobronchitis  259  •  Bacterial Tracheitis  261  •  Foreign Bodies  261  •  Traumatic Injury  262
•	 Burn Injury  262  •  Angioedema  262  •  Tracheal Stenosis  263  •  Tracheomalacia  264 
•  Mediastinal Masses  264



Contents xxvii

	 19.	 Meconium Aspiration Syndrome and Persistent Pulmonary Hypertension in Neonate.............................. 267
Naveen Gupta, Siddarth Nayyar, Anil Batra, Manish Malik, Praveen Khilnani
•	 Meconium Aspiration Syndrome  267  •  Persistent Pulmonary Hypertension of Newborn  270

	 20.	 Acute Respiratory Distress and Failure............................................................................................................. 276
Vibin K Vasudevan, Praveen Khilnani
•	 Epidemiology  276  •  Definition  276  •  Pathogenesis and Pathophysiology  276
•	 Clinical Evaluation of a Child with Respiratory Distress and Failure  279  •  Clinical Assessment of Diagnosis  281
•	 Management  283  •  Disease or Etiology-specific Management  284

	 21.	 Pediatric Tracheostomy...................................................................................................................................... 289
Bala Ramachandran
•	 History  289  •  Indications  289  •  Airway Obstruction  289  •  Dead Space/Pulmonary Toilet  289
•	 Ventilation  289  •  Types of Tracheostomy Tubes  290  •  Specific Indications for a Tracheostomy  290
•	 Tracheostomy Tubes Available in India  290  •  Choice of a Tube  291  •  Technique  291  •  Postoperative Care  292
•	 Routine Care  292  •  Speech and Swallowing Assessment  294  •  Parent Teaching and Home Care  294
•	 Decannulation  295  •  Complications  295

	 22.	 Acute Severe Asthma Management in Pediatric Intensive Care Unit............................................................ 297
Ankur Ohri, Arun Kumar, Abhishek Gupta, Chandra Sekhar Singha, Praveen Khilnani
•	 Admission to the Pediatric Intensive Care Unit  297  •  Preparation for Intubation  298
•	 Endotracheal Intubation  298  •  Mechanical Ventilation  298  •  Noninvasive Ventilation and Status Asthmaticus  301

	 23.	 Viral Pneumonias: Common Pneumonias and Recent Advances................................................................... 304
Sibabratta Patnaik
•	 Influenza  304  •  Parainfluenza Virus  305  •  Respiratory Syncytial Virus  305  •  Human Metapneumovirus  306
•	 Rhinovirus  306  •  Adenovirus  306  •  Measles Virus  306  •  Cytomegalovirus  306  •  Epstein–Barr Virus  306
•	 Varicella  306  •  Bronchiolitis  307  •  COVID-19 Pneumonia  308

	 24.	 Recurrent and Persistent Pneumonia............................................................................................................... 312
Karthik Narayan R, Praveen Khilnani
•	 Epidemiology of Recurrent Pneumonias  312  •  Mimics for Recurrent Pneumonia  312
•	 Radiology in Persistent/Recurrent Pneumonias  312  •  Etiology of Recurrent or Persistent Pneumonia  312
•	 Approach to Recurrent/Persistent Pneumonia  313  •  Investigative Approach  314

	 25.	 Advances in Rapid Diagnosis of Respiratory Tract Infection in Children....................................................... 316
Chandra Sekhar Singha, Aparna Chakravarty
•	 Viral Infection  316  •  Bacterial Infection  317

	 26.	 Human Immunodeficiency Virus Disease and Respiratory Infection in Children......................................... 319
Praveen Khilnani
•	 Incidence of Childhood Human Immunodeficiency Virus Infection  319  •  Diagnosis of HIV Infection in Infancy  320
•	 Causes and Management of Respiratory Infections  320  •  Pulmonary Tuberculosis  322
•	 Other Causes of Respiratory Disease  323

	 27.	 Pediatric Acute Respiratory Distress Syndrome.............................................................................................. 327
Sajith Kesavan, Srinivas Rekapalli, Prabhat Maheshwari, Praveen Khilnani
•	 Causes of Acute Respiratory Distress Syndrome  327  •  Pathophysiology  327
•	 Physiological Derangements in Acute Respiratory Distress Syndrome  328  •  Incidence  329
•	 Clinical Course  329  •  Diagnostic Evaluation  329  •  Management of Acute Respiratory Distress Syndrome  329

	 28.	 Empyema Thoracis in Children.......................................................................................................................... 337
Pradeep Sharma, Bhaskar Saikia, Rachna Sharma, Prashant Jain, Zahid Hussain, Praveen Khilnani
•	 Pathophysiology  337  •  Biomarkers and Diagnostic Biochemical Tests  337  •  Imaging of Pleural Infection  338
•	 Bacterial Tests and Bacteriology of Pleural Fluid  338  •  Management  339 
•	 Indications for Pleural Cavity Drainage  340  •  Treatment Failure and Complications  343
•	 Discharge and Follow-up  343

	 29.	 Air Leak Syndromes............................................................................................................................................ 346
Utkarsh Kohli, Rakesh Lodha
•	 Pneumothorax  346  •  Pulmonary Interstitial Emphysema  347  •  Pneumomediastinum  348 
•  Pneumopericardium  348



Contentsxxviii

	 30.	 Cystic Fibrosis: Clinical Manifestations and Treatment................................................................................... 351
Shushil Kabra, Madhulika Kabra, Rakesh Lodha
•	 Molecular Genetics of Cystic Fibrosis  351  •  Clinical Manifestations  351  •  Diagnosis  351
•	 Management  352  •  Nutritional Management of Cystic Fibrosis  354
•	 Management of Other Gastrointestinal Manifestations of Cystic Fibrosis  356  •  Emerging Therapies  356
•	 Prenatal Diagnosis  358  •  Prognosis  358

	 31.	 Neonatal Congenital Lung Lesions................................................................................................................... 360
Deepika Singhal, Meera Luthra, Praveen Khilnani
•	 Congenital Diaphragmatic Hernia  360  •  Pulmonary Sequestration  361  •  Congenital Lobar Emphysema  363
•	 Bronchogenic Cysts  365  •  Congenital Cystic Adenomatoid Malformation  365
•	 Esophageal Atresia and Tracheoesophageal Fistula  367

	 32.	 Bronchodilator Therapy in Mechanically-ventilated Children....................................................................... 372
Ankur Chawla, Rajesh Chawla, Praveen Khilnani
•	 Target Sites and Mechanism of Drug Delivery  372  •  Jet Nebulizer  373  •  Electric Vibrating Mesh Nebulizer  373
•	 Ultrasound Nebulizers  373  •  Pressurized Metered-dose Inhaler  373
•	 Aerosol Delivery During Heated, Humidified, High-flow Nasal Cannula  374
•	 Aerosol Delivery During NIV, Using Single Limb and Dual Limb Circuits  375
•	 Delivering Aerosol During Mechanical Ventilation  376  •  Aerosol Delivery Through a Tracheostomy  378
•	 Future of Aerosol Delivery and Recent Advances  378  •  Limitations of Aerosol Therapy in Intensive Care Unit  379

	 33.	 Basics of Mechanical Ventilation....................................................................................................................... 380
Praveen Khilnani, Mritunjay Pao, Deepika Singhal, Shekhar T Venkataraman
•	 Basic Mechanics of Ventilation  380  •  Modes of Ventilation  382  •  Initial Ventilator Settings  384
•	 Adjustments after Initiation  384

	 34.	 How to Choose a Ventilator............................................................................................................................... 387
Praveen Khilnani, Kumar Ankur, Naresh Lal, Ramesh S
•	 Technical Specifications of a Ventilator  387  •  Commonly Available Ventilators  389  •  Technical Specifications  392

	 35.	 Disease-specific Mechanical Ventilation.......................................................................................................... 397
Praveen Khilnani, Bhaskar Saikia, Ankur Ohri
	• Mechanical Ventilation Strategies  397

	 36.	 Advanced Mechanical Ventilation..................................................................................................................... 407
Ankur Chawla, Praveen Khilnani
•	 Advanced Modes and Modalities of Ventilation  407  •  Principles of Gas Exchange  416

	 37.	 Ventilator Graphics and Clinical Applications................................................................................................. 427
Rachna Sharma, Praveen Khilnani
•	 Principle  427  •  Advantages  427  •  Disadvantages  427  •  Scalars/Waveforms  427
•	 Identifying the Type of Breath  429  •  Plateau Pressure  430  •  Graphics in other Common Modes of Ventilation  431
•	 Loops  432  •  Troubleshooting by Scalars and Loops  435  •  Identify Signs of Asynchrony  436

	 38.	 Care of the Patient on Ventilator....................................................................................................................... 442
VSV Prasad, Praveen Khilnani, Meera Ramakrishnan
•	 Major Issues and Factors in the Care of Ventilated Children  442  •  Role of the Ventilator Circuit in Ventilator-associated 

Pneumonia  445

	 39.	 Weaning from Ventilator.................................................................................................................................... 447
Kumar Ankur, Sanjay wazir, Sankaran Krishnan, Praveen Khilnani
•	 Weaning Strategies: Neonate  447  •  Protocolized Approach to Weaning a Neonate from Ventilator  449

	 40.	 Complications of Mechanical Ventilation......................................................................................................... 453
Madhumati Otiv, Praveen Khilnani
•	 Ventilator-induced Lung Injury  453  •  Vali versus Vili  454
•	 Complications Related to Cardiovascular Effects of Mechanical Ventilation  458
•	 Extrathoracic Complications  459  •  Complications Related to Mechanical Equipment  459
•	 Miscellaneous Complications  459



Contents xxix

	 41.	 Noninvasive Ventilation..................................................................................................................................... 461
Rajiv Uttam, Shipra Gulati
•	 Pathophysiology and Mechanism of Action  461  •  Advantages of Noninvasive Ventilation  461
•	 Noninvasive Ventilation Techniques and Equipment  461  •  Applications of Noninvasive Ventilation  463
•	 Central Hypoventilation Syndrome  463  •  Contraindications to Noninvasive Ventilation  463
•	 Signs of Effective Response to Noninvasive Ventilation  463  •  Reasons to Discontinue Noninvasive Ventilation  463
•	 Acute Noninvasive Ventilation: Monitoring  463

	 42.	 High-frequency Ventilation in Neonates.......................................................................................................... 465
Kumar Ankur
	• Principles of Gas Exchange  465

