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Objec.ves	
  

•  HFNC	
  Theory	
  
•  Indica;ons	
  
•  Complica;ons	
  
•  Evidence	
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The	
  Respiratory	
  System	
  





RSV	
  Bronchioli.s	
  	
  
Chest	
  Radiograph	
  

ARDS	
  
Chest	
  CT	
  



RSV	
  Bronchioli.s-­‐	
  Chest	
  Radiograph	
  



West	
  Zones	
  of	
  the	
  Lung	
  

9/9/14 9 



Oxygen	
  Flow	
  Rate	
  (L/min)	
   FiO2	
  

0	
   .21	
  

1	
   .24	
  

2	
   .28	
  

3	
   .32	
  

4	
   .36	
  

5	
   .40	
  

6	
   .44	
  

Oxygen	
  Delivery	
  via	
  Simple	
  Nasal	
  Cannula	
  







Bubble	
  Humidifier	
  

•  Humidifies	
  dry	
  medical	
  gases	
  
•  Simple	
  
•  Cheap	
  
•  Inadequate	
  for	
  flows	
  >5	
  LPM	
  



High	
  Flow	
  System	
  



Basic	
  HFNC	
  Setup	
  



Open System 
Delivery 

High Flow 
Rates 

Exceed Inspiratory Demand Meet	
  Inspiratory	
  Demand	
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Optimal 
Humidity & 

Temperature 

Cri.cal	
  Features	
  of	
  a	
  High	
  Flow	
  System	
  



Open	
  System	
  Delivery	
  
Occludes	
  less	
  than	
  50%	
  of	
  the	
  nares	
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Op.mal	
  Humidity	
  &	
  Temperature	
  	
  



Op.mal	
  Humidity	
  &	
  Temperature	
  	
  



Op.mal	
  Humidity	
  &	
  Temperature	
  	
  



Op.mal	
  Humidity	
  &	
  Temperature	
  	
  
Crea;ng	
  Medical-­‐Grade-­‐Vapor™	
  	
  

•  Medical-­‐Grade-­‐Vapor	
  	
  
•  No	
  water	
  droplets	
  	
  
•  Less	
  condensa;on	
  	
  

•  Allows	
  high	
  flow	
  rates	
  to	
  be	
  
comfortable	
  	
  



Delivering	
  Highly	
  Condi.oned	
  Gas	
  

Cross-section of tubing 

Warm 
water 
flow 
 

Warm 
water 
return 
 

Breathing 
Gas 

Warm	
  Water	
  Jacket	
  Insula;on	
  	
  

•  No	
  rain	
  out	
  in	
  delivery	
  tube	
  
•  Maintain	
  temperature	
  &	
  
humidity	
  all	
  the	
  way	
  to	
  the	
  
pa;ent	
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Delivering	
  High	
  Flow	
  Therapy	
  

•  Opera;onal	
  Flow	
  Range	
  	
  

•  1	
  to	
  8	
  L/min	
  (Low	
  Flow	
  Cartridge)	
  	
  

•  5	
  to	
  40	
  L/min	
  (High	
  Flow	
  Cartridge)	
  

•  Frac;on	
  of	
  Inspired	
  Oxygen	
  (FiO2)	
  

•  0.21	
  to	
  1.0	
  

•  Temperature	
  

•  33	
  to	
  43°C	
  



Delivering	
  High	
  Flow	
  Therapy	
  

•  Opera;onal	
  Flow	
  Range	
  	
  

•  2	
  to	
  50	
  L/min	
  	
  

•  Frac;on	
  of	
  Inspired	
  Oxygen	
  (FiO2)	
  

•  0.21	
  to	
  1.0	
  



Delivering	
  High	
  Flow	
  Therapy	
  

Age Weight	
   Cannula Clinical	
  Flow	
  
Range 

(L/min) 
Typical	
  

Starting	
  Flow	
  	
  
(L/min) 

0	
  to	
  30	
  days <4	
  kg Neonate 2-­‐8 4-­‐5 
1	
  mo	
  to	
  1	
  yr 4-­‐10	
  kg Infant 2-­‐14 5-­‐8 
1	
  to	
  6	
  yrs 10-­‐20	
  kg Pediatric	
  Small 2-­‐16 5-­‐10 
6	
  to	
  12	
  yrs 20-­‐40	
  kg Pediatric	
   4-­‐20 10-­‐14 
>	
  12	
  yrs >	
  40	
  kg Pediatric	
  Large	
  /Adult 4-­‐30 12-­‐16 











