[bookmark: BasicPrinciples]Basic Principles of Ventilation
There are two goals of ventilation:
0. Appropriate oxygenation
2.     Appropriate ventilation
Oxygenation is affected by several factors such as the inspired oxygen concentration (FiO2), mean airway pressure (MAP), the area of and diffusion across the gas exchange surface.
Ventilation refers primarily to the amount of carbon dioxide exchanging at the alveolar level. Factors which influence this include the gas exchange surface area and diffusion and the amount of gas able to be moved in and out of the lungs.
So, when you set about changing the settings, you need to think about what you are trying to achieve.
	Change Oxygenation
PaO2
	0. Alter the FiO2 (turn the knob!)
1. Alter the mean airway pressure

	Change Ventilation
PaCO2
	0. Change the tidal volume (by changing the pressure, primarily)
1. Change the frequency of breaths


[bookmark: TargetBG]

Target Blood Gas Values
1-Ventilator settings in general should be set to achieve target oxygen saturations as per unit policy.(88—93 )
2-Ventilation settings that determine pCO2 should be set with    the following guidelines in mind:

	pH
	pCO2
	Base Excess
	Rationale

	7.25
to
7.35
	5.5
to
8.0kPa
	0
to
-4
	We have a philosophy of relatively permissive hypercapnia. The rationale is to avoid overventilating lung and thereby inducing injury through volutrauma and barotrauma. At a pH above 7.25, metabolic function should be relatively preserved. If there is a significant metabolic component (that is, base excess <-4), then this may indicate that oxygenation at a tissue level is impaired.

	

Exceptions to this guideline include
0. Infants with severe chronic lung disease where high pCO2 levels with a lower pH may be tolerated in order to further minimise ongoing lung injury.
1. Infants with pulmonary hypertension, where after discussion with a specialist a decision may be made to maintain the baby in an alkalotic state (pH >7.45).


[bookmark: Don'tTouch]Before you touch the Ventilator.....
	1. Look at the blood gas result.
0. Do you believe it? Does it fit with the clinical picture the baby is giving you? Does it fit with the expected course for the baby (e.g. improving compliance after surfactant for RDS)?
2.       If it is vastly different than you expect, is there some reason for it?
             A-    Was there an air bubble in the specimen?
             B-       If a capillary gas, is the perfusion awful? Did the baby bleed easily?
 3.     Don't change anything on the basis of a venous gas. The only reliable information from a venous gas are the electrolytes and the glucose.

	2. Look at the baby.
0. Is the chest moving?
 2.    What's the air-entry like? 
 3.    Is the baby struggling on the ventilator?
 4.    Is the baby very tachypnoeic or is the baby apnoeic?

	
3. Look at the ventilator.
0. Is it cycling?
2.       Are you giving the baby the ventilator settings you thought you were?
3.        What tidal volume (VT) is the baby getting?
4.         Is there a significant leak?
5.          Is it set up properly with an appropriate inspiratory time and with appropriate pressures? LOOKS AT WAVES &LOOPS

	
4. Look at the nursing flow chart.
0. How stable has the baby been over the past few hours or days?
2.      Are there lots of secretions?
3.        How is the baby handling?


[bookmark: VentilationChanges]



Changing the Ventilation Settings
	Problem
	Possible solutions
	Comment

	
Low Oxygenation
Low PaO2
or
Saturations
	Increase the FiO2
	0. The easiest solution.
1. Remember that babies whose oxygen requirements are changing significantly need to be clinically reassessed and you should consider a radiograph if the FiO2 increases by more than 10%.

	
	
Increase the Mean Airway Pressure (MAP)
	0. Increase the PIP (but this may also affect ventilation)
1. Increase the inspiratory time (but this may just hold the lungs fully inflated at a high pressure). You need to watch that the inspiratory time is shorter than the expiratory time.
2. Increase the PEEP (we don't do this often, except for pulmonary haemorrhage)

	
High Oxygenation
High PaO2
or
Saturations
	
Decrease the FiO2
	0. The easiest solution (unless the baby is already in room air - if in room air, then we generally accept high saturations or PaO2)

	
	
Decrease the MAP
	0. If the PEEP is higher than 5, then you can drop this down (if the reason for the high PEEP - e.g. pulmonary haemorrhage - has resolved)
2.   Decrease the PIP (but this may adversely affect ventilation)
3…Decrease the inspiratory time if it is too long

	Over-ventilation
High pH
with a Low PaCO2




	Decrease the tidal volume
0. Do this first if the baby has good chest movement and/or high tidal volumes
	0. Decrease the difference between the PIP and PEEP (usually by decreasing the PIP) 
1. Note that there are no rules on how much to drop the PIP by - you need to look at the chest movement and look at the delivered tidal volume on the ventilator. In general, dropping the PIP by 2mbar (or more if significantly overventilated) is about the right amount. But look at the tidal volume!
2. If the baby is on Volume Guarantee, drop down the set tidal volume.




	
	
Decrease the frequency
	0. Drop the rate. If the gas is just a bit alkalotic, drop by 5. If really alkalotic, you might want to drop it by 10 or more. 
1. Note that for modes where every breath is assisted (e.g. PSV, SIPPV), it is futile to reduce the rate if the baby is breathing above the back up rate. So wean the pressure (or VT) instead.

	Under-ventilation
Low pH
with a High PaCO2
	Increase the tidal volume
0. Do this first if the baby has no chest movement and/or low tidal volumes
	0. Increase the PIP till you get some chest movement but look at the tidal volume too.
1. In general, you should not increase the PIP too high as you may find that the tidal volume increases significantly. But you need to give enough pressure to get chest movement.
2. Remember that if you are having to put the PIP up a lot to get the same tidal volume in that you were giving previously, compliance is going down. Ask yourself "Why?". Look at the baby, listen to the air entry, and think about a radiograph, particularly if the FiO2 is going up.
3. If the baby is on Volume Guarantee, increase the set VT. But you may have to increase the PIP as well.

	
	Increase the frequency
	0. Increase the rate. If a bit acidotic, increase by 5. If really acidotic, you may need to increase it by 10 or more.
1. For fast rates, it is really important that the expiratory time is longer than the inspiratory time. The Babylog will let you know if you get it the wrong way around. You may need to decrease the inspiratory time accordingly.
2. If you find you need to give more than 70 breaths per minute, think about HFOV as a ventilation mode. Speak to the specialist on duty.


[bookmark: Balance]


Balance is Important
0. Don't forget to balance your ventilator settings. For example, if a baby is in 100% oxygen but with low pressures settings, it may be preferable to reduce the FiO2 but increase the pressures.
2.       Similarly, if the baby is on high pressure settings but a low rate, it may be better to give a faster rate and lower pressures.
[bookmark: NextGas]

When Do I Do the Next Blood Gas?
	How abnormal the gas is
	0. If it is really outside the normal range you are targeting, you probably want to check it quite soon to see whether your changes have had the effect you thought they would (that is, in 15-30 minutes).

	How stable the baby is
	0. The specialist on duty should be able to give you some guidance on how often gases need to be done.
1. If the baby is stable and you're not doing too much with the ventilation, you don't need to check it too soon after the change. Some babies who are chronically ventilated may only need a gas once a day.
2. You can look at other things like the new tidal volume to see whether you think your changes have had any sort of effect. 
3. But if the baby is really unstable, you may wish to do gases often to see where they are heading. 
4. If you have given surfactant, you might want to check a gas within an hour to see what effect any change in compliance is having on gas exchange.