	 43.	 Inhaled Nitric Oxide........................................................................................................................................... 469
Saumen Meur, Monideepa Dutta, Reeta Singh, Praveen Khilnani
•	 History  469  •  Nitric Oxide Biochemistry and Mechanism of Action  469
•	 Inhaled Nitric Oxide in Neonatal Hypoxemic Respiratory Failure  469
•	 Unresponsiveness to Inhaled Nitric Oxide Therapy in Persistent Pulmonary Hypertension of the Newborn  471
•	 Bronchopulmonary Dysplasia  471  •  Inhaled Nitric Oxide in Pediatric Acute Respiratory Distress Syndrome  471
•	 Inhaled Nitric Oxide in Cardiology and Cardiac Surgery  471  •  Miscellaneous Uses  472
•	 Nitric Oxide Delivery Systems  473

	 44.	 Mechanical Ventilation in a Neonate................................................................................................................ 478
Kumar Ankur, Naveen Gupta, Anil Batra, Anjali Inamdar Kulkarni
•	 Initiation of Invasive Ventilation  478  •  Intubation and Mechanical Ventilation  478
•	 Neonatal Patient-triggered Ventilation  478  •  Signal Detection: Flow Sensor  479
•	 Selecting Mode of Endotracheal Ventilation  481  •  Optimizing “Ventilatory Settings”  481
•	 Neonatal Ventilation Settings  481  •  Permissive Hypercapnia  482  •  Pulmonary Graphics  482
•	 Pressure–volume Loop  483  •  Overdistension: Bird Beak Appearance  483  •  Flow–volume Loop  483

	 45.	 Surfactant Therapy in Newborn........................................................................................................................ 486
Vidya Gupta
•	 Surfactant Composition  486  •  Surfactant Synthesis and Function  487  •  Types of Surfactants  487
•	 Evidence for Surfactant  488  •  Methods of Administration of Surfactant  488
•	 Surfactant Therapy in Meconium Aspiration Syndrome  490

	 46.	 Extracorporeal Membrane Oxygenation: Role in Neonates and Pediatrics.................................................. 492
Shubhadeep Das, Praveen Khilnani, Debasis Das, Pranay Oza, Suneel Pooboni
•	 Indications of ECMO  493  •  Technique of ECMO  494  •  Management of ECMO  494
•	 Patient Management  499  •  Weaning ECMO Flows and Decannulation  500  •  ECMO Management Summary  501
•	 Complications of ECMO  502  •  Outcomes  502  •  Setting up an ECMO Program  503
•	 Indian Scenario and Future of ECMO  504

	 47.	 Pediatric Heart and Lung Transplantation....................................................................................................... 507
Shekhar T Venkataraman
•	 Heart Transplantation  507  •  Lung and Heart–Lung Transplantation  510 
•  Physiology of the Transplanted Heart  510  •  Physiology of the Transplanted Lung  511
•	 Chronic Rejection and Problems after Transplantation  516  •  Problems Specific to Each Organ Transplant  517
•	 Psychosocial Issues before and after Transplantation  519

CIRCULATORY SYSTEM ISSUESSECTION 3

	 48.	 Shock: Management in Pediatric Intensive Care Unit..................................................................................... 525
Vasanth Kumar S, Gude Anupama, Suchitra Ranjit, Praveen Khilnani
•	 Pathophysiology  525  •  Phases of Shock  525  •  Types of Shock  526 
•  Assessment and Recognition of Shock  526  •  Rapid Assessment of Shock  527  •  Management of Shock  527
	• Vasoactive Agents  528  •  Role of Point-of-care Ultrasound  529  •  Supportive Therapy in Shock  530  •  Pitfalls  531

	 49.	 Inotropes and Vasopressors in Pediatric Intensive Care Unit......................................................................... 532
Agni Sekhar Saha, Bichitrovanu Sarkar
•	 Physiological Considerations  532  •  Pharmacology of Individual Agents  533
•	 Choice of Inotropes in Different Clinical Situations  535  •  Newer Inotropes  541



Contentsxxx

	 50.	 Cardiogenic Shock ............................................................................................................................................. 546
Nameet Jerath
•	 Pathophysiology  546  •  Symptoms  547  •  Causes  547  •  Investigations  547  •  Management  547
•	 Cardiogenic Shock in a Newborn  549

	 51.	 Pediatric Septic Shock: 2020 Guidelines and Future Direction...................................................................... 551
Yogesh Kumar Arya, Mullai Baalaaji, Kavitha Joseph, Vikram Gagneja, Praveen Khilnani, Leticia Castillo
•	 Pathogenesis  551  •  Screening, Diagnosis, and Systematic Management of Sepsis  552
•	 Urgent Care (Airway, Breathing, and Circulation)  553  •  Some Newer Concepts and Newer Therapies  558

	 52.	 Multiorgan Failure in Critically Ill Children...................................................................................................... 566
Naresh Lal, Rachna Sharma, Praveen Khilnani, Rajiv Uttam
•	 Definition of Multiple Organ Dysfunction Syndrome  566  •  Historical Perspective  566
•	 Epidemiology  567  •  Assessment of Multiple Organ Dysfunction Syndrome Severity (Scoring Systems)  568
•	 Pathophysiology of Multiple Organ Dysfunction Syndrome  570
•	 Individual Organ Injury in Multiple Organ Dysfunction Syndrome  575
•  Current Therapy: Multiorgan Support is the Key  577
•	 Promising Extracorporeal Therapies for Multiple Organ Dysfunction Syndrome  580

	 53.	 Dengue Virus Infection and Other  Viral Hemorrhagic Fevers........................................................................ 585
Shivkumar Shamarao, Archana M, Indumathy Santhanam, Thangavelu S
•	 Pathophysiology of Dengue Infection  585  •  Clinical Manifestation  586
•	 Diagnostic Tests Available According to the Phase of Illness  587  •  Management of Dengue Infection in Children  588
•	 Viral Hemorrhagic Fevers other than Dengue  594

PEDIATRIC CARDIAC INTENSIVE CARE ISSUESSECTION 4

	 54.	 Role of Echocardiography in Pediatric Intensive Care Unit............................................................................ 601
Arvind Balaji, Jhuma Sankar, Praveen Khilnani
	• Utility of Echocardiography in the Intensive Care Unit   601

	 55.	 Interventional Pediatric Cardiology: An Overview.......................................................................................... 609
Thomas Albrecht G, Praveen Khilnani
•	 Vascular Angioplasties  609  •  Dilation of Valvular Lesions  610 
•  Closure of Extracardiac and Intracardiac Communications  611  •  Procedures  612  •  Complications  613

	 56.	 Myocarditis in Children...................................................................................................................................... 615
Vinay Joshi, Preetha Joshi
•	 Incidence  615  •  Etiology  615  •  Pathogenesis  616  •  Clinical Presentation   616
•	 Natural History of Myocarditis   616  •  Diagnosis  616  •  Management  617  •  Prognosis  619

	 57.	 Cardiac Arrhythmias in Pediatric Intensive Care Unit..................................................................................... 621
Vinay Kukreti, Mosharraf Shamim, Praveen Khilnani
•	 Approach to Arrhythmia in PICU  621  •  Classification of Arrhythmias   621

	 58.	 Hypertension and Hypertensive Emergencies in Children............................................................................. 628
Lalitha AV, Yashaswini K, Prashant Pruthi, Prasanna C Tellis, Praveen Khilnani
•	 Blood Pressure Measurement  628  •  Etiology  628  •  Clinical Presentation  628  •  Physical Examination  629
•	 Investigations   630  •  Management  630  •  Posterior Reversible Encephalopathy Syndrome  633

	 59.	 Common Congenital Heart Defects and Perioperative Issues........................................................................ 634
Jesal Sheth, Praveen Khilnani
•	 Ventricular Septal Defect  634  •  Atrial Septal Defect  635  •  Patent Ductus Arteriosus  636
•	 Aortic Stenosis  636  •  Some Common Issues in Preoperative Care  637

	 60.	 Postoperative Care of Cardiac Patients after Open Heart Surgery................................................................ 639
Ravi R Thiagarajan
	• Postoperative Care of Children Undergoing Congenital Surgery  639

	 61.	 Perioperative Management of Transposition of Great Arteries..................................................................... 644
Ajay Kumar Gupta, Vishal K Singh, Rajesh Sharma, Amit Varma
•	 Incidence and Epidemiology  644  •  Definition and Anatomic Features  644  •  Pathophysiology  645
•	 Clinical Manifestations  645  •  Diagnosis  645  •  Management  645 
•  Postoperative Critical Care Management  647



Contents xxxi

	 62.	 Perioperative Management of Total Anomalous Pulmonary Venous Drainage............................................ 653
Vishal K Singh, Rajesh Sharma, Amit Varma
•	 Types of Total Anomalous Pulmonary Venous Drainage  653  •  Presentation  654
•	 Guidelines to Postoperative Management  658  •  Management of Pulmonary Hypertensive Crisis  659

	 63.	 Perioperative Management Strategy of Univentricular Heart....................................................................... 662
Vishal K Singh, Amit Varma, Rajesh Sharma
•	 Obstruction to Systemic Outflow  662  •  Obstruction to Pulmonary Outflow  662
•	 Obstruction to Systemic and Pulmonary Venous Return or Ventricular Inflows  663  •  Clinical Features  663
•	 Diagnostic Evaluation  663  •  Management  664  •  Preoperative Stabilization and Postoperative Management  666
•	 Complications and Natural History of Fontan Circulation  668

	 64.	 Cardiac Pacing in Pediatric Intensive Care Unit............................................................................................... 672
Neeraj Gupta, Anil Sachdev, Dhiren Gupta
•	 Normal Cardiac Electrical Activity  672  •  Normal Echocardiography  672  •  Types of Cardiac Pacing  672

	 65.	 Pediatric Mechanical Circulatory Support....................................................................................................... 678
Michael A Maymi, Dipankar Gupta, Wendy E Barnes
•	 Indications  678  •  Contraindications  678  •  Complications  679
•	 Short-term Mechanical Circulatory Support  679  •  Long-term Mechanical Circulatory Support: Berlin Heart  680

	 66.	 Heart Transplantation in Children.................................................................................................................... 684
Dipankar Gupta, Frederick Jay Fricker, Mark S Bleiweis, Jai P Udassi, Praveen Khilnani
•	 Indications for Heart Transplantation  684  •  Organ Allocation and Matching  687
•	 Donor Management  687  •  Evaluation and Management of the Patient Awaiting Heart Transplantation  688
•	 Postoperative Management  690  •  Follow-up  692  •  Survival  692
•	 Long-term Complications  692  •  Neurodevelopmental Outcomes and Functional Status  697

	 67.	 Pediatric Pacemaker and Implantable Cardioverter-defibrillator Therapy................................................... 701
Frank Zimmerman, Madelyn Kahana, Praveen Khilnani
•	 Indications  701  •  Pacemaker Basics  702  •  Common Pacing Scenarios in the Pediatric Intensive Care Unit  706
•	 Implantable Cardioverter-defibrillator  707

