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Outline 

Ø  Regionalisation of Perinatal medicine 
Ø  Responsibility for the transport 
Ø  Ground versus air transport 
Ø  Flight physiology 
Ø  Ventilation and monitoring  during transport 
Ø  The „ really difficult“ transport 
       ( ELBW, Hypothermia, iNO, ECMO ) 

Ø   Local transport data 
 
 



REGIONALISATION  
OF HIGH RISK PERINATAL HEALTH 

Ø  Intensive care left to local initiatives 
Ø  Risk – stratification 
 
Ø  Flexible organisation  
Ø  Establishing clinical networks 
Ø  Neonatal transport team 
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REGIONALISATION  
OF HIGH RISK PERINATAL HEALTH 

Ø  Intensive care left to local initiatives 
Ø  Risk – stratification 
 
Ø  Neonatal transport team 
Ø  Establishing clinical networks 
Ø  Flexible organisation  



Neonatal transport 

Ø  Key component of neonatal- perinatal 
care 

Ø  High risk service 
     - type of patient (vital function,emergency) 
     - changing environment 
     - different equipment 
     - high workload / stressors 

    - medico-legal issues  



Priorities  
for a modern neonatal transport 

Ø  Early detection of the „high-risk fetus“  
Ø  Maternal referral (STAM) 
Ø  Regional guidelines on stabilisation (2015) 

Ø  Standard operation procedures 
Ø  Sharing practice/ collaborative working 

practice 
             

             Cornette, L. "Contemporary neonatal transport: problems and solutions."      

            Archives of Disease in Childhood-Fetal and Neonatal Edition 89.3 (2004): F212-F214. 



Neonatal transport 

Ø  Responsibility of the referring team  
    ( reanimation &Stabilization; SOP‘s ; direct comunication )    

Ø  Responsibility for the transfer center 
 (       118,composition, mode,time frame, comunication during 

transport…..)  

Ø  Minimum requirement for the transport team 
       ( skillness, training, simulation.. ) 

Ø  Morbidity and mortality (?!!) 
 

 



Procedural skills 

Ø  Equipment orientation and troubleshooting 
Ø  Airway management 
Ø  Ventilator management 
Ø  Chest drain insertion 
Ø  Central lines and arterial access 
Ø  Stress management 
Ø  Audits/open transport meetings 



Neonatal medicine/Practical skills 

Ø Principles of transport medicine 
Ø Hospital vs. Transport environment 
Ø Pathophysiology of diseases 
Ø  Transport physiology 
Ø Aeromedical physiology 
Ø Vehicle safety ( education, training… ) 
 



Successful Transport team 

 
ü  Flexibility, independency 
ü  Critical thinking 
ü  Timely judgement 
ü  Problem solving skills 
ü  Interpersonal & comunication skills 
ü  Documentation 
ü  Approriate team resource management 
ü  Recording of adverse event 



Transport and adverse events 

 346 neonatal transports 
 
Ø 36% adverse events: 
     - 67% due to human errors 
     - 12% equipment failure 
     - 9% to ambulance problems 

!! Comunication failures (handover) 
 

                                            Lim Mt, Pediatr Crit care Med 2008;9(3):289-93 



 Linee generali : organizzazione interospedaliera,  
  team dedicato, mezzi ,materiale necessario, formazione, 
  corsi di simulazione avanzata       





“STAY & PLAY” vs “SCOOP & RUN” 

 à  NO „PLAY ON THE WAY“ 



Stabilization time  

•  Influenced by: 
    - patient related factors 
      - transport related factors 
  
   ! Indicator of team efficiency 
     Longer time needed for Heli - transport 
 
 
                                                                                                   EL Borrows, Pediatr Crit Care Med 
2010 





The choice of transport mode depends on: 

•  Indication 
•  Emergency 
•  Availability   
•  Location 
•  Weather 
•  Traffic 
•  Human and tecnical resources 



When Humans „fly high“ 

 

Logistics 

Aeromedical Physiology (altitude) 

Airborn environment  

Safety 

  



More difficulties…technical…. 
Air versus Ground 

Ø  Operational decision ( 118 ) 

Ø  Dictated by distance, geography and weather 
Ø  No consensus on costs vs benefits 









 
l  European aviation safety agency ( EASA) 
l  European committee for standardisation      

(CEN) 
l  Health and safety executive       



 HELICOPTER  

l  LIMITED USE 
l   LANDING PROBLEMS 
l  MANY LOADING AND UNLOADING EVENTS 
  





BOYLE’s Law :  



  

  

BOYLE’ LAW  
  

Altitudine (m) Fattore di espansione dei 
gas 

Livello del mare X 1 

3000  X 1.5 

5500 X 2 

8300 X 3 

10200 X 4 

11700 X 5 



DALTONS’LAW 
 

Pt = P1+P2+P3….Pn 
 
↓ PB  →   ↓  PARTIAL PRESSURE OF  ANY GAS 
 
↓ PB  →   ↓  PARTIAL PRESSURE OF OXYGEN 
 
  
 
  
  
    
                           
 
 





DALTONS’LAW 
                                                                                        

FiO2 =(FiO2 x BP1)  
                 BP2 
   ex.: transport from  600 to1800 m  with 

initial FiO2 of  0.30 
   0.30 x 706: 609 = 0.35  
  
 



Stressors of flight 

l  Barometric pressure 
l  Hypoxia 
l  Motion 
l  Noise,Vibrations 
l  Thermal changes 
l  Decreased humidity 
l  Dehydration 
l  Gravitational forces fatigue 
l  Exposure to fuel vapors 







 
3 major factors: 
    rate of ascent ( or descent) 
    the altitude achieved 
    the lenght of stay at that altitude 

Additional physiologic stresses 



Self imposed stress !! 
 