Pleural	
  Pressure	
  at	
  end-­‐exhala;on	
  

5.8	
  

4.5	
   4.8	
   5.5	
   5.4	
  

Rubin	
  S,	
  Ghuman	
  A,	
  Deakers	
  T,	
  Khemani	
  R,	
  Ross	
  P,	
  Newth	
  CJ.	
  Pediatr	
  Crit	
  Care	
  Med.	
  2014	
  Jan;15(1):1-­‐6	
  



Gas	
  Dynamics	
  Modeling	
  during	
  HFNT	
  



Spontaneous	
  Breathing	
  

During	
  	
  inspira;on,	
  fresh	
  inspired	
  
gas	
  mixes	
  with	
  CO2-­‐rich	
  expired	
  gas	
  
pooled	
  in	
  the	
  anatomical	
  dead	
  
space.	
  	
  	
  



High	
  Flow	
  Therapy	
  Mechanisms	
  	
  

HFNT	
  purges	
  the	
  anatomical	
  dead	
  
space	
  of	
  pooled	
  exhaled	
  CO2	
  so	
  that	
  
the	
  subsequent	
  breath	
  contains	
  
more	
  fresh	
  gas	
  and	
  less	
  end-­‐
expiratory	
  gas	
  



Op;mally	
  heated	
  and	
  
humidified	
  gas	
  helps	
  restore	
  
cilia	
  to	
  its	
  natural	
  state,	
  
allowing	
  for	
  secre;on	
  
clearance	
  

The	
  Importance	
  of	
  Op.mal	
  
Humidifica.on	
  



•  Flow	
  rates	
  to	
  exceed	
  the	
  pa;ent's	
  
inspiratory	
  demand	
  

•  Decreased	
  inspiratory	
  resistance	
  
•  Flushes	
  out	
  CO2	
  from	
  dead	
  space	
  
•  Internal	
  reservoir	
  of	
  desired	
  FiO2	
  

•  Allows	
  pa;ent	
  to	
  breathe	
  through	
  
own	
  airway	
  instead	
  of	
  from	
  
external	
  source	
  (e.g.,	
  mask)	
  

•  Decreases	
  work	
  of	
  breathing	
  
•  Decreases	
  energy	
  expenditure	
  

	
  	
  

	
  	
  
	
  	
  

	
  	
  

	
  	
  	
  

Effects	
  of	
  High	
  Flow	
  Nasal	
  Cannula	
  Therapy	
  



Poten.al	
  Clinical	
  Impact	
  

	
  
• Reduce	
  work	
  of	
  breathing	
  with	
  dead	
  space	
  flush	
  
• Precise	
  FiO2	
  delivery	
  
• Manage	
  secre;ons	
  to	
  permit	
  lower	
  intensity	
  of	
  care	
  
• Allow	
  for	
  be.er	
  feeding	
  tolerance	
  

By	
  ins;tu;ng	
  High	
  Flow	
  Therapy:	
  



Indica.ons	
  

•  Diseases	
  of	
  compliance	
  
§  Bronchioli;s	
  
§  Pneumonia	
  
§  ARDS	
  

•  Diseases	
  of	
  resistance	
  
§  Bronchioli;s	
  
§  Asthma	
  

•  Post-­‐extuba;on	
  
•  Post-­‐cardiac	
  surgery	
  
•  Extrathoracic	
  airway	
  
obstruc;on	
  

•  To	
  decrease	
  anatomical	
  
deadspace	
  

•  Mucociliary	
  elevator	
  



Poten.al	
  Complica.ons	
  

•  Nasal	
  trauma	
  
•  Facial	
  trauma	
  
•  Epistaxis	
  
•  Pneumothorax	
  
•  Aerophagia	
  /	
  gastric	
  distension	
  
•  Delay	
  in	
  endontracheal	
  intuba;on	
  



Clinical	
  Studies	
  
•  Pediatric	
  Studies	
  

§  Post-­‐extuba;on	
  
§  Bronchioli;s	
  

•  Neonatal	
  Studies	
  
§  Prematurity	
  
§  HFNC	
  vs	
  CPAP	
  

•  Device	
  vs	
  Device	
  



Pleural	
  Pressure	
  at	
  end-­‐exhala;on	
   Pressure-­‐Rate	
  Product	
  

421	
   341	
   329	
  

5.8	
  

4.5	
   4.8	
   5.5	
   5.4	
  

Rubin	
  S,	
  Ghuman	
  A,	
  Deakers	
  T,	
  Khemani	
  R,	
  Ross	
  P,	
  Newth	
  CJ.	
  Pediatr	
  Crit	
  Care	
  Med.	
  2014	
  Jan;15(1):1-­‐6	
  