METABOLIC AND ENDOCRINE ISSUESSECTION 5

	 68.	 Genetic Disorders and Inborn Errors of Metabolism....................................................................................... 713
Seema Thakur, Vinay K Aggarwal, Kanika Singh, Nitesh Singhal, Verma IC
•	 Pathophysiology  713  •  Laboratory Investigations  714
•	 Diagnosis of Inborn Errors of Metabolism in Genomic Era  715  •  Treatment  715

	 69.	 Diabetic Ketoacidosis......................................................................................................................................... 718
Asrar Rashid, Sanjay Perkar, Praveen Khilnani, Sarah Ehtisham, Sukhmeet Singh
	• Diabetic Ketoacidosis   718

	 70.	 Endocrine Emergencies in Critically Ill Children.............................................................................................. 726
Indira Jayakumar
•	 Hyperglycemia  726  •  Hypoglycemia  726  •  Adrenal Insufficiency  727
•	 Adrenocorticotropic Hormone Stimulation   728  •  Nonthyroidal Illness Syndrome (Sick Euthyroid Syndrome)  728
•	 Thyrotoxic Crisis   730  •  Pheochromocytoma (Hypercatecholamine Crisis)   730
•	 Hypocalcemia (Levels <1.8 Mmol/L or 7.5 mg/dL)  731
•	 Hypocalcemia in Critical Illness (1 Mmol/L of Calcium = 4 mg/dL)   731
•	 Hypercalcemia (Levels >3 Mmol/L Or 12 mg/dL)   732  •  Salt/Water Syndromes   732  •  Diabetes Insipidus  733

FLUIDS, ELECTROLYTES, AND RENAL ISSUESSECTION 6

	 71.	 Fluid and Electrolyte Abnormalities in the Critically Ill Children................................................................... 737
Preetha Joshi, Vinay Joshi
•	 Body Water Distribution in Children  737  •  Understanding “Fluid” Concepts  738
•	 Crystalloids versus Colloids in Critically Ill Children  740  •  Electrolyte Disorders   740



Contentsxxxii

	 72.	 Acute Kidney Injury in Children and Renal Replacement Therapy................................................................. 746
Kanav Anand, Pruthi PK
•	 Incidence   746  •  Criteria for Defining Acute Kidney Injury  746  •  Etiology  747
•	 Assessment and Investigations  747  •  Management  749  •  Treatment of the Underlying Disease   750
•	 Peritoneal Dialysis   751  •  Intermittent Hemodialysis   753  •  Outcome  754
•	 Follow-up of Acute Kidney Injury  755  •  Prevention   755

	 73.	 Pediatric Renal Transplantation........................................................................................................................ 756
Kanav Anand, Pruthi PK
•	 Immediate Preoperative Period  756  •  Surgery  756  •  Postoperative Period  757
•	 Complications  758  •  Immunosuppression   759  •  Monitoring   759  •  Other Medications  760  •  Survival  760

GASTROINTESTINAL, HEPATIC, AND NUTRITIONAL ISSUESSECTION 7

	 74.	 Gastrointestinal Bleeding: Diagnosis and Management................................................................................ 763
Mridul Chandra Das, Arti Pawaria, Ted A Williams, Praveen Khilnani
•	 Assessment of the Severity of Bleeding  763  •  Establishing the Origin of Gastrointestinal Bleed  763
•	 Clinical Presentation  763  •  Specific Causes of Gastrointestinal Bleeding  764
•  Upper Gastrointestinal Bleed  764  •  Lower Gastrointestinal Bleed  765  •  Obscure Gastrointestinal Bleed  766
•	 Management  767

	 75.	 Acute Liver Failure.............................................................................................................................................. 772
Nameet Jerath, Anita S Bakshi
•	 Etiology   772  •  Pathogenesis  773  •  Management  773  •  Management of Hepatic Encephalopathy  775

	 76.	 Liver Transplantation......................................................................................................................................... 777
John M Downey, Madelyn Kahana, Praveen Khilnani
•	 Indications  777  •  Preoperative Evaluation  778  •  Orthotopic Liver Transplant  778
•	 Extrahepatic Complications  782

	 77.	 Liver Transplantation in Children: Indian Scenario......................................................................................... 785
Smita Malhotra, Nameet Jerath, Anupam Sibal, Vidyut Bhatia, Akshay Kapoor
•	 Indications  785  •  Assessment  787  •  Preparation for Liver Transplantation  787
•	 Critical Care Issues in Postliver Transplantation Management  788  •  Indian Scenario  790

	 78.	 Nutrition in Pediatric Intensive Care Unit......................................................................................................... 792
Nidhi Rawal, Reeta Singh, Praveen Khilnani
•	 Pathophysiology of Malnutrition in Critically Ill Children  792  •  Modes of Nutritional Repletion  793
•	 Determination of Nutritional Needs in Pediatric Intensive Care Unit  793  •  Nutritional Support  794
•	 Nutrition in Special Circumstances  795  •  Nutritional Supplements  796

	 79.	 Parenteral Nutrition for Critically Ill Child........................................................................................................ 799
Rachel Leung, Pankaj Vohra
•	 Contents of Parenteral Nutrition  799  •  What to do before Starting Parenteral Nutrition?  799
•	 Contraindications to Parenteral Nutrition  800  •  Caloric Needs of a Child  800  •  How to Get Started?  800
•	 How to Administer the Parenteral Nutrition?  800  •  What to Monitor when a Child is on Parenteral Nutrition?   801
•	 At what Rate can Protein and Lipids be Increased?  801  •  When to Consider Decreasing Parenteral Nutrition?  801
•	 Complications of Parenteral Nutrition  802

HEMATOLOGY, IMMUNOLOGY, AND ONCOLOGY ISSUESSECTION 8

	 80.	 Blood Transfusion in Neonatal and Pediatric Intensive Care.......................................................................... 809
Abhishek Gupta, Makroo RN, Praveen Khilnani
•	 Good Practice Recommendations  809  •  Physiological Principles   810  •  Anemia in Intensive Care Unit  811
•	 Leukocyte Reduction of Blood Components  819 

Appendix
•  Massive Transfusion Protocol  822



Contents xxxiii

	 81.	 Disseminated Intravascular Coagulation......................................................................................................... 826
Mehak Bansal, Rajesh Mehta, Prashant Pruthi
•	 Pathophysiology of Disseminated Intravascular Coagulation   826
•	 Etiology of Disseminated Intravascular Coagulation  827  •  Clinical Features   828
•	 Diagnosis   828  •  Treatment  830  •  Prognosis  831

	 82.	 Immunotherapy in Critically Ill Children.......................................................................................................... 833
Gunjan Baweja, Sunil Gomber
•	 Cytokines and Chemokines  833  •  Extracorporeal Therapies  836  •  Neutropenic Patient  836
•	 Transplant Patient  836  •  Immunonutrition  836  •  Immunomodulation in Coronavirus Disease-19  836

	 83.	 Malaria................................................................................................................................................................. 838
Santosh T Soans, Mallikarjun RP
•	 Life Cycle  839  •  Clinical Disease and Epidemiology   839  •  Diagnosis  840
•	 Definition of Uncomplicated Malaria   840  •  Severe Plasmodium falciparum Malaria  840
•	 Mixed Malaria Infections  843  •  Severe Malarial Anemia  843  •  Cerebral Malaria  843

	 84.	 Immunocompromised Child in Pediatric Intensive Care Unit......................................................................... 845
Amieleena Chhabra, Priyanka Sharma, Mukesh Desai, Amita Mahajan
•	 Balance of Inflammation and Anti-inflammation  845  •  Primary Immunodeficiencies  845
•	 Secondary Immunodeficiencies  846  •  Immunology in Sepsis  847  •  Immunodeficiency in Critical Care Setting  847
•	 Infectious Complications in the Immunocompromised Child  849  •  Immunoglobulin  851
•	 Care in the Pediatric Intensive Care Unit  851

	 85.	 Pediatric Human Immunodeficiency Virus Infections..................................................................................... 853
Deepika Singhal, Shiv Kumar Rajdev, Praveen Khilnani
•	 Identification of Perinatal Human Immunodeficiency Virus Exposure  853
•	 Diagnosis of Human Immunodeficiency Virus Infection in Infants  853
•	 Monitoring Pediatric Human Immunodeficiency Virus Infection  855
•	 Opportunistic Infections and other Clinical Manifestations of HIV Disease in Children  855
•	 Currently Available Antiretroviral Agents  857  •  General Features of Antiretroviral Agents  858
•	 HIV Counseling  858  •  Prognosis  859  •  Protease Inhibitors  867  •  Fusion Inhibitors  873

	 86.	 Bone Marrow Transplantation in Children....................................................................................................... 874
Gaurav Kharya, Sanjeev Sharma, Rachna Sharma, Praveen Khilnani
•	 Autologous Hematopoietic Stem Cell Transplantation   874  •  Allogeneic Hematopoietic Stem Cell Transplantation   874
•	 Histocompatibility  874  •  Indications of Hematopoietic Stem Cell Transplantation   876
•	 Prognosis and Outcomes  879  •  Complications in Hematopoietic Stem Cell Transplantation   879
•	 Indian Scenario  882

INFECTION MANAGEMENT ISSUESSECTION 9

	 87.	 Antibiotic Therapy in Pediatric Intensive Care Unit......................................................................................... 887
Chandra Sekhar Singha, Praveen Khilnani, Aparna Chakravarty
•	 Infections and Empirical Therapy  887  •  Criteria for Selection of Antibiotics  888  •  History and Clinical Setting   888
•	 Pharmacology  888  •  Pharmacokinetics and Pharmacodynamics  888
•	 Strategy in Case of Clinical Deterioration  889  •  Empirical Initial Antimicrobial Therapy in the Pediatric Intensive Care 

Unit  889  •  Empirical Antibiotic Therapy in Renal Failure  891  •  Carbapenem  892  •  Linezolid  894
•	 Teicoplanin   896  •  Tigecycline   897  •  Colistin  897
•	 Empirical Use of Antifungal Agents in Severe Sepsis or Septic Shock   897

	 88.	 Nosocomial Infections and Management......................................................................................................... 901
Ebor Jacob, Kala Ebnezar
•	 Infection Control  901  •  Surveillance  905  •  Infection Rates/1,000 Patient Days  905
•	 Device-associated Infection Rates Reported/1,000 Device Days   905  •  Risk Index  905
•	 Bloodstream Infections   905  •  Ventilator-associated Pneumonia  906  •  Urinary Tract Infections  908
•	 Organization of Infection Control Program  908



