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	Brief Background:
Hypotension in combination with hypoxaemia in newborns has short term and long term adverse outcomes 1.  However, hypotension alone is not proven to associate with long term neurological outcomes9. 
Hypovolemia is rare as a cause of hypotension in  neonates.2 Excessive volume expansion can
increase mortality2. If volume depletion is still suspected after 10-20 ml/kg of fluid bolus, ideally, echocardiograpy should be performed to confirm or exclude volume depletion. 
It is unclear whether noninvasive measurements taken from the calf are equivalent to those taken from the arm 3. Therefore, measurement from arms are preferred if possible. Invasive monitoring from intraarterial line should be established as soon as possible in a neonate who is hypotensive or at risk of hypotension (eg septic neonates, extreme prematurity) since non-invasive measurement over-reads BP in the lower ranges2.
For this guideline, we will use internationally accepted blood pressure cutoff values  (see under Definitions and Normal Values) although the normal physiologic blood pressure range ensuring appropriate organ perfusion in the neonate is unknown. 4 
The threshold to treat hypotension should be based upon the general condition of the neonate (MAP, conscious level, heart rate, capillary refill time, severity of metabolic acidosis, suspected or known blood or fluid loss) rather than MAP alone8. Urine output is a poor indicator of systemic blood flow8..
IVH is shown to happen as or after blood flow improves 5. Therefore, inotropes should be weaned as soon as possible to avoid IVH.
Since vasoconstrictive shock is more common in preterm babies in the first 24 hours of life, dobutamine probably works better than dobutamine in that time frame6. 
Dopamine is better than dobutamine at increasing BP though this does not translate into better short
term outcomes7 because higher BP doesn’t necessarily mean better blood flow. Dopamine dose beyond 10 mcg/kg/min does not improve blood flow any further6. So, if still hypotensive on dopamine of 10 mcg/kg/min, add-on treatment with dobutamine should be considered. 
In cases of pulmonary hypertension, keep even higher MAP (5 to 15 mmHg above gestational age in preterms or 45 to 55 mmHg in term babies or systolic pressure more than pulmonary pressure if echocardiogram is available)
Consider hydrocortisone in refractory hypotension since ill neonates are relatively deficient in cortisol. Ideally, serum cortisol level should be taken and short synacthen test should be performed before starting.
Inotropes should be ideally given via central line. Adrenaline should never be given through a peripheral line. 
If already on morphine and muscle relaxant infusion, reduce dosage if possible.
If ventilated, try to reduce mean airway pressure without compromising chest inflation and oxygenation.
If baby acidotic and not responding to treatment, consider sodium bicarbonate.


	Causes of Hypotension 3 (this is not an exhaustive list) 

● Sepsis

● Extreme prematurity
● Tension pneumothorax
● Blood loss
● Large patent ductus arteriosus (PDA)
● Poor myocardial contractility (very-lowbirth-weight, hypoxia, cardiomyopathy or hypocalcaemia)
● Polyuria secondary to glucosuria
● Third spacing (surgical causes – NEC/perforation/malrotation/obstruction)
● High positive intrathoracic pressure (high MAP on conventional/HFOV)
● Severe acidosis (pH <7)
● Drugs (morphine, muscle relaxants and anti-hypertensives)


	Definitions and Normal Values

	Normal Blood Pressure
	The lower limit of mean arterial pressure (MAP) is approximately equal to the current gestational age in weeks. 

If gestational age by first trimester ultrasound is not available, score the baby with Ballard or Dubowitz scoring  between 30 min to 96 hours of life,  and use the gestation provided by the scores. It is preferable to do Dubowitz scoring to improve the accuracy. 

If the reliable gestation is not available (eg. Transferred in after 96 hours of life or clinically unsuitable for scoring), the following arbitrary cutoff will be used for the practical purposes (weight corresponds to 50% for the gestational age according to Fenton Chart, eg. 1.5 kg is 50% for 30 weeks) . 

Every effort should be made to establish gestational age before using the following cutoffs 5. (Note: relation between birth weight and BP is not well established, and these values are modified from observational studies)

< 1.5 kg     : MAP ≧ 30

1.5 to 2 kg : MAP ≧ 33

2 to 2.5 kg : MAP ≧ 35

2.5 to 3 kg :  MAP ≧ 38

For more than  3 kg: MAP ≧ 40
If a baby is considered term, MAP should be ≧ 40 (plus postnatal age in weeks)

	Mean blood pressure
	MAP = DBP + 1/3(SBP - DBP)

	Hypotension
	MAP below the lower limit of normal (see above)

	Other signs of hypotension
	● capillary refill time (>3 sec)
● toe-core temperature difference (>2ºC)
● urine output (<1 mL/kg/hr)
● blood lactate (>2.5 mmol/L)

	Wide pulse pressure
	Pulse pressure (SBP- DBP)  more than half of SBP
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	Additional Note

Increasing of Inotropes

- increase dopamine and dobutamine by 5-6 mcg/kg/min every 20 mins

- increase adreanline by 0.1 mcg/kg/min every 20 mins 

Weaning of Inotropes

- start weaning off inotropes as soon as MAP is 5-10 mmHg above the lower limit for 1 hour
- wean in this following order:  adrenaline, dopamine, dobutamine, hydrocortisone