„If a scientist were to create a stressful 
enviroment,it might look like our jobs“ 
                        Stress, burnout…Air Med J 2003;22:18 - 22 



Challenging: 

 
 
        Ventilation during transport 



•  Ventilation strategies (NICU à transport) 

•  Transport environment 

    Certification for helicopter   (Norma EN 1789-2007; EN ISO10993-1-20ß9) 

 

   

VENTILATION DURING TRANSPORT 



•  Hybrid between traditional NICU & transport ventilator 

•  Advanced ventilation features (AC / SIMV / PSV / HFOV / 

NIV / CPAP) 

•  Combination mode (VG) 

•  Advanced graphical features, waveforms, 

    loops, numeric data…  

 

IDEAL NEONATAL VENTILATOR  
FOR TRANSPORT 



 Monitoring during transport 



•  Clinical assessment almost impossible 

•  Assessment of chest rise limited 

•  Limited space 

•  Poor light 

•  Certification for helicopter !! 

 

         Increased vibration 

         Electromechanical interference 
                                                                                         O‘Reilly M,Emergency Medicine 2012 

 MONITORING DURING AIR-TRANSPORT 



 

•  Monitoring of 

à HR, SpO2, ETCO2, (tcpaCO2 & tcpaO2) 

hyperventilation 

•  Graphical waveforms / numerical values of 

à PIP / PEEP / RR / IT / TV / MV / LEAK 

•  Flow and volume, compliance, resistance… 

                                                        G.M.Schmölzer,Arch Dis Child-Fetal and Neonatal Ed 2010 

 MONITORING under Transport Conditions 



 

•  Minimal signal artefacts of pulse oxymeter 

•  HR by pulse oximeter as accurate as HR by 3-lead ECG 

•  Noninvasive BP measurement inaccurate (affected by 

vibration/motion) 
                                                                 

 

                                                                     Schmölzer GM,Critical Care Researche and Practice 2013 

 MONITORING DURING AIR TRANSPORT 
TROUBLE ?? 



Colorimetric CO2 detector pre- transport 

  
- Start using the colorimetric CO2 detector 
- Verification of tube placement 
- Tell you about:  ventilation 
                            pulmonary blood flow 
 
 ! No detection of hypercarbia 



•  Noninvasive CO2 Monitoring important tool during transport 

•  No correlation between ETCO2 & arterial CO2 

•  tcpaCO2 several limitations 

•  Arterial Blood Gas Analysis not feasible (?) 

                                                                     D.G. Tingay, Arch Dis Child-Fetal and Neonatal Ed 2005 

                                                                    D.G. Tingay, Arch Dis Child-Fetal and Neonatal Ed 2005 

  

CO2 MONITORING 



RESPIRATORY GAS CONDITIONING & 
HUMIDIFICATION 



•  Medical grade gases no water content 

•  Inadequate humidification à progressive 

airway dysfunction 

•  Optimal temperature & humidity paramount 

•  Heated humidifiers (Neo-Pod „T“) 

RESPIRATORY GAS CONDITIONING & 
HUMIDIFICATION 





Respiratory complications  (PNX / ET / CPR en route) 

Ventilation adjustments   

Volume infusion 

 

NO differences 
 
                                                                                 
                                                                                                            Hon KL. Pediatr EmergCare 2006 

AIR vs GROUND TRANSPORTATION of 
ARTIFICIALLY VENTILATED NEONATES 







SAFETY of transport 

l Limited transport safety data 
l 1 crash/collision for every 1000 

transports 
l  injury or death: 0.54/1000 transports   
     (King and Woodward, Prehosp Emerg Care 2002;62) 
     

 
 



Key to successful transport 

 
l Properly assessing the infant 
l Preventing stressors 
l Properly intervening 
l Knowing physiologic changes 



Transport of ELBW 

The „really difficult“ neonatal transport: 



Mortality and handicap  

(50.632 deliveries): 

 

Maternal transport group: 23,2% vs 15,2%  

Neonatal transport group: 44% vs 25%   



Transport of VLBW infants 
Impact on the physiologic status 

 
TRIPS score (temperature, blood pressure, respiratory status,                    
response to noxious stimuli) 

Ø  Indirect measure of the physiologic stability 
Ø Correlated to mortality and morbidity 











Therapeutic hypothermia during 
transport 

The „really difficult“ neonatal transport: 





Transport with iNO 

The „really difficult“ neonatal transport: 



•  iNO improves oxygenation 

 

•  iNO delivery vital 

•  Limited safety data 

•  No untoward events 

  

                                                                              

TRANSPORT with iNO… 



Requirements for the use of iNO 

Ø  Who on the transport? 
Ø  Approval by the carrier 
Ø  Proper storage 
Ø  Awareness of the crew 



ECMO during transport 

The „really difficult“ neonatal transport: 



Interhospital transport on ECMO 

  
Ø  highly complex  
Ø  efficient and safe 
Ø mobile ECMO team (technology, communication…) 





 
Transport with a pneumothorax. 
diaphragmatic hernia, surgical 

problems ……. 

The „really difficult“ neonatal transport: 
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Conclusions  
The neonatal transport 

  
 

Ø Scientific information?? 

Ø Evidence ?? and clinical expertice !! 

Ø Advanced Training (resuscitation, stabilisation ,simulatuion.) 

Ø Data collection and analysis 

Ø Audit and research, benchmarking 

Ø Telemedicine for triage 



 
 
  
 
 
 
 
 
 
 
 

 
 
                                                    