	How confident you are
	0. If you are new to ventilation, you may need reassurance with a gas soon after you make your change.
1. However, try to avoid too many tests just to reassure yourself (particularly if the nursing staff need to take a capillary sample).
2. Blood letting is the most common reason for babies needing transfusions in the first week or two of life.

	When the nurses tell you
	0. If they are worried, they will tell you (...and you should listen).

	I'm really worried that I will be told off on the ward round if I get it all wrong .....
	0. There are many ways to ventilate babies. All the consultants have different styles and experiences, and have their "favourite" modes. No single mode has been shown to be significantly better than another (other than synchronised modes are probably better than untriggered modes).
1. Some babies do well on one mode and settings one minute, then they may seem to need something else.
2. Believe it or not, all the consultants had to learn by trial and error, and they don't always get it "right".
3. What is most important is that you understand what happens when you make a change to a ventilator setting. No one can necessarily predict what will exactly happen to a blood gas as a result of that change.


DR YASIR I ALSAADI
Pediatric specialist-email-yasseralsadi@yahoo.com
welfare teaching hospital-medical city complex.
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               NICU Protocols -   Discharge & Follow Up       DR YASIR I ALSAADI   Pediatric specialist   Welfare teaching hospital   Medical city    

       Discharge guidelines    Follow Up Guidelines  

  Neonate must  meet all the following   Criteria :   • Ability to maintain core temperature 37o C /  skin temperature 36.5o C temperature in an  open crib (Cot core) for 4 days.     • Ability to take al l oral feeding or  breastfeeding  without respiratory  compromise.     • No apnea or bradycardia for 5 days.     • Steady weight gain (15 - 20 gm/day) for 4   days      Weight > 1800 gram     • Otoacoustic emission,       Case Sheet / Monitors are records   Perform head ultrasonography   Day of lif e 1 to 3    Day of life 7 to 10 ,  D ay of  life 21 to 28.    Eye examinations   –   • Screening for Retinopathy of  Prematurity at 4 weeks age.   Hearing screening  –   • BERA at 3 months age.     Developmental assessments,     Immunizations  –   • Administer according to  Immunization  guidelines based on   chronologic, not postconceptional age.   • Hepatitis - B immunization to be started  after achieving 2 kg weight .       Early intervention programs.   Neurodevelopment Therapy (NDT) &  Sensory Integration(S.I     Cranial ultrasonography :  -   Screening for intra - ventricular  hemorrhag e & periventricular  leukmalacia for all infants who satisfy the  following criteria.   • Weight < 1500 g or are under 32 weeks  gestational age.   • Under 34 weeks gestational age if  mechanically ventilated.  
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Follow Up Guidelines



		

Neonate must meet all the following

Criteria :

•Ability to maintain core temperature 37oC / skin temperature 36.5oC temperature in an open crib (Cot core) for 4 days.



•Ability to take all oral feeding or breastfeeding without respiratory compromise.



•No apnea or bradycardia for 5 days.



•Steady weight gain (15-20 gm/day) for 4

days

· Weight > 1800 gram



•Otoacoustic emission,
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Case Sheet / Monitors are records

Perform head ultrasonography

Day of life 1 to 3  Day of life 7 to 10 , Day of life 21 to 28.

		

Eye examinations –

•Screening for Retinopathy of Prematurity at 4 weeks age.

Hearing screening –

•BERA at 3 months age.



Developmental assessments,



Immunizations –

•Administer according to Immunization guidelines based on

chronologic, not postconceptional age.

•Hepatitis-B immunization to be started after achieving 2 kgweight .





Early intervention programs.

Neurodevelopment Therapy (NDT) & Sensory Integration(S.I



Cranial ultrasonography: -

Screening for intra-ventricular hemorrhage & periventricular leukmalaciafor all infants who satisfy the following criteria.

•Weight < 1500 g or are under 32 weeks gestational age.

•Under 34 weeks gestational age if mechanically ventilated.





            NICU Protocols- Discharge & Follow Up





DR YASIR I ALSAADI

Pediatric specialist

Welfare teaching hospital

Medical city










































image3.emf
   

  Solution     10% Dextrose     50% Dextrose  

            12.5%     450 ml     30 ml  

  15 %     420 ml     60 ml  

  20 %     400 ml     135 ml  

  Solution     5% Dextrose     50% Dextrose  

    7.5%                 450ml       30ml  

         DR YASIR I ALSAADI   Pediatric specialist   welfare   teaching hospital   medical city  
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		Intake
(ml/kg/day)

		5% Dextrose

		10% Dextrose

		12.5% Dextrose



		

		mg/kg/min of Dextrose



		60

		2.1

		4.2

		5.2



		75

		2.6

		5.2

		6.5



		90

		3.1

		6.3

		7.8



		105

		3.7

		7.3

		9.1



		120

		4.2

		8.3

		10.4



		150

		5.2

		10.4

		13.0



		180

		6.3

		12.5

		15.6

























Recommended Volumes (ml/kg/day)

		

		Day 0-1

		Day 2

		Day 3

		Day 4

		Day 5

		Day 6

		Day 7+



		<37 weeks

		60

		75

		90

		105

		120

		150

		180



		37 weeks+

		60

		75

		90

		105

		120

		120

		150
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Guidelines for the use of Exogenous Surfactant in  NICU   Background   1 .   The administration of exogenous surfactant to newborn infants with or       at risk  of  respiratory distress syndrome   (RDS)   is   established practice.    2 .   Although clinical trials have used different preparations and entry  criteria, improvements in ventilatory requirements, survival rates and  air leak are consistently reported with both prophylactic and rescue  treatment.    3 .   A small additional benefit, however,   is reported from early  (prophylactic) administration when compared to rescue therapy .   Indications and Usage   1 .   The current preparation of surfactant in  use in our hospital is survanta .    2 .   Surfactant is indicated for both prevention and treatment (‘rescue’) of   RDS in premature infants.    1 .   Surfactant significantly reduces the incidence of RDS, mortality  due to RDS and air leak complications although use in infants  less than 600g or greater than 1750 g birthweight has not been  evaluated in controlled trials.    3 .   Bolus   surfactant   in ventilated infants with  meconium aspiration  syndrome (MAS)   has been found to improve oxygenation in  most studies but there are many non - r e s ponders and the effect  may be transient. Pooled data also suggest a potential reduction  in the requirement for  extracorporeal membrane oxygenation  (ECMO)   but no diminution of   air leak or ventilator days.  However, lavage m ay be the preferred option  .   Precautions   Transient bradycardia or oxygen desaturation may occur. If necessary, stop  the dosing procedure and initiate hand bagging/Neopuff   or increase the  pressure from the ventilator. Once the infant has stabilized, resume the  dosing procedure.       Adverse Reactions   :  Endotracheal tube blockage and pulmonary  haemorrhage are potential complications of surfactant administration.    
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[bookmark: Background]Background

0. The administration of exogenous surfactant to newborn infants with or     at risk of respiratory distress syndrome (RDS) is established practice. 

1. Although clinical trials have used different preparations and entry criteria, improvements in ventilatory requirements, survival rates and air leak are consistently reported with both prophylactic and rescue treatment. 

2. A small additional benefit, however, is reported from early (prophylactic) administration when compared to rescue therapy .