J	
  Pediatr	
  2010;156:634-­‐8	
  



McKiernan	
  C,	
  et	
  al.	
  J	
  Pediatr	
  2010	
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•  Retrospec;ve	
  study	
  of	
  298	
  children	
  <	
  24mo	
  of	
  age	
  admi.ed	
  to	
  PICU	
  
•  167	
  pa;ents	
  with	
  bronchioli;s	
  
•  Describe	
  the	
  change	
  in	
  PICU	
  ven;lator	
  prac;ce	
  aoer	
  adop;on	
  of	
  HFT	
  
•  Iden;fy	
  the	
  pa;ent	
  subgroups	
  requiring	
  escala;on	
  of	
  therapy.	
  



2005	
   2006	
   2007	
   2008	
   2009	
  
HFNC	
   13	
   44	
   46	
   62	
   66	
  
MV	
   37	
   29	
   31	
   13	
   7	
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•  Manley	
  BJ,	
  et	
  al.	
  NEJM	
  2013	
  
§  HFNC	
  vs	
  Nasal	
  CPAP	
  

•  Collins	
  CL,	
  et	
  al.	
  Jpeds	
  2013	
  
§  HFNC	
  vs	
  Nasal	
  CPAP	
  

•  Yoder	
  BA,	
  et	
  al.	
  Pediatrics	
  2013	
  
§  HFNC	
  vs	
  Nasal	
  CPAP	
  

•  Lavirazzi	
  A,	
  et	
  al.	
  PAS	
  2013	
  
§  HFNC	
  vs	
  Nasal	
  CPAP	
  

•  Miller	
  SM,	
  et	
  al.	
  J	
  Perinatol	
  2010	
  
§  HFNC	
  (F&P)	
  vs	
  HFNC	
  (Vapotherm)	
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   CPAP	
  

•  Pooled	
  analysis	
  
•  4	
  RCTs	
  
•  998	
  pa;ents	
  
•  HFNC:	
  510	
  pa;ents	
  
•  CPAP:	
  488	
  pa;ents	
  
•  Primary	
  outcome:	
  
treatment	
  failure	
   Ra

te
	
  o
f	
  p

rim
ar
y	
  
fa
ilu
re
	
  e
nd

po
in
t	
  

p=	
  0.252	
  

Speicher	
  RH,	
  Shein	
  S,	
  RoIa	
  AT.	
  AARC	
  2014	
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Vapotherm	
   Other	
  device	
  

•  Pooled	
  analysis	
  
•  5	
  RCTs	
  
•  510	
  pa;ents	
  on	
  HFNC	
  
•  Vapotherm:	
  181	
  pts	
  
•  F&P:	
  312	
  pts	
  
•  Hudson	
  RCI:	
  17	
  pts	
  	
  
•  Primary	
  outcome:	
  
treatment	
  failure	
   Ra

te
	
  o
f	
  p

rim
ar
y	
  
fa
ilu
re
	
  e
nd

po
in
t	
  

p=	
  0.031	
  

Speicher	
  RH,	
  Shein	
  S,	
  RoIa	
  AT.	
  AARC	
  2014	
  



Pa.ent	
  Tolerance	
  and	
  Comfort	
  during	
  
HFNC	
  Therapy	
  

High	
  flow	
  cannula	
  provides:	
  
• Simple	
  interface	
  	
  
• Improved	
  comfort	
  /	
  tolerance	
  
• Less	
  skin	
  trauma	
  
• Ability	
  to	
  resume	
  enteral	
  feeds	
  
• Decreased	
  care	
  demands	
  



Con.nuum	
  of	
  Care	
  

Standard	
  02	
  
Therapy	
  

Se
ve
rit
y	
  
of
	
  il
ln
es
s	
  

	
  Choice	
  of	
  Therapy	
  	
  	
  	
  

Standard	
  02	
  
Therapy	
  

Bi-­‐Level	
  

Mechanical	
  
Ven;la;on	
  

CPAP	
  

	
  Rescue	
   	
  Weaning	
  

Bi-­‐Level	
  

CPAP	
  

High	
  Flow	
  
	
  Therapy	
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Ques.ons?	
  

Alex.Ro.a@Uhhospitals.org	
  