Contentsxxxiv

TRAUMA AND PEDIATRIC SURGICAL ISSUESSECTION 10

	 89.	 Management of Pediatric Trauma..................................................................................................................... 913
Aparna Pande, Kapil Dev Soni, Jashua Caresky, Meera Luthra, Chhabi Ranu Gupta, Praveen Khilnani
•	 Variations in Pediatric Anatomy  913  •  Variations in Pediatric Physiology  914
•	 Classification of Pediatric Trauma  914  •  Management of the Injured Child  916
•	 Pediatric Intensive Care Unit Management Protocol   920
•	 Pediatric Intensive Care Unit Monitoring of a Trauma Patient  922

	 90.	 Child Abuse and Shake Injuries......................................................................................................................... 925
Praveen Khilnani
•	 Definition and Etiology  925  •  Diagnosis  925  •  Examination  925  •  Shake Injuries  926 
•  Treatment  927  •  Laboratory and Diagnostic Imaging Studies   928  •  Management  929
•  Legal Implications   929

	 91.	 Perioperative Anesthetic and Surgical Issues.................................................................................................. 930
Col Rakhee Goyal, Shandip Sinha, Ramesh S, Meera Luthra, Praveen Khilnani
•	 Preoperative  930  •  Intraoperative Period  931  •  Postoperative Period  932

ENVIRONMENTAL AND TOXICOLOGY ISSUESSECTION 11

	 92.	 Poisoning and Bites............................................................................................................................................ 937
Pradeep Sharma, Praveen Khilnani, Suchita Khadse
•	 Evaluation of Children with Suspected Toxin Ingestion  937  •  Management  938  •  Envenomation  941
•	 Scorpion Sting  947

	 93.	 Thermal Burns and Inhalation Injury................................................................................................................ 954
Sidra Ishaq, Qalab Abbaas, Seth RK, Praveen Khilnani
•	 Pathophysiology of Burn Wounds in Pediatric Patients  954  •  Types and Extent of Injury  955
•	 Classification and Diagnosis   955  •  Management  957  •  Morbidity  960  •  Rehabilitation of Burn Patients   961

	 94.	 Heat Disorders.................................................................................................................................................... 962
Purnima Dhar
•	 Thermoregulation  962  •  Environmental Hyperthermia  963  •  Minor Heat Illnesses  963
•	 Heat Stroke  963  •  Malignant Hyperthermia  964  •  Sudden Unexpected Cardiac Arrest in Children  965

	 95.	 Electrical Shock................................................................................................................................................... 967
Soonu Udani
	• Mechanism of Electrical Injury  967

	 96.	 Near-drowning................................................................................................................................................... 969
Bala Ramachandran
•	 Definition  969  •  Epidemiology  969  •  Pathophysiology  969  •  Hypothermia and the Diving Reflex  970
•	 Assessment and Management  971  •  Hypothermia  972  •  Outcome  974  •  Prognosis  974

NEUROLOGICAL ISSUESSECTION 12

	 97.	 Coma: Encephalitis and Cerebral Malaria......................................................................................................... 979
Suresh Kumar Angurana, Arun Bansal, Praveen Khilnani, Krishan Chugh, Dhiren Gupta
•	 Definitions  979  •  Etiology  979  •  Pathophysiology  980  •  Evaluation of a Child in Coma  980
•	 Laboratory Evaluation  982  •  Treatment  983  •  Prognosis  984
•	 Management of Some Common Specific Causes  985

	 98.	 Bacterial, Viral, Fungal, and Tubercular Meningitis......................................................................................... 988
Suresh Kumar Angurana, Renu Suthar, Arun Bansal, Jose Irazzuzta, Deepika Singhal, Praveen Khilnani
•	 Bacterial Meningitis  988  •  Fungal Meningitis  993  •  Herpes Simplex Encephalitis  994
•	 Tubercular Meningitis  996



Contents xxxv

	 99.	 Hydrocephalus.................................................................................................................................................... 999
Praveen Khilnani, Sandeep Chopra, Manish Vaish
•	 Cerebrospinal Fluid Production and Physiology  999  •  Cerebrospinal Fluid Hydrodynamics   999
•	 Hydrocephalus  999  •  Options for CSF Drainage Procedure   1001

	 100.	 Status Epilepticus in Children.......................................................................................................................... 1003
Mehak Bansal, Kamal Preet, Gurpreet Kochar, Gnanam R, Mritunjay Pao, Praveen Khilnani
•	 Definition  1003  •  Types  1003  •  Systemic Manifestations  1004  •  Management  1004
•	 Pharmacological Intervention  1005  •  Prognosis  1008

	 101.	 Pediatric Head Injury........................................................................................................................................ 1009
Bhaskar Saikia, Sandeep Chopra, Praveen Khilnani
•	 Monro-Kellie Doctrine  1009  •  Pathogenesis of Brain Injury  1009
•	 Clinical Evaluation and Management in Emergency  1010  •  Intracranial Hematoma  1011
•	 Diffuse Brain Injury  1012  •  Neurosurgical Management  1012  •  Nonsurgical Management  1012
•	 Complications and Sequelae of Head Injury  1015  •  Revised Recommendations  1017

	 102.	 Pediatric Brain Death Guidelines.................................................................................................................... 1020
Bala Ramachandran
•	 Definition  1020  •  Clinical Examination  1020  •  Demonstration of Apnea  1021  •  Ancillary Tests  1022
•	 Tests to Assess Intracranial Blood Flow  1022  •  Time Course of Tests for Brain Death  1022
•	 Pediatric Brain Death Guidelines Group 2011  1022

	 103.	 Sedation, Analgesia, and Neuromuscular Blockade..................................................................................... 1024
Romit Saxena, Muthiah Periyakaruppam, Jyotinder Kaur, Praveen Khilnani
•	 Basics and Definitions  1024  •  Sedation  1024  •  How to Monitor Sedation  1029
•	 What to Sedate with Individual Sedatives Used in Pediatric Practice?  1032  •  Analgesia  1039
•	 What to Provide Pain Relief with?  1040  •  Analgesia in Special Situations  1043
•	 Iatrogenic Withdrawal Syndrome  1045  •  Muscle Relaxants  1047  •  Individual Muscle Relaxants  1048

Appendix 1
•	 Alternative Routes for Administration of Sedoanalgesia: Rectal Medications for Sedoanalgesia  1060

Appendix 2
•	 Intranasal Medications for Sedoanalgesia  1060

	 104.	 Intensive Care Unit-acquired Weakness......................................................................................................... 1063
Vinay Kukreti, Mosharraf Shamim, Praveen Khilnani
•	 Incidence  1063  •  Risk Factors  1063  •  Clinical Features  1064  •  Pathogenesis  1064  •  Diagnosis  1066
•	 Electrophysiological and Histological Features  1066  •  Differential Diagnosis  1066  •  Management  1067
•	 Prognosis  1067

END-OF-LIFE, ETHICAL, AND MEDICOLEGAL ISSUESSECTION 13

	 105.	 Care of Terminally Ill Children......................................................................................................................... 1073
Praveen Khilnani
•	 Common Sources of Stress for Parents of a Hospitalized Child  1073 
•  Factors Relating to a Sick Child Admitted to PICU  1073  •  A Child’s Reaction to Illness and Hospitalization  1074
•	 Stress in PICU Team Members   1074
•	 Issues Related to a Critically Ill Child Dying (Or Likely to Die) in PICU and End-of-life Care  1074
•	 End-stage Palliative Care  1076  •  Bereavement and Grief   1076  •  Interventions  1078

	 106.	 Psychosocial Issues in Pediatric Intensive Care Unit..................................................................................... 1082
Pooja Verma, Praveen Khilnani
•	 Child’s Reaction to Hospitalization  1082  •  Effects of Hospitalization on the Family of the Child  1083
•	 Sources of Stress in a Hospital Setting  1084
•	 Role of Nurse in Helping Child and Family in Coping with Stress of Hospitalization and Illness  1085

	 107.	 Ethical Issues Related to End-of-life................................................................................................................ 1086
Mani RK, Praveen Khilnani
•	 Definitions of Categories  1086  •  Standards of Practice  1086  •  Quality of Care  1087
•	 Cost Reduction  1087  •  Ethical and Legal Issues Related to Life-support Limitation  1088  •  Autonomy  1088



Contentsxxxvi

•	 Concept of Futility  1088  •  Legal Aspects of Palliative Care  1088  •  Physician-assisted Suicide and Euthanasia  1089
•	 Drawbacks in the Current Strategies  1089  •  Indian Scenario  1089

	 108.	 Medicolegal Issues in Intensive Care.............................................................................................................. 1092
Uttara Babbar, Sidharth Luthra
•	 Medical Negligence  1092  •  Balancing of Risks  1092  •  Criminal Negligence  1092
•	 Consumer Protection Act and the Medical Profession  1094

PEDIATRIC INTENSIVE CARE UNIT TRAINING, 
RESEARCH, AND QUALITY ISSUESSECTION 14

	 109.	 Training in Pediatric Critical Care Medicine................................................................................................... 1099
Utpal Bhalala, Praveen Khilnani
•	 Components of Training  1099  •  Clinical Skills Acquired in PICU   1099
•  Legal Aspects of Pediatric Critical Care  1099  •  Death Certification  1099  •  Planning Clinical Research  1100
•	 Leadership  1100  •  Develop Treatment Protocols  1100 

Appendix
•  Skills  1100  •  Syllabus  1100

	 110.	 Simulation-based Training in Pediatric Intensive Care................................................................................. 1102
Rakshay Shetty, Sujatha Thyagarajan, Praveen Khilnani
•	 Simulation-based Training or Learning  1102  •  Procedure to Apply Simulation in Pediatric Intensive Care Unit  1104

	 111.	 Basics of Clinical Research and Statistics in Pediatric Critical Care.............................................................. 1107
Sasidharan Kandasamy, Suresh Kumar Angurana, Renu Suthar, Praveen Khilnani
•	 Evidence-based Medicine  1107  •  Statistics  1107  •  Types of Studies  1107  •  Population and Sample  1108
•	 Summarizing the Results  1108  •  Common Statistical Tests  1110  •  Publishing in Critical Care Literature   1111
•	 Evaluation of Research or Scientific Paper  1112  •  How to Get Published: Some Helpful Hints  1112

	 112.	 Concept of Quality and Safety in Pediatric Intensive Care Unit................................................................... 1114
Vinayak K Patki
	• Quality in Critical Care: An Overview  1114

DRUG INDEX, USEFUL EQUATIONS AND FORMULAE 
FOR PEDIATRIC INTENSIVE CARE UNITSECTION 15

	 113.	 Drugs Used in Pediatric Intensive Care Unit................................................................................................... 1129
Sagar Lad, Suman Bisht, Vinayak K Patki, Praveen Khilnani
•	 Commonly Used Drugs   1129  •  Antibiotics   1129  •  Antimalarials   1131  •  Antiviral Agents   1131
•	 Cardiovascular   1134  •  Central Nervous System   1137  •  Intubation   1140  •  Gastrointestinal  1141
•	 Respiratory   1141  •  Miscellaneous  1142

Appendix
•  Useful Information and Equations in the Pediatric Intensive Care Unit  1147

Index........................................................................................................................................................................................................................1149



INTRODUCTION
All critically ill children need careful handling of transport 
process starting from referring hospital or home (as the 
case may be) to admitting hospital to ensure safe transport. 
Imagine you are a resident posted at a primary healthcare 
center, and receive a call from an ambulance service about 
Master a, 10-year-old boy who had an accidental fall from 
the roof and is being brought to your center. He had loss 
of consciousness on site with ENT bleed. Your center B 
does not have neurosurgical services, and the nearest 
hospital with specialist services is 50 km away. Among 
the decisions you would face to undertake such a transfer, 
include what ambulance to take him in, who to take him 
with (staffing), what equipment to take him with, how to take 
him (pretransport stabilization), when to take him (transport 
policies). Through this chapter, we will try and cover some of 
the above conundrums. 