[bookmark: Indications_and_usage]Indications and Usage

0. The current preparation of surfactant in use in our hospital is survanta. 

1. Surfactant is indicated for both prevention and treatment (‘rescue’) of RDS in premature infants. 

0. Surfactant significantly reduces the incidence of RDS, mortality due to RDS and air leak complications although use in infants less than 600g or greater than 1750 g birthweight has not been evaluated in controlled trials. 

2. Bolus surfactant in ventilated infants with meconium aspiration syndrome (MAS) has been found to improve oxygenation in most studies but there are many non-responders and the effect may be transient. Pooled data also suggest a potential reduction in the requirement for extracorporeal membrane oxygenation (ECMO) but no diminution of air leak or ventilator days. However, lavage may be the preferred option .

[bookmark: Precautions]Precautions

Transient bradycardia or oxygen desaturation may occur. If necessary, stop the dosing procedure and initiate hand bagging/Neopuff or increase the pressure from the ventilator. Once the infant has stabilized, resume the dosing procedure.

[bookmark: Adverse_Reactions]



Adverse Reactions : Endotracheal tube blockage and pulmonary haemorrhage are potential complications of surfactant administration.



Indication :

[bookmark: Infants_30_weeks_and_under]#Ventilator-Dependent Infants ≤30 weeks Gestation

0. Surfactant therapy should be used early (<2 hours if possible) in ventilator dependent babies.  

[bookmark: Infants_above_30_weeks]#Infants above 30 Weeks or Infants Initially Not Requiring Ventilation

0. Exogenous surfactant should be used when a diagnosis of moderate or severe respiratory distress syndrome is clearly established. This will generally be on the basis of a combination of clinical, radiological, or laboratory findings such as: 

0. Clinical evidence of respiratory distress. 

1. Current chest radiograph available, consistent with RDS

2. Increasing ventilatory support requirements 

0. [bookmark: Administration]e.g. FiO2>40%, pH <7.25, PaO2<7.0kPa, PaCO2>7.0kPa, (or A/a < 0.22). 

 Dose and Administration

1. surventa 4cc/kg (100mg/kg phospholipid) via endotracheal tube, administered by a doctor

Inject as a single bolus / or in 4 divided doses 10-30 sec apart in 4 different position (supine / to right / to left and then supine) directly into ETT.

Subsequent doses should not be given no less than 6 hours, and up to 12 hours after the preceding dose. 
The usual criteria for administering a second dose are: 

1 Need for positive pressure ventilation, and

2 FiO2>0.30

Some infants may require more than 2 doses. This should only be on the instruction of a specialist.



0. Note that infants may require ventilation with the Neopuff or ventilator at higher pressures until stable. 

               #- Infants on HFOV should receive manual ventilation using the Neopuff until the surfactant is adequately dispersed. 

              #-Suction should be avoided for 4 hours (unless absolutely indicated for a blocked ETT). 

1. Following surfactant administration, ventilator requirements may rapidly improve and ventilation should be adjusted appropriately ,Consider the use of a volume guarantee mode. 

[bookmark: Level2]Administration of Surfactant in Level 2

#-In general, infants requiring surfactant will be in Level 3. 

#-Selected infants in Level 2 may be considered for a brief period of intubation for the administration of surfactant. 

0. Infants should have good respiratory effort. 

1. Infants preferably should be less than 48 hours old. 

1. Babies with RDS who also have significant apnoea/desaturation should be considered for transfer to Level 3. 

#-Intubation drugs should preferentially be used, acknowledging that this may prolong recovery time and some infants will therefore require ongoing ventilation. 

#-Registrar intubates and administers appropriate dose, and ventilates until stable or until the baby clearly needs transfer to Level 3 for ongoing ventilation. 

#-Extubate to CPAP as soon as possible. 

#-Blood gas before and 30 minutes after. 

[bookmark: _GoBack]#-If no improvement post-surfactant, discuss with specialist on duty. Options may include a repeat chest radiograph or ongoing positive pressure ventilation. 
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The table below documents differences between  HFOV and Conventional ventilation (CV):  

Differences  Conventional  HFOV  

Respiratory  rates  0 - 150/min  180  –   900/min  

Tidal volume  4 - 7   ml/kg  0.1 - 3 ml/kg  

Alveolar  pressure  0 - 50 cm H2O  0.1 - 5 cm H2O  

End expiratory  volume  Low  Normalised  

Gas flow  Low  High  

    Indications.   The main indication for the use of h igh frequency ventilation in    Newborn Care is on a rescue basis (failure of conventional  ventilation) despite a lack of evidence for this practice.   Indications  for rescue HFOV should be considered on a case  by case basis and only in consultation w ith the staff specialis .     Evidence   There are six published systematic reviews of randomised trials of  high frequency ventilation  5 - 10   .The evidence falls into 2 groups  –   elective HFOV and rescue HFOV. For term or near term infants  HFOV is only used in a rescue situation. For preterm infants the  area most studied is the elective use of  HFOV with minimal  information on rescue HFOV        
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The table below documents differences between HFOV and Conventional ventilation (CV):

		Differences

		Conventional

		HFOV



		Respiratory rates

		0-150/min

		180 – 900/min



		Tidal volume

		4-7 ml/kg

		0.1-3 ml/kg



		Alveolar pressure

		0-50 cm H2O

		0.1-5 cm H2O



		End expiratory volume

		Low

		Normalised



		Gas flow

		Low

		High









Indications.

The main indication for the use of high frequency ventilation in  Newborn Care is on a rescue basis (failure of conventional ventilation) despite a lack of evidence for this practice.

Indications for rescue HFOV should be considered on a case by case basis and only in consultation with the staff specialis.



Evidence

There are six published systematic reviews of randomised trials of high frequency ventilation 5-10 .The evidence falls into 2 groups – elective HFOV and rescue HFOV. For term or near term infants HFOV is only used in a rescue situation. For preterm infants the area most studied is the elective use of HFOV with minimal information on rescue HFOV







Elective HFOV in Preterm Infants

From the most recent systematic reviews there is no difference in the following important outcomes when elective HFOV is used compared with convention ventilation in the initial treatment of preterm babies 6,8

· Mortality

· Chronic Lung Disease

· Death or chronic lung disease

· Gross Pulmonary air leak

· Periventricular leukomalacia

· Grade 3 or 4 Intraventricular haemorrhage

Adverse effects on short term neurological outcomes of severe intraventricular haemorrhage and periventricular leukomalacia although not significant overall were observed in studies which did not use a high lung volume strategy 11,12. These outcomes are dominated by the high incidence of brain injury found in the HiFi trial, the first and largest of these trials 11. Information about effects on long term outcome is not adequate overall.

There is some evidence of a reduction in chronic lung disease where HFOV is applied in the following situations:

· Where a lung protective strategy on conventional ventilation is not applied

· Where a high frequency oscillator is used (rather than a flow interrupter)



Rescue HFOV in Preterm Infants

One small trial 13 has shown

· No effect on mortality

· No difference in pulmonary interstitial emphysema or gross pulmary air leak

· Reduction in new pulmonary air leak

· Increased rate of intraventricular haemorrhage

This small trial suggests that the harm may outweigh the benefit.



Rescue HFOV in Term Infants

Despite a lack of evidence the main situation where HFOV is used is for severe respiratory disease in near term or term babies as in individual babies it occasionally works where other strategies have failed. One trial has shown 14

· No effect on mortality

· No difference in failed therapy 

· No difference in requirement for extracorporeal membrane oxygenation ,days on a ventilator, days in oxygen or days in hospital.



Principles of HFOV.