- wean dopamine and dobutamine by 4-5 mcg/kg/min every 4 hourly, and off if stable for 4 hours on 2-4 mcg/kg/min

- wean adrenaline by 0.1 mcg/kg/min every 4 hours, and off if stable for 4 hours for 4 hours on 0.1 mcg/kg/min

- wean hydrocortisone by half every day (2 mg/kg/dose  4-6 hourly --> 1 mg/kg/dose 6 hourly --> 0.5 mg/kg/dose 6 hourly --> 0.5 mg/kg/dose12hrly --> then stop) 

- at anytime, if MAP is more  than 90th centile for gestational age or more than gestational age in weeks + 20, wean off  and stop all inotropes and hydrocortisone quickly (follow the order stated above, no need to follow time frames).

	MEDICATIONS
	Dose and Reconstitution
	Note

	Dopamine
	Add 30mg/kg of dopamine to D5%/D10%/ 0.9% NS to make a final volume of 50 ml (0.1 ml/hr = 1 mcg /kg/min) or in fluid -restricted patients, to make a final volume of 25 ml (0.1 ml/hr = 2 mcg/kg/min)
(dopamine 1 cc = 40 mg)

Write dilution clearly on the syringe.
	Avoid extravasation.

Preferably via central vein.

Incompatible with bicarbonate.

Discard solution for IV inf after 24 hrs.

	Dobutamine
	Add 30mg/kg of dobutamine to D5%/D10%/ 0.9% NS to make a final volume of 50 ml (0.1 ml/hr = 1 mcg /kg/min) or in fluid -restricted patients, to make a final volume of 25 ml (0.1 ml/hr = 2 mcg/kg/min)
(dobutamine 1 cc = 50 mg)

Write dilution clearly on the syringe.
	Avoid extravasation.

Preferably via central vein.

Incompatible with bicarbonate.

Discard solution for IV inf after 24 hrs.

	Adrenaline
	Add 3mg/kg of adrenaline D5%/D10%/0.9%NS to make a final volume of 50 ml (0.1 ml/hr = 0.1mcg/kg/min)
(adrenaline 1 ml = 1mg)

Write dilution clearly on the syringe.
	Avoid extravasation.

Only via central vein. Never give via peripheral vein.

Incompatible with bicarbonate.

Discard solution for IV inf after 24 hrs.

	Hydrocortisone
	Dilute with 4 ml of WIF/5%DW/0.9%NS to a final volume of 4 ml (1ml = 25 mg)
	If INR>1.2 and albumin <30 g/L, reduce dose by 25%
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Adrenaline: only via central venous line





In coagulopathy with bruising: give fresh�frozen plasma 10 mL/kg over 30 min instead of normal saline





Assess and treat the possible causes of hypotension eg. Sepsis, PDA or high positive ventilatory pressure or pneumothorax





MAP < gestational age in weeks) plus other signs of hypotension


(for weight-base criteria, see under Definitions and Normal Values)








Preterm < 24 hours, Perinatal depression (asphyxia)


Term baby with suspicion of Pul HT (eg MA$, pulmonary hypoplasia)








Preterm > 24 hours 


Term baby





Give normal saline 10ml/kg over 30 min 


(or as a bolus in acute collapse or delivery room resuscitation)





Give normal saline 10ml/kg over 30 min 


(or as a bolus in acute collapse or delivery room resuscitation)





Don’t repeat fluid bolus unless there is strong suspicion of fluid or blood loss (in which case, consider blood transfusion early - packed red cell 10 ml/kg over 30 min). If there is no suspicion of hypovolemia, go straight to inotropes.





Reassess within 10 mins after fluid bolus. If still hypotensive, start dobutamine 5 - 6mcg/kg/min. Reassess after 20 min, and titrate every 20 mins up to 20 mcg/kg/min








If still hypotensive 20 mins on 20 mcg/kg/min of dobutamine, add dopamine at 5- 6 mcg/kg/min and titrate every 20 mins up to 20 mcg/kg/min








If still hypotensive 20 mins on 20 mcg/kg/min of dopamine and dobutamine, start IV hydrocortisone 2 mg/kg/dose 4 - 6 hrly for 48 to 72 hours depending on response





If still hypotensive 1-2 hour on maximum dose of  the above medications, insert central line ,and add adrenaline at 0.1mcg/kg/min and titrate every 20 mins up to 0.5 mcg/kg











Reassess within after fluid bolus. If still hypotensive, start dopamine 5 - 6mcg/kg/min. Reassess after 20 min, and titrate every 20 mins up to 10 mcg/kg/min








If still hypotensive 20 mins on 10 mcg/kg/min of dopamine, add dobutamine at 5- 6 mcg/kg/min and titrate every 20 mins up to 20 mcg/kg/min. Then, if BP is still low, titrate dopamine to 20 mcg/kg/min every 20 min.





If still hypotensive 20 mins on 20 mcg/kg/min of dopamine and dobutamine, start IV hydrocortisone 2 mg/kg/dose 4 - 6 hrly for 48 to 72 hours depending on response