	■ Basics of transport medicine (types of transport)
	■ How the ride will affect the patient? (transport physiology) 
	■ What to transfer in? (structure, standardization, and types 

of ambulances)
	■ What to transfer with and how to transfer? (transport bag 

and checklist)
	■ When to transport? (transport policies, pretransport 

stabilization)
	■ Whom to transport with? (staffing)
	■ Concept of retrieval medicine and critical care transport 

teams (CCTT). In this chapter, a comprehensive process 
of critical care transport is discussed to prevent a not so 
uncommon issue of deterioration during transport and 
sometimes even severe morbidity and mortality.

WHY PEDIATRIC TRANSPORT IS NEEDED?
There exists a tiered system of healthcare, in most resource-
limited settings, with differential resource allocation and 
referral level at each tier.1-3 This is compounded by the lack of 
appropriately manned pediatric intensive care units (PICUs) 
in most rural settings,1,4,5 lack of financial resources and 
insurance coverage, intensive care unit (ICU) bed availability, 
and overcrowding of available beds.1,4-7 There exists a need 

for transportation across health tiers, due to paucity of ICU 
resources at lower tiers, and uneven distribution of PICUs, 
with metropolitan clustering.8-10 This leads to a major 
service delivery challenge, compounded by transportation 
availability, distance decay, distance measures, and travel 
time.11-13 In a large country like India, the issue of safe transport 
for seriously ill children is more complex and is still in the early 
stages of its development. Many a times, a critical patient is 
brought to the hospital by car, taxi, or autorickshaw.14 This is 
especially complicated for children. 

Types of Transport
The type of transport can be classified based upon the 
indication of transport, number of teams involved in the 
transfer among others (Table 1). Depending upon the number 
of centers required in the transport, viz., referring hospital, 
receiving hospital, or specialized transport service, the 
transport can be classified as 1-way, 2-way, or 3-way transport. 
Each has its advantages and disadvantages (Fig. 1). 
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Table 1: Some terms used in transport.16,17

Primary transfer/
scene transfer 

Movement of patients from scene of injury or 
illness, to the nearest receiving hospital

Extended primary 
transfer

Movement of a patient from the scene of injury 
or illness to a specialist center or trauma center, 
bypassing the nearest hospital to reach a center 
more appropriate to the needs of the patient

Secondary
transfer

Movement of a patient from any hospital facility 
(emergency department/ward/critical care 
facility/operating theatre) to another center

“Clinical” transfer Patient transfer for specialty treatment or 
investigation not provided at referring hospital

“Capacity” transfer Patient transfer for specialist treatment or 
investigation normally provided at referring 
hospital, but which is not currently available. The 
use of the term “nonclinical transfer” should be 
avoided. Transfers for capacity reasons may still 
be clinically necessary and are sometimes critical

Repatriation Patient transferred back to referring hospital or 
a hospital nearer the patient’s home address

Interhospital 
transfer

Transfer of a patient between hospitals

Intrahospital 
transfer

Transfer of a patient between areas/
departments within the same hospital site
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The advantages of two-way and three-way interhospital patient 
transfers include the following: 

	■ Entire team—paramedics, nurses, and physicians have 
transport training and experience.

	■ Outcomes are reported to be better for patients transferred 
by trained teams. 

	■ Dedicated equipment, including critical care equipment 
like ventilators and monitors, are present for transporting 
critically ill patients. 

	■ Equipment and drugs are prepared beforehand with 
specialist teams. 

	� But for critical transfers as neurosurgical emergencies, few 
guidelines recommend that they should be undertaken as 
an one way transfer, to decrease transportation time.15

Fig. 1: Description of types of transport as per number of centers involved.

Transport Physiology
Transferring a patient, poses unique challenges to the 
transferring team, with the staff, cramped into limited space, 
and limited movement possible, due to strapping on by 
seat belts. In ground transport, other environmental factors 
as acceleration (positive, negative, and angular) may have 
effect on both staff accompanying and patients. This effect 
is exaggerated if the patient is sick (volume depleted, on 
positive pressure, or shock). These parameters are particularly 
exaggerated, in aero transport, be it helicopter or fixed 
wing transport. Other environmental factors as vibration, 
temperature alterations, lack of humidity control, and 
changes in barometric pressure are also marked in such an 
environment. The following is in brief a literature summary, on 
the effects of transport on human physiology (patient/transfer 
crew) (Table 2 and Fig. 2).

WHAT TO TRANSFER IN?
We shall now discuss the mode of transport that the doctor 
may choose to undertake the transport, and the considerations 
in choosing the same. 

Mode of Transport
This can include ground, air, and water. Which modality is 
appropriate is decided by a number of factors as stated in the 
Tables 3 and 4.

For the purpose of this chapter, we will be concentrating 
predominantly on ground transport, viz., ambulance transfer. 
A transport before being undertaken, needs to be planned, one 
needs to decide his ambulance, run pretransport checklists, 
prepare a well-equipped transport bag, and stabilize the 
patient as much as one can, prior to undertaking the transport. 

Ground Transport: Ambulance
Ambulance is the most important part of the transport and 
is the backbone of any transport service. Ambulance as per 
National Ambulance Code,30 published by NISC (National 
Injury and Surveillance Trauma Registry and Capacity Building 
Centre), is defined as “a specially equipped and ergonomically 
designed vehicle for transportation/emergent treatment of 
sick or injured people and capable of providing out of hospital 
medical care during transit/when stationary, commensurate 
with its designated level of care when appropriately staffed.” 
When choosing an ambulance for undertaking a transfer, one 
needs to take into account the nature of patient emergency, as 
it determines the type of ambulance to be chosen.

Types of Road Ambulance
Road ambulances are designated as follows based on the level 
of care they can provide. 

	■ Type A road ambulance/medical first responder road 
ambulance: Designed to provide emergent out of hospital 
medical care to patients when stationary. This vehicle may 
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Table 2: Effect of transport-related factors on patients’ physiology.

During ground transport 
Effect of G forces/
acceleration 

During acceleration, blood moves toward feet, while during deceleration, blood moves toward head. Well-filled patients 
tolerate transfer better. Upon exposure to positive G forces, blood will “pool” in the feet resulting in decreased cardiac 
preload, decreased cardiac output, and blood pressure18

Effect on CNS During deceleration, the intracranial pressure increases due to action of Cephalad forces, blood and CSF are pulled into 
the cranial cavity leading to a rise in ICP and reduction in cerebral perfusion pressure which may worsen secondary 
brain injury.18 This is important in patients who already have a raised ICP as their cerebral perfusion may be further 
compromised during deceleration. A head up tilt of 15° will reduce this effect19

Effect on GIT During deceleration, the stomach and gastric content are displaced upward leading to regurgitation of gastric content, 
especially if there is lower esophageal junction incompetence as is common in the sedated unwell patient18,20

Musculoskeletal system During deceleration, axial loading of the spine occurs, potentially worsening unstable spinal injuries18

During aerotransport 

Lung 	• There is a reduction in alveolar oxygen tension, and may result in requirement of escalation of oxygen support
	• Pneumothoraces will expand as height increases, worsening gas exchange and potentially causing a tension 

pneumothorax. ICD should not be clamped during a flight18,21

	• High altitude pulmonary edema (HAPE) consists of a spectrum of pulmonary dysfunction, ranging from minimal 
dyspnea on exertion to a productive cough with blood-tinged sputum22

Bowel gas Patients with ileus, bowel obstruction, or following bowel surgery have increased bowel gas and the expansion of this 
gas can distend the bowel leading to perforation or anastomotic breakdown. Hence, guidelines recommend insertion of 
NG tube and keeping the same on free-dependent drainage or flying with cabin pressurization2,6

Brain Pneumoencephalum and open head fractures, can potentially expands, resulting in features of increased intracranial 
pressure. This compounded by high altitude hypoxia, hypotension, or secondary brain injury may result in detrimental 
effect on traumatic brain injuries2,7

Medical equipment For cuffed endotracheal tubes, on ascent, the cuff pressure increases causing mucosal ischemia, and on descent it will 
decrease leading to a cuff leak. Cuff pressure should be measured regularly especially following changes in altitude or the 
cuff should be filled with saline 18,20

Effect of vibration Monitoring devices as automated NIBP cuff and ECG may show erroneous readings18,20,23 
Worsen bleeding by dislodging clots and preventing hemostasis2

Effect of temperature For aircraft, as altitude increases the air temperature decreases by roughly 2°C per 1000 ft. Hence, the patient temperature 
should be monitored regularly, especially during prolonged transfers.18,20 Adequate heating equipment as blankets and 
heating devices should be present as appropriate and flight tested

(CNS: central nervous system; CSF: cerebrospinal fluid; ECG: electrocardiogram; GIT: gastrointestinal tract; ICD: ischemic cerebrovascular disease; 
ICP: intracranial pressure; NG: nasogastric; NIBP: implantable cardioverter-defibrillator)

Fig. 2: Depiction of how acceleration affects a patient’s body,  
lying head first in the direction of ambulance.

be any Central Motor Vehicle Rules (CMVR) approved 
category M or L vehicle suitable for the terrain to be used 
in but will not have the capability to transport patients in 
supine state or provide them medical care inside the vehicle.

	■ Type B road ambulance/patient transport (PT) vehicle 
road ambulance: Designed and equipped for the transport 
patients who are not expected to become emergency 
patients. 

	■ Type C road ambulance: Basic life support (BLS) 
ambulance: A vehicle ergonomically designed, suitably 
equipped and appropriately staffed for the transport 
and treatment of patients requiring noninvasive airway 
management/basic monitoring. 