The use of high frequency ventilation at low tidal volume allows the primary goals of ventilation, oxygenation and CO2 removal, to be achieved without the costs of pressure-induced lung injury.

HFOV has been described as "CPAP with wobbles". This reflects the two physical goals:

· "CPAP": Sustained inflation and recruitment of lung volume by the application of distending pressure (mean airway pressure (MAP) to achieve oxygenation 

· "Wobbles": Alveolar ventilation and CO2 removal by the imposition of an oscillating pressure waveform on the MAP at an adjustable frequency (Hz) and an adjustable amplitude (dP or % on the DraggerBabylog 8000).

[image: http://www.sswahs.nsw.gov.au/RPA/neonatal/html/images/hfov1.gif]

The ‘art’ of HFOV relates to achieving and maintaining optimal lung inflation. Optimal oxygenation is achieved by gradual increments in MAP to recruit lung volume and monitoring the effects on arterial oxygenation. The aim is to achieve maximum alveolar recruitment without causing over-distension of the lungs.





Optimising lung inflation with MAP: It is useful to conceptualise HFOV as like taking the lung around one sustained pressure volume hysteresis loop, figure 2

[image: http://www.sswahs.nsw.gov.au/RPA/neonatal/html/images/hfov2.gif]

· Point A in figure: Under-inflation: At this point the lung is under-inflated, PVR will be high and relatively large amplitude will produce only small changes in volume. Clinically this manifests as a high oxygen requirement with limited chest vibration. 

· Point B in figure: Optimal recruitment inflation: Once the lung has opened up with higher MAP, the PVR will fall and a smaller amplitude will produce a larger change in volume. Clinically this manifests as falling oxygen requirements and good chest vibration.

· Point C in figure: Over-inflation: Again more amplitude will be needed to produce volume changes and over inflated lung will compromise the systemic circulation. This is the most dangerous point in HFOV and is to be avoided at all costs. It is difficult to pick clinically because the oxygen requirement stays low, although they will eventually rise and the reduced chest vibration is easy to miss. Chest X-ray is currently the best diagnostic tool for this see below.

· Point D in figure: Optimal inflation: The goal should be to move the babies lungs from point B to point D avoiding point C (as shown on the arrow marked *** in Figure 2). Having achieved optimal lung inflation by slowly reducing MAP it should be possible to maintain the same lung inflation and ventilation at a low MAP. If MAP is lowered too far oxygen requirements will start to rise. 



Optimising ventilation.

· This is controlled mainly by adjusting amplitude to achieve optimal pCO2 (40-50 mmHg). Although the amplitude of each breath appears large by comparison to conventional ventilation pressures, the attenuation of oscillation through the endotracheal tube (ETT) means that the transmitted amplitude at the level of the alveolus is very small. /li>

· Higher amplitude (% on the Draegar) will increase tidal volume and hence CO2 removal.

· With increasing ventilator frequency, lung impedance and airway resistance increases so the tidal volume delivered to the alveoli decreases. This leads to the apparent paradox that increasing ventilator frequency may reduce CO2 elimination, leading to raised PaCO2 and vica-versa. 



Practical Management.

There are two ways of delivering HFOV in RPA Newborn care via the DraegarBabylog 8000 or the Stephanie. 

It is worth noting that the Draegar is a “flow interrupter” and not a high frequency oscillator and that HFOV delivered by the Draegar Babylog 8000 is only likely to be effective in babies whose birth weight is less than 1.5 kg







Preparation pre HFOV

1. If there is any significant leak around the ET tube consider insertion of a larger one.

2. Transcutaneous pO2 , CO2 and oxygen saturation monitoring should be commenced and invasive BP monitoring established. 

3. A pre-oscillation x-ray should be taken to exclude other pathologies. 

4. Blood pressure and systemic blood flow should be optimised; any volume replacement contemplated should be completed and inotropes commenced if necessary. 

5. Correction of metabolic acidosis

6. If nitric oxide is to be commenced start prior to HFOV

7. Muscle relaxants are not indicated unless the baby’s respiratory effort is interfering with ventilation. 

8. Analgesia with opiates is indicated in line with current policy if the baby is in discomfort. 

9. If using the Draegar change to a low volume humidifier and consider changing to low compliance tubing

Lung Recruitment Manoeuvres

Some trials that used a high lung volume strategy also used specific lung recruitment measures to open the lung. Strategies to do this vary considerably and recognition of good lung recruitment is difficult at the bedside. The safety of this is yet to be proven.

Other than optimal application of a high lung volume strategy, recruitment manoeuvres should only be performed with a staff specialist present.

Switching the DraegarBabylog 8000 from CMV to HFOV: Initial settings.

1. Leave FiO2 at that on CMV. 

2. Press "Vent mode" – "CPAP" – "On". 

3. Press "Vent Option" – "HFOV". 

4. Move the cursor to "Frequ" with the arrow key and adjust to 10Hz using the "+" "-" keys. 

5. Move the cursor to "Ampl" with the arrow key and adjust to 50% using the "+" "-" keys. 

6. Press "on" and HFOV will commence. 

7. Adjust MAP using the "PEEP/CPAP" rotary knob. Start at 2 cmsH2O above the MAP during previous CMV. 

[bookmark: _GoBack]

HFOV adjustments 

Oxygenation and ventilation are best considered separately, however adjusting the ventilator for one parameter will also alter other settings and so after making a change always check the other settings. 

1. Ventilation: Changes in paCO2 may be effected by changing the amplitude of oscillation or occasionally the frequency. Ventilation may be increased by raising the amplitude of oscillation and vice versa. 

· Start at an amplitude of 50% and then adjust the amplitude in increments of 10% until the chest wall is seen to "bounce" and a tidal volume of about 2 ml/kg is achieved. Be cautious as tidal volumes of more than 2 ml/kg are potentially harmful. Aim for a pCO2 between 40 and 50 mmHg. 

· The optimal frequency of oscillation may be different in different disease states. Small infants with RDS may be managed at 15 Hz, term infants are often best managed at 10 Hz, although with very non-compliant (stiff) lungs lower frequencies may be necessary. 

· NOTE: If adjustment of frequency is needed, decreasing the frequency increases CO2 removal (opposite to CMV). Always discuss this option with the consultant. 



2. Oxygenation is controlled by adjusting the MAP and FiO2. The goal is the high volume strategy. This allows the use of low FiO2 levels (<35%) and the MAP should be adjusted to achieve this.

· For air leak: A low volume strategy may help. Reduce MAP 1-2 cm H2O below MAP on CMV and tolerate a higher FiO2. 

· For rescue HFOV: Starting MAP should be 2 cm H2O above that used on CMV. 

· For prophylactic HFOV: Starting MAP will need to guided by an empirical assessment of lung disease severity derived during resuscitation. Generally start at 6-8 cm H2O. But use 10-12 cm H2O if the lungs seem unusually stiff. 

· MAP should be increased in 1 cm H2O increments every 5 minutes until the FiO2 is less than 0.3. Generally it is unusual to need MAP >20 cm H2O. (Moving from point A to point B in figure 2.) 

· Overinflation (Point C) can be assessed clinically or by X-ray. Arrange for a chest X-ray when gases are stable to assess lung volume (see below) - usually after 1-2 hours. 

· Normal inflation should allow the right hemi-diaphragm to be at the 8th or 9th rib. It may be necessary to perform Chest X-rays 6-12 hourly if difficulties are encountered, 

· Over-inflation is occurring if: diaphragm is at 10+ ribs, intercostal bulging of lungs present or sub-cardiac air is visible as a crescent under the apex. Under-inflation is indicated by a high diaphragm. When managing RDS there will also be clearing of the lung fields as atelectasis resolves. 

· Once the baby is stable in an FiO2 <0.3, the MAP should be cautiously reduced in 1 cm H2O as allowed by the oxygenation. (to get to point D) FiO2 rising above 0.3 suggests you have dropped MAP too much. 

Assessing failure on HFOV:

· Do not be too quick to consider a trial of HFOV to have failed if you have difficulty obtaining adequate blood gases.

· At the very least arrange to get an urgent Chest X-ray to assess the state of inflation and assess the circulation carefully. 

· A short period of hand ventilation may be of value in assessing the lung compliance and to help decide the CMV settings after a failed trial of HFOV. 

· Discuss any difficulties with the consultant-in-charge earlier rather than later. 



Weaning from HFOV:

Lung volume should be maintained during the weaning process. If steps are unsuccessful please discuss with the consultant. Wean parameters in the following order:

i. decrease FiO2 to <30% 

ii. decrease MAP in 1 cm H2O steps as allowed by the blood gases 

iii. At a MAP of 8 cm H2O either: 

· extubate to head box or CPAP (infant flow driver), or 

· change to PTV/SIMV 

CMV may be a valuable step if there are particular problems with secretions requiring vigorous physiotherapy and suction. 



Troubleshooting during HFOV

Low PaO2 : Consider:

· ET tube patency 

· check for chest movement and breath sounds 

· check there is no water in the ETT/T-piece 

· Air leak/pneumothorax 

· chest moving symmetrically? 

· transilluminate

· urgent chest x-ray 

· Sub-optimal lung volume recruitment 

· increment MAP 

· consider chest x-ray 

· Over-inflated lung 

· check blood pressure 

· reduce MAP; does oxygenation improve? 

· consider chest x-ray

High PaCO2: Consider:

· ET tube patency and air leaks (as above) 

· Insufficient alveolar ventilation 

· Increase amplitude, does chest wall movement increase? 

· Increased airway resistance (MAS, BPD) or non-homogenous lung disease: Is HFOV appropriate? 

· Under-inflated lungs, amplitude being delivered on non compliant part of the pressure volume curve ie point A in figure 2 

· Over-inflated lungs, amplitude being delivered on non compliant part of the pressure volume curve ie point C in figure 2 

· If all the above seem OK try reducing oscillator frequency; lung impedance and airway resistance fall, leading to increased VT.

Persisting acidosis/hypotension: Consider:

· Over-distension 

· reduce MAP; does oxygenation improve? 

· consider chest x-ray



Key Points

		There is no proven benefit on mortality for elective HFOV compared with Conventional Ventilation in preterm babies
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		If a lung protective strategy of CV is used there is no difference in chronic lung disease between HFOV and CV
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		Low volume strategies for HFOVare not recommended
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		Great care must be taken to avoid over expansion of the lungs. Signs of this should be assessed clinically and with regular 12 hourly X rays
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		There is no RCT evidence to support the use of rescue HFOV in term or near term infants
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		“It ain’t what you do it’s the way that you do it!”
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             Mechanical ventilator settings Used To Adjust Arterial Blood Gases         DR YASIR I ALSAADI   Pediatric specialist - email - yasseralsadi@yahoo.com   welfare teaching hospital - medical city complex.                      
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      - ↑   FIO 2 --- ↑   PaO 2       - ↑ PEEP  ↑   PaO 2     - ↑ Ti or I:E ratio will  ↑   PaO 2       -   ↑   PIP will  ↑   PaO 2 (less  than others)         - ↑   Rate & PIP            will  ↓ CO 2      - Prolong expiration    will  ↓   PaCO 2     -   PEEP if too high or too  low will  ↑ PaCO 2  
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Investigation and Treatment of Suspected  Metabolic Disease  

  General Guidelines   1 .   Any sick baby where metabolic disease is part of the differential  diagnosis. Please discuss with the consultant acutely  -   many of the  presentations can present rapid demise.    2 .   Important  -   you will get the best out of these tests if you contact the  laborator y when you suspect metabolic disease. Some of these tests  have long turn - around times  -   if you don’t tell the lab you have a  problem they can’t do the tests urgently for you.    Blood   1 .   Glucose    2 .   Gases    3 .   U&E    4 .   LFT’s    5 .   Ketones (β - Hydroxybutyrate, acetoacetate)    6 .   Lactate    7 .   Acylcarnitine profile (plasma or blood spot on Guthrie card)    8 .   Ammonia    9 .   Alanine    10 .   Free Fatty Acids   Urine   1 .   Ketones  -   β - Hydroxybutyrate, acetoacetate)    2 .   Organic acids screen    3 .   Amino acid screen    4 .   Glycoaminoglycan screen (if lysosomal disorder suspected)   G eneral Notes   1 .   Ask the lab not to discard specimens until you have an alternative  diagnosis.    1 .   Obtain bloods BEFORE treatment is commenced.    2 .   Lactate:  fluoride tube, grey top   0.5ml minimum   All other tests need  green top   (Li. Heparin) 2 - 5 mls.    3 .   If hypoglycaemia   a prominent feature check growth hormone, insulin  and cortisol.   
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[bookmark: General]General Guidelines

0. Any sick baby where metabolic disease is part of the differential diagnosis. Please discuss with the consultant acutely - many of the presentations can present rapid demise. 

1. Important - you will get the best out of these tests if you contact the laboratory when you suspect metabolic disease. Some of these tests have long turn-around times - if you don’t tell the lab you have a problem they can’t do the tests urgently for you. 

Blood

0. Glucose 

1. Gases 

2. U&E 

3. LFT’s 

4. Ketones (β-Hydroxybutyrate, acetoacetate) 

5. Lactate 

6. Acylcarnitine profile (plasma or blood spot on Guthrie card) 

7. Ammonia 

8. Alanine 

9. Free Fatty Acids

Urine

0. Ketones - β-Hydroxybutyrate, acetoacetate) 

1. Organic acids screen 

2. Amino acid screen 

3. Glycoaminoglycan screen (if lysosomal disorder suspected)

General Notes

0. Ask the lab not to discard specimens until you have an alternative diagnosis. 

1. Obtain bloods BEFORE treatment is commenced. 

2. Lactate: fluoride tube, grey top 0.5ml minimum
All other tests need green top (Li. Heparin) 2-5 mls. 

3. If hypoglycaemia a prominent feature check growth hormone, insulin and cortisol. 

4. If serum ammonia high check urinary orotic acid and plasma amino acids.

[bookmark: PM_Samples]Any child who dies without a diagnosis, SIDS:

Information for post-mortem studies

0. Blood (cardiac if not otherwise available) on filter paper 

1. Blood (separate if possible and freeze red cells and plasma separately) as soon as possible post-mortem. 

2. Bile - freeze 

3. Urine - freeze 

4. Skin biopsy -fibroblast line 

5. Liver/kidney/muscle (small sugar cube size wrap in tinfoil, and snap frozen, -70°C, use liquid nitrogen or dry ice if possible. Samples are best taken as soon after death as possible. Consider a needle biopsy if it might take some time to get the post-mortem samples). 

6. Hold samples. Await histology. Remember to ask for fat stains as important indicators of metabolic disease (e.g.. fatty acid oxidation defects).