	■ Type D road ambulance: Advanced life support (ALS) 
ambulance: A vehicle ergonomically designed, suitably 
equipped and appropriately staffed for the transport and 
treatment of emergency patients requiring invasive airway 
management/intensive monitoring. 
Before we go ahead, let us discuss some important aspects 

of an ambulance, viz., its structural specifications and discuss 
about the concept of national ambulance service. 

Ambulance Structure
The constitutional and functional requirements of road 
ambulances in our country are codified as the national 
ambulance code. The ambulance service providers should 
ensure that their ambulances meet this safety standard.30 
The transporting doctor should be aware of the structure 
and location of various equipment’s in the ambulance, he is 
transporting in. This orientation should ideally be a part of the 
induction process and should be done during the downtime. 
This situational awareness is important, as once strapped in 
the chair, the reach envelope of the doctor is quite curtailed, 
hence the equipment location in an ambulance should be 
known to all the staff.31 The limited reach envelopes during 
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Table 4: Properties of ground ambulance, helicopter, and fixed-wing aircraft.28,29

Ground ambulance Helicopter Fixed wing aircraft 

Space for team and 
equipment 

Sufficient (4–5 team 
members)

More limited (3–5 team members) Variable (≥4 team members)

Distance for reasonable 
transport 

Up to 400 km Up to 650 km Any distance

Noise Relatively little Very loud Loud

Weight limitations Unlimited Limited (impacted by distance and weather) Variable (as per aircraft and conditions)

Advantages Easy availability and 
convenient 

	• Rapid transit time over extremely long distances
	• Cabin size larger than helicopter’s

	• Rapid transit time
	• Ability to reach remote areas

Disadvantages Not ideal for long 
distances

	• Airport required bad weather may affect
	• Noise and vibration interference
	• Expensive

	• Unobstructed landing space required 
(field, helipad, etc.) with limitations of 
weather

	• Limited range because of fuel capacity
	• Limited cabin space
	• Noise and vibration interference
	• Expensive

Table 3: Considerations for deciding mode of transport while transporting a critically ill patient.*

Time and distance indicators24-27

Distance Distance to the closest appropriate facility is too great for safe and timely transport by ground ambulance.

Transport time Minimize out of hospital time 

Timely treatment 	• Specific life-saving treatment, available at specific center, not available at the referring facility (or scene)
	• Extracorporeal life support (ECLS), transplant 

Transport delays Use of ground or air transport (e.g., weather or weather-related obstacles, traffic congestion, construction, road obstacles, 
location of patient, and distance) 

Critical care The patient requires critical care support (e.g., monitoring, personnel, medication, and special equipment) during 
transport that is not available from the local ambulance service

Logistic factors

Inaccessible area Area inaccessible to regular ground traffic, impeding ambulance egress, or access to the scene because of environmental 
obstacles or conditions, weather-related events (e.g., floods and heavy snowfall), traffic congestion, wilderness rescue, or 
other geographic considerations

Local ground resources Emergency medical coverage, local hospitals-trained manpower

Situation Disaster situation 

*May vary as per patient condition, transport policy, resources available, treating doctors, and patients families decisions.

transport and equipment requiring frequent access are 
depicted in Figures 3A and B. 

National Ambulance Service
Thirty-five states/UTs have the facility where people can 
dial 108 or 102 telephone number for calling an ambulance. 
Dial 108 is predominantly an emergency response system, 
primarily designed to attend to patients of critical care, trauma 
and accident victims, etc. Dial 102 services essentially consist 
of basic PT aimed to cater the needs of pregnant women and 
children though other categories are also taking benefit and 
are not excluded. JSSK entitlements, e.g., free transfer from 
home to facility, interfacility transfer in case of referral, and 
drop back for mother and children are the key focus of 102 
service.32 

Now that we know, what ambulance to call, we will 
concentrate on what to do before the transport. It is well 
known that a well-planned transport is a safe transport. Hence, 

to adopt a structured, protocolized approach to transport of a 
critically sick child, the concept of checklist, have structured 
handovers, and the practice of using a structured transport 
bag, should be adopted. Let’s start with the checklist concept 
and pretransport stabilization. 

HOW TO TRANSPORT?
Pretransport Preparation
One should remember that transporting in an ambulance is 
delivery of critical care as one would in an emergency room 
or ICU, but in the middle of nowhere, moving at 80 km/h, 
while strapped in a chair with a seat belt. So, one needs to 
be prepared and anticipate adverse events, these can be 
minimized by following structured pretransport preparation. 
Checklists are an effective tool to improve care process and 
safety and reduce mortality and morbidity of patients. No 
matter how expert you, may be well-designed, checklist 
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can improve the outcome. They are useful at various stages 
of the interhospital transport process: prior to starting the 
transport, during the transport itself, and finally, after the 
transport is completed. The pretransport checklist may need 
to be modified as per the service provider, available resources, 
hospital policies, patient type and nature of emergency, 
among other considerations. Such a checklist predominantly 
focusses on communication, equipment, ambulance, staffing, 
drugs, and infection control measures. Let’s now examine 
each aspect of these checklists in detail. 

Communication Checklist
A doctor must undertake some important communication 
exercises, before a transport. These include the following: 

	■ Ensure the patient identifiers are confirmed, patient ID 
bracelet is confirmed and the patient allergies identified 
and communicated between the two hospitals. 

	■ Communication between the referring and receiving 
hospital: 

	• There should be a designated phone line for the 
transport calls and enquiries.

	• The staff at the point of communication should obtain 
vital statistics (name of the patient, age, diagnosis, 
referring physician’s name and telephone number, 
etc.), mobilize the appropriate transport team (based 
on standard protocols).

	• Ideally, the transport team should also check the 
logistics of the transport, including checking local 
weather conditions (this is particularly important 
during monsoon season as there is always a chance 
of road blocks and flooding).

	• The referring physician should coordinate directly with 
the transporting physician; this will improve the care 
of the child and will allow the receiving PICU to be 

Fig. 3A
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better prepared for the patient’s arrival. The receiving 
physician, must have the final authority to accept the 
transport call.29

	• The referring hospital should send the appropriate 
documentation which includes appropriate transfer 
letter, including the radiological and investigational 
data. The documentation should include time of 
starting, arrival, and transport times. It should have 
appropriate demographic details to facilitate admis
sion, and appropriate patient identifiers, to ensure 
that the right patient is transported to the right center. 
This communication is ongoing, and at any moment, 
if there is a new development, that may need academic 
input or further information to the receiving team, it 
needs to be done on an ongoing basis. For example, 

if the patient was not intubated when the journey 
started, and got intubated en route, it is better to call 
the receiving hospital ahead, so that they may arrange 
a ventilator for the patient.

	• To ensure ongoing communication, it is best to have 
mobile numbers of the receiving and referring con
sultants and the transporting team, to ensure they are 
on the same page with regards to patient condition.

	■ Communication with parents:
	• One parent should accompany the child. The receiving 

hospital may be informed of who will be accompanying 
alongside. 

	• The other parent should be updated on desti- 
nation hospital and timeframe, so they may reach 
independently.

Figs. 3A and B: (A) Reach envelopes for seat A and seat B, usually doctor sits in seat A, and staff nurse in seat B; (B) Schematic links between the 
paramedics and the equipment (schematic link analysis, each line represents 4 links up to a maximum of 40 links, dotted lines indicate important links 
that occurred less than four times). 
Source: Reproduced with permission from Ferreira J, Hignett S. Reviewing ambulance design for clinical efficiency and paramedic safety. Applied 
Ergonomics. 2005;36(1):97-10531

Fig. 3B
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Table 5: Driver-related checklist.

To be checked with driver 

Driver name 

Vehicle number

Driver fitness certificate

Lights (headlight/tail light)/siren working 

Tyres pressure/fuel adequacy assessed

Destination is known to the driver 

Any route obstructions/traffic jams 
anticipated en route

Weather: Any anticipated problems as rain 

Oxygen content adequate for journey 

Is liaising required for red corridor 

Communication equipment as contact 
numbers given to base team/referral/
referring hospital as needed

Fire extinguisher adequate/checked 

Biomedical waste disposal equipment 
adequate including spare PPE as needed

	• They should be debriefed on the risks anticipated 
during transport, including the anticipated scenarios, 
preparedness, and anticipated response by the 
medical team, e.g., if a patient with arrhythmia is being 
transported, with the defibrillator pads on the body, 
and there is a chance child might require defibrillation 
en route, it is better to talk through the steps with the 
relatives, before the transport, to avoid panic en route. 

	■ Communication between the team members: It is better to 
assign roles for emergency scenarios before embarking 
on a journey in an ambulance, with one’s team members. 
This is especially important in situations as cardiac arrest, 
as who will be look after the airway, drugs, and chest 
compression.

	■ Communication with the driver: Even before embarking 
on an Uber journey, one would inform the destination 
and identify the driver. Before entrusting one’s journey 
in hands of a driver, especially if he is stranger a quick 
debriefing might be helpful. A quick ambulance driver 
checklist might be helpful, but it is better checked in the 
downtime than during active retrieval (Table 5). 

Transport Bag 
There should be a dedicated transport bag, which should 
be available for intrahospital and interhospital transports. 
It should be sealed and in ready to use condition. It should 
be subject to checks as per standardized checklist, every 
time before resealing. It is preferable to have subsections in 
the bag or smaller bag in the bigger transport bag for each 
scenario as needed. This bag may have different composition 
as per hospital policy, ambulance type, patient condition, 
transporting doctor, available skill set/manpower resource 
among others. An example of the contents is mentioned below. 

A transport team should ideally have a dedicated checklist of 
all equipment’s, which is checked during downtime, so that 
it is ready to go, during emergency mobilization. 

	■ Airway bag: When transporting a ventilated patient or a 
patient with unstable airway, it is wiser to intubate prior 
to transport to ensure a safe transport. Due to the risk 
of accidental airway dislodgement due to the transport 
related factors, it is advisable that the doctor transporting 
such a patient should have a ready airway bag (grab bag), 
with him at all times, along with ambu and Bains circuit, so 
that in case of such an event, immediate bag and mask can 
be resumed, till definitive airway is established (Table 6). 

	■ Respiratory bag: The transport bag should have a 
dedicated respiratory bag section, which should include 
all the equipment required for the transport of a child 
with respiratory distress. This may vary depending upon 
the transporting team training and service competence. 
Some established pediatric critical care transport services 
as CATS, London can undertake transport of patients 
on inhaled nitric oxide, advanced ventilation (Fig. 4) 
illustrates some examples of transport ventilators, that are 
commonly used in India, and high flow heated humidified 
oxygen, each of these service additions require additional 
training, equipment preparation and stocking for en route 
transfer, pretransport checks, checklists, and monitoring 
concerns. A sample respiratory bag constitution is being 
given alongside (Table 7).