Remember Guthrie cards are kept by National Testing Centre for organic acid analysis etc. (via Tandem Mass Spec. Also possible to do DNA studies [e.g. MCAD] when a likely diagnosis is found).

[bookmark: Emergency_Treatment]Emergency protocol for presumed metabolic disease

General

0. Treat hypoxia, infection, dehydration vigorously 

1. Fluids: 150-175%of maintenance 

2. Carbohydrate: maintenance of at 10-16% dextrose (pyruvate dehydrogenase deficiency or electron transport chain defect patients worsen with high carbohydrate load) 

3. Lipid: 2-3 g/kg per day (not in suspected fatty acid oxidation defects) 

4. Amino acids: to meet minimal RDA requirements (monitor amino acids)

Acidosis

0. Severe metabolic acidosis in neonatal period is often fatal. 

1. Consider sodium bicarbonate when HCO3<15. May need huge amounts to correct acidosis in organic acidaemias (beware hyperammonaemia) 

2. Megadoses of vitamin co-factors are recommended by some authors. 

0. Thiamine B1 50-150mg/day (MSUD,PDH) 

1. Cobalamin B12 1-2mg/day (MMA) 

2. Biotin 10-20mg/day (Propionic aciduria, multiple carboxylase) 

3. Riboflavin 20-40mg/kg 

4. Coenzyme Q 4mg/kg (Resp. chain) 

5. Carnitine 100-200mg/kg (FAOD’s organic acidemias, urea cycle) 

6. Vitamin C 250-1000mg/kg 

7. Vitamin B6(pyridoxine dependent convulsions)

Hyperammonaemia

0. Sodium benzoate, Sodium phenylacetate or sodium phenylbutyrate: 250mg/kg loading dose (over 90 minutes) then 250mg/kg /day slow infusion. 

1. IV L-carnitine 100-200mg/kg /day 

2. L-arginine 400mg/kg /day (or citrulline) 

3. Consider testosterone/growth hormone/insulin infusion (0.2-0.3u/kg/hr) (decrease catabolism) 

4. Early consideration of peritoneal dialysis or haemodialysis. Peritoneal dialysis: 40-50ml/kg dialysate via peritoneal catheter, one hour cycles for 24-36 hrs. Careful fluid balance, blood glucose, electrolyte measurements, All neonatal patients with severe hyperammonaemia (plasma levels greater than 10 times normal) should be haemodialysed. 

5. Contact expert help early 
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Post conceptual   Age  50th  Percentile  95th  Percentile  99th  Percentile  

44 weeks     

SBP  88  105  110  

DBP  50  68  73  

MAP  63  80  85  

42 weeks     

SBP  85  98  102  

DBP  50  65  70  

MAP  62  76  81  

40 weeks     

SBP  80  95  100  

DBP  50  65  70  

MAP  60  75  80  

38 weeks     

SBP  77  92  97  

DBP  50  65  70  

MAP  59  74  79  

36 weeks     

SBP  72  87  92  

DBP  50  65  70  

MAP  57  72  77  

34 weeks     

SBP  70  85  90  

DBP  40  55  60  

MAP  50  65  70  

32 weeks     

SBP  68  83  88  

DBP  40  55  60  

MAP  49  64  69  

30 weeks     

SBP  65  80  85  

DBP  40  55  60  

MAP  48  63  68  

    

28 weeks     

SBP  60  75  80  

DBP  38  50  54  

MAP  45  58  63  

26 weeks     

SBP  55  72  77  

DBP  30  50  56  

MAP  38  57  63  

*Estimated values for blood pressures after age 2 weeks in infants from 26 - 44 weeks  postconceptual   age. The 95th and 99th percentile values serve as a reference to  identify infants with persistent hypertension that may require treatment. SBP, systolic  blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure.   
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  Respiratory Distress Syndrome  

      Respiratory Distress Syndrome (RDS) is a clinical diagnosis  but one which is often interchanged with the terms Hyaline  Membrane Disease (a pathological diagnosis) and Surfactant  Deficiency (a term describing the  typical appearances on  radiographs of infants with RDS).   The typical radiological features of Surfactant Deficiency are:   1 .   Small volume lungs   2 .   Homogenous "ground glass" opacity   3 .   Air bronchograms   These classical radiological appearances have been altered by  int erventions such as CPAP (which tends to result in lungs  which are of normal size) and  surfactant administration   (which is often given prior to the radiograph  being taken, and  can result in less homogenous appearances).   The differential diagnosis includes:   1 .   Pneumonia   (particularly Group B Streptococcus)   2 .   Retained Fetal Lung Fluid/TTN   The middle image shows that the heart is all but obscured by  the diffuse, homogenous lung fields. The baby has been  intubated and there is are umbilical catheters in situ. This  radiograph was taken following  surfactant administration .  

  Transient Tachypnoea of the Newborn  

 Transient Tachypnoea of the Newborn (TTN, also called  Retained Fetal Lung Fluid or "Wet Lung") is a diagnosis of  exclusion.   Typical  radiologic features are ill - defined but include:   1 .   Increased central vascular markings ("star - burst"  appearance)   2 .   Hyperaeration   3 .   Evidence of interstitial and pleural fluid   4 .   Prominent interlobar fissures  
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		Respiratory Distress Syndrome (RDS) is a clinical diagnosis but one which is often interchanged with the terms Hyaline Membrane Disease (a pathological diagnosis) and Surfactant Deficiency (a term describing the typical appearances on radiographs of infants with RDS).

The typical radiological features of Surfactant Deficiency are:

0. Small volume lungs

1. Homogenous "ground glass" opacity

2. Air bronchograms

These classical radiological appearances have been altered by interventions such as CPAP (which tends to result in lungs which are of normal size) and surfactant administration (which is often given prior to the radiograph being taken, and can result in less homogenous appearances).

The differential diagnosis includes:

0. Pneumonia (particularly Group B Streptococcus)

1. Retained Fetal Lung Fluid/TTN

The middle image shows that the heart is all but obscured by the diffuse, homogenous lung fields. The baby has been intubated and there is are umbilical catheters in situ. This radiograph was taken following surfactant administration.







[bookmark: TTN]Transient Tachypnoea of the Newborn
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		Transient Tachypnoea of the Newborn (TTN, also called Retained Fetal Lung Fluid or "Wet Lung") is a diagnosis of exclusion.

Typical radiologic features are ill-defined but include:

0. Increased central vascular markings ("star-burst" appearance)

1. Hyperaeration

2. Evidence of interstitial and pleural fluid

3. Prominent interlobar fissures

4. Cardiomegaly

Because the symptoms and radiological features are non-specific, infection should be considered in the differential diagnosis. Typically, respiratory symptoms resolve within the first 24-hours of life, but occasionally can persist longer.







[bookmark: Pneumonia]Pneumonia
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		The chest radiograph appearances of pneumonia are not specific, and frank lobar consolidation as seen in adults and older children is rare. More commonly, there is coarse opacity of one or more regions of the lung parenchyma. However, these appearances can also be seen with retained fetal lung fluid, meconium aspiration, aspiration of gastric contents, and pulmonary haemorrhage. Pleural effusions are not uncommon in infection, but again may be seen with other conditions.

Group B Streptococcus can have an appearance similar to Respiratory Distress Syndrome (Surfactant Deficiency), although the granulation is typically more coarse.

The top two images to the left are of a baby with Listeria septicaemia and pneumonia. On the top image, there is coarse opacity of both lungs but particularly of the right side. There is a small pleural effusion on the right side, seen as a thin line running parallel to the right costal margin.

The lower image taken the following day demonstrates coarse bilateral opacity. No effusions are seen.
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		The other images to the left are for a baby where the mother had chorioamnionitis. She had been treated with antibiotics for a week, but then developed fetal distress. The baby was born in poor condition, and had a left-shifted full blood count, and was foul-smelling. Cultures were negative in the infant despite the abnormal appearing chest radiographs. 

The AP film shows bilateral patchy opacity, more marked on the right. No effusions are seen, although these are relatively common with infection. The lateral image shows patchy consolidation particularly in the lower lobes.







[bookmark: MAS]Meconium Aspiration Syndrome
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		Meconium stained amniotic fluid (MSAF) occurs in about 12% of deliveries. Meconium aspiration is defined by meconium aspirated from below the vocal cords. However, Meconium Aspiration Syndrome (MAS) defines a wide array of respiratory symptoms associated with MSAF. 

MAS usually presents as respiratory distress and cyanosis. Pulmonary hypertension is common.

The radiograph usually shows

0. Coarse infiltrates

1. Widespread consolidation

2. Hyperinflation

3. Pleural effusions are not uncommon

4. Pneumothorax and pneumomediastinum may be present

Because the symptoms and radiological features are non specific, infection should be included on the differential diagnosis.
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		The images are from a term infant born through thickly stained meconium liquor. The infant had initial respiratory distress. She developed cyanosis and an oxygen requirement. The initial two films show bilateral patch opacity with hyperinflation (although not severe).

She deteriorated and was ventilated. On the third image, she appears to have some air leak with a prominentmediastinallucency and some free air at the bases. There is still patchy opacity of the lung fields.

She slowly improved after about a week of intensive care including inhaled nitric oxide, before being extubated. The final film shows the post-extubation film with right upper lobe collapse. She developed significant residual neonatal chronic lung disease and was discharged on low-flow oxygen at the age of one month.







[bookmark: PulmonaryHaemorrhage]Pulmonary Haemorrhage
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		Pulmonary haemorrhage is relatively common in neonates. It can be dramatic in its onset, with a catastrophic collapse, or it can be more subtle with blood-tinged endotracheal secretions. In preterm infants, it is most commonly associated with a patent ductusarteriosus causing haemorrhagic pulmonary oedema. Other causes include surfactant administration (perhaps from a rapid change in compliance resulting in an increase in the size of the left-to-right shunt, and haemorrhagicoedema), airway haemangiomata (rare), and any cause of pulmonary congestion (for example, severely reduced left ventricular function in an asphyxiated or septic term infant).

Chest radiographs are non-specific in appearance and commonly demonstrate patchy infiltrates, although appearances can be normal.

Babies frequently require a significant increase in their ventilatory support. The PEEP should generally be increased in an attempt to maintain high mean airway pressures so that oedema is forced back into the pulmonary vascular bed.







[bookmark: CLD]Neonatal Chronic Lung Disease
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		This is usually a sequel of significant lung disease in the immediate newborn period. Classically, four stages were described by Northway in 1967.

0. Stage 1 was the homogenous appearance of RDS

1. Stage 2 was a generalised opacity, frequently seen towards the end of the first week of life

2. Stage 3 marked the onset of chronic changes, with a bubbly appearance

3. Stage 4 consisted of ainhomogenous appearance with hyperinflation, bleb formation, irregular fibrous streaks, and cardiomegaly (from corpulmonale).

Other scoring systems have followed. These have largely been used in research rather than in clinical practice.

The first two radiographs show appearances at 8 and 12 days in a baby born at 25 weeks. The lung fields show a coarse bubbly appearance, initially more marked on the right but then more widespread a few days later.

The radiograph at the bottom shows advanced Stage 4 CLD. The infant is the same as in the PDA image on the "Cardiac Disease" radiology library. There is unevenness of the ribs on the left side following a PDA ligation. The lung fields are generally "bubbly" and "streaky" with localised areas of hyperaeration in the right lower lobe and left lower lobe.

The strongest risk factor for neonatal CLD is now gestation. Ventilation and oxygen may play a role in the pathogenesis, as may infection with organisms such as Ureaplasma.
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		Water birth is an uncommon practice in our institution and in those maternity hospitals who refer to our NICU. There is little evidence that water immersion has benefits to the mother, and even less evidence suggesting benefit to the infant. We have reported 4 cases of infants with neonatal illness who were born through water (Nguyen S, Teele R, Kuschel C, Spooner C. Waterbirth – a near drowning experience. Pediatrics 2002; 110 411-3).

Infants can be severely ill initially and require ventilation, but frequently they improve with mild respiratory support (oxygen and nasal CPAP). The chest radiographs are not specific but frequently demonstrate pleural effusions and patchy alveolar infiltrate. Infection must be considered in the differential diagnosis, and antibiotics should be given at least until cultures are proven negative. There are reports in the literature of infants developing conjunctivitis with Pseudomonas and other water-borne organisms.







[bookmark: Hydrops]Hydrops
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		Hydrops describes a scenario of fluid in at least two body cavities. The images to the left demonstrate an infant with hydrops - in this case, bilateral pleural effusions, ascites, and oedema. 

The first image demonstrates the appearance after birth. There is generalisedoedema, bilateral huge pleural effusions, and the right lung is seen as the (small) lucent area slightly crossing the midline. Note the appearance of central gas in the abdomen, suggesting the presence of ascites.

Following the insertion of bilateral chest drains, there is residual fluid on the right side particularly. The endotracheal tube is low.

The third image demonstrates the appearance 3 days after birth. There has been a dramatic reduction in the subcutaneous oedema. Bilateral pleural effusions remain.

The cause of this baby's hydrops was thought to be a congenital chylothorax. He was managed with dietary manipulation using Monogen, without re-accumulation of his pleural effusions. He was changed to breast feeding uneventfully at three weeks of age.

The causes of hydrops are extensive, and management in the delivery room is critical with many babies requiring urgent insertion of chest drains, as well as abdominal paracentesis, in order to achieve effective resuscitation. Senior neonatal staff should be informed of the delivery and will usually attend.
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Patent ductus arteriosus       KEY  POINTS    

Risk of PDA increases with lower gestation, lack of antenatal  steroids and hyaline membrane disease.     

Early diagnosis requires  echocardiography        

Larger ductal diameter is associated with lower systemic  blood flow in  the first 12 hours after Birth.       

Indomethacin or Ibuprofen are the first line treatment.  Consider surgery only if medical treatment has failed or is  contraindicated and there are persisting cardiopulmonary  symptoms that are probably due to ductal shunting.     

There is no evidence that pro phylactic indomethacin  improves long term neurodevelopmental outcomes.     

Early prophylactic or targeted treatment of ducts may reduce  the risk of early pulmonary haemorrhage.     

If the duct has significantly constricted 24 hrs after the first  dose, consideration should be given to not giving further  doses.     

Oral ibuprofen appears to be as effective as intravenous  ibuprofen in babies treated after 48 hrs of age.    Infants with sym ptomatic PDA who failed or could not get ibuprofen treatment,  and who were candidates for surgical ligation, were administered oral  paracetamol 15 mgkg – 1   every 6h, for up to 7 days and were monitored for  clinical, echocardiographic and laboratorial courses .     DR YASIR I ALSAADI   Pediatric specialist - email - yasseralsadi@yahoo.com   welfare teaching hospital - medical city complex.      
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Patent ductus arteriosus

[bookmark: _GoBack]   KEY  POINTS



		Risk of PDA increases with lower gestation, lack of antenatal steroids and hyaline membrane disease. 