	■ Circulation bag: Every transport bag should have a 
dedicated bag with circulation-related equipment, which 
include equipment to monitor circulation (invasive/
noninvasive) and start lines (peripheral/central: as per 
transporting team training/competencies) (Table 8). 

	■ Additional equipment bag: While transporting additional 
equipment are needed, which should be bundled up in 
appropriate bags and included in the checklists (Box 1). 

Drug Bag
The drug list depends upon the type of patient being retrieved 
and kind of emergencies locally prevalent. For example, 
ambulances catering to area with high scorpion sting, might 
want to carry prazosin among other drugs. The following is a 
brief example of drugs, that maybe carried by the ambulance 
team. If a team is carrying narcotics and other controlled 
substances, then strict adherence to guidelines for their safe 
storage, prescription, and use are essential (Table 9).

Some medications including surfactant, selected 
neuromuscular blocking agents, fosphenytoin, lorazepam, 
and prostaglandin are best stored at cold temperature.29 
Always remember to keep the fridge drugs in the transport 
bag, when starting on a retrieval. Also remember to always 
periodically screen the drugs for date of expiry. If there are 
preloaded syringes, they should be appropriately labeled in 
terms of name, strength, and discarded as per manufacturer’s 
recommendations. 
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Table 6: Sample airway bag.

Equipment name Specifications Number Tick after checking 

Laryngoscope handles (ensure it is working, 
light is being turned on, compatible with blades)

Small 1

Large 1

Laryngoscope blades (check blades are 
compatible with each handle)

Miller 0,1 1 each 

Magill 1 1 each

Mac 1, 2, and 3 1 each

Batteries Appropriate size for the laryngoscope handles 4 unopened (checked)

Yankauer suction catheter Small, large 1 each

Dynaplast (preferably pre-cut to appropriate sizes) 2–3

Scissors 1

Uncuffed endotracheal tubes (ETTs) Size 2.5, 3.0, 3.5, 4.0, and 4.5 mm (at least 2 
each)

2 each 

Cuffed ETTs Size 3.0–8.0 (at least 2 each) 2 each 

10 mL syringe To inflate the cuff 2–3

Laryngeal mask airway Size 1.0, 1.5, and 2.0, 1 of each size

Guedel airway 0, 1, 2, 3 1 of each size

Facemasks 0, 1, 2, 3 1 of each size

Suction tubing Appropriate size 1 of each size

Bougie Adult and pediatric 1 of each size

Intubation stylet Appropriate size 2  of each size

Suction catheter Assortment of sizes (6, 8, 10) 2 of each size

Magill’s forceps Pediatric and infant (preferably) 1

Stethoscope Pediatric 1

Pen torch With batteries 1

Appropriate ambu with appropriate size masks Appropriate for age, with tubing’s to connect 
to the oxygen supply

1

ET cuff gauge manometer 1

Bains circuit Flow inflating bag, appropriate size and type to 
be chosen as per patient’s condition 

1

Fig. 4: Some examples of transport ventilators.
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Table 8: Sample circulation bag.

Equipment name Specifications
Tick after 
checking 

Equipment to start peripheral venous access 
	• Alcohol swabs
	• Syringes
	• Intracath (age appropriate: 16–26 G)
	• Tape/IV plaster to fix the intracath, with 

splints as age/location appropriate
	• IV flush to check for patency
	• With additional connectors as 3-way 

tap, octopus

Age 
appropriate 
and as 
needed

	• IV fluids
	• Crystalloids and colloids

Glucometer 

Thermometer

Central line/arterial line kit 

	• Infusion pumps
	• Should be precharged during downtime 
	• With adequate battery back up

Monitoring equipment 
	• ECG, oximetry, noninvasive blood 

pressure (NIBP), temperature, capno
graphy, and point of care blood gas 
monitoring systems (as iSTAT)

	• For monitoring ECG: ECG dots, leads are 
needed

	• For NIBP: Age appropriate BP cuffs are 
needed, when invasive BP is being used, 
ensuring prechecks, line securement, 
zeroing, and positioning need to be 
checked

	• Invasive channels (preferably 2) for CVP 
and invasive BP on Monitor

	• Equipment for urinary catheterization 
including Foley Catheter 6, 8, 10 × 1 each

	• Urobags, tapes for fixing as needed, 
syringe, NS for inflating, sterile gloves, 
sterile gauze to clean, with antiseptic as 
per policy

Equipment for inserting NG tube, with 
appropriate size NG and infant feeding 
tubes, bile bags, syringes with check, and 
stethoscope. Ideally, pH strops should be 
there to check position as well

Monitoring equipment including NIBP 
cable/neonatal NIBP cable/BP cuffs (infant/
pediatric/adult)/ECG cable/ECG dots/
temperature probes

Alternate equipment to start lines as 
IO needles, e.g., EZ IO system with age 
appropriate needle

Specialized team may carry central line 
set and arterial line set, with portable 
ultrasound, with disposable sheets

Table 7: Sample respiratory bag constitution.

Equipment name Specifications Number
Tick after 
checking 

Ayre’s T piece 0.5 L, 2 L 1 each 
Oxygen tubing 2 
Ambu bag Pediatric, adult 

With reservoir 
and tubings with 
appropriate mask 
(pediatric, infant, and 
adult) 

1 each 

Oxygen mask Adult, pediatric 1 each 
Nebulization 
mask and circuit

Adult and pediatric 1 each 

Nasal Prongs Adult, pediatric, and 
infant

1 each 

Stethoscope 1
Self-inflating bag 
with a reservoir

Adult (1,500 mL), 
pediatric (500 mL)

1 each

Intercostal chest 
drains 

16–24 French 1 each 

ICD insertion set 1
Chest drainage 
Underwater seal 
collection device 

For emergency 
needle thoracostomy 

1

Non rebreathing 
mask 

Adult, pediatric 1 each 

If ventilator is being used
Ventilator circuit Pediatric, adult As per 

patient 
condition 
and age 

Saturation probes Neonatal, infant, and 
pediatric

ETCO2 probes Depending upon the 
compatibility with 
monitor and circuit

Bacterial filter Adult, pediatric
Heat moisture 
exchangers

Adult, pediatric

(ETCO2: end-tidal carbon dioxide; ICD: ischemic cerebrovascular disease)

Apart from the above, the staff nurse transporting should 
have an emergency drug bag which should be on her person, 
just like doctor should have a dedicated airway bag. This 
emergency drug bag should have prelabeled prechecked 
syringes as per patient’s condition, e.g., resuscitation drugs 
and sedation drugs. One must ensure the adequate labeling 
and complete closed loop communication during transport 
to avoid transport related adverse events. 

Other Checklists 
After preparing the transport bag, one should also run over 
the other checklists, to ensure readiness for transport, these 
include, document, ambulance, staffing, and infection control 
checklists. 

Document checklist: The other important checklists include 
a document checklist, imagine having travelled 500 km to 
transport a child, and having forgotten the patient documents, 
viz., radiological and clinical papers, which cannot be faxed, 

and having to make a trip again only for that. It is better to have 
a ready checklist that ensures that all paperwork is in place, 
before undertaking such a long duration transfer (Box 2) 
may help in that regard. This also includes many important 
algorithms and protocols, which can be great ready reckoners 
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for new recruits when faced with sick patients and decrease 
adverse events. 

Ambulance checklist: This checklist may be done alongside 
driver checks (Table 5) and should be done during downtime, 
to ensure a ready, preprepared ambulance for any emergency. 

	■ Adequate oxygen and medical air available
	■ Familiarity with ambulance equipment (ventilator, 

infusion pumps, and defibrillator).
	■ Ambulance crew aware of destination, GPS available if 

required.
	■ Safety briefing (severe weather, team fatigue, team 

familiarity, and role allocation for nonclinical emergencies 
such as ambulance crash or fire).

	■ Ensure restraints on the patient, seat belt use by the staff 
members prior to undertaking the transport. 

	■ Ensure staffing has had adequate food and hydration prior 
to shift, and a quick snack for long transfers. 

	■ Ensure the staff as enough rest between shifts prior to 
the shift.

	■ Ensure the staff has used the toilets especially before long 
ambulance drives. 
The staffing checklist should include ensuring readiness 

includes ensuring staffing with adequate competencies. This 
is especially required for personnel undertaking specialized 
transports as rotor wing transport, ECMO transport, etc. where 
familiarity with process, protocols and equipment is essential. 

Additional checklists, which have assumed special 
importance during COVID times is the infection control 
checklist. One needs to ensure adequate isolation precaution 
specific PPE, equipment, and disposal availability prior to 
transport (Box 3). One needs to clean the ambulance post-
transport after undertaking such transport as well. 

Box 3: Infection control checklist.

	• Triage of patient based on referral information for infection control 
precautions (contact, droplet, or airborne)

	• Access to personal protective equipment (PPE)
	– Contact: Gloves, plastic apron
	– Droplet: Gloves, plastic apron, and surgical face mask
	– Airborne: Gloves, full length gown, FFP2/3 mask, and visor/goggles

	• Personal protective equipment (gloves, plastic apron, gown, visor/
goggles, and FFP2/3 mask)

	• Adequate garbage bags to dispose as needed

Box 1: Additional equipment bag.

	• Oxygen key
	• ID/allergy bracelets as per policy 
	• Syringes and needles all sizes, 50 mL, 20 mL, 10 mL, 5 mL, 2 mL, 1 mL, 

and needles of appropriate sizes
	• IV sets
	• Replogle tube
	• Disposable slide sheet 
	• Nonsterile gloves
	• Gloves
	• Biomedical waste bags
	• Adjustable neck collar
	• Spine board
	• Restraints (splint/sling for immobilization as needed)
	• Gauze
	• Tourniquet

Table 9: Drug bag.29

Type of medications Examples

Antiarrhythmics Adenosine, amiodarone, lidocaine, 
procainamide, and magnesium sulfate

Antiepileptics Lorazepam, fosphenytoin, phenobarbital, 
diazepam, and midazolam 

Antimicrobials Ampicillin, gentamicin, ceftriaxone, and 
acyclovir

Anaphylaxis therapy Racemic epinephrine, diphenhydramine, 
cimetidine, and glucagon

Bronchodilators/
asthma therapy

	• Levolin, ipratropium, terbutaline, 
methylprednisolone, aminophylline, and 
hydrocortisone

	• Asthalin respirator solution (5 mg/mL: 15 mL)
	• Ipravent (250 microgram/mL: 15 mL)
	• Budecort respules (0.5 mg)

Narcotic analgesics Fentanyl, morphine, and ketamine 

Neuromuscular 
blocking agents

Rocuronium, succinylcholine, and 
pancuronium

Resuscitation 
medications

Epinephrine, atropine, and calcium gluconate

Reversal agents Flumazenil, naloxone, some centers 
recommend sugammadex as well. 