		



		Early diagnosis requires echocardiography

 

		



		Larger ductal diameter is associated with lower systemic blood flow in the first 12 hours after Birth. 



		



		Indomethacin or Ibuprofen are the first line treatment. Consider surgery only if medical treatment has failed or is contraindicated and there are persisting cardiopulmonary symptoms that are probably due to ductal shunting. 

		



		There is no evidence that prophylactic indomethacin improves long term neurodevelopmental outcomes. 

		



		Early prophylactic or targeted treatment of ducts may reduce the risk of early pulmonary haemorrhage. 

		



		If the duct has significantly constricted 24 hrs after the first dose, consideration should be given to not giving further doses. 

		



		Oral ibuprofen appears to be as effective as intravenous ibuprofen in babies treated after 48 hrs of age. 

Infants with symptomatic PDA who failed or could not get ibuprofen treatment, and who were candidates for surgical ligation, were administered oral paracetamol 15 mgkg–1 every 6h, for up to 7 days and were monitored for clinical, echocardiographic and laboratorial courses.



DR YASIR I ALSAADI

Pediatric specialist-email-yasseralsadi@yahoo.com

welfare teaching hospital-medical city complex.
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Suggested use of phototherapy and exchange  transfusion in preterm Infants <35 weeks  gestational age     DR YASIR I ALSAADI   yasseralsadi@yahoo.com   Pediatric specialist   Medical city - WTH  

                        Gestational age               (week)     Initial TSB to start  phototherapy                   Mg /dl    TSB level for  exchange  transfusion   Mg/dl  

             <28   0/7                    5 - 6                  11 - 14  

      28  0/7 - – 29  6/7                                                                      6 - 8              12 - 14  

      30  0/7 - – 31  6/7                                                                    8 - 10              13 - 16  

      32  0/7 - – 33  6/7                                                                10 - 12               15 - 18  

    34  0/7 - – 34  6/7                                                           12 - 14           17 - 19  
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       Gestational age

           (week) 

		

Initial TSB to start phototherapy

               Mg /dl

		

TSB level for exchange transfusion

Mg/dl



		    

     <28  0/7

		    

        5-6

		   

       11-14



		

  28 0/7-–29 6/7                                                      

		

        6-8

		

       12-14



		

  30 0/7-–31 6/7                                                   



		

       8-10

		

       13-16



		

  32 0/7-–33 6/7                                                   

		

      10-12





		

      15-18



		

 34 0/7-–34 6/7                                                 

		

    12-14

		

      17-19







DR YASIR I ALSAADI

yasseralsadi@yahoo.com

Pediatric specialist

Medical city-WTH
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Suggested Initial Ventilatory Strategies for  Common Neonatal Respiratory Disorders  

Disease Initial Strategy   Blood Gas Targets  

Respiratory distress syndrome (RDS) 

  1   Rapid rates (≥  60/min)  

  2   Moderate PEEP (4 - 5 cm H 2 O)  

  3   Low PIP (10 - 20 cm  H 2 O)  

  4   T I   of 0.3 - 0.4 sec  

  5   Tidal volume 4 - 6  mL/kg body  weight  

 

    pH 7.25 - 7.35  

    Pao 2   50 - 70  mm Hg  

    Paco 2   45 - 55  mm Hg  
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Suggested Initial Ventilatory Strategies for Common Neonatal Respiratory Disorders

		Disease

		Initial Strategy

		Blood Gas Targets



		Respiratory distress syndrome (RDS)

				[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--olis]

		1

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o013]Rapid rates (≥ 60/min)



		

		2

		Moderate PEEP (4-5 cm H2O)



		

		3

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o014]Low PIP (10-20 cm H2O)



		

		4

		TI of 0.3-0.4 sec



		

		5

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o015]Tidal volume 4-6 mL/kg body weight







				[bookmark: _GoBack][bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--ulis]

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u015]pH 7.25-7.35



		

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u016]Pao2 50-70 mm Hg



		

		

		Paco2 45-55 mm Hg









		Bronchopulmonary dysplasia (BPD)

				

		1 

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o017]Slow rates (20-40/min)



		

		2 

		Moderate PEEP (4-5 cm H2O)



		

		3 

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o018]Lowest PIP required (10-20 cm H2O)



		

		4 

		-TI of 0.4-0.7 sec



		

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o019]5-Tidal volume 5-8 mL/kg body weight







				

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u019]pH 7.25-7.30



		

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u020]Pao2 50-70 mm Hg



		

		

		Paco2 55+ mm Hg









		Meconium aspiration syndrome (without PPHN)

				

		1

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o021]Relatively rapid rate (40-60/min)



		

		2

		Low to moderate PEEP (3-5 cm H2O)



		

		3

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o022]Adequate TE (0.5-0.7 sec)



		

		4

		If gas trapping occurs, increase TE to 0.7-1.0 sec and decrease PEEP to 3-4 cm H2O







				

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u023]pH 7.3-7.4



		

		

		Pao2 60-80 mm Hg



		

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u024]Paco2 35-45 mm Hg









		Persistent pulmonary hypertension of the newborn (PPHN)

				

		1-

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o024]Higher rates from 50-70/min



		

		2 

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o025]-PIP from 15-25 cm H2O



		

		3-

		Low PEEP (3-4 cm H2O)



		

		4-

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o026]TI 0.3 to 0.4 sec



		

		5-

		High Fio2 (80%-100% O2)







				

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u027]pH 7.35-7.45



		

		

		Pao2 70-100 mm Hg



		

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u028]Paco2 35-45 mm Hg









		Congenital diaphragmatic hernia (CDH)

				

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o028]1-Relatively rapid rates (40-80/min)



		

		2 

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o029]-Lowest PIP sufficient for chest excursion (20-24 cm H2O)



		

		3 

		-Moderate PEEP (4-5 cm H2O)



		

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o030]4-Short TI (0.3-0.5 sec)







				

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u030]pH greater than 7.25



		

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u031]Pao2 50-70 mm Hg



		

		

		Paco2 45-65 mm Hg
(Sicker neonates may need less aggressive goals for oxygenation, as long as preductal Spo2 is greater than 85%)









		Apnea of prematurity

				

		1-

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o032]Relatively slow rates (10-15/min)



		

		2-

		Minimal peak pressures (7-15 cm H2O)



		

		3-

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o033]Low PEEP (3 cm H2O)



		

		4-

		Fio2 usually less than 0.25







				

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u034]pH 7.25-7.30



		

		

		Pao2 50-70 mm Hg



		

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u035]Paco2 55+ mm Hg









		Hypoxic-ischemic encephalopathy (HIE)

				

		1

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o035]Rates 30-45/min or slower depending on spontaneous rate



		

		2

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o036]PIP 15-25 cm H2O



		

		3

		Low to moderate PEEP (3-4 cm H2O)



		

		4

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--o037]Fio2 to maintain Spo2 90%-95%







				

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u037]pH 7.35-7.45



		

		

		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--u038]Pao2 60-80 mm Hg,



		

		

		Paco2 35-45 mm Hg













		[bookmark: 4-u1.0-B978-1-4160-5624-9..00015-9--sp00]. DR YASIR I ALSAADI

Pediatric specialist-email-yasseralsadi@yahoo.com

welfare teaching hospital-medical city complex.