Infusion medications Dopamine, dobutamine, epinephrine, 
lidocaine, prostaglandin E1, noradrenaline, 
and milrinone 

Intravenous fluids Terbutaline, 0.9% saline, lactated ringers, 
albumin 5%, dextrose 10%, dextrose 25%, 
and isolyte P

Antihypertensive Hydralazine 

Electrolytes Calcium gluconate (10%), sodium 
bicarbonate, and potassium chloride

Sedative/Hypnotics Midazolam, thiopental, and ketamine

Miscellaneous Acetaminophen, activated charcoal, dextrose, 
furosemide, heparin, hydrocortisone, mannitol, 
sodium bicarbonate, surfactant, furosemide, 
xylocard (2%), and water for injection 

Fridge medications Fridge medications as insulin, IVF NS 500 mL 
(cold saline), tetanus toxoid, etc.

With syringes, 
needles, bungs, and 
saline flushes

Box 2: Documents checklist.

	• Difficult airway algorithm
	• Nomograms—blood pressure (BP), body surface area (BSA)
	• Ambulance equipment checklist
	• Pediatric transport bag content checklist
	• Transport ventilator quick reference guide including trouble 

shooting
	• Critical care record of transfer
	• Nursing charts—observations
	• Infusion prescriptions
	• Transfer handover notes—medical and nursing
	• Ambulance breakdown plan and checklist
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WHEN TO TRANSPORT?
Now that we have discussed about how to transport and 
pretransport preparedness by the means of preparing a 
dedicated transport bag and validated checklists, we need 
to discuss how the transporting doctor needs to stabilize the 
patient prior as much as possible prior to undertaking any 
transfer. 

Pretransport Stabilization 
The interventions while traveling in the ambulance or aircraft 
can be technically difficult and associated with a higher risk of 
complications, stabilization is best performed at the referring 
hospital before transport.33 There are two types of transport 
policies that can be followed for pretransport stabilization, 
and depends on the kind of patient being transported:24 

1.	 “Stand and play” means transporting the patient only 
after stabilizing. This is the policy that is followed most, 
especially during long transport. Suppose an intensivist 
is called to receive a patient of septic shock from a PHC, 
he might want to start a central line, intubate as needed, 
start vasopressors, before starting on the ambulance ride, 
in order to have a relatively stable child during transport, 
this can be classified as a stand and play policy, whereby, 
the clinician is stabilizing as much as he can before the 
transport. 

2.	 “Scoop and run” means transporting the patient without 
wasting much time at the scene. This policy is followed 
in trauma and bleeding situations or where facilities 
for stabilization are limited/are not available. Even in 
these situations, stabilization of the airway and fluid 
resuscitation, if possible, should be done. Suppose, an 
intensivist is called to retrieve an ongoing intracranial 
bleed. He would still want to stabilize as much as he 
can, as intubation, fluid resuscitation as needed, but it is 
imperative that this patient is transported to the dedicated 
neurosurgical center, so that definitive management can 
be done. In this situation, a scoop and run policy might 
be more appropriate.

	 Now lets us discuss some important considerations, 
with regards to transportation of a child with specific system 
involvement. 

Considerations in Intrahospital Transport of  
a Child with Respiratory Involvement 
The following are some of the issues to be addressed prior 
to undertaking the transport of a child with respiratory 
involvement. 

	■ Ensure endotracheal tube (ETT) tip position satisfactory; 
even slightly high position may not be acceptable for 
transport. Preferable to get an airway secure and confirm 
position by means of a chest X-ray before transport. 

	■ Ensure ETT tapes are dry; change if wet. Consider using 
Melbourne strapping method.34 

	■ Do good ET suction and oral suction just before shifting. 
	■ Inflate cuff, check cuff pressure by cuff gauge manometer 

if available. 

	■ A chest radiograph should ideally be obtained before the 
transport team’s departure, to verify position of ETT and 
ruling out pneumothoraces. A nasogastric tube for gastric 
decompression should be placed.29

	■ Optimize oxygen therapy, as mentioned in (Box 4). 

	■ Ensure ventilation adequate, if using a transport ventilator, 
may consider, doing a gas on the transport ventilator, to 
ensure that there is adequate ventilation and oxygenation. 
Ensure good chest rise and stable vitals while bagging 
before shifting.

	■ Use adequate heat moisture exchanger/bacterial filter as 
age appropriate for ventilated patients.

	■ Preferably use waveform capnography for ventilated 
patients. 

	■ Ensure ambulance/transport bag has advanced airway 
equipment as per difficult airway algorithm as laryngeal 
mask airway (LMA) or I-gel stylets, and bougie. For 
advanced transport teams, having a video laryngoscope 
as Airtraq might be helpful. 

	■ Ensure the oxygen saturation (SpO
2
) and end-tidal carbon 

dioxide (ETCO
2
) alarms are adequately set, and the alarm 

volume is kept at the highest setting for the duration 
of transport, as it can get very loud during ambulance 
transport. 

Ventilator specific: 

	■ When using ventilators, ensure daily, pretransport checks 
are done in the ventilators, to ensure circuit checks etc. are 
completed, so that transport ventilators are in ready to use 
condition. This should be done in downtime. 

	■ Ensure adequate age-specific ventilator is available, with 
age-appropriate settings. 

	■ Ensure age-appropriate tubings are connected for the 
transfer. 

	■ Adjust alarm settings as per patient, and increase the 
volume to the highest setting. 

	■ Check appropriate mode, high pressure, and leak/dis
connection alarms. Ensure all sensors (flow/oxygen/CO

2
 

is calibrated). 

	■ Ensure monitoring of the serial ventilatory parameters is 
being done for the duration of transport. 

Box 4: Equations to calculate oxygen.

Time (remaining) (hours)36 =	 Pressure (remaining) × Volume (initial)
		  Pressure (initial) × Flow rate (L/min) × 60 
The amount of time that a tank will supply oxygen can be determined 
using the following formula:
	 Minutes of oxygen flow = Cylinder pressure × Cylinder factor/Flow 

of oxygen (L/min)
	 Cylinder factor of a size D, E, and H tank is 0.16, 0.28, and 3.14, 

respectively29,37
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	■ If the transport service uses specialized equipment as 
high flow nasal oxygen therapy ensure, enough oxygen is 
calculated prior to undertaking such a high oxygen load 
transfer.

	■ If the transport service is undertaking retrievals with 
inhaled nitric oxide, ensure adequate peruse checks are 
done, also ensure adequate gas supply, alarm limits (high/
low iNO/NO

2
, etc.) 

	■ Carry an airway bag, should be handy with the doctor, who 
is transporting and should be different from the dedicate 
airway bag, in the dedicated generic pediatric transport 
bag. This ensures early airway maintenance and adequacy 
in the times of accidental tube dislodgement. This usually 
includes appropriate ET tube (at least appropriate size, 1 
size bigger and smaller), laryngoscope handles (checked 
with batteries), laryngoscope blades (age appropriate)
(straight/curved), LMA, dynaplast/micropore, stylet/
bougie, Guedels’s oral airway, scissors, suction catheter, 
batteries as needed suction tube with connector, torch, 
stethoscope, and oxygen mask. Additionally, two modes of 
ventilation, viz., ambu bag (flow independent) and Ayre’s 
T piece (flow dependent), with connected tubing’s, and 
mask, should be there, at the head end of the patient, to 
ensure in the case of accidental tube dislodgement, it can 
be secured in a timely manner (Fig. 5).

Oxygen: A number of reports have described the morbidity 
associated with having an inadequate number of cylinders 
during transport.35 There are certain nomograms which 
exist to help calculate the number of cylinders required, 
cylinder size, volume of oxygen, flow rate, and time left.35 Few 
equations are given in (Table 10), but will depend on the local 
availability of cylinders, cylinder type being used. A dedicated 
oxygen committee in every hospital should be made, to 
help for formulating institution policy and instructing 
doctors, on rational usage of oxygen, oxygen delivery device 
appropriateness, training for amount of oxygen required, and 

ensuring adequate stock is maintained with the hospital or 
ambulance service. 

Considerations in Intrahospital Transport 
of a Child with Cardiovascular Instability 
The following considerations are helpful while transporting 
a child with cardiovascular instability:

	■ Ensure IV-line patency, at least two wide bore IV accesses 
should be secured. 

	■ Ensure adequate monitoring for electrocardiogram (ECG), 
blood pressure (BP) is in place. 

	■ Ensure heart rate alarm limits are set. Ensure BP alarm 
limits are set, and BP is autoinflate mode, with set cycle 
of inflation/deflation as per clinical condition. 

	■ Ensure alarms are set, and the volume of alarms is 
at highest, so that they are easily audible above the 
ambulance siren/vehicular noise. 

	■ Ensure monitoring targets for vital parameters as heart 
rate, respiratory rate, BP (SBP/MAP), urine output, and 
sedation/paralysis scale are predecided, prior to transport, 
between the team members, so in case of any deviation; it 
is caught early and rectified as needed. 

	■ Ensure fluid boluses are taken as needed. Drugs bag 
(fluids, sedation, and resuscitation)

	■ Ensure inotropes/vasopressors are preloaded as needed. 
	■ Ensure emergency drugs as adrenaline are taken 

alongside.
	■ Ensure staff nurse has adequately packed emergency 

drug bag, with each syringe, prelabeled, with drug name, 
dilution boldly mentioned, to avoid TRAE. Drugs as 
adrenaline, atropine may be kept as needed. Intubation 
drugs for situations as accidental tube dislodgement as 
midazolam, ketamine, paralytics may be kept as needed. 
Vasopressor infusions maybe made ready for starting in 
emergency as per patient condition. Additional drugs may 
be needed on a case-to-case basis, as retrieval of IEM as 
hyperammonemia. 

	■ Ensure enough syringe pumps are taken, ensure enough 
battery backup in each syringe pump. Infusion pumps 
charged and loaded. Ensure occlusion alarms are set, to 
check for occlusion and secondary extravasation en route. 

	■ Monitor should be fully charged, connected, and checked.
	■ Ensure prior to loading on the stretcher and then into the 

ambulance, the invasive catheters tucked and secured 
(chest drains and Foley’s).

	■ Consider stopping feeds for an adequate duration, as per 
patient condition, especially for patients with unstable 
airway prior to transport. 

	■ Ensure equipment for staring additional lines en route is 
present as intracath/veinflo, IO needle. 

	■ Ensure automated external defibrillator, with pads and 
paddles are available, in case an arrhythmia child is 
anticipated to require a shock en route, consider putting 
the pads before the transfer. 

Fig. 5: An example of grab bag, with all airway equipment handy with 
doctor transporting intubated patients. It should have ideally at least 3 ET 
tubes (appropriate size, 1 size and bigger and smaller).
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